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BACKGROUND:

Blue Advantage medical policy does not conflict with Local Coverage Determinations (LCDs),
Local Medical Review Policies (LMRPs) or National Coverage Determinations (NCDs) or with
coverage provisions in Medicare manuals, instructions or operational policy letters. In order to
be covered by Blue Advantage the service shall be reasonable and necessary under Title XVIII of
the Social Security Act, Section 1862(a)(1)(A). The service is considered reasonable and
necessary if it is determined that the service is:
1. Safe and effective;
2. Not experimental or investigational*;
3. Appropriate, including duration and frequency that is considered appropriate for the
service, in terms of whether it is:
• Furnished in accordance with accepted standards of medical practice for the
diagnosis or treatment of the patient’s condition or to improve the function of a
malformed body member;
• Furnished in a setting appropriate to the patient’s medical needs and condition;
• Ordered and furnished by qualified personnel;
• One that meets, but does not exceed, the patient’s medical need; and
• At least as beneficial as an existing and available medically appropriate alternative.
*Routine costs of qualifying clinical trial services with dates of service on or after September 19,
2000 which meet the requirements of the Clinical Trials NCD are considered reasonable and
necessary by Medicare. Providers should bill Original Medicare for covered services that are
related to clinical trials that meet Medicare requirements (Refer to Medicare National Coverage
Determinations Manual, Chapter 1, Section 310 and Medicare Claims Processing Manual
Chapter 32, Sections 69.0-69.11).
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POLICY:

Blue Advantage will treat one-time genotypic or phenotypic analysis of the enzyme TPMT
(thiopurine methyltransferase) as a covered benefit for:
• Patients beginning azathioprine (AZA), 6-mercaptopurine (6-MP) or thioguanine (6-TG)
therapy, OR
• Patients on thiopurine therapy with abnormal complete blood count (CBC) results that do
not respond to dose reduction
Blue Advantage will treat genotypic and/or phenotypic analysis of the enzyme TPMT as a
non-covered benefit and as investigational in all other situations.
Blue Advantage will treat the analysis of the metabolite markers of azathioprine (AZA) and
6-mercaptopurine (6-MP), including 6-methyl-mercaptopurine ribonucleotides (6-MMRP)
and 6-thioguanine nucleotides (6-TGN), as a non-covered benefit and as investigational.
*NOTE: 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.
Blue Advantage does not approve or deny procedures, services, testing, or equipment for our
members. Our decisions concern coverage only. The decision of whether or not to have a certain
test, treatment or procedure is one made between the physician and his/her patient. Blue
Advantage administers benefits based on the members' contract and medical policies. Physicians
should always exercise their best medical judgment in providing the care they feel is most
appropriate for their patients. Needed care should not be delayed or refused because of a
coverage determination.

DESCRIPTION OF PROCEDURE OR SERVICE:

The thiopurine class of drugs—which include azathioprine (a pro-drug for mercaptopurine),
mercaptopurine, and thioguanine—are used to treat a variety of diseases; however, it is
recommended that the use of thiopurines be limited due to a high rate of drug toxicity.
Mercaptopurine and thioguanine are directly metabolized by the thiopurine S-methyltransferase
(TPMT) enzyme. Susceptibility to drug toxicity is linked to the level of TPMT activity. The
variation in TPMT activity has been related to three distinct TPMT variants. Pharmacogenomic
analysis of TPMT status is proposed to identify patients at risk of thiopurine drug toxicity and
adjust medication doses accordingly; measurement of metabolite markers has also been
proposed.
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Thiopurines
Thiopurines or purine analogues are immunomodulators. They include azathioprine (Imuran),
mercaptopurine (6-MP; Purinethol), and thioguanine (6-TG; Tabloid). Thiopurines are used to
treat malignancies, rheumatic diseases, dermatologic conditions, IBD and are used in solid organ
transplantation. They are considered an effective immunosuppressive treatment of IBD,
particularly in patients with the corticosteroid-resistant disease. However, 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 6-MP in vivo, where it is subsequently metabolized to two active
metabolites; either 6-thioguanine nucleotides (6-TGN) by the inosine-5′-monophosphate
dehydrogenase (IMPDH) enzyme, or to 6-methyl-mercaptopurine ribonucleotides (6-MMPR) by
the thiopurine methyltransferase (TPMT) enzyme. TPMT also converts 6-MP into an inactive
metabolite, 6-methyl-mercaptopurine. 6-TGNs are considered cytotoxic and thus are associated
with bone marrow suppression, while 6-MMPR is associated with hepatotoxicity. In population
studies, the activity of the TPMT enzyme 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 6-MP is shunted toward the IMPDH
pathway with greater accumulation of 6-TGN; these patients are considered at risk for
myelotoxicity (i.e., bone marrow suppression).
This variation in TPMT activity has been related to three distinct TPMT variants 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 variant on one
chromosome), while those with low TPMT activity are homozygous for TPMT variants (i.e., a
variant is found on both chromosomes). Genetic analysis has been explored as a technique to
identify patients at risk for myelotoxicity. Patients with high TPMT activity may be treated with
standard doses of thiopurines, patients with intermediate TPMT activity may be initially 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, because some coadministered 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.

Proprietary Information of Blue Cross and Blue Shield of Alabama
An Independent Licensee of the Blue Cross and Blue Shield Association
Blue Advantage Medical Policy #162

Page 3 of 14

The genotypic analysis of the TPMT gene is based on well-established polymerase chain
reaction technology to detect three distinct variants. Currently, three alleles (TPMT*2,
TPMT*3A, TPMT*3C) account for about 95% of subjects with reduced TPMT enzyme activity.
Subjects homozygous for these alleles are TPMT-deficient and those heterozygous for these
alleles have variable TPMT (low or intermediate) activity. A study by Hindorf and Appell (2012)
addressed the concordance between TPMT genotyping and phenotyping. The investigators
evaluated data from 7195 unselected and consecutive TPMT genotype and phenotype tests. The
genotyping tests examined the three most common TPMT variants, previously noted. TPMT
genotyping identified 6454 (89.7%) as TPMT wild-type, 704 (9.8%) as TPMT heterozygous, and
37 (0.005%) as TPMT homozygous. The overall agreement between genotyping and
phenotyping was 95%. Genotyping alone would have misclassified three (8%) of 37
homozygous patients as heterozygous; these three subjects were found to have uncommon
variants. All three had low TPMT activity. The phenotype test would have misclassified four
(11%) of 37 of homozygous patients because they had test results above the cutoff level for low
TPMT activity (<2.5 U/mL red blood cells).
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 in monitoring intracellular levels of thiopurine metabolites (i.e., 6-TGN and 6MMRP) to predict response and complications, with the ultimate aim of tailoring drug therapy to
each individual patient.
Metabolite markers have been assessed using high-performance liquid chromatography
technology. It would be optimal to assess metabolite markers in peripheral leukocytes because
they reflect the status of bone marrow precursors. However, it is technically easier to measure
metabolites in red blood cells than in leukocytes.
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 to aid in determining initial
dose and to evaluate ongoing dosing.

KEY POINTS:

The most recent literature review was updated through September 9, 2019
Summary of Evidence
For individuals who are treated with thiopurines who receive TPMT genotype analysis or TPMT
phenotype analysis, the evidence includes studies of diagnostic performance, systematic reviews,
and randomized controlled trials (RCTs). The relevant outcomes are symptoms, morbid events,
and change in disease status. A large number of studies have assessed the diagnostic
performance of TMPT genotyping and phenotyping tests. The most recent meta-analysis
reported genotyping sensitivity and specificity of 90% and 100%, respectively, and a
phenotyping sensitivity and specificity of 76% and 99%, respectively, for identifying patients
with subnormal enzymatic activity. Three RCTs (total n=1145 patients) compared TPMT
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genotype/phenotype testing with no testing and empirical weight-based thiopurine dosing. There
was no significant difference in the incidence of hematologic adverse events, treatment
discontinuation rates, or clinical remission. However, secondary analysis of a small number of
individual who had intermediate enzymatic activity (a heterozygous genotype) or low enzymatic
activity (a homozygous genotype) showed that TPMT testing to guide dosing was associated
with statistically significant risk reduction in hematologic adverse events with a wide margin of
error. In summary, 200 patients would have to be genotyped to avoid one episode of a
hematologic adverse drug reaction (7.4% vs 7.9%; i.e., 0.5% risk difference). The number
needed to treat to avoid one episode of a hematologic adverse drug reaction would be five for atrisk individuals (risk difference in patients with a genetic variant, 20.3%; 2.6% vs 22.9%). In
addition, a small inadequately powered RCT that assessed phenotype TPMT testing found no
difference in treatment discontinuation rates due to adverse drug reactions between the two arms.
The evidence is sufficient to determine that the technology results in a meaningful improvement
in the net health outcome.
For individuals who are treated with thiopurines who receive azathioprine (AZA) and/or 6mercaptoprine metabolites analysis, the evidence includes a systematic review as well as
prospective and retrospective studies. The relevant outcomes are symptoms, morbid events, and
change in disease status. The systematic review, which assessed the diagnostic accuracy of
metabolite testing, reported that the ability of the metabolite tests to predict clinical outcomes
and toxicity was inconsistent across studies. There is insufficient evidence from prospective
studies on whether knowledge of metabolite marker status will lead to improved outcomes
(primarily improved disease control and/or less adverse drug effects). Findings of studies
evaluating the association between metabolite markers and clinical remission are mixed, and no
prospective comparative trials have compared health outcomes in patients managed with
metabolite markers compared with current approaches to care. The evidence is insufficient to
determine the effects of the technology on health outcomes.
Practice Guidelines and Position Statements
National Comprehensive Cancer Network
National Comprehensive Cancer Network (v.2.2019) guidelines on acute lymphoblastic
leukemia state:
•

•

•

“For patients receiving 6-MP [mercaptopurine], consider testing for TPMT [thiopurine
methyltransferase] gene polymorphisms, particularly in patients who develop severe
neutropenia after starting 6-MP.”
“Determination of patient TPMT genotype using genomic DNA is recommended to
optimize 6-MP dosing, especially in patients who experience myelosuppression at
standard doses.”
“Quantification of 6-MP metabolites can be very useful in determining whether the lack
of myelosuppression is due to non-compliance or hypermetabolism.”
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North American Society for Pediatric Gastroenterology, Hepatology, and Nutrition
In 2013, the North American Society for Pediatric Gastroenterology, Hepatology and Nutrition
on IBD published consensus recommendations on the role of TPMT enzyme and thiopurine
metabolite testing in pediatric IBD. Recommendations (high and moderate) included:
•
•
•

•
•
•

“TPMT testing is recommended before initiation of TPs [thiopurines] to identify
individuals who are homozygous recessive or have extremely low TPMT activity…
Individuals who are homozygous recessive or have extremely low TPMT activity should
avoid use of TPs because of concerns for significant leucopenia.
… All individuals on TPs should have routine monitoring of CBC [complete blood cell]
and WBC [white blood cell] counts to evaluate for leucopenia regardless of TPMT
testing results.
Metabolite testing can be used to determine adherence to TP therapy.
Metabolite testing can be used to guide dosing increases or modifications in patients with
active disease….
Routine and repeat metabolite testing has little or no role in patients who are doing well
and taking an acceptable dose of a TP.”

American Gastroenterological Association Institute
Recommendations from a 2017 American Gastroenterological Association Institute guidelines
on therapeutic drug monitoring in IBD are summarized in the table below.
Table. Evidence-Based Clinical Guidelines on Therapeutic Drug Monitoring in IBD
Recommendation

SOR

QOE

In adults with IBD being started on thiopurines, AGA suggests
Conditional
routine TPMT testing (enzymatic activity or genotype) to
guide thiopurine dosing

Low

In adults treated with thiopurines with active IBD or adverse
effects thought to be due to thiopurine toxicity, AGA suggests
Conditional
reactive thiopurine metabolite monitoring to guide treatment
changes

Very low

In adults with quiescent IBD treated with thiopurines, AGA
suggests against routine thiopurine metabolite monitoring

Very low

Conditional

AGA: American Gastroenterological Association; IBD: irritable bowel disease; QOE: quality of
evidence; SOR: strength of recommendation; TPMT: thiopurine methyltransferase.

U.S. Preventive Services Task Force Recommendations
Not applicable
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KEY WORDS:
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Prometheus Reference Laboratory, Prometheus Laboratories, Inflammatory Bowel Disease, IBD,
Genotypic Analysis, Metabolite Markers, Specialized Laboratory Tests, Serum Antibodies for
Diagnosing Inflammatory Bowel Disease, TPMT, Thiopurines, Thiopurine Methyltransferase,
Thiopurine therapy, azathioprine, mercaptopurine, thioguanine, 6-methyl-mercaptopurine
ribonucleotides, 6-thioguanine nucleotides

APPROVED BY GOVERNING BODIES:

Clinical laboratories may develop and validate tests in-house and market them as a laboratory
service; laboratory-developed tests (LDTs) must meet the general regulatory standards of the
Clinical Laboratory Improvement Amendments (CLIA). Several thiopurine genotypes,
phenotype, and metabolite tests are available under the auspices of CLIA. Laboratories that offer
LDTs must be licensed by CLIA for high-complexity testing. To date, the U.S. Food and Drug
Administration has chosen not to require any regulatory review of this test.
Prometheus® is a commercial laboratory that offers thiopurine genotype, phenotype and
metabolite testing for those on 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 Diagnostics (TPMT Genotype),
ARUP Laboratories (TPMT DNA), Specialty Laboratories (TPMT GenoTypR™),
PreventionGenetics (TPMT Deficiency via the TPMT Gene), Genelex (TPMT), and Fulgent
Genetics (TPMT); and LabCorp (TPMT enzyme activity and genotyping).

BENEFIT APPLICATION:

Coverage is subject to member’s specific benefits. Group specific policy will supersede this
policy when applicable.
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CURRENT CODING:
CPT codes:
81335

TPMT (thiopurine S-methyltransferase) (e.g., drug
metabolism), gene analysis, common variants (e.g.,
*2, *3)

0034U

TPMT (thiopurine S-methyltransferase), NUDT15
(nudix hydroxylase 15)(e.g., thiopurine
metabolism) gene analysis, common variants (i.e.,
TPMT *2, *3A, *3B, *3C, *4, *5, *6, *8, *12;
NUDT15 *3, *4, *5)

PREVIOUS CODING:
CPT codes:

Molecular pathology procedure, Level 2 (e.g.,
2-10 SNPs, 1 methylated variant, or 1 somatic
variant [typically using nonsequencing target
variant analysis], or detection of a dynamic
mutation disorder/triplet repeat) – includes
TPMT (thiopurine S-methyltransferase) (e.g.,
drug metabolism), common variants (e.g., *2,
*3)

81401
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This medical policy is not an authorization, certification, explanation of benefits, or a contract. Eligibility and benefits are determined on a caseby-case basis according to the terms of the member’s plan in effect as of the date services are rendered. All medical policies are based on (i)
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research of current medical literature and (ii) review of common medical practices in the treatment and diagnosis of disease as of the date
hereof. Physicians and other providers are solely responsible for all aspects of medical care and treatment, including the type, quality, and levels
of care and treatment.
This policy is intended to be used for adjudication of claims (including pre-admission certification, pre-determinations, and pre-procedure
review) in Blue Cross and Blue Shield’s administration of plan contracts.
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