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Executive Summary 

Introduction 

Leukemia is the most common form of cancer in the pediatric population, accounting for 25.3% of 

all childhood cancer diagnoses.  Acute lymphoblastic leukemia (ALL) accounts for 75% of these 

leukemia diagnoses.   

The treatment plan for childhood leukemia involves a multi-drug regimen over four phases, lasting 

two to three years.  The goal is to first put the patient into clinical remission, then to target the 

cells that are clinically undetectable and finally to maintain the patient in remission.  During the 

final maintenance phase of therapy, an immunosuppressive agent called 6-mercaptopurine (6-

MP) is used.  The risks of certain adverse drug events (ADE) as a result of 6-MP-treatment are 

influenced by genetic variations within the population in the enzyme responsible for metabolizing 

6-MP, thiopurine methyltransferase (TPMT).  The most serious dose dependant ADE over the 

short-term is myelosuppression, or more specifically, febrile neutropenia.  Myelosuppression is 

bone marrow suppression characterized by a decrease in all the blood components, including red 

blood cells (anemia), white blood cells (leukopenia) and platelets (thrombocytopenia). If a patient 

presents with a fever (a sign of infection) and a low neutrophil count (febrile neutropenia), the 

patient requires hospitalization and immediate treatment with intravenous antimicrobials. Long-

term dose dependant side effects include hepatotoxicity and secondary malignancy.   

There are currently two methods of detecting TPMT enzyme deficiency: a phenotype test 

(enzymatic assay) that gives a metabolite activity reading and a genotype test that detects the 

presence of mutations in the genes responsible for producing the TPMT enzyme.  Given the high 

cost of genetic testing and the importance of preventing serious ADEs, understanding the 

incremental cost-effectiveness of either form of testing compared to standard care (no testing) 

would be valuable to guide therapy. 

Objectives 

The primary objective was to review the literature systematically to determine the accuracy of the 

TPMT phenotype and genotype tests. The secondary objective was to determine the incremental 

cost of TPMT genotyping and phenotyping compared to standard weight-based dosing strategies 

per life-month saved.    
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Methods 

Systematic Review 

A systematic review of the literature was conducted to assess the accuracy of the TPMT 

technologies. Studies were included if they evaluated either a TPMT genotype or TPMT 

phenotype technology in comparison to a gold standard and showed results on the accuracy of 

the two tests, using either sensitivity and specificity or positive/negative predictive value. Studies 

were excluded if they were in a language other than English or evaluated any subject other than 

humans. The quality of the identified studies was assessed using a modified Critical Appraisal 

Skills Program (CASP) tool.  

Cost-Effectiveness Analysis 

A cost-effectiveness analysis (CEA) was carried out from the health care system perspective to 

compare three testing strategies for 6-MP dosing: genotype-based, phenotype-based and no 

testing (standard dosing based on weight and height).  This analysis was performed on a 

hypothetical cohort of pediatric patients with ALL and receiving 6-MP for the maintenance phase 

of therapy. Costs included direct health care costs for testing, drugs, patient monitoring, physician 

services, and inpatient care for serious adverse events. The time horizon was set at three months 

to coincide with the period of identifying and treating myelosuppression at the start of 6-MP 

treatment. Myelosuppression was the only adverse drug effect evaluated. Given the short time 

horizon, the measure of effectiveness was life-months. To address uncertainty in some of the 

parameter estimates, univariate sensitivity analyses were conducted for variables of interest and a 

probabilistic sensitivity analysis (PSA) was conducted using Monte Carlo simulations. Mean costs 

and their 95% confidence intervals (CIs) were estimated from the PSA.  

Results 

Systematic Review 

Seventeen studies were identified that met the inclusion criteria. Both TPMT phenotype and 

genotype technologies were considered accurate though there is no gold standard.  Additionally, 

included studies were of low methodological quality according to the CASP tool. The sensitivity 

and specificity of the genotype test ranged from 55-100% and 94-100%, respectively. The 

sensitivity and specificity of the phenotype test ranged from 92-100% and 86-98%, respectively.   
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Cost-Effectiveness Analysis 

Neither of the interventions showed a benefit in survival compared to standard dosing, as 

measured by life months. It is likely that no difference in effectiveness between the test strategies 

was detected because death following myelosuppression is an extremely rare occurrence and 

was the only outcome measure evaluated.  Also, the homozygous TPMT mutation is so rare that 

approximately 300 children must be screened before one with a deficiency will be detected. Both 

testing strategies (genotyping and phenotyping) were more costly compared to standard weight-

based dosing. In the base case analysis, the costs per child of the standard dosing, phenotyping 

and genotyping strategies were $654, $1,020, and $1,090, respectively. As there were no 

differences in effectiveness, incremental costs were calculated instead of incremental cost-

effectiveness ratios. The incremental cost between the phenotyping and standard dosing 

strategies was $366; between the genotyping and standard dosing strategies was $436; and 

between the genotyping and phenotyping strategies was $70. 

These conclusions were not altered in the PSA, which found that the mean costs per child of the 

standard, phenotyping and genotyping strategies were $669 (95% CI $547-791), $967 (95% CI 

$721-1,213), and $946 (95% CI $659-1,233), respectively. The PSA demonstrated that the cost 

differences between the phenotyping and genotyping tests are likely negligible. The univariate 

sensitivity analysis showed that the incremental costs between the strategies may be affected by 

changes in the price of the genotyping and phenotyping tests. If one of the tests was cheaper, it 

would become the more attractive strategy. 

Discussion  

This systematic review and cost-effectiveness analysis found that using TPMT phenotype or 

genotype tests prior to the first dose of 6-MP therapy did not prove to be cost-effective compared 

to standard weight-based dosing.  This assessment highlights a number of important issues and 

gaps in the literature.  

With respect to the TPMT tests, it was found that the phenotype tests identified more positive 

results compared to the genotype tests because they detected all deficiencies in the enzyme, not 

only those influenced by TPMT gene mutations.  Genotype tests were accurate; however they 

were limited by the number of mutations the test was designed to detect.  As a result, neither test 

could be considered the gold standard. 

No difference in life-months was detected between the three strategies. Since there was no 

difference in effectiveness between the three arms of the decision tree, it was not possible to 
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calculate an ICER. The reduction in the occurrence of neutropenia is only one outcome measure 

that could be used to determine the benefits of TPMT testing. Future research should consider 

other ADEs such as liver toxicity, as well as efficacy outcomes such as long-term survival, rate of 

relapse and development of secondary malignancy. However, there is presently very little 

available evidence on the incidence and impact on survival for these outcomes.  As a result, they 

could not be considered in this study. 

The analysis showed that there would be an additional cost to offering either the phenotype test or 

genotype test prior to dosing 6-MP over the standard of care as described in the Children’s 

Oncology Group protocols. Thus these alternatives were not cost effective to reduce the mortality 

and morbidity associated with 6-MP-induced neutropenia. The impact of dose reducing patients 

who received false positive test results was also not considered. It is possible that the false 

positives who are dose reduced will be under-dosed, potentially compromising their treatment. 

Four previous economic evaluations have examined the assessment of TPMT activity prior to 6-

MP dosing to prevent ADEs, however only one evaluated a pediatric ALL population. These 

evaluations have mainly concluded that the TPMT technologies were cost-effective, however 

many differences existed in the models used in those studies compared to the current study. 

The study was limited by the data available through the systematic review. As studies in 

languages other than English were not included, it is possible that relevant studies were not 

identified. The assessment of quality-adjusted life-months or life-years was not possible due to a 

lack of data.  

Conclusions 

At this time there is insufficient evidence to recommend the use of phenotype or genotype testing 

prior to 6-MP therapy to guide initial doses in pediatric ALL patients. Institutions that follow the 

COG guidelines should not be affected by the results of this assessment.  Institutions who have 

adopted the screening for TPMT status prior to the first dose of 6-MP should review their current 

practice. Currently the costs of these tests in the pediatric ALL population are funded by the 

health care system.  The opportunity costs of using such tests outside clinical guidelines need to 

be taken into consideration.  Policies should outline which clinical scenarios are eligible for 

publicly funded TPMT testing.  Health care organizations will need to be prepared for a potential 

increase in public pressure for such tests as their availability becomes more widely known.  

Health technology assessment agencies can play a role in disseminating health economic 

evidence to inform decision making with respect to pediatric TPMT technologies. 
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1 INTRODUCTION 

Leukemia is the most common form of cancer in the pediatric population, accounting for 25.3% of 

all childhood cancer diagnoses.  Acute lymphoblastic leukemia (ALL) accounts for 75% of these 

leukemia diagnoses.1  While leukemia still causes more deaths in children less than 20 years of 

age than any other childhood cancer, survival is improving as therapies are discovered.  Today 

approximately 10% of children diagnosed with ALL will die as a result of their disease,1 compared 

to 91% in the 1960s.2  

The treatment plan for childhood leukemia involves a multi-drug regimen over four phases, taking 

between two and three years to complete.3  The goal is first to put the patient into clinical 

remission, then to target the cells that are clinically undetectable and then finally to maintain the 

patient in remission.  Central nervous system (CNS) prophylaxis consists of concurrent 

chemotherapy agents that are given throughout the entire three years and is intended to prevent 

relapse of leukemic meningitis.  During the final phase of therapy (the maintenance phase), an 

immunosuppressive agent called 6-mercaptopurine (6-MP) is used.  This agent is of particular 

interest because the risks for certain adverse drug events (ADE) are influenced by genetic 

variations within the population in the enzyme responsible for metabolizing 6-MP, thiopurine 

methyltransferase (TPMT).  The most serious dose dependant ADE over the short-term is 

myelosuppression or more specifically neutropenia.  Long-term dose dependant side effects 

include hepatotoxicity and secondary malignancy.   

There are currently two methods of detecting a TPMT enzyme deficiency.  The first is a 

phenotype test (enzymatic assay) that gives a metabolite activity reading.  The second is a 

genotype test that detects the patient’s individual genetic make-up for producing the TPMT 

enzyme.  There is no available evidence to show which method is better or the most cost effective 

approach for preventing ADEs.  Given the increasing interest in genotyping to guide medical 
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therapy, it is anticipated that the genotype test, though more costly, may be more accurate at 

identifying individuals with a deficiency.  For children with ALL, the Children’s Oncology Group4 

protocols (2008) recommend using one of the tests in specific clinical scenarios, and they state 

that the “genotyping test has a low false negative rate, and may be preferable to TPMT phenotype 

testing in cases where a history of red cell transfusions would potentially confound assessments 

of RBC [red blood cell] TPMT activity”.4  Practice varies across treatment centres.  Some centres 

perform a genotype test before they start treatment with 6-MP to guide therapy, while other 

centres use a standard dosing strategy based on weight and height (hitherto referred to as 

‘weight-based’) and only test (genotype or phenotype) when ADEs interrupt therapy.      

The goal of this report is first to review the literature systematically to determine the accuracy of 

the TPMT phenotype and genotype tests and second to determine the incremental cost-

effectiveness of the tests compared to standard care with respect to their ability to save life 

months and avert ADEs.   

1.1 Hypothesis 

Using the TPMT phenotype or genotype test to guide initial doses of 6-MP will prove to be a cost-

effective screening tool for preventing ADEs and improving survival relative to weight-based 

dosing.   

1.2 Research Questions 

Primary question: 

1. What is the accuracy of each of the various phenotype and genotype tests for detecting TPMT 

polymorphisms? 

Secondary question: 
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2. From the health care system perspective, what is the cost-effectiveness of TPMT genotyping 

or phenotyping compared to no testing for individualizing 6-MP dosing and preventing ADEs 

and improving survival in pediatric patients with ALL? 

1.3 Research Goals 

1. The primary goal of this report was to systematically review the literature to determine the 

accuracy of phenotype and genotype tests used to detect TPMT polymorphisms.  This was 

assessed by comparing sensitivity, specificity and positive and negative predictive values from 

studies evaluating two different forms of TPMT testing. 

2. The secondary goal of this report was to determine the incremental cost of TPMT genotyping 

and phenotyping compared to weight-based dosing strategies per life-month saved.   

1.4 Rationale 

Patients taking 6-MP are at risk for a number of serious, life threatening events that can be dose-

related.  By knowing an individual’s TPMT genotype or phenotype, clinicians can determine 

whether a patient requires dose reductions of 6-MP, thus reducing the chance that these events 

occur.  This of course assumes that physicians know how to interpret the genotype and 

phenotype information and translate it into an appropriate dose for the patient.     

There is increasing evidence that both of these methods of testing are effective predictors of 

ADEs with 6-MP.  The Food and Drug Administration (FDA) in the United States has 

recommended that product information on 6-MP include warnings on the increased risk for 

adverse events in patients deficient in the TPMT enzyme.5  They were unable to make the 

recommendation that either method of testing be performed in all patients who are to receive 6-

MP because of the limited amount of evidence.   This evaluation will contribute to the evidence to 

support such recommendations.       
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1.5 Ethical Considerations 

This study was approved by the Research Ethics Board of the University of Toronto and was 

conducted in accordance with the Tri-Council Policy Statement.6  

1.6 Literature Review 

Pharmacogenetics is the study of human response to medications with respect to genetic 

variations.  Numerous genetic variations have been studied in the medical literature, but not many 

have been examined to the same degree as TPMT mutations.  TPMT has a very important role in 

the metabolism of 6-MP, an essential component of the treatment protocol for pediatric ALL.4  

Every medication has a concentration in which it is effective and minimally toxic, known as the 

therapeutic range. Chemotherapy agents usually have a very narrow therapeutic range. ADEs 

from chemotherapy treatments can not only decrease a patient’s quality of life, but some ADEs 

can be life threatening.  To understand how TPMT genetic testing can play a role in reducing 

ADEs in ALL patients, this literature review will present a background for ALL and its treatments, 

present a closer look at 6-MP and its metabolic pathway, discuss the difference between 

genotype and phenotype tests and look at the link between genetics and drug metabolism.     

1.6.1 Acute Lymphoblastic Leukemia 

Leukemia is a malignancy in the circulation system whereby the blood forming cells of the bone 

marrow undergo unregulated reproduction.  There are four main types of leukemia: acute 

lymphoblastic leukemia (ALL), acute myeloid leukemia (AML), chronic lymphoblastic leukemia 

and chronic myeloid leukemia.  The leukemias are classified based on cell origin, patient life 

expectancy, clinical presentation, rate of progression and response to therapy.   Unlike solid 

tumor cancers, which can be staged according to the degree of progression, the severity of 

leukemia is categorized by the acute or chronic diagnosis.  Acute leukemia is a rapidly 

progressing disease in which immature cells replicate without the normal regulation of the body. 
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Both forms of acute leukemia (ALL and AML) originate from a single leukemic cell that replicates 

itself.  In the case of ALL, it begins with a lymphoblast. These immature leukemia cells inhibit 

blood cells from maturing naturally. Normally, immature blood cells undergo a process termed 

hematopoiesis, which results in the production of the various types of blood cells. This process is 

interrupted by the immature non-functional blasts, resulting in leukemia.3 

If left untreated, acute leukemias will progress rapidly and result in death in two to three months.3 

The presenting symptoms of patients with leukemia are many and varied, but commonly consist 

of a one to three month history of fatigue, malaise and pallor due to anemia.  Other potential 

symptoms are infection and fever due to a drop in normal leukocyte levels (granulocytopenia), 

bruising, frank bleeding and small hemorrhagic spots on the skin (petechiae) due to decreased 

platelets (thrombocytopenia), enlarged spleen (splenomegaly) and enlarged liver (hepatomegaly) 

or sternal tenderness due to leukemic infiltration.3 

1.6.2 Treatment for Acute Lymphoblastic Leukemia 

The treatment for ALL is divided into three phases and CNS prophylaxis as shown in Table 1.  

The first is the remission induction phase, which is intended to put the patient into complete 

clinical and hematologic remission.  The basic drugs used in this phase are vincristine and 

prednisone, which achieve complete remission in 85% of children and 50% of adults.  The 

addition of a third induction agent, usually an anthracycline (doxorubicin) or asparaginase, 

increases the rate of complete remission even further to >95% in children and 83% in adults.  

Beyond these three agents, the length of remission may be prolonged with additional medications 

but at the risk of increased toxicity.  Only high risk cases are exposed to more then three induction 

agents.  Since all adult cases of ALL are considered higher risk, their normal regimes consist of 

four to seven drugs.3 
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Table 1: Phases of Chemotherapy in Patients with Acute Lymphoblastic Leukemia  

Phase Length of 
Treatment 

Purpose 

Phase 1: Remission 

Induction 

4-8 weeks Intended to put the patient into clinical 

remission.  Ninety-five percent of children 

reach this endpoint. 

Central Nervous 

System Prevention 

Therapy 

Throughout entire 

therapy 

 

Starts during the induction phase and 

continues throughout therapy; designed to 

prevent relapse with leukemic meningitis. 

Phase 2: Consolidation 

Therapy 

3-9 months Designed to eliminate the small number of 

leukemic lymphoblasts that remain after 

clinical remission is achieved. 

Phase 3: Maintenance 

Therapy 

Continues until 

months 30-36 

Less intensive continuation of the 

chemotherapy regimen, designed to keep 

patients in remission.   

(Day and Henry, 2002)3 

CNS prophylaxis is started shortly after the induction phase has begun and continues throughout 

the rest of treatment.  The reason for this prophylaxis is two-fold.  First, the induction 

chemotherapy agents do not readily cross the blood-brain-barrier.  Second, even if CNS 

involvement is not evident at diagnosis, this is where many patients relapse.  Agents used in this 

phase for pediatric patients generally consist of intrathecal (spinal injection) methotrexate (MTX), 

or triple intrathecal chemotherapy consisting of MTX, cytarabine and hydrocortisone.  In adult 

patients intrathecal MTX may be combined with cranial irradiation.3 

The second phase (consolidation therapy) is started after complete clinical remission is achieved.  

The intention of this phase is to eradicate the cells that are clinically undetectable.  Agents used in 

this phase vary depending on which research group’s protocols are being followed and may 

include 6-MP for low-medium risk patients.  The regime may consist of drugs that are not cross-
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resistant to those used in induction and CNS prophylaxis, or may be a more dose-intensive use of 

agents used before.3 

The third and final phase is the maintenance phase, wherein long-term drug exposure can 

eliminate slowly dividing cells and allow the immune system to eradicate leukemia cells.  The goal 

is to prolong remission and prevent relapse.  MTX and 6-MP are the agents of choice for this 

phase.  Pulse therapy of vincristine and prednisone are also used intermittently throughout the 

maintenance phase.3 

1.6.3 6-Mercaptopurine  

6-MP is a pro-drug that is converted inside human cells to an active form.  It is an 

immunosuppressant that produces it’s cytotoxic (cell destroying) effects by incorporating itself into 

deoxyribonucleic acid (DNA) during the cell development cycle.  Like most cytotoxic agents, 6-MP 

has a narrow therapeutic range, therefore any alterations in the metabolism and elimination of 

these drugs could lead to accumulation and potentially life-threatening ADEs within individuals.     

The most concerning ADE following treatment with 6-MP is myelosuppression.  Myelosuppression 

is bone marrow suppression characterized by a decrease in all the blood components, including 

red blood cells (anemia), white blood cells (leukopenia) and platelets (thrombocytopenia).  The 

neutrophil is the most abundant of the various white blood cell types and plays an important role 

in the immune system.  When there is a drop in the neutrophil count (neutropenia) the patient is at 

an increased risk of infection, which can be fatal in the ALL population.  If a patient presents with 

a fever, a sign of infection, and a low neutrophil count (febrile neutropenia) the patient is 

immediately treated with intravenous antimicrobials.  Myelosuppression is a dose-related effect 

and substantial dose reductions may be required in patients unable to tolerate the drug.  Other 

potential side effects are presented in Table 2.  
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Table 2: 6-Mercaptopurine Side Effect Profile 

Organ Site Side Effect (Prevalence) 

Allergy / immunology hypersensitivity (2-3%) 

Blood / bone marrow / 
febrile neutropenia 

anemia (>10%)*  

leukopenia (>10%)*  

thrombocytopenia (>10%)*  

Constitutional symptoms fever (1-10%) 

Dermatology / skin  alopecia (<1%) 

hyperpigmentation (1-10%) 

rash (1-10%) 

Gastrointestinal emetogenic potential (rare) 

abdominal cramps (1-10%) 

anorexia (1-10%) 

diarrhea (1-10%) 

intestinal ulceration (<1%)  

nausea and vomiting (1-10%) 

stomatitis (1-10%) 

Hepatobiliary / pancreas hepatotoxicity (30%) 

Infection predisposed to bacterial/parasitic infections due to immunosuppression 

Metabolic / laboratory hyperuricemia (1-10%) 

Renal / genitourinary renal toxicity (1-10%) 

Secondary malignancy leukemia and myelodysplasia (<1%) 

cysts and polyps (2-6%) 

Sexual / reproductive function increased risk of abortion if taken in first trimester of pregnancy 

oligospermia, transient (<1%) 

Syndromes tumour lysis syndrome (rare; certain patients may be at increased risk) 

Reproduced with permission from the BC Cancer Agency Professional Drug Index (BC Cancer Agency, 
2007)7 
*Onset 7-10 days, nadir 14-16 days, recovery 21-28 days  
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1.6.4 Thiopurine Methyltransferase 

The metabolism of 6-MP involves three enzymes that convert 6-MP to both active and inactive 

thiopurine metabolites.  Xanthine oxidase and TPMT produce the inactive metabolites and 

hypoxanthine guanine phosphoribosyl transferase initiates the pathway to active metabolites.  

TPMT also produces an active metabolite, however the literature suggests that the pathway to the 

inactive metabolite might be more dominant.8  If an individual has high TPMT activity, then that 

patient will require a higher dose of 6-MP to produce enough active metabolites. Likewise, if an 

individual has low TMPT activity, the patient will require a much lower dose to avoid toxicity from 

too many active metabolites.9 Since many of the ADEs from 6-MP are dose-related, patients with 

mutations in the TPMT allele are at significant risk, as these mutations result in decreased TPMT 

activity.  There is also speculation regarding an association between excessive myelosuppression 

and secondary malignancies.10   

Individuals are classified into three categories based on their genotype.  They can be either wild 

type, which is the normal genotype, or they can have a heterozygous mutation or a homozygous 

mutation as described in Table 3.     

Table 3: TPMT Genotype Classification and Implications to Therapy 

Genotype Activity Level 
Frequency in 

the population 
Dose Adjustments 

Wild Type High TPMT 

activity 

89%* Start at normal dose, may need 

to increase** 

Heterozygous 

Mutation 

Intermediate 

TPMT activity 

11%* Start at 60% of normal dose** 

Homozygous 

Mutation 

TPMT deficiency 0.33%* Start at <10% of normal dose** 

*Weinshilboum, 198011 
** COG, 20084 
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This mutation in TPMT can be explained by 23 polymorphisms including TPMT*3A which is the 

most prevalent in the Caucasian population.12  A dose reduction of approximately 90% is required 

for patients with the homozygous mutation and dose reductions of 40% may be required for 

patients with the heterozygous mutant.4    

1.6.5 Ethnic Variations in Thiopurine Methyltransferase Mutations 

As with all gene mutations, variations in TPMT alleles are subject to ethnic differences.  A 

substantial amount of literature has been published that identifies the prevalence of specific 

mutations in different populations.13-33  Of the ethnic populations studied to date, TPMT mutation 

*3A is the most common followed by *3C.  Most studies only looked for TPMT *2 and *3 

mutations.  The prevalence of the less common mutations is still unknown.  There was also 

limited attention paid to sample size calculations, and since most papers did not provide 

confidence intervals it is difficult to place much strength in these comparisons.  However, by 

comparing the prevalence of the TPMT *3A mutations, which was tested in all studies, it seems 

that there is potential for considerable variability to exist.  There are limitations to these studies 

however.  Many studies had small sample sizes and very few tested for a wide range of known 

mutations.  As a result a true picture of ethnic trends is not possible.  However the potential for 

ethnic variation needs to be taken into consideration when interpreting study results and 

implementing policy decisions.   

1.6.6 Phenotype and Genotype Determination of Thiopurine 
Methyltransferase Deficiency  

There are currently two available methods to diagnose a deficiency in TPMT.  The first is a 

phenotype test that measures the activity of the enzyme in the blood.34  The second is a genotype 

test that will detect the polymorphism in the DNA.35  The phenotype test is thought to have a 

number of limitations because there are factors that could influence the results.  For example, 
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recent blood transfusions, medications (6-MP itself can induce TPMT activity), alcohol and food 

can all have an effect on enzyme activity, and as a consequence alter the results of this test.  

Therefore, this test may have to be repeated on a regular basis throughout treatment.36  Also, 

inter-laboratory results do not always agree, probably due to differences in assay conditions in 

different laboratories.35   

The genotype test is not influenced by exogenous factors as it looks directly at the DNA 

responsible for the enzyme production and therefore it does not have to be repeated.  The 

sensitivity of the genotype test however depends on the number of polymorphisms it is designed 

to detect.  Since it is thought that over 85% of polymorphisms are the result of three specific 

mutations, many tests are only designed to pick up the most common ones, leaving up to 

approximately 15% of the mutations undetected with the genotype test.  Even if the genotype test 

was designed to detect all known mutations, there is still the possibility that undiscovered 

mutations exist leading to potentially false negatives.     

1.6.7 Variety of Thiopurine Methyltransferase Phenotype and Genotype 
Technologies 

1.6.7.1 Phenotype Technologies 

The most common method for determining the activity of the TPMT enzyme is to conduct high 

performance liquid chromatography (HPLC) followed by an enzymatic assay.  Other methods 

include tandem mass spectrometry and radiochemical assay.  HPLC is a process conducted to 

separate the protein of interest from the rest of the proteins in the sample processed from drawn 

blood.  It uses a column that holds a chromatographic packing material (stationary phase) to 

which a solvent is added (mobile phase).  The test sample is then added to the column and reacts 

with the chromatographic material and solvent, then leaves through the end of the column, with a 

pump facilitating movement through the column.  The amount of time that it takes to move through 
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the column is referred to as the retention time and is unique to the protein.  The protein then is 

isolated, incubated at body temperature (37o C) and exposed to the thiopurine drug.  After one 

hour the metabolite is measured to determine how much of the drug was broken down by the 

enzyme (enzymatic assay) (J. Doré, personal communication, February 11, 2009 (Appendix 1)).    

Mass spectrometry, especially liquid chromatography coupled to tandem mass spectrometry, is 

another technology that can be used to determine enzyme activity.  Mass spectrometers have the 

capacity to differentiate between substrates and products of enzyme reactions based on 

molecular weight.  To measure molecules by mass spectrometry  the molecules must first be 

charged, which is achieved by converting the sample to an electrospray, which adds a positive 

charge to all the molecules separated in the liquid chromatography system and entering into the 

mass spectrometer ion source.  These charged molecules then pass through a mass analyzer 

that is set up specifically to detect the mass of the molecule of interest.  There is a chance that 

there is more than one molecule that has the same molecular weight.  To reduce the risk of 

isolating two different molecules with the same molecular weight, a tandem mass spectrometer 

can be used.  A tandem mass spectrometer has two mass spectrometers separated by a collision 

cell.  The collision cell breaks down the isolated molecules to its daughter ions, which each have 

different molecular weights.  The daughter ions then pass through the second mass spectrometer, 

which is set up to isolate molecules of a weight that is specific to a daughter ion of the molecule of 

interest.  Since the probability of two molecules with the same molecular weight separated by an 

appropriately set up liquid chromatography system also having the same daughter ions is unlikely, 

the use of a tandem mass spectrometer allows the user to have more confidence that the isolated 

substance can be accurately detected and quantified.  In the case of TPMT the substrate would 

be a thiopurine drug.  The amount of the product formed by action of TPMT in a certain period of 

time can be used to indicate the activity of TPMT by monitoring the appearance of product or 
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disappearance of substrate by liquid chromatography coupled with tandem mass spectrometry (E. 

Randell, personal communication, March 19th, 2009 (Appendix 1)).            

The radiochemical test is an enzymatic assay that uses radioactive substrates for the enzyme. 

Activity is determined by using different amounts of radioactive product.  It does not generally 

require purification of the enzyme first like HPLC.  Its advantages are speed and relatively 

inexpensive equipment.  The drawback is the potential for a contaminating enzyme giving false 

positive activity and the radioactive risks (J. Doré, personal communication, February 11, 2009 

(Appendix 1)).      

1.6.7.2 Genotype Technologies 

TPMT genotypes are generally determined using a method of polymerase chain reaction (PCR).  

Some of the older PCR techniques include restriction fragment length polymorphism PCR, 

restriction digest PCR and amplification refractory mutation system PCR, which all use the same 

basic technique to genotype.  A single strand of DNA (primer) is amplified and then a restriction 

enzyme is applied which will show if the mutation is present.  Restriction enzymes are unique to 

the allele mutation of interest.  This process can only detect one mutation at a time.  When there 

is more than one mutation of interest, the sample must be run through the process multiple times 

using the appropriate restriction enzymes.  This test can become time consuming and in the case 

of TPMT, where there are at least 23 known mutations, TPMT tests may be limited to only the 

most common mutations making them less sensitive.  The more mutations detected, the more 

expensive the test becomes, as each restriction enzyme has to be purchased separately.     

A newer technology, called the multiplex PCR, allows for a simultaneous amplification of multiple 

mutations in a single reaction using more than one primer.  There are some drawbacks to using 

this test starting with the cost for capital equipment.  If purchasing equipment is possible, it is 
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necessary to have experienced personnel to set up the initial conditions and test standards would 

have to be implemented (J. Doré, personal communication, February 11, 2009 (Appendix 1)).      

Biochips are the newest of the genotype technologies.  The chips contain standardized samples 

and are automated to allow for a high throughput.  The test requires only a very small amount of 

the required reagents.  Multiple mutations can be tested in one reaction without the expense of 

restriction enzymes.  Capital cost and maintenance for this technology is expensive, though the 

materials to run each test are not.  For this reason, biochip technology is only available in large 

scale laboratories that conduct a high volume of tests (J. Doré, personal communication, February 

11, 2009 (Appendix 1)). 

1.6.8 Validity of Screening Testing 

All diagnostic and screening tests are subject to some measure of error.  The error could be a 

result of the capability of the technology, the skills and knowledge of the tester, or the variability 

between patients and confounding factors present when the test takes place.  No matter what the 

reason, false negatives or false positives are bound to occur.  To visualize how these test results 

are categorized a contingency table (2x2) has been created using phenotype screening for TPMT 

mutation as an example (Table 4). 

Table 4: Screening Contingency Table 

 Mutation Present Mutation Absent Totals 

Test Positive 
True Positive 

(9) 

False Positive 

(2) 

Total persons with 

positive test 

(11) 

Test Negative 
False Negative 

(1) 

True Negative 

(88) 

Total persons with 

negative test 

(89) 
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Totals 

Total persons with 

mutation 

(10) 

Total persons without 

mutation 

(90) 

Total tested 

(100) 

1.6.8.1 Sensitivity and Specificity 

Sensitivity and specificity are two ways of measuring the accuracy of diagnostic or screening 

tests.  Using the example of TPMT phenotype screening, sensitivity refers to the number of 

positive results in the patients who truly have the mutation.   Mathematically this equals the true 

positives (those with the disease who were detected by the test) divided by the sum of the true 

positives and false negatives (the total number of people with the disease) multiplied by 100.37   

Sensitivity =
)1()9(

)9(
ivesFalseNegatvesTruePositi

vesTruePositi
+

x 100% 

                  = 90% 

Specificity refers to the number of patients without the mutation that will be confirmed with a 

negative test result.  Mathematically this equals the true negatives (those without the disease who 

were detected by the test) divided by the sum of the true negatives and the false positives (the 

total number of people without the disease) multiplied by 100.37 

Specificity = 
)2()88(

)88(
ivesFalsePositvesTrueNegati

vesTrueNegati
+

x 100% 

                   = 97.8% 

These calculations are simply estimates of the accuracy of the test.  Different values may result 

when another person performs the test or if a different set of patients are tested.  To get a better 

sense of how accurate the test truly is, a confidence limit can be determined for point estimates of 

sensitivity and specificity by calculating the standard error.  This is represented in the equation 
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below, where p is the sensitivity or specificity in the decimal fraction and n is the total number of 

patients tested.37 

Standard Error = 
n

pp )1( −
  

The standard error of the sensitivity in the example above would be: 

Standard Error = 
100

)9.01(9.0 −
 

                          = 0.03 

To calculate the 95% confidence interval (CI) the standard error is multiplied by the constant 

known as the z-score (1.96).37 

95% CI =  Sensitivity ± (Standard Error * z) 

   =  0.90 ± (0.03*1.96) 

    =  0.90 ± 0.059 

   = [0.841, 0.959] 

1.6.8.2 Positive and Negative Predictive Value 

Positive and negative predictive values are another way of calculating the accuracy of diagnostic 

screening tests.  The positive predictive value (PPV) tells us the probability that the mutation is 

present if there is a positive test result.  Mathematically this is equal to the number of true 

positives divided by the sum of the true and false positives multiplied by 100 percent.  Using the 

data presented in Table 4, the PPV is calculated to be 81.8%.37 
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Positive Predictive Value = 
)2()9(

)9(
ivesFalsePositvesTruePositi

vesTruePositi
+

 x 100% 

                                         = 81.8% 

The negative predictive value (NPV) tells us the probability that the mutation is absent when there 

is a negative test result.  Mathematically this is equal to the number of true negatives divided by 

the sum of the true and false negatives.  Using the data presented in Table 4, the NPV is 

calculated to be 98.9%.37 

Negative Predictive Value = 
)1()88(

)88(
ivesFalseNegatvesTrueNegati

vesTrueNegati
+

x 100% 

                                           = 98.9% 

1.6.8.3 Receiver Operator Characteristic Curves 

Not all screening or diagnostic tests give binary results.  In many circumstances a continuous 

value is given and a cut-off point is needed to determine the threshold for ascertaining a positive 

value.  In the case of TPMT phenotype tests, the activity of the enzyme is determined and it is up 

to the diagnostician to determine if a mutation in the gene is likely to be present.  In such cases a 

receiver operator characteristic (ROC) curve is used, which demonstrates the impact on 

sensitivity by varying the cut-off point.  ROC curves allow the establishment of cut-off points that 

maximize sensitivity and specificity.37   

1.6.8.4 Test Accuracy and Gold Standards 

To test sensitivity, specificity, PPV or NPV, the investigational test must have a gold standard test 

for comparison.  There must be another way to confirm if the disease, or in this case gene 

mutation, does in fact exist in order to calculate true and false negatives and positives.  The ideal 

comparator would be a test that had as close to 100% sensitivity and specificity as possible.  
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Pharmacogenetics is still a very new field and in many cases true gold standards do not exist, 

limiting the true accuracy of these validity calculations.        

1.6.9 Standard of Care for TPMT Testing 

For hospitals in North America that follow the COG protocols,4 there are clear guidelines 

indicating when TPMT testing should be completed.  Currently, dosing is determined by the 

weight of the patient and is based on normal drug requirements for an individual and does not 

account for potential genetic mutations.  TPMT testing is not routinely done prior to 6-MP therapy 

to individualize therapy, but instead is done after side effects delay therapy by two or more weeks 

or if the degree of myelosuppression is disproportionate to therapy.  The guidelines do not make a 

clear recommendation for one test over the other but also state that “the genotype test has a low 

false negative rate, and may be preferable to TPMT phenotype testing in cases where a history of 

red cell transfusions would potentially confound assessments of RBC TPMT activity” (pp. 46).4  

They also suggest that if the two tests were combined the accuracy would be greater than either 

of the two alone.  

The COG recommends dose modification in patients with homozygous mutations to 10-20 

mg/m2/day three days a week.4  It is predicted that approximately 35% of TPMT heterozygous 

patients require dose adjustments.  Therefore dose modifications are only recommended for 

patients with heterozygous mutations if they have experienced significant myelosuppression.  In 

this case the dose should be reduced by 30-50%.4   

1.6.10 Health Technology Assessment 

Health technology assessment (HTA), like evidence-based medicine and clinical practice 

guidelines, is a part of a group of best practice activities done in the health care setting.  HTAs are 
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conducted differently than evidence-based medicine and clinical practice guidelines, which are 

created to help guide clinical decisions. The purpose of HTA is to guide policy decisions.38 

Authors of the EUR-ASSESS (1997) project define HTA as “a multidisciplinary activity that 

systematically examines the technical performance, safety, clinical efficacy and effectiveness, 

cost, cost-effectiveness, organizational implications, social consequences, and legal and ethical 

considerations of the application of a health technology” (pp. 222).39 

The decision to implement a new health technology, whether it is a drug, a diagnostic procedure 

or a new device, needs to be based on more then just efficacy. It must also be based on all of the 

other factors that influence its use.  Most basic HTAs will include a systematic review of efficacy 

and safety as well as some method of economic analysis that determines if the technology gives 

enough benefit for the money spent.  Other aspects of HTA that should be considered, depending 

on the nature of the technology, are the psychological, social, ethical and organizational 

implications.38  

An example of a psychological issue would be the anxiety experienced by a patient, and their 

parents, who is unable to have access to a TPMT genotype test.  Such feelings of fear and 

anxiety in patients might make this technology desirable for physicians to routinely recommend 

and for service providers to cover.  On the other hand, having the test available may cause undue 

anxiety over the knowledge of a positive test result.   

Social issues that might arise include equity.  The introduction of a new but expensive technology 

that is not covered by health plans can create a social divide among those people who can afford 

to pay for it out of pocket and those who cannot.   

Some technologies may foster judgments which raise ethical dilemmas.  For example, prenatal 

testing for disabilities may seem disrespectful to the population who live with those disabilities.   
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Organizational and professional issues that might have an impact on a policy maker’s decision to 

introduce a new technology include how much training is required for staff, what additional staff 

might be needed, or if the technology will reduce hospital stays or emergency room visits. 

The goal for this HTA was to critically review the accuracy of TPMT testing technologies and to 

determine if TPMT testing prior to initial dosing of 6-MP is a cost-effective intervention for 

preventing ADEs.          
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2 METHODS 

2.1 Technology Review 

The technology review of TPMT phenotyping and genotyping strategies was completed in 

accordance with standard methods for conducting and reporting systematic reviews.40  A study 

protocol was developed a priori and followed during the review.   

2.2 Literature Search Strategy 

Three data sources were used to find relevant data for this systematic review: electronic 

databases, websites and references of retrieved studies.  Three databases were searched for 

relevant trials: Cochrane Database of Systematic Reviews and Controlled Trials (CENTRAL), 

PubMed/MEDLINE and EMBASE, from the inception of the databases to January 2009.  

Websites included the FDA Centre for Drug Evaluation and Research.  Only studies written in the 

English language were eligible for inclusion.  Electronic database searches were completed with 

the assistance of a professional librarian.  Search terms ‘thiopurine methyltransferase’, ‘TPMT’, 

‘accuracy’, ‘sensitivity’, ‘specificity’ and ‘positive and negative predictive value’ were used to 

identify relevant literature (Table 5).   
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Table 5: Literature Search Strategy 

Database / 
Source 

Search Strategy 

PubMed/MEDLINE 1. Thiopurine Methyltransferase OR TPMT 

2. Accuracy OR Sensitivity OR Specificity OR Positive Predictive 

Value 

3. #1 AND #2 

Embase 1. Thiopurine Methyltransferase OR TPMT 

2. Accuracy OR Sensitivity OR Specificity OR Positive Predictive 

Value 

3. #1 AND #2 

Cochrane 

Database 

1.    Thiopurine Methyltransferase OR TPMT 

Food and Drug 

Administration 

1.    Thiopurine Methyltransferase OR TPMT 

The website for the Centre for Drug Evaluation and Research was searched for additional 

unpublished grey literature.41  References from all retrieved studies and selected review articles 

were then reviewed for additional trials for inclusion.   

2.3 Selection Criteria and Method 

2.3.1 Inclusion Criteria   

1. Studies that evaluated either a TPMT genotype or TPMT phenotype technology in 

comparison to a gold standard. 

2. Studies that showed results on the accuracy of the two tests, using either sensitivity and 

specificity or positive/negative predictive value. 
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2.3.2 Exclusion Criteria  

1. Studies not published in the English language.  

2. Studies evaluating any subjects other than humans.   

2.4 Data Extraction Strategy 

2.4.1 Study Characteristics 

An electronic data extraction spreadsheet was created using Microsoft ExcelTM to systematically 

collect relevant data from each study.  Characteristics recorded included participant ethnicity (e.g. 

ethnic background or the country in which the study was conducted), study population (e.g. health 

status, inclusion and exclusion criteria and age distribution), and test characteristics.  Data 

pertaining to test characteristics were also recorded, including test type (e.g. PCR, HPLC) and 

reference activity ranges used to classify phenotypes.   

2.4.2 Relative Accuracy of Phenotype and Genotype Technologies 

The measurements describing the accuracy of the tests (e.g. sensitivity and specificity, 

positive/negative predictive values) were extracted.  Where possible, the raw findings, broken 

down by activity ranges or wild type and heterozygous/homozygous mutant alleles, were compiled 

in 2x2 tables (i.e. true or false positive or negative values).  Where raw data were not available, 

2x2 tables were calculated using available values such as sensitivity, specificity and total sample.  

Reference activity ranges used were those defined by the individual studies.   

2.5 Strategy for Quality Assessment 

Quality of the included studies was assessed using a modified version of the Critical Appraisal 

Skills Program (CASP) tools for evaluating diagnostic test studies.42  The CASP tool consisted of 

three main categories of questions, the first being, “Are the results of the study valid?” which 
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questions the studies’ methods to produce a reliable result.  For example “Was there a clear study 

question?”, “Was there an appropriate reference standard?”, “Was the evaluation blinded?”, “Was 

the population described” and “Was there sufficient detail on how the test was performed?”  The 

second category asks “What are the results?” referring to how the results were presented and 

how likely they were to have occurred by chance.  The final category of the tool asks “Will the 

results help me and my patients/population?” referring to the applicability of the tests, results and 

outcomes to specific patient populations.  This final category was removed in the modified version 

of the tool because clinical outcomes were not assessed in this study. 

The tool did not, however, ask about sample size.  Though heterozygous TPMT mutations are 

fairly common and represent about 11% of the population, homozygous mutations are not 

common, occurring in only 0.33% of the population.  To validate the accuracy of various 

phenotype and genotype technologies, a large sample size is necessary.  For this reason, in the 

modified version of the tool used in this study, a question on sample size was added.   

Two additional questions were added that were specific to the accuracy of the TPMT phenotype 

technologies and that related to the reporting of recent blood transfusions and the concurrent use 

of medications in study subjects.  If these confounding factors are not made transparent in the 

publication, then the results which are reported need to be interpreted with caution.    

Data from the quality assessment were compiled using a Microsoft Excel spreadsheet.  Questions 

were answered with one of three responses: yes, no or cannot tell.  Cannot tell was used when 

the article did not provide enough detail to answer the question definitively with a yes or no.     
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2.6 Economic Evaluation 

2.6.1 Study Design 

A cost-effectiveness analysis (CEA) was carried out from the health care system perspective to 

compare three testing strategies for 6-MP dosing: genotype-based, phenotype-based and no 

testing (standard weight-based dosing).  This analysis was performed on a hypothetical cohort of 

pediatric patients with ALL and receiving 6-MP for the maintenance phase of therapy.  The time 

horizon was set at three months, as any intolerance to 6-MP due to TPMT enzyme deficiency 

would be evident at or before three months (J. Hand, personal communication, September 9, 

2008 (Appendix 1)).  A decision analytic model was used to carry out the analysis (Figure 1).   

Figure 1: Decision Tree 

 

Note: Numbers 1-17 correspond to each terminal node 
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2.6.2 Decision Analysis 

The decision tree consists of three arms.  The first represents the standard of care where 6-MP is 

dosed based on patient weight in the absence of TPMT mutation or activity knowledge.  In the 

event that an adverse drug event interrupted therapy by two weeks, a TPMT genotype test is 

conducted.  When an adverse event causes a minor interruption in therapy (less than two weeks), 

the COG guidelines indicate that a genotype test is not necessary.4  These cases were included 

in the ‘No ADE’ branch of the decision tree.   

For the purpose of this analysis, myelosuppression was the only adverse drug event considered 

as it is the adverse event that causes the most concern.43  There is also a lack of evidence around 

the parameters of other adverse events.  The risk of secondary malignancy, though serious, 

would not factor into this analysis because of the short time horizon; they are also suspected to be 

quite rare, so the potential impact on this analysis would be minimal.   

Myelosuppression puts the patient at an increased risk of contracting an infection, which is what 

makes this event serious.  When myelosuppression is combined with fever (febrile neutropenia), 

infection is suspected.  The patient would then be immediately admitted to hospital for observation 

and treatment,4 which not only comes at a high cost but impacts the patients’ quality of life.    

The second and third arms of the tree represent the two forms of TPMT testing.  Since dosage 

adjustments are not recommended for heterozygous patients until after they experience an 

adverse event, only patients with homozygous mutations will follow the ‘deficiency’ branch.  

Patients with heterozygous mutations will follow the ‘no deficiency’ branch.  Other than 6-MP 

dosage adjustments for patients with homozygous mutations, the second and third arms follow 

the same clinical pathway as the first arm following the COG protocol guidelines, though they 

have different branch probabilities based on the sensitivity and specificity of the TPMT tests.   
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Each branch where a deficiency is detected through a phenotype or genotype test is 

representative of both true and false positives.  This model does not account for the potential 

adverse drug events (e.g. disease relapse) of patients who are under-dosed due to a false 

positive test result.   

Initially, a base case decision analysis with point estimates was performed. Subsequently one-

way sensitivity analyses and a multi-way probabilistic sensitivity analysis (PSA) with Monte Carlo 

simulations were performed.   

2.6.3 Base Case Scenario 

A base case scenario was created for pediatric patients with ALL.  This scenario included the 

starting dose of 6-MP, dosage adjustments, laboratory monitoring, incidence of 

myelosuppression, rate of hospital admission, risk of death and accuracy of the TPMT tests.   

Previously reported values from our systematic review and values from other published literature 

were used to assign the decision probabilities to each chance node.  The assumption was made 

that there is 100% compliance by physicians with dose adjusting according to TPMT 

activity/genotype. The base case decision analysis was conducted using ExcelTM. 

2.6.4  Probabilities 

For the weight-based dosing arm, the general risk for myelosuppression is required. The 

incidence of serious cases of myelosuppression in children with ALL being treated with 6-MP is 

not well documented in the literature.  Frequency of myelosuppression in other disease states 

treated with thiopurines has ranged from 1.4% to 9%.44, 45  A European study evaluating the same 

question in the pediatric ALL population, as we have outlined here, assumed a frequency of 3% 

based on the above evidence.43  For this evaluation we assumed the same frequency, 3%, for the 

overall risk of myelosuppression.  This overall risk was adjusted in the phenotyping and 
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genotyping arms to reflect the reduction in risk by tailoring the 6-MP dosage. The value of 3% was 

used for the risk of myelosuppression in the weight-based dosing arm.   

Not all cases of myelosuppression are due to a mutation in the gene coding for the TPMT 

enzyme.  Therefore, screening for TPMT status with either the phenotype or genotype test will not 

prevent all myelosuppression cases.  Marra, et al. (2002)45 made the assumption that 50% of 

myelosuppression cases can be prevented with testing followed by dose reduction as appropriate.  

There is more literature to suggest that approximately one third (29-32%) of myelosuppression 

cases can be prevented by tailoring doses to enzyme activity.44, 46-48  A conservative assumption 

that 30% of myelosuppression cases could be prevented if TPMT deficient patients were 

appropriately dose adjusted was used in the base case analysis.   

For the phenotype and genotype arms, a breakdown of myelosuppression risk was necessary for 

the TPMT deficiency and no TPMT deficiency branches.  For TPMT homozygous patients who 

followed the deficiency branch, the 6-MP dose would have been dose adjusted, thereby reducing 

their risk of myelosuppression.  Since we assumed that 30% of myelosuppression cases were 

due to TPMT deficiency, the risk would be reduced by 30%, resulting in a risk of 2.10% (as 

described above, 3% was the risk assumed for  weight-based dosing).  For patients who followed 

the no deficiency branch (a combination of heterozygous and wild type patients), the risk of 

myelosuppression was calculated by solving for unknown variables. This was done using a 

hypothetical cohort of 300 patients, where one patient would have a homozygous TPMT mutation, 

thirty-three would have a heterozygous TPMT mutation and 266 would be TPMT wild type.   

 
300

)(266)(33)(1 ZYXkOverallRis ++
=  

 Where: 

 X = Risk of myelosuppression for homozygous patients 
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 Y = Risk of myelosuppression for heterozygous patients 

 Z = Risk of myelosuppression for wild-type patients 

It was assumed that 100% of patients with a TPMT homozygous mutation (i.e. X = 100%), who 

are not appropriately dose reduced, would experience myelosuppression.49  Since it cannot easily 

be assumed what percentage of heterozygous patients would experience myelosuppression, the 

equation would be solved for ‘Y+Z’.   

  
300

)(299%)100(1%3 ZY ++
=   

 Y+Z = 2.68% 

Patients who followed the ‘no deficiency’ arm were assigned a 2.68% risk of myelosuppression.  

All risks for myelosuppression were then weighted by incorporating the sensitivity and specificity 

of the phenotype and genotype tests.  The weighted values for true positives and false positives 

were added together to give the risk of myelosuppression for patients with TPMT deficiency.  

Weighted values for the true negatives and false negatives were added together to give the risk of 

myelosuppression for the no TPMT deficiency branch.  Values derived from the systematic review 

(Section 3.1.2.5) were used in these calculations (Table 6).  Values for the base case analysis 

were chosen based on the midpoint of values found derived from the literature during the 

systematic review.  As neither of the studies included in the systematic review were of high 

methodological quality (see Section 4.1.3), studies were not weighted by quality when selecting 

the values for the base case analysis.  The genotype test was estimated to have a sensitivity of 

77.28% and specificity of 97.15%.  The phenotype test was found to have 95.83% sensitivity and 

92.25% specificity. 

Only cases of myelosuppression that were combined with fever (febrile neutropenia) were 

assumed to require admission to hospital.  For the purpose of this analysis, febrile neutropenia is 
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considered ‘severe’ and myelosuppression without fever is considered ‘not severe’.  The 

designation of ‘severe’ and ‘not severe’ is not a reflection of degree of myelosuppression, but 

rather reflects the need for hospitalization.  Approximately 10-20% of all cases of 

myelosuppression are admitted to hospital (J. Hand, personal communication, September 9, 2008 

(Appendix 1)).43, 49  The midpoint of 15% was used in the base case analysis.    
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Table 6: Probabilities and Sources Used in the Base Case Analysis 

Model Parameters 
Base Case 

Value 
References 

Probabilities 

Incidence of TPMT wild type allele 89% 

Weinshilboum, 1980 

Incidence of heterozygous TPMT 

mutation 
11% 

Incidence of homozygous TPMT 

Mutation 
0.33% 

Population incidence of 

myelosuppression with 

mercaptopurine therapy 

3.00% van den Akker-van Marle, 2006 

Incidence of myelosuppression for 

heterozygous and wild-type 

patients who are not dose reduced 

2.68% Calculated 

Incidence of myelosuppression for 

homozygous patients who are not 

dose reduced 

100% Winter, 2004 

Proportion of myelosuppression 

due to TPMT deficiency 
30% 

Sanderson, 2004; Colombel, 2000; 

Ansari, 2002; Schwab, 2002 

Proportion of myelosuppression 

cases needing inpatient services 
15% 

Winter, 2004; van den Akker 

Marle, 2006; Personal 

Communication, Dr. J. Hand, Sept. 

9th, 2008 

Sensitivity of genotype test 77.28% 

Refer to section 3.1.2.5 
Specificity of genotype test 97.15% 

Sensitivity of phenotype test  95.83% 

Specificity of phenotype test 92.25% 
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2.6.5 Branch Probability Calculations 

Branch probabilities were calculated based on the following formulae.  The probabilities of 

‘severe’ versus ‘not severe’ were taken directly from Table 6 (proportion of myelosuppression 

cases needing inpatient services), and no further calculations were necessary.   

2.6.5.1 Calculations for Weight-based Dosing Strategy 

1. p[ADE] = iADEa 

 p[ADE] = Probability of experiencing an ADE in the general population  

 iADEa = Incidence of ADE in general population 

2. p[noADE] = 1 – p[iADEa] 

 p[ADE] = Probability of not experiencing an ADE in the general population 

3. p[Deficiency | Severe | ADE] = ((Ho + He)*SeG)+((1-(Ho+He))*(1-SpG)) 

 p[Deficiency | Severe | ADE] = Probability of TPMT deficiency in a patient that had an ADE 

requiring hospitalization 

 Ho = Incidence of TPMT homozygous deficiency 

 He = Incidence of TPMT heterozygous deficiency 

 SeG = Sensitivity of genotype test 

 SpG =Specificity of genotype test 

4. p[no Deficiency | Severe | ADE] = 1 – p[Deficiency | Severe | ADE] 
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 p[no Deficiency | Severe | ADE] = Probability of no deficiency in a patient that had an ADE 

that required hospitalization  

5. p[Deficiency | not Severe | ADE] = ((Ho + He)*SeG)+((1-(Ho+He))*(1-SpG)) 

 p[Deficiency | not Severe | ADE] = Probability of deficiency in a patient with an ADE that 

did not require hospitalization.  This calculation takes into account both the true positives 

and the false positives by incorporating sensitivity and specificity values.    

 Ho = Incidence of TPMT homozygous deficiency 

 He = Incidence of TPMT heterozygous deficiency 

 SeG = Sensitivity of genotype test 

 SpG =Specificity of genotype test 

6. p[no Deficiency | not Severe | ADE] = 1 - p[Deficiency | not Severe | ADE] 

 p[no Deficiency | not Severe | ADE] = Probability of no deficiency in a patient with an ADE 

that did not require hospitalization 

2.6.5.2 Calculations for Phenotype and Genotype Dosing Strategies 

1. p[Deficiency] = ((Ho*Se)+((1-Ho)*(1-Sp))) 

p[Deficiency] = Probability of TPMT homozygous deficiency.  This calculation takes into 

account both the true positives and the false positives by incorporating sensitivity and 

specificity.   

 Ho = Incidence of TPMT homozygous deficiency 

 Se = Sensitivity of test (phenotype or genotype depending on tree branch) 
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 Sp = Specificity of test (phenotype or genotype depending on tree branch) 

2. p[no Deficiency] = 1 - p[Deficiency]  

 p[no deficiency] = Probability of TPMT wild type or heterozygous mutation, which consists 

of all true negatives and false negatives.   

3. p[ADE | Deficiency] =  

( )
)*())1(*)1((

)1(*)1()(
))1(*)1(()*(

*)1(*
HoSeHoSp

HoSpiADEb
HoSpHoSe

HoSepTPMTiADEa
+−−

−−
+

−−+
−  

p[ADE | Deficiency] = Probability of an ADE in a TPMT deficient patient.  This calculation 

is a weighted average of the probability of myelosuppression in the true positives and the 

false positives determined by incorporating sensitivity and specificity. 

iADEa = Incidence of an ADE in general population 

pTPMT = Proportion of ADEs attributable to TPMT deficiency 

iADEb = Incidence of ADE in TPMT heterozygous and wild type patients 

Ho = Incidence of homozygous TPMT mutation 

Se = Sensitivity of test (phenotype or genotype depending on tree branch) 

Sp = Specificity of test (phenotype or genotype depending on tree branch) 

4. p[no ADE | Deficiency] = 1 - p[ADE | Deficiency]  

 p[no ADE | Deficiency] = Probability of no ADE in a TPMT deficient patient. 
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5. p[ADE | No Deficiency] = 

( )
)*)1(())1(*(

)1(*)(
))1(*()*)1((

*)1(
HoSeHoSp

HoSpiADEb
HoSpHoSe

HoSeiADEc
−+−

−
+

−+−
−

 

p[ADE | No Deficiency] = Probability of ADE in patient who is TPMT heterozygous and wild 

type.  This calculation is a weighted average of the probability of myelosuppression in the 

true negatives and the false negatives determined by incorporating sensitivity and 

specificity.     

iADEc = Incidence of ADE in TPMT homozygous patients who are not dose reduced (false 

negatives). 

iADEb = Incidence of ADE in TPMT heterozygous and wild type patients (true negatives). 

Ho = Incidence of homozygous TPMT mutation 

Se = Sensitivity of test (phenotype or genotype depending on tree branch) 

Sp = Specificity of test (phenotype or genotype depending on tree branch) 

6. p[no ADE | No Deficiency] = 1 - p[ADE | No Deficiency]  

 p[no ADE | No Deficiency] = Probability of no ADE in TPMT heterozygous and wild type 

patients 

2.6.6 Outcomes 

A systematic review of economic evidence of TPMT induced side effects concluded that the 

QALYs lost from experiencing neutropenia are small, and due to insufficient evidence it is perhaps 

premature to try and calculate a QALY difference between groups.50  Accurate survival data are 

not available for pediatric patients with ALL treated with 6-MP.  Assumptions made by others have 
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been that for every 1,000 patients screened there would be one death averted;43, 49 however, 

these assumptions were not specific to the pediatric ALL population.  Another study looked at 

longitudinal data to determine incidence of mortality of pediatric oncology patients admitted to 

hospital with febrile neutropenia over a seven-year period.51  When broken down by cancer type, 

ALL patients were found to have a 2.9% risk of death during admission for febrile neutropenia, 

and this value was used in the base case analysis.51  No published data were found that 

presented the risk of death in patients who do not experience febrile neutropenia. Based on a 

three-month time horizon, we assumed that the risk of death for those patients would be rare and 

used 0% for our base case analysis.   

The survival outcome used in this analysis was life-months.  Since it was not clear from the 

literature at what point after therapy a patient might die from febrile neutropenia, it was assumed 

any deaths would occur two weeks after starting therapy to allow the patient enough time after 

therapy was initiated to experience neutropenia.  For all treatment branches where patients were 

admitted to hospital, a terminal node value of 2.9275 life-months was assigned.  This value was 

determined by taking the risk of death (2.9%) and multiplying it by the number of months 

remaining in the three month time horizon (2.5 months) and then subtracting the result from three 

months.  For all other treatment branches, where patients were not hospitalized, the risk of death 

was 0%, so three months was the value for survival assigned at the terminal node to reflect the 

full time horizon of the analysis.   

2.6.7 Costs and Resource Utilization 

Costs were calculated according to a health care system perspective and only included direct 

medical costs of the patients and health care system.  Particular items of interest included 

acquisition cost for 6-MP, laboratory costs, regular complete blood cell (CBC) and liver function 
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tests (LFT), enzymatic assay and genotype test fees.  Hospitalization costs for the treatment of 

febrile neutropenia were estimated. Costs were calculated in 2008 Canadian dollars (Table 8). 

The starting dose for 6-MP is 75 mg/m2 per day.  This dose was assigned for all patients in the 

weight-based dosing arm.  If patients experienced febrile neutropenia and they were found to be 

heterozygous for the TPMT allele, the dose would be reduced to 45 mg/m2 daily (60% of starting 

dose) once therapy has been restarted. If patients were found to be homozygous, the dose would 

be reduced to 10 mg/m2 per day, three days a week (<10% of starting dose) once therapy has 

been restarted.4   Patients in the phenotype and genotype arm would receive 75 mg/m2 daily if 

they are wild-type or have a heterozygous mutation, and 10 mg/m2 per day, three days a week, if 

found to have a homozygous mutation.  Patients who have a heterozygous mutation are not dose 

reduced initially because the COG guidelines suggest that only a third of these patients will not 

tolerate the full dose.  If a patient with a heterozygous mutation experiences neutropenia, that 

delays therapy for two or more weeks, after which the dose would be adjusted to 45 mg/m2 daily.4 

The acquisition cost of 6-MP was based on the cheapest generic alternative.  In the province of 

Newfoundland and Labrador it is a part of the pharmacists’ standards of practice to always 

dispense the cheapest equivalent alternative of any medication.  The price used in this analysis 

was that of the Novopharm product which was priced at $3.67 per 50 mg tablet (Novopharm, 

personal communication, February 18, 2008 (Appendix 1)). In the base case analysis, the cost 

per dose was calculated for a three-year old child who weighs 15 kg and is three feet tall 

(equaling a body surface area of 0.62 m2). A three year old child was selected as this is the age in 

which ALL is most common.52  A normal 6-MP starting dosage regimen of 75 mg/m2 would equal 

46.5 mg. For these patients, the cost per dose would be $3.67.  For TPMT heterozygous patients 

who require dose reductions of 40%, the dose would be reduced to 27.9 mg, at a cost of $2.10 

per dose.  For a TPMT homozygous patient, whose dose is reduced to 10 mg/m2, three days a 

week, the starting dose would be 6.2 mg, at a cost of $0.61 per dose (Table 7).     
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Table 7: Cost per Dose of 6-Mercaptopurine 

Regimen 
Patient 
Dose 

Contents of 
suspension 

Cost of 
suspension 

# Doses in 
suspension 

Cost per 
Dose 

75 mg/m2 

daily 
46.5 mg 

50 mg x 14 

tablets = 700 

mg 

$3.67 x 14 

tablets = $51.38

15 (14 will 

be used) 
$3.67 

45 mg/m2 

daily 
27.9 mg 

50 mg x 8 

tablets  

= 400 mg 

$3.67 x 8 

tablets = $29.36

14 (14 will 

be used) 
$2.10 

10 mg/m2 

three days 

per week 

6.2 mg 

(three 

days per 

week) 

50 mg x 1 

tablets  

= 50 mg 

$3.67 x 1 

tablets = $3.67 

8 (6 will be 

used) 
$0.61 

Note: Doses are calculated based on a three-year old child who is 15 kg and three feet tall (body 
surface area of 0.62 m2); Each tablet of 6-MP contains 50 mg and costs $3.67.   

A professional fee (dispensing fee) is generally added to all prescription prices to account for 

pharmacy overhead costs and professional services.  This is a flat fee applied to every new and 

refill prescription and in Ontario most pharmacies charge $11.99.   A professional fee, referred to 

as the compounding fee, is applied to medications that require special preparation. While in some 

regions pharmacists may compound the drug for parents, in others parents are sent home with 

instructions on how to mix pills with water, and some children are able to consume the pills with 

no preparation . It was assumed in this analysis that parents would compound the drug 

themselves if necessary and therefore only dispensing fees and not compounding fees were 

included.  A dispensing fee was applied for every two weeks of treatment, for those weeks that 

the patient receives 6-MP as an outpatient. 

The cost of TPMT genotype tests varies depending on the institution.  Most institutions have to 

send their samples to an outside lab.  At the Janeway Children’s Hospital in St. John’s, NL, 

samples are sent to the Mayo Clinic in the United States at a cost of $380.50 US.53  Some 
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institutions who have developed their own tests can offer this test on site for a fraction of the cost; 

however exact prices were not available.  These tests are still in the development stages and 

competitive pricing is necessary to ensure that samples are referred to particular labs (P. Gordon, 

personal communication, January, 2008 (Appendix 1)).  In the base case analysis the US Mayo 

Clinic price was used.  Given the volatility in currency conversion rates, a conservative rate of 

1.2098 (Central bank rate January 28th, 2009) was used resulting in a price of $459.63 CDN. 

TPMT phenotype tests are available at most hospital laboratories however commercial pricing is 

not available.  The price of the TPMT phenotype test at the Mayo Clinic is $333.40 US ($402.912 

CDN as of January 28th, 2009) and this value was used in the base case analysis.       

Physician fees, for both inpatient and outpatient services, were obtained from the Ontario Health 

Insurance Program (OHIP) fee schedule.54  Pediatric hematologists are reimbursed for outpatient 

medical specific re-assessments at a rate of $50.50 (A264).  In the absence of treatment 

obstacles, patients would visit the outpatient clinic monthly (J. Hand, personal communication, 

September 9, 2008 (Appendix 1)).  Inpatient consultations are reimbursed at $147.80 (C265) for 

the first visit on day one of admission, and $55.45 (C122, C123, C124) for daily subsequent visits 

by the most responsible physician.54    

Laboratory monitoring of CBC and LFTs were assumed to be carried out monthly except in the 

presence of myelosuppression when the tests are carried out every seven days.  Costing for 

laboratory tests was also retrieved from the OHIP fee schedule.55  Laboratory services are 

reimbursed based on the number of Laboratory Medicine Service (LMS) units each test uses.  

Each LMS unit is reimbursed at a rate of $0.517.  A CBC includes white blood cell (WBC) 

Differential (L372), Platelet Count (L396), RBC Count (L397), WBC Count (L399), Hematocrit 

(L417), and Hemoglobin (L418).  When more than one of these counts is needed the code L393 is 

used which provides the complete profile at a cost of $8.27 (16 LMS Units).  An LFT profile 

generally includes alanine aminotransferase (L223), aspartate aminotransferase (L222), alkaline 
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phosphatase (L191), gamma-glutamyl transpeptidase (L107), prothrombin time (L445) and total 

bilirubin (L030).  These tests are costed separately and come to a total of $19.13 (37 LMS units).  

Laboratory costs for this analysis were calculated based on one CBC and LFT per month in 

patients not experiencing ADEs.   

The cost for an inpatient stay was obtained from the Ontario Case Costing Initiative (OCCI),56 and 

was calculated based on International Classification of Disease Codes (ICD10 Codes) D70 

(Agranulocytosis, including neutropenia) for patients aged 0-17 years.  It is possible that not all of 

these patients had neutropenia secondary to 6-MP therapy for ALL, but it is not expected that 

inpatient costs for neutropenia cases caused by other illnesses would be markedly different. The 

most recent year of data available, which also had the highest number of cases for any year in the 

database, was 2007-2008. The average case cost for that year was $9,641 in 2008 Canadian 

dollars, with an average length of stay of 5.9 days. The total cost includes both direct (nursing, 

diagnostic imaging, pharmacy and laboratory services) and indirect costs (overhead) but does not 

include physician services.  This cost and length of stay was used in the base case analysis.   

If the patient was to experience neutropenia it was assumed that they would be taken off therapy 

for two weeks.  This estimate was based on a study which looked at the average number of 

weeks of missed 6-MP therapy based on TPMT status.57  It was found that between 7-24% of the 

intended weeks of therapy were missed.57  Applying this to a three-month time horizon gives a 

range of 0.8 to 2.9 weeks of missed therapy.  Two weeks is approximately the middle of this 

range and was therefore used for the base case analysis.     
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Table 8: Cost and Resource Utilization Items and Sources 

Item Base-Case 
Value 

References 

Phenotype Test $402.91 
Mayo Clinic, 2009 

Genotype Test $459.63 

CBC Test 
$8.272 

OHIP* Fee Schedule, 2008 

(L393) 

LFT Test 
$19.129 

OHIP Fee Schedule, 2008 

(L223, L222, L191, L030) 

Physicians fee for service – Out-Patient
$50.50 

OHIP Fee Schedule, 2008 

(A264) 

Physician fee for service – Inpatient (1st 

visit) 
$147.80 

OHIP Fee Schedule, 2008 

(C265) 

Physician fee for service – Inpatient 

(follow-up) $55.45 
OHIP Fee Schedule, 2008 

(C122, C123, C124) 

6-Mercaptopurine 
$3.67 / 50 mg 

tablet 

Novopharm, Personal 

communication, February 

18, 2009 

Dispensing fee $11.99  

Average cost per inpatient stay $9,641 

OCCI**, 2008 Average length of hospital stay for 

febrile neutropenia 
5.9 days 

Average weeks of missed therapy due 

to myelosuppression 
2 weeks Relling, 1999 

*OHIP: Ontario Health Insurance Plan, ** OCCI: Ontario Case Costing Initiative 
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2.6.7.1 Cost Calculations 

Please refer to Table 9 for a summary of all of the applicable cost items used in each branch.  The 

number in each cell represents the frequency of the cost item incorporated into each tree branch.  

The total cost at the terminal node of the branch was determined by multiplying the price by the 

volume of use of each of the applicable cost items and summing all the cost items. 
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Table 9: Health Care Resource Use in Decision Analysis 
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Weight-based Dosing Arm 

1 0 1 4 1 4 1 4.9 14 0.9709(56) 0.0291(24) 5 

2 0 1 4 1 4 1 4.9 70 0 0 5 

3 0 1 5 0 5 0 0 14 0.9709(56) 0.0291(24) 5 

4 0 1 5 0 5 0 0 70 0 0 5 

5 0 0 3 0 3 0 0 84 0 0 6 

Phenotype Arm 

6 1 0 4 1 4 1 4.9 0 0 30 5 

7 1 0 5 0 5 0 0 0 0 30 5 

8 1 0 3 0 3 0 0 0 0 36 6 

9 1 0 4 1 4 1 4.9 
14+0.8896

*(56) 
0.1104(56) 0 5 

10 1 0 5 0 5 0 0 
14+0.8896

*(56) 
0.1104(56) 0 5 

11 1 0 3 0 3 0 0 84 0 0 6 

Genotype Arm 

12 0 1 4 1 4 1 4.9 0 0 30 5 

13 0 1 5 0 5 0 0 0 0 30 5 

14 0 1 3 0 3 0 0 0 0 36 6 

15 0 1 4 1 4 1 4.9 
14+0.8896

*(56) 
0.1104(56) 0 5 

16 0 1 5 0 5 0 0 
14+0.8896

*(56) 
0.1104(56) 0 5 

17 0 1 3 0 3 0 0 84 0 0 6 

*Refer to Table 10 for more detail. 
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The assumptions regarding health resource use listed below were followed. Phenotype and 

genotype tests were only administered once in each of the applicable branches.  CBC and LTF 

tests were administered three, four or five times depending on the presence of an ADE and its 

severity.  Patients who did not experience an ADE received the tests on three occasions, once for 

each month of therapy.  Patients who experienced an ADE also had a set of tests for each month 

but had an additional set of tests for each of the two weeks of missed therapy.  Patients who were 

not hospitalized had a total of five sets of tests.  Patients who required hospitalization also had 

five sets of tests, however one test was assumed to be done during the hospital stay and 

therefore covered under the inpatient costs, therefore only the costs for four sets of tests were 

added for these patients.   

Outpatient physician fees followed the same pattern as the CBC and LFT tests.  Patients who 

never experienced an ADE had three physician visits (A264).  Patients who experienced an ADE 

required an additional visit for each week of missed therapy.  Patients who were not hospitalized 

had a total of five outpatient physician visits.  Patients requiring hospitalization saw the physician 

during the hospital stay (reflected in a different cost category), and one additional visit as an 

outpatient, totaling four outpatient physician visits.           

Inpatient costs were only applied to those patients requiring hospitalization.  As previously 

described, patients were assumed to be hospitalized for an average of 5.9 days (SD 6.2).  A 

physician fee for the first inpatient consultation (C265) was applied for the first day of stay.  

Physician fees for inpatient visits after the initial consultation were multiplied by (length of stay-1) 

to reflect a visit per day for the remainder of the stay (C122, C123, C124).   

Table 10 outlines the process used to determine which of the three 6-MP doses (full dose, 60% 

dose or <10% dose) would be used and for how long in each of the tree branches.  In the weight-

based dosing arm, branches one and three represent patients who experience an ADE and who 



 

 
59

were found by genotype testing to carry a TPMT deficiency, therefore requiring dosage 

adjustment.  In a group of patients who all have TPMT deficiencies, 2.91% would be homozygous 

and 97.09% would be heterozygous.  In the phenotype and genotype arms, branches 9, 10, 15 

and 16 represent a combination of heterozygous and wild-type patients who experienced an ADE.  

The proportion of these patients who are heterozygous (11.04%) will require a dosage 

adjustment, while the wild-type patients will not (88.96%).  
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Table 10: Determination of 6-Mercaptopurine Dose for Each Tree Branch 

Tree 
Code 

6-Mercaptopurine Dose Description 

Weight-Based Dosing Arm 

1 
2 weeks full dose + 2 weeks no therapy + 8 weeks (2.91% at 10% dose, 97.09% at 60% 

dose)* 

2 2 weeks full dose + 2 weeks no therapy + 8 weeks full dose 

3 
2 weeks full dose + 2 weeks no therapy + 8 weeks (2.91% at 10% dose, 97.09% at 60% 

dose)* 

4 2 weeks full dose + 2 weeks no therapy + 8 weeks full dose 

5 12 weeks full dose 

 Phenotype Arm 

6 2 weeks 10% dose + 2 weeks no therapy + 8 weeks 10% dose 

7 2 weeks 10% dose + 2 weeks no therapy + 8 weeks of 10% dose 

8 12 weeks 10% dose 

9 
2 weeks full dose + 2 weeks no therapy + 8 weeks (11.04% at 60% dose, 88.96% at full 

dose)** 

10 
2 weeks full dose + 2 weeks no therapy + 8 weeks (11.04% at 60% dose, 88.96% at full 

dose)** 

11 12 weeks full dose 

 Genotype Arm 

12 2 weeks 10% dose + 2 weeks no therapy + 8 weeks 10% dose 

13 2 weeks 10% dose + 2 weeks no therapy + 8 weeks 10% dose 

14 12 weeks 10% dose 

15 
2 weeks full dose + 2 weeks no therapy + 8 weeks (11.04% at 60% dose, 88.96% at full 

dose)** 

16 
2 weeks full dose + 2 weeks no therapy + 8 weeks (11.04% at 60% dose, 88.96% at full 

dose)** 

17 12 weeks full dose 

* In a group of patients who all have TPMT deficiencies, 2.91% would be homozygous and 97.09% would 
be heterozygous.   
** These branches represent a group of patients with either TPMT wild type (11.04%) or with a 
heterozygous mutation (88.96%).     
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Compounding fees were multiplied by either five or six depending on how many refills were 

expected for each of the tree branches.  Patients who never experienced an ADE were assumed 

to not miss any weeks of therapy and were allotted six refills, reflecting one refill every two weeks 

for three months of therapy.  Patients who experienced an ADE were assumed to miss two weeks 

of therapy and were therefore allotted five refills.     

2.6.7.2 Univariate Sensitivity Analyses 

After performing the base case analysis, one-way sensitivity analyses were performed altering the 

price of the genotyping and phenotyping tests according to their measure of uncertainty (Table 

11), as these represent the technology of interest costs and also had a high degree of uncertainty. 

Additional one-way sensitivity analyses were conducted to examine the effects of varying the cost 

of the hospital stay, the proportion of myelosuppression cases requiring hospitalization, and 

phenotype and genotype sensitivity and specificity. 

2.6.7.3 Probabilistic Sensitivity Analysis 

A probabilistic sensitivity analysis was performed where all uncertain variables were varied 

simultaneously along specified ranges in a Monte Carlo simulation with 10,000 replications, using 

TreeAgeTM software. The variable ranges and distributions used in the PSA are presented in 

Table 11.   

The incidence of myelosuppression with 6-MP was varied between 1.4% and 9%, based on 

values reported in the literature.44, 45  The percentage of myelosuppression that can be attributed 

to deficiencies in the TPMT enzyme was varied between 20% and 50% based on the 

assumptions made by Marra et al (2002).45  These two variables were assigned a triangular 

distribution as few data were available to inform the choice of distribution. The percentage of 

hospital admissions for myelosuppression was varied between 10% and 20% based on expert 
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opinion (J. Hand, personal communication, September 9, 2008 (Appendix 1)).43, 49  As there were 

no data on the distribution of this variable it was assigned a uniform distribution. 

The accuracy of the TPMT genotype and phenotype tests was varied to reflect the results found in 

the systematic review.  For the genotype test, values ranged from 54.55% to 100% for 

sensitivity28, 58 and 94.3% to 100% for specificity.28, 59 For the phenotype test, values ranged from 

91.67% to 100% for sensitivity and 86.21% to 98.28% for specificity.60, 61  As these studies were 

all considered to be of similar quality, these variables were assigned a uniform distribution.  

Costs for the genotype and phenotype tests were varied based on possible costs incurred by 

different institutions.  Based on expert opinion (P. Rahman, personal communication, 2008 

(Appendix 1)), laboratories who have the ability to offer their own phenotype and genotype testing 

services could do so for approximately $100 CDN each. Internet searches identified a UK lab that 

provided the test for €50 (approximately CDN$74, based on a conversion rate of 

1Euro=1.472CDN as of Feb. 9, 2010)62 to hospitals in Europe and £29 (CDN$49 based on a 

conversion rate of 1GBP=1.675CDN as of Feb. 9, 2010)62 for UK hospital laboratories.63 The 

Mayo Clinic value was the highest price identified.53 Values within this range were used in 

sensitivity analysis. A similar approach was used to determine costs and ranges for the 

phenotyping test. The distributions of these variables were set as triangular given the small 

amount of data available.   

Rather than varying the average inpatient case cost along the range provided by OCCI, which 

included long-stay outliers, the OCCI average cost per day of inpatient stay was calculated by 

dividing the average case cost by the average length of stay, yielding $1,634 per day. This value 

was held constant and multiplied by the length of stay, which was allowed to vary according to the 

OCCI range (average length of stay 5.9 days, SD 6.2, distribution set as normal).   
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The estimated risk of death from myelosuppression has ranged from 2-9%;51 this variable was 

assigned a triangular distribution in the PSA with these values as the upper and lower bounds. 

Table 11: Variables and Ranges Used in the Univariate and Probabilistic Sensitivity Analyses 

Model Parameters Base 
Case 
Value 

Lower 
Range 

Upper 
Range 

Distribution References 

Probabilities 

Incidence of 
myelosuppression with 6-MP 
in the general population 

3% 1.4% 9.0% Triangle 
Van den Akker-van 

Marle, 2006; Sanderson 
2004 

Incidence if 
myelosuppression with 6-MP 
in wild-type and heterozygous 
patients 

2.68% 1.07% 8.70% Triangle Calculated 

Proportion of 
myelosuppression due to 
TPMT deficiency 

30% 20% 50% Triangle 
Van den Akker-van 
Marle, 2006; Marra, 

2002 

Proportion of 
myelosuppression cases 
needing inpatient services 15% 10% 20% Uniform 

Expert opinion Dr. J. 
Hand, 2008; Winter, 

2004; Van den Akker-
van Marle, 2006 

Sensitivity of genotype test 
77.28% 54.55% 100.00% Uniform 

Spire-Vayron de la 
Moureyre, 1998; 
Nasedkina, 2005 

Specificity of genotype test 
97.15%  94.30% 100.00% Uniform 

Spire-Vayron de la 
Moureyre, 1998; 
Nasedkina, 2005 

Sensitivity of phenotype test  95.83% 91.67% 100.00% Uniform Alves, 2001; Kham, 
2008 

Specificity of phenotype test 92.25% 86.21% 98.28% Uniform Anglicheau, 2002; 
Kham, 2008 

Costs 

Phenotype Test $402.91 $100 $500 Triangle Mayo Clinic, 2008 

Genotype Test $459.63 $100 $500 Triangle Mayo Clinic, 2008 

Per diem inpatient cost $1634 - - Fixed OCCI, 2008 

Length of stay 5.9 - SD 6.2 Normal OCCI, 2008 

Outcomes 

Risk of death from 
myelosuppression 2.9% 2 9 Triangle Basu, 2005 
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All other costs (physician fees, dispensing fees, lab tests, 6-MP acquisition costs, dose per day) 

were held constant as these costs are stable and highly consistent across provinces.  

2.6.7.4 Threshold Analysis 

A threshold analysis was conducted to determine the costs of the phenotype and genotype tests 

that would result in zero incremental costs compared to the weight-based dosing arm.   

2.6.8 Presentation of Findings 

Findings of the systematic review of phenotype and genotype test accuracy were tabulated and 

summarized.  The results of the cost effectiveness analysis were organized by treatment arm and 

broken down by the expected outcomes and expected sub-costs at each terminal node.  

Incremental costs were calculated comparing each of the testing arms to the weight-based dosing 

arm as well as comparing the incremental cost between each testing arm.  The results of the one-

way sensitivity analysis were summarized in tornado diagrams depicting the extremes of values 

found in the literature. The PSA results were tabulated and depicted in a scatter plot.      
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3 RESULTS 

The results are presented in two main sections.  The first section outlines the findings of the 

systematic review of the literature focusing on the accuracy of TPMT testing technologies.  The 

second section describes the results of the CEA.   

3.1 Literature Review 

3.1.1 Quantity of Research Available 

Though there is an abundance of literature on the pharmacogenetic applications of testing for 

TPMT deficiencies, few studies actually looked at the accuracy of the array of existing 

technologies.  A thorough literature search using PubMed, Embase, the Cochrane Database the 

FDA Centre for Drug Evaluation and Research and a hand search of references from included 

studies, resulted in a total of 26 articles that potentially met the inclusion criteria.   

Of these, one study was published in Chinese and therefore was excluded,64 six did not contain 

enough detail on the assignments of phenotypes and/or genotypes,65-70 one evaluated the 

accuracy of a test to detect adverse drug events71 and one compared the tests in various animal 

species.72  All of these were excluded.  Nine studies were finally included in this review (Figure 2).   
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Figure 2: Literature Search Flow Diagram 

 

3.1.2 Trial Characteristics 

Seventeen studies were identified that reported a comparative analysis between either the TPMT 

phenotype or genotype test and/or a gold standard.19, 23, 27-29, 35, 58-61, 73-79 

3.1.2.1 Inclusion and Exclusion Criteria 

Limited detail was provided in the papers with respect to inclusion and exclusion criteria of each of 

the studies (Table 12).  Inclusion criteria were limited to the ethnic origin and health status of the 

study subjects. Only three studies considered confounding factors such as concurrent medication 

and blood transfusions in the exclusion criteria.28, 73, 75  
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Table 12: Inclusion and Exclusion Criteria for Included Studies 

Study Inclusion Criteria Exclusion Criteria 

Kham, 2008 Healthy blood donors; Asians (Chinese, 
Malays, Indians) 

None noted 

Yates, 1997 Caucasian patients None noted 

Winter, 2007 Patients with IBD who had received either 
azathiopurine or mercaptopurine 

Prior knowledge of TPMT 
status 

Schaeffeler, 2004 Healthy German adult blood donors 
 

Regular drug use (oral 
contraceptives and vitamins 
excepted) 

Loennechen, 2001 Caucasian and Saami adults admitted to 
specialist cardiology medical center 

None noted 

Spire-Vayron de la 
Moureyre, 1998 

Healthy Volunteers and persons who require 
TPMT activity testing prior to receiving 
thiopurine therapy 

None noted 

Nasdekina, 2005 Control Samples of DNA from St. Jude’s 
Children’s Research Hospital, TN, USA 

None noted 

Lu, 2005 70 children with acute lymphoblastic 
leukemia; 55 healthy blood donors 

None noted 

Schaeffeler, 2001 Caucasian adult patients receiving 
thiopurines, and Caucasian adult patients 
who had stopped thiopurine therapy due to 
adverse events 

None noted 

Anglicheau, 2002 Autoimmune skin disease or IBD patients None noted 

Wusk, 2004 Healthy persons or patients with IBD; 
Caucasian volunteers 

None noted 

Rossi, 2001 Healthy blood donors None noted 

Alves, 2001 Healthy European Volunteers Therapy with a diuretic 

Hon, 1999 Healthy volunteers and children with ALL; 
Caucasian and African Americans  

None noted 

Reis, 2003 Volunteers recruited at the Brazilian National 
Cancer Institute Blood Bank 

None noted  

Larovere, 2003 Healthy Argentine blood donors None noted 

Indjova, 2003 Persons of Bulgarian origin 12-85 years of 
age 

Therapy with thiopurines, 
blood transfusions and 
renal insufficiency 

IBD: Irritable Bowel Disease; TPMT: thiopurine methyltransferase 

3.1.2.2 Gold Standard and Investigational Tests 

The seventeen trials included eight different methods of genotyping and three different methods of 

phenotyping (Table 13).   
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Table 13: Gold Standard and Investigational Tests Evaluated 

Study Investigational Test Gold Standard 

Yates, 1997 PCR Genotype RC Assay – Phenotype 

Winter, 2007 PCR- RFLP Genotype TMS -Phenotype 

Schaeffeler, 2004 PCR-RFLP Genotype HPLC Phenotype 

Loennechen, 2001 PCR Genotype RC Assay – Phenotype 

Spire-Vayron de la Moureyre, 

1998 

PCR Genotype RC Assay – Phenotype 

Hon, 1999 PCR Genotype Phenotype method not 

described 

Reis, 2003 PCR Genotype RC Assay Phenotype 

Larovere, 2003 AS-PCR Genotype & PCR-

RFLP 

HPLC Phenotype 

Indjova, 2003 PCR Genotype HPLC Phenotype 

Nasedkina, 2005 Biochip PCR-Genotype Multiplex PCR Genotype 

Lu, 2005 APEX Genotype ARMS-PCR or PCR-RFLP 

Genotype 

Schaeffeler, 2001 DHPLC Genotype PCR-RFLP & AS-PCR Genotype

Anglicheau, 2002 HPLC & RC Assay – 

Phenotype* 

PCR Genotype 

Wusk, 2004 HPLC Phenotype PCR Genotype 

Kham, 2008 RC Assay – Phenotype  PCR–RFLP Genotype 

Rossi, 2001 RC Assay – Phenotype PCR Genotype 

Alves, 2001 HPLC Phenotype PCR Genotype 

APEX: arrayed primer extension; ARMS: amplification refractory mutation system; AS: allele 
specific; DHPLC: denaturing high performance liquid chromatography; HPLC: high performance 
liquid chromatography; PCR: polymerase chain reaction; RC: radiochemical; RFLP: restriction 
fragment length polymorphism; TMS: Tandem mass spectrometry  
* Both methods were tested against the PCR genotype test 
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Though the phenotype test had been developed first, it was only used as the gold standard in nine 

of the studies.  Three studies compared two different methods of genotyping.  The most common 

method for genotyping was PCR, though other methods including restriction fragment length 

polymorphism PCR, arrayed primer extension, biochip technology, allele specific PCR, denaturing 

high performance liquid chromatography and amplification refractory mutation system PCR were 

also used.  The most common form of phenotype conducted was the high performance liquid 

chromatography (HPLC) assay, however radiochemical assay and tandem mass spectrometry 

were also used.   

3.1.2.3 Phenotype Test 

TPMT activity is defined as the formation of 1 nmol of metabolite (e.g. 6-methylmercaptopurine or 

6-methylthioguanine) per milliliter of packed red blood cells per hour incubation at body 

temperature (37o C).  TPMT activity is measured by isolating the enzyme, incubating it at 37o C 

and exposing it to a thiopurine drug (e.g. 6-MP, thioguanine or azathioprine).  The metabolite is 

then measured after one hour to determine how much of the drug was broken down.  In studies in 

which the phenotype test was used as the gold standard19, 23, 28, 29, 35, 58, 75, 76, 79 activity ranges were 

defined for comparison against the investigational test, which was a genotype test for these three 

scenarios (Table 14).  In the study by Anglicheau, et al. (2002),74 which used the phenotype test 

as the investigational test, ranges were set based on how well they matched with the genotype 

comparator.  Two studies used a form of phenotype test and did not discuss the reference ranges 

used.27, 61     
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Table 14: TPMT Activity Ranges 

Study 
Measurement 

Units 
TPMT 

Deficient 

Low 
TPMT 

Activity 

Normal 
TPMT 

Activity 

High 
TPMT 

Activity 

Activity 
Method 

Yates, 1997 nmol/ml 

pRBC/hr 
<5 5-10 >10 NR RC 

Winter, 2007 nmol/g Hb/hr <10 10-25 26-50 >50 TMS 

Schaeffeler, 

2004 
nmol/g Hb/hr <5 5-10 >10 NR HPLC 

Loennechen, 

2001 
U/mL pRBC <5 5-9.5 > 9.5 NR RC 

Spire-Vayron, 

1998 
U/mL pRBC <5 5-13.7 >13.7 NR RC 

Hon, 1999 U/mL pRBC <5 5-10.1 >10.1 NR NR 

Reis, 2003 mmol/mL 

pRBC /hr 
NR NR >11.3 NR NR 

Larovere, 

2003 

pmol x 10-7 / 

pRBC/hr 
<3 3-7 >7 NR NR 

Indjova, 2003 nmol/mL 

erythrocyes/hr 
<2.8 2.8-10 >10 NR NR 

Anglicheau, 

2002† 
nmol/ml pRBC 

/hr 

NR 4.3-7.7 5.9-28.7 NR HPLC 

NR 7-10 6.2-28 NR RC 

Kham, 2008 nmol/ml pRBC 

/hr 
<5 NR NR NR RC 

Alves, 2001 mmol/mL 

pRBC /hr 
<9 9-18 >18 NR HPLC 

NR: Not reported; RC: Radiochemical Assay; TMS: Tandem mass spectrometry; HPLC: high 
performance liquid chromatography; pRBC: packed red blood cells; hr: hour; Hb: hemoglobin 
† This study evaluated two methods of phenotypes 
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3.1.2.4  Genotype Test 

To date there are at least 23 single nucleotide polymorphisms in the TPMT gene.  TPMT *1 is 

considered the wild type or normal allele and TPMT *2 through *22, with some sub-categories 

(e.g. *3A, *3B, *3C, *3D), are associated with reduced or deficient TPMT activity.  All of the 

included studies used a method of genotyping as the gold standard or investigational test, 

however the tests varied slightly in the specific polymorphisms in which they were designed to 

detect.  Table 15 outlines the polymorphisms that each of the studies looked for in their 

evaluation.   
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Table 15: Polymorphisms Identified in Study Tests 

Study  Population TPMT Polymorphisms 
Studied 

Yates, 1997 Caucasian TPMT *2, *3 

Winter, 2007 Study carried out in the UK, no ethnic 

group specified 

TPMT *2, *3A, *3B, *3C  

Schaeffeler, 2004 Caucasian (German)  TPMT *2, *3A, *3B, *3C, *3D 

Loennechen, 2001 Caucasian or Saami TPMT *2, *3A, *3B, *3C, *6 

Spire-Vayron de la 

Moureyre, 1998 

European TPMT *2, *3A, *3C *3D, *4, 

*5, *6, *7 

Hon, 1999 Caucasian and African American TPMT *2, *3A, *3B, *3C 

Reis, 2003 Brazilian TPMT *2, *3A, *3C 

Larovere, 2003 European, Amerindian and Middle 

Eastern 

TPMT *2, *3A, *3B, *3C, *4, 

*5, *6, *7, *8 

Indjova, 2003 Bulgarian TPMT *2, *3A, *3B, *3C, *4, 

*6 

Nasedkina, 2005 Study carried out in the USA, no 

ethnic group specified 

TPMT *2, *3A, *3B, *3C, *3D, 

*7, *8 

Lu, 2005 Study carried out Singapore, no ethnic 

group specified 

Not Specified 

Schaeffeler, 2001 Caucasian (German) TPMT *2, *3A, *3C *3D 

Anglicheau, 2002 Study carried out in France, no ethnic 

group specified 

TPMT *2, *3A, *3B, *3C 

Wusk, 2004 Study carried out in the Switzerland, 

no ethnic group specified 

TPMT *2, *3A, *3B, *3C, *7 

Kham, 2008 Asians (Chinese, Malays, Indians) TPMT *3A, *3C and *6 

Rossi, 2001 Italian TPMT *2, *3A, *3B, *3C 

Alves, 2001 European TPMT *2, *3A, *3C, *8 
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The presence of polymorphisms TPMT *2 and TPMT*3A, *3B, *3C and *3D were frequently 

tested, though only TPMT *3A and *3C were tested in all sixteen of the included studies, where 

specific mutations were disclosed.  Mutations *6, *7 and *8 were only sought in specific 

populations.    

3.1.2.5 Sensitivity and Specificity 

Sixteen of the seventeen included studies reported sensitivity and specificity or provided enough 

raw data to have these measures calculated.  One study simply stated concordance to be 100% 

but did not specify the calculation that was used to determine this.77  Contingency tables were 

created, where possible, for each of the studies (Appendix 2). Positive and negative predictive 

values were determined from the data in the 2x2 tables (Table 16).       
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Table 16: Reported Agreement Values 

Study Investi-
gational 

Test 

Gold 
Standard 

Test 
Sensitivity 

(%) 
Specificity 

(%) 
Positive 

Predictive 
Value (%) 

Negative 
Predictive 
Value (%) 

Concord-
ance (%) 

Yates, 1997 Genotype Phenotype 96.30 100.00 100.00 95.45 NR 

Winter, 2007 Genotype Phenotype 64.71* 100.00* 100.00 94.96 NR 

Schaeffeler, 
2004 Genotype Phenotype 86.82 99.45* 94.92 98.45 NR 

Loennechen, 
2001 Genotype Phenotype 95.83 100.00 100.00 99.58  

Spire-Vayron 
de la 
Moureyre, 
1998 

Genotype Phenotype 54.55 94.30 66.67 90.85 87.00 

Hon, 1999 Genotype Phenotype 78.26 100.00 100.00 82.14  

Reis, 2003 Genotype Phenotype 87.10 100.00 100.00 91.49  

Larovere, 
2003 Genotype Phenotype 57.14 100.00 100.00 75.68  

Indjova, 
2003 Genotype Phenotype 62.50 100.00 100.00 85.25  

Nasedkina, 
2005 Genotype Genotype 100.00 100.00 100.00 100.00 NR 

Lu, 2005 Genotype Genotype NR NR NR NR 100.00 

Schaeffeler, 
2001 Genotype Genotype 100.00 100.00 100.00 100.00 NR 

Anglicheau, 
2002 (RC 
Assay) 

Phenotype Genotype 100.00 86.21* 27.27 100.00 NR 

Anglicheau, 
2002 (HPLC) Phenotype Genotype 100.00 89.66* 33.33 100.00 NR 

Wusk, 2004 Phenotype Genotype 100.00* 88.74* 41.86 100.00 NR 

Kham, 2008 Phenotype Genotype 100.00 98.28 63.64 100.00 NR 

Rossi, 2001 Phenotype Genotype 100.00 96.74 78.57 100.00  

Alves, 2001 Phenotype Genotype 91.67 97.71 78.57 99.22  
NR: Not Reported; RC: Radiochemical; HPLC: High performance liquid chromatography 
*These values were reported in the study.  All remaining values were calculated from study data.  
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These results demonstrate that phenotype technologies have more positive test results than 

genotype tests.  Phenotype tests show a high sensitivity and low PPV when compared to a 

genotype test as a gold standard.  Genotype tests show a low sensitivity and high PPV when 

compared to a phenotype test as a gold standard.  When two different genotype tests are 

compared head-to-head, the accuracy measured is high, showing consistency between 

technologies.  None of the studies ascertained accuracy by comparing different phenotype tests 

head-to-head, therefore it is unknown if accuracy is consistent between them. 

3.1.3 Quality Appraisal 

A quality appraisal of included trials was carried out using a modified version of the CASP tool for 

evaluating diagnostic tests.42  One question was added to determine if a sample size calculation 

was considered.  Two questions were added to the tool that were specific to the tests in question.  

The first asked about the use of concurrent medications and the second asked if the study 

accounted for blood transfusions.  These results are presented in Appendix 3.  

None of the seventeen studies included in this review were considered to be of high quality based 

on the CASP tool for diagnostic studies.  Though all studies had appropriate reference test 

standards, only ten outlined well-defined study questions.19, 23, 27, 29, 58, 61, 73, 75, 78, 79  

Considering how infrequently homozygous mutations tend to occur, studies should be set up to 

power the comparisons between the tests.  None of the studies calculated a sample size nor did 

they discuss the issue of statistical power in their analysis.    

The use of blinding was not commonly mentioned in study methodologies.  However, due to the 

fact that subjectivity would not influence test results, blinding may not have been necessary to 

ensure unbiased interpretation of the results.    
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Generally the study population was clearly defined and consisted of a mix of healthy participants 

19, 27, 28, 59, 61, 73 as well as participants already taking a thiopurine agent such as those with irritable 

bowel disease (IBD)58, 60, 61, 74, 77 or auto-immune skin disorders.74  As clearly outlined in the 

literature, phenotype tests can be influenced by recent blood transfusions.  With the exception of 

one study,75 it is unclear whether the results presented in these studies took this into 

consideration in the analysis.  Three studies stated that healthy blood donors were used as the 

study sample,23, 28, 59 so it can be assumed that blood transfusions did not influence the results in 

these analyses.  

Methodologies for carrying out each of the tests were described in varying amounts of detail 

depending on the nature of the journal in which they were published.  Those published in 

chemistry or biochemistry focused journals tended to provide more detail than those published in 

more clinically based journals.   

Overall, the study conducted by Schaeffeler et al. (2004)28 had the highest methodological quality, 

with the most positive responses to the quality appraisal tool.  Schaeffeler included the greatest 

number of patients (1214) and therefore was most likely to get more realistic estimates.  There 

was no study that stood out as having the lowest methodological quality.   

3.2 Economic Analysis 

The decision analysis was carried out by calculating expected costs and life months associated 

with each intervention arm (Figure 3).     
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Figure 3: Decision Tree with Terminal Values 

 

Note: The box at each terminal node contains the cost and life-months assigned to that branch  

3.2.1 Base Case Analysis 

Total costs at each terminal node were calculated by summing all the related costs for each 

branch (Table 9).  Total life-months at each terminal node were determined by taking the risk of 

death (2.9% or 0% depending on the pathway) and multiplying it by the number of months 

remaining in the three month time horizon (2.5 months) and then subtracting the result from three 

months. Branch pathway probabilities were calculated by multiplying the probabilities at each 

chance node.   
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To determine the expected life-months for each of the three test options, life-months and 

probabilities were multiplied together.  To determine the expected sub-costs at each terminal 

branch, the total cost for each pathway was weighted by its respective probability (Tables 17, 18 

and 19).   

Table 17: Expected Cost and Life-Months of the Weight-Based Dosing Arm 

Terminal 
node # 

Total Cost 
Life 

Months 
Probability

Expected 
Sub-Cost 

Expected Life-
Months 

1 $6,408 2.9275 0.0005 $3.20 0.0015

2 $6,418 2.9275 0.004 $25.67 0.0117

3 $1,075 3.0000 0.0029 $3.12 0.0086

4 $1,166 3.0000 0.0226 $26.35 0.0679

5 $614 3.0000 0.97 $595.58 2.91

Total   $653.92 2.9997

The total expected cost of the weigh-based treatment arm, after summing all the treatment 

branches, was $653.92 and the expected life- months was 2.9997. 

Table 18: Expected Cost and Life-Months of the Phenotype Arm 

Terminal 
node # 

Total 
Cost 

Life-Months Probability 
Expected 
Sub-Cost 

Expected 
Life-Months 

6 $6,147 2.9275 0.0003 $1.84 0.0009

7 $895 3.0000 0.0018 $1.61 0.0054

8 $760 3.0000 0.0783 $59.51 0.2348

9 $6,351 2.9275 0.0037 $23.50 0.0109

10 $1,100 3.0000 0.0211 $23.21 0.0632

11 $1,017 3.0000 0.8948 $910.01 2.6844

 Total   $1,019.68 2.9997



 

 
79

The total expected cost of the phenotype treatment arm, after summing all the treatment 

branches, was $1,019.68 and the expected life-months was 2.9997. 

Table 19: Expected Cost and Life-Months of the Genotype Arm 

Terminal 
node # 

Total Cost 
Life-

Months 
Probability 

Expected 
Sub-Cost 

Expected 
Life-Months 

12 $6,204 2.9275 0.0001 $0.62 0.0004

13 $952 3.0000 0.0007 $0.67 0.0021

14 $817 3.0000 0.0301 $24.59 0.0904

15 $6,408 2.9275 0.0040 $25.63 0.0117

16 $1,156 3.0000 0.0227 $26.24 0.0681

17 $1,074 3.0000 0.9423 $1,012.03 2.8270

Total   $1089.78 2.9997

The total expected cost of the genotype treatment arm, after summing all the treatment branches, 

was $1,089.78 and the expected life-months was 2.9997. 

Both TPMT testing arms were more costly than the weight-based dosing arm.  The genotype arm 

was slightly more costly than the phenotype arm, though with known uncertainty around some of 

the included values, it is not possible to say that one is actually more expensive.   

These results show that there is no clinically important difference in survival between each of the 

testing strategies over the three-month time horizon.  For this reason incremental cost 

effectiveness ratios were not calculated.  Results are presented as incremental costs instead 

(Table 20).   
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Table 20: Incremental Costs 

  Incremental Cost

Phenotype minus Weight-based $365.76

Genotype minus Weight-based $435.86

Genotype minus Phenotype $70.10

Incremental costs show that using phenotype or genotype tests prior to starting a patient on a 

thiopurine agent increases costs with no increase in benefit.   

3.2.2 Univariate Sensitivity Analysis 

One-way sensitivity analyses were performed by varying the prices of the genotyping and 

phenotyping tests, which were highly variable across jurisdictions (Table 21).   

Table 21: Incremental Costs in Univariate Sensitivity Analysis 

  
Phenotype 

minus Weight-
based

Genotype 
minus Weight-

based 

Genotype minus 
Phenotype

Cost of phenotype test $100-500 $63 to $463 $436 to $436 -$27 to $373

Cost of genotype test $100-$500 $366 to $366 $87 to $475 -$290 to $110

As can be seen in Table 21, the only scenario in which the decision might be altered by the price 

inputs is in comparing the phenotyping and genotyping strategies. The results of the sensitivity 

analysis are presented in a tornado diagram (Figure 4).  The vertical bar in the centre represents 

the cost determined from the base case analysis.  Each of the horizontal bars depicts the impact 

of that associated variable on overall incremental cost.   
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Figure 4: Tornado Diagram of Genotype minus Phenotype  

 
All costs in 2008 Canadian dollars 

In the base case analysis, the incremental costs of the genotype and phenotype strategies were 

negligible. If one test was more expensive than the other, then the decision would favour the 

strategy that had the cheaper test. Reducing the cost of the phenotype or genotype tests made a 

considerable impact on the incremental costs of these treatments over weight-based dosing, 

though neither was dominant over weight-based dosing.         

Other one-way sensitivity analyses were conducted to examine the effects of varying the cost of 

the hospital stay, the proportion of myelosuppression cases requiring hospitalization, and 

phenotype and genotype sensitivity and specificity (results not shown). In all of these sensitivity 

analyses, the incremental costs changed by less than $100, showing no significant impact.     

3.2.3 Threshold Analysis 

A threshold analysis was conducted to determine at what cost the phenotype and genotype tests 

would have to be offered for the incremental cost over weight-based dosing to be zero dollars.  

The threshold costs were $39 for the phenotype test and $12 for the genotype test.  If the costs of 

these tests were to fall below these prices then the intervention would be deemed cost-effective, 

based on the single outcome of myelosuppression, compared to the standard of care, weight-

based dosing.    
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3.2.4 Probabilistic Sensitivity Analysis 

As described above, there were no differences in the effectiveness of the different strategies 

found in the base case analysis. The same was found in the PSA. The costs of each strategy 

(Table 22) and the incremental costs of the three strategies (Table 23) are presented below. 

Table 22: Results of the Probabilistic Sensitivity Analysis 

 Strategy Mean Cost Lower 95% CI Upper 95% CI

Weight-based dosing $669 $547 $791

Phenotype testing $967 $721 $1,213

Genotype testing  $946 $659 $1,233

The mean costs of each strategy are approximately the same as those found in the base case 

analysis. The weight-based dosing strategy remained the least expensive. The PSA found that 

there is little meaningful difference between the phenotype and genotype dosing strategies as 

there is significant overlap between the 95% CIs. 
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Table 23: Incremental Costs in Probabilistic Sensitivity Analysis 

  
Phenotype 

minus Weight-
based

Genotype 
minus Weight-

based 

Genotype minus 
Phenotype

Mean Costs $298 $277 -$21

Lower 95% CI  $116 $73 -$343

Upper 95% CI  $480 $481 $301

Per cent of simulations where 

intervention is more costly (%) 99.79 99.48 56.08

Upper 95% CI contrasted with 

Lower 95% CI $666 $686 $512

Lower 95% CI contrasted with 

Upper 95% CI -$70 -$132 -$554

In virtually all simulations, weight-based dosing was less costly than genotyping or phenotyping. A 

scatterplot of the cost-effectiveness results of the PSA shows that in the majority of the 

simulations, the weight-based dosing strategy will be less costly than either the phenotyping or 

genotyping strategy, and that the costs of those two strategies are generally similar (Figure 5). 
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Figure 5: Cost-Effectiveness Scatterplot of Testing Strategies 

 

The sensitivity analyses indicated that pre-testing with phenotype or genotype technologies is not 

a cost-effective option. Altering uncertain variables in a PSA did not affect the conclusions. This is 

largely due to the fact that only TPMT homozygous patients were considered in the deficiency 

branches of the phenotype and genotype testing arms.  The presence of a TPMT homozygous 

mutation is so rare (1/300), that the decision analysis model was not able to prevent sufficient 

cases of myelosuppression to demonstrate a distinguishable difference in life-months between 

testing arms.  Variations in inputs for costs and probabilities, with the exception of phenotype and 

genotype test sensitivity, specificity and cost, affected each of the three arms equally.  Varying 

sensitivity and specificity of the tests likely did not affect the results greatly because the ranges 

were narrow.   
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4 DISCUSSION 

A systematic review and CEA were conducted to determine whether TPMT genotype or 

phenotype testing technologies are effective tools to assist in personalizing doses of 6-MP and 

thus prevent ADEs.  Contrary to the hypothesis, using TPMT phenotype or genotype tests prior to 

the first dose of 6-MP therapy did not prove to be cost-effective compared to standard weight-

based dosing.  This assessment highlights a number of important issues and gaps in the 

literature.  Additional research in these areas may allow for more certainty in the probabilities and 

costs identified which would strengthen future technology assessments of TPMT tests for the ALL 

population.         

4.1 Systematic Review of the Literature 

The first objective of this study was to review the literature describing the accuracy of the 

phenotype and genotype technologies by ascertaining sensitivity, specificity and positive and 

negative predictive values.  As suspected, the phenotype tests identified more positive results 

compared to the genotype tests because they detected all deficiencies in the enzyme, not only 

those influenced by TPMT gene mutations.  Genotype tests were accurate; however they were 

limited by the number of mutations the test was designed to detect.  As a result, neither test could 

be considered the gold standard.  Additionally, findings were drawn from studies of low quality; as 

sample sizes and confounding variables, such as blood transfusions and concurrent medications, 

were rarely considered in included studies.   

4.1.1 Gold Standard 

In any study designed to detect the accuracy of a diagnostic or screening test, it is essential that 

an appropriate gold standard be selected.  The gold standard should be selected based on 

current clinical practice or an existing test known to have the highest accuracy.  In the case of 
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pharmacogenetic testing a gold standard is not always available as the technology is still relatively 

new.  There is no known existing test that is designed to detect 100% of known TPMT mutations.   

When a phenotype test is presented as the gold standard for comparison against a genotype test, 

we would expect less than 100% sensitivity for the genotype test.  This was the case for the three 

included studies that used phenotype technologies as the gold standard.28, 35, 58  When a genotype 

test is presented as the gold standard and compared to the phenotype test, we would expect a 

very high sensitivity for the phenotype test, close to 100%,59, 61, 74 however these results can be 

misleading.  The phenotype test is likely to detect additional positive cases compared to the 

genotype test because it detects a decrease in activity which could be caused by any known or 

unknown mutations or external confounding factors (e.g. drug interactions, blood transfusions).  

This increased likelihood to detect positive cases leads to a lower PPV.  Positive and negative 

predictive values are important in describing how accurately a test performs, although not as 

universally used as sensitivity and specificity due to the fact that they are dependant on 

prevalence of deficiency.  It was found that very few studies presented these calculations.   

A hypothetical ideal gold standard would be one in which the sensitivity and specificity are 100%.  

In a clinical setting, an ideal gold standard rarely exists due in part to cost and the time required to 

carry it out.  In the case of TPMT, a genotype test designed to detect all 23 known mutations 

would be the best choice for the gold standard, but is prohibitive given the costs.  For this reason 

it would not be ideal in a clinical setting to use such a genotype test, though it would be useful for 

research purposes to get a better sense of the true sensitivity, specificity and positive and 

negative predictive values of the existing phenotype and genotype technologies.   
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4.1.2 Sample Size 

Of the nine studies included in this analysis, none reported a sample size calculation.  Sample 

sizes ranged from 58 to 1,214 patients.  With a prevalence of homozygous TPMT mutations 

occurring in one out of 300 persons, most of the studies included in the review were not powered 

to detect even one homozygous patient.  Estimates of sensitivity and specificity can be imprecise 

if the sample used is not large enough.  Small sample sizes will also lead to large confidence 

intervals, limiting the clinical usefulness of the point estimate.  The lack of reporting of sample size 

found in this assessment appears to be a common fault in many diagnostic and screening studies.  

An assessment of the literature to determine how many studies which evaluated a test’s accuracy 

performed a sample size calculation screened all issues of eight well known medical journals 

published in 2002 for studies on test accuracy.80   Of 43 eligible studies, only 5% (2) reported 

performing a sample size calculation.80   

4.1.3 Consideration of Confounding Variables 

There were minimal details regarding the inclusion and exclusion criteria used in the nine included 

studies.  Though it is not expected that selection criteria would be extensive, they should account 

for potential confounding factors in evaluating test accuracy.  TPMT phenotype technologies are 

known to be influenced by concurrent medications and blood transfusions.  It can be assumed 

that two of the included studies excluded subjects with blood transfusions, due to the fact that 

blood donors rather than patients made up the study sample,28, 59 though it was not clearly stated 

as an exclusion criterion.  Use of concurrent medications was only considered in one of the 

studies.28  TPMT genotypes are known to vary between ethnic groups, with certain mutations 

being more common in specific populations.  Five of the studies included in this review provided 

details of the ethnic background of the study population.28, 35, 59-61  The remaining four studies 
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alluded to the country in which the study took place but did not specify that inclusion was limited 

to a specific population.   

4.2        Cost-Effectiveness Analysis 

The second objective of the study was to determine the incremental cost of TPMT genotyping, 

phenotyping and weight-based dosing strategies for every life-month saved.  The outcome of life-

months was selected due to the short time horizon; another option could have been to use life-

weeks.  Since week-level information was not available, there was no additional benefit to using 

life-weeks.  Life-months were therefore selected to facilitate interpretation of results.  Since there 

was no difference in life-months between the three arms of the decision tree, it was not possible 

to calculate an ICER.  The analysis showed that there would be an additional cost to offering 

either the phenotype test or genotype test prior to dosing 6-MP over the standard of care as 

described in the COG protocols, thus these alternatives were not cost effective to reduce the 

mortality and morbidity associated with 6-MP-induced neutropenia.  The reduction in the 

occurrence of neutropenia is only one outcome measure that could be used to determine the 

benefits of TPMT testing.  Future research should consider other ADEs such as liver toxicity, as 

well as efficacy outcomes such as long-term survival, rate of relapse and development of 

secondary malignancy.  There is presently very little available evidence on the incidence and 

impact on survival for these outcomes.  As a result, they could not be considered in this study.    

The decision model did not account for the potential ADEs that may have occurred for those 

patients who were under-dosed based on a false positive test result. The impact on costs and on 

survival of dose reducing patients who received false positive test results was therefore not 

evaluated.  However, contingency tables that demonstrate the rates of homozygous mutations 

using sensitivities and specificities of the phenotype and genotype tests as identified in the 

systematic review and used in the CEA, can shed some light on this issue (Table 24 & 25).   
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Table 24: Contingency Table for TPMT Homozygous Mutations using a Phenotype Test  

 
Homozygous 

Mutation Present 
Homozygous 

Mutation Absent 
Totals 

Test Positive 
True Positive 

(0.0033) 

False Positive 

(0.1096) 

Total with positive 

test 

(0.1129) 

Test Negative 
False Negative 

(0.0000) 

True Negative 

(0.8871) 

Total with negative 

test 

(0.8871) 

Totals 

Total persons with 

mutation 

(0.0033) 

Total persons 

without mutation 

(0.9967) 

Total tested 

(1.0000) 

Phenotype Test:  Sensitivity: 100%, Specificity: 89% 
 

Table 25: Contingency Table for TPMT Homozygous Mutations using a Genotype Test  

 Mutation Present Mutation Absent Totals 

Test Positive 
True Positive 

(0.0030) 

False Positive 

(0.0199) 

Total with positive 

test 

(0.0229) 

Test Negative 
False Negative 

(0.0003) 

True Negative 

(0.9768) 

Total with negative 

test 

(0.9771) 

Totals 

Total persons with 

mutation 

(0.0033) 

Total persons 

without mutation 

(0.9967) 

Total tested 

(1.0000) 

Genotype Test: Sensitivity: 90%, Specificity: 98% 
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Both Tables 24 and 25 show the rate of false positives to be higher than that of true positives.  

Since TPMT homozygous patients receive dose reductions of greater than 90%, the risk of 

therapy failure in dose reduced false positive patients is expected to be high.  The question is, are 

there more patients put at risk for adverse outcomes than are saved from adverse outcomes by 

testing for TPMT prior to therapy?  This issue highlights the importance of accuracy of the testing 

technologies.  To prevent under-dosing false positives, a test that is 100% specific is required.   

To date there have been four other cost-effectiveness analyses that assessed TPMT technologies 

for their usefulness in preventing ADEs by guiding initial doses.43, 45, 49, 81  However, only Van den 

Akker-van Marle (2006)43 examined a pediatric ALL population.  They used a cost-effectiveness 

model from a societal perspective and found that TPMT genotyping was a cost effective 

intervention at a cost of €4800 (approximately $7,879 CDN) per life year saved.  They assumed a 

genotype specificity of 100% and therefore did not encounter the issue of under-dosing false 

positives.  This value was not altered in the sensitivity analysis.  Like the CEA presented in here, 

van der Akker van Marle only assessed the impact of TPMT testing on one ADE of 

myelosuppression, however the time horizon was extended over a life time which allowed the 

model to demonstrate a greater impact on survival.   

By using a three-month time horizon, as done in this assessment, it was difficult to show a clinical 

difference in survival rendering the testing interventions more costly without added benefit.   The 

selection of a three-month time horizon was based on the assumption that any adverse drug 

events caused by the presence of a deficiency in the TPMT enzyme would occur in the first three 

months of therapy (J. Hand, personal communication, September 9, 2008 (Appendix 1)).  

Extending the time horizon beyond this point would not be a true reflection of the mortality due to 

neutropenia, but rather a reflection of the mortality associated with the underlying disease.  

Additionally, there was no evidence found to suggest how frequently neutropenia would occur 

during a treatment with 6-MP and therefore it is not clear how to model the ADE with a longer time 
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horizon.  After the first occurrence of neutropenia, which is caused by TPMT deficiency, it is 

expected that dose adjustments would be made and thus reduce the risk of recurrence. 

Van den Akker-van Marle also assumed a lower cost for the genotype test (€30 to €300, 

approximately $49 CDN to  $493 CDN) and a longer hospital stay (seven days), both of which 

work in favor of making the testing option cost-effective.43  Moreover, the study did not consider 

TPMT-based 6-MP dosing in the analysis.  Additionally, there was no discussion or reference to 

the lack of conclusive evidence to suggest appropriate dose adjustments in pediatric ALL patients.  

Their recommendation to ‘seriously consider’ TPMT genotyping prior to commencing therapy, 

may therefore be a little premature.                  

The three remaining economic analyses also found TPMT testing to be cost-effective, however 

they were conducted in different patient populations and therefore are not generalizable to the 

ALL population.45, 49, 81  In the study conducted by Oh (2004),81 a rheumatoid arthritis and a 

systemic lupus erythematosus population were evaluated.  Results showed TPMT genotyping 

with PCR to be cost-effective compared to conventional weight-based dosing, despite the short 

time horizon of one year. There are other differences between the current study and the one 

conducted by Oh et al. that may account for the opposing results.  Firstly, the evaluation was 

conducted in Korea and costs may vary greatly in comparison to the North American health care 

system.  The cost of the PCR test was estimated to be equivalent to $50 USD.  A threshold 

analysis was conducted and the cost of the PCR test that would show equivalence between 

genotype and weight-based dosing arms was $278 USD.  In the current study a cost of $380.50 

USD was used for genotype tests based on actual prices from the Mayo Clinic.  If this value had 

been used by Oh et al. the technology would not have been shown to be cost effective.  

Additionally it was assumed that patients who have a wild-type genotype would not experience 

myelosuppression and that all TPMT heterozygous and homozygous patients would experience 

mild or severe myelosuppression if not appropriately dose adjusted.  Since not all 
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myelosuppression is caused by deficiencies in the TPMT enzyme, and since it is not clear if 

TPMT heterozygous patients will experience adverse drug events, these assumptions can 

overestimate the differences between the treatment arms.      

Marra (2002)45 conducted a study in a rheumatoid arthritis population treated with azathioprine 

over a life-long time horizon.  They estimated that 50% of myelosuppression cases were due to 

TPMT deficiency and that 50% of cases would require hospital admission based on expert 

opinion, compared to the 30% and 15% used respectively for the current analysis.  The cost of a 

PCR genotype test was assumed to be $100 CDN which was based on the cost of other PCR 

tests, because TPMT-specific costs were not available.  As shown in the sensitivity analysis of the 

current study, the costs of the TPMT test exerts the greatest impact on incremental cost.  The 

lower cost used by Marra, along with the longer time horizon and greater risk of 

myelosuppression, may account for the differences in results to this study.   

Winter (2004)49 studied an inflammatory bowel disease population, being treated with 

azathioprine, using a case model of a theoretical population.  They determined that TPMT 

genotyping is good value for the money at a cost of £347 (approximately $630CDN) per life year 

saved.  However, they assumed a genotype test to cost £30 (approximately $54CDN), which is 

considerably lower that the price used for this analysis.  Patients who were admitted to hospital 

were also assumed to receive granulocyte colony-stimulating factor, which is a costly agent used 

to treat myelosuppression.  This agent is not recommended in the pediatric ALL population and 

therefore this additional cost was not considered.       

4.3 Limitations 

Despite efforts to ensure high methodological quality, there were limitations encountered while 

conducting this health technology assessment.  Data limitations would not allow for the 

determination of QALMs or QALYs.  The accuracy and strength of a cost effectiveness analysis 
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largely depends upon the quantity and quality of previously published data.  Uncertainties in the 

existing data led to limitations in this analysis which are discussed in further detail below.   

4.3.1 Systematic Review 

For this study, despite measures to ensure that all relevant material was included in the 

systematic review, it is possible that some studies were not found in the literature search.  Only 

studies published in the English language were searched and evaluated for inclusion.  Also, there 

may be unknown grey literature which was not found.  The potential of not including all relevant 

material presents the risk of both publication and language bias.  Studies that show poor accuracy 

of TPMT technologies are less likely to be published in peer reviewed journals and may only be 

available through grey literature.82  These studies are also less likely to be published in the 

English language.83  As a result the accuracy of TPMT technologies may be over-estimated.          

4.3.2 Cost-Effectiveness Analysis 

Though nine studies were found to meet the inclusion criteria of the systematic review, the type of 

technologies they evaluated varied substantially.  Therefore it is not possible to conclude which 

test produces the best results.  The various technologies also differ in price.  Cost information was 

only available for one genotype test and one phenotype test, so this difference in costs for various 

technologies was not incorporated into the economic analysis.    

Though pediatric oncology patients are very well studied, with most children being enrolled in a 

study protocol,84 the rarity of the disease still limits the amount and type of evidence available.  As 

a result many of the values used in this economic analysis, such as the proportion of patients with 

neutropenia that require inpatient care, were based on expert opinion rather than peer reviewed 

evidence.  As more evidence becomes available, greater certainty can be placed on values 

included in future assessment.   
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Including a broader spectrum of outcomes would have strengthened the results.  Other outcomes 

that may have benefited from genetic testing prior to the first dose of 6-MP includes rate of ADEs 

such as liver toxicity and secondary malignancy, as well as efficacy outcomes such as minimal 

residual disease and relapse rates.  These outcomes are either quite rare (e.g. secondary 

malignancy) or not life threatening (e.g. liver toxicity) and therefore evidence is not available or 

limited to case reports and poorly controlled clinical studies.  Additionally, long-term studies linking 

TPMT deficiency to these outcomes were not found.  There is a need for additional research to 

explore the impact of TPMT testing technologies used, to guide initial dosing of thiopurine drugs 

on long-term survival and the incidence of ADEs.   Another limitation was that the decision model 

did not account for the costs and impact on survival of potential ADEs that may have occurred for 

those patients who were under-dosed based on a false positive test result. 

For the outcome measure of life-months, observed differences between each of the decision tree 

branches were not detected, and as a result incremental cost effectiveness ratios were not 

calculated.  The use of quality-adjusted life months (QALM) as the outcome measure, rather than 

simply life-months, would have allowed for the patient’s quality of life to be incorporated into the 

results and may have shown a difference between groups.  However, an assessment of utility to 

reflect the experience of a patient with ALL or a patient with ALL and neutropenia was not found.   

The lack of published utilities for health states in this population may be in part due to the difficulty 

in measuring utility in the pediatric population compared to an adult population.  One reason for 

this may be the fact that it is difficult to differentiate between improvement in health and normal 

development, as children grow and develop at different rates.  Additionally, most of the tools used 

to determine utility are actually designed for adults.  As a result many attributes which are 

important to child health such as family relationships, autonomy, cognitive skills and body image 

are not considered.  Finally, children, especially young children, do not have the ability to 

understand and interpret the measurement tasks.  To overcome some of these obstacles 
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researchers often use proxies, such as the parent, to complete the utility assessment.  However 

parents may let their own perceptions of health utility influence their perceptions of their child.85         

There was uncertainty in the values used for the unit prices of the TPMT genotype and phenotype 

tests.  Though laboratories in Canada were contacted and the test prices requested, they were 

reluctant to provide either internal costs for conducting the test or the price they would offer to 

outside institutions to conduct the test.  Instead, prices from a U.S. laboratory, the Mayo Clinic, 

were used.  Considering the for-profit nature of the health care system in the U.S., these prices 

may be inflated compared to what a Canadian laboratory could charge for this service.  

Additionally, testing provided internally at hospital laboratories, would be at a lower price (since 

they would be provided at cost and not require shipping or transport costs).        

Costs for hospital stays, physician services and laboratory tests were based on Ontario provincial 

health insurance rates.  Not only can prices for these services vary between provinces, standards 

of care may also vary, causing increased or decreased length of hospital stay.  One study, which 

estimated the length of stay and mortality associated with pediatric oncology patients with febrile 

neutropenia in the U.S., found the average length of stay for a child with ALL suffering from febrile 

neutropenia to be nine days.51  The OCCI data showed that the average length of stay was 5.9 

days (SD 6.2 days) at an average cost of $9,641 (range $748 - $94,030) per hospital stay.  Since 

the cost of each day in hospital is not equivalent, it would not be appropriate to extrapolate the 

cost from a nine day stay as suggested in the Basu paper (2005).51   

4.4 Generalizability of Findings 

There are other patient populations to whom parts of this assessment may be relevant, such as 

rheumatoid arthritis, IBD and kidney transplantation patients who use thiopurine agents frequently 

for clinical management and for whom accurate dosing is important.  Additionally, users of HTA, 
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both within Canada and internationally can utilize this assessment to aid decision making and 

policy planning specifically in the pediatric ALL population.         

The results of the systematic review of test accuracy is not specific to pediatric ALL patients and 

therefore can be generalized across patient groups.  However as previously discussed, there are 

weaknesses in the results of this review that limit its strength, even though it does represent the 

best available evidence.   

The findings of the CEA are generalizable to pediatric ALL patients from other jurisdictions.  As 

shown in the sensitivity analysis, the costs of the phenotype and genotype tests were the only 

variables that made a noteworthy impact on incremental cost.  Even if the prices of these tests 

vary between jurisdictions, the results presented in the threshold analysis could be used as a 

guide to assess cost-effectiveness in other places.   

The decision analysis model used in this study was specific to the pediatric ALL population and 

therefore not generalizable to other patient populations.  The risk of myelosuppression may vary 

in other patient groups if, for example, the dose intensity requirements are different or if there are 

concurrent interacting medications.  Costs such as dispensing fees or compounding fees would 

be lower in adults as they could take tablets and fill their prescriptions for longer lengths of time, 

unlike children who use the liquid formulation which only has a two-week shelf life.  However, this 

analysis highlighted the deficiencies in the literature that may be common for all populations who 

use thiopurine drugs.      

4.5 Implications for Future Research 

In addition to the need for research to establish the usefulness of TPMT phenotype or genotype 

tests in guiding initial doses of 6-MP in pediatric patients with ALL, there is also a need for 

research to guide appropriate initial 6-MP doses based on a patient’s TPMT status, and evaluate 

the short-term and long-term outcomes related to TPMT-based dosing.  
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The manner in which standard dosing ranges are determined is changing.  Traditionally, drug 

dosing ranges were determined by balancing clinical effectiveness with toxicity in the average 

patient.  Some drugs have a narrow therapeutic range as is the case with 6-MP.  This means that 

there is a fine balance in the dose that provides clinical effectiveness and avoids toxicity.  

Depending on the nature of the drug in question, various tests can be performed to calculate the 

bioavailability, half-life and volume of distribution as well as measure drug metabolites in a 

random sample of patients.  These tests, in addition to pre-marketing clinical studies, help to 

determine an appropriate drug dose and frequency.  This dosing range however is representative 

of what is safe and effective in the average patient, not accounting for individual variations.     

It is known that not all individuals will respond to a drug in the same way due to variations in 

metabolizing enzymes or organ function; for example, kidney and liver disease are known to 

impact the clearance of specific drugs. Many studies have been done to determine appropriate 

dosing modifications in these circumstances.  However it is more difficult to determine dosing 

modifications based on genetic mutations in metabolizing enzymes.          

Thiopurine drugs are examples where mutations in metabolizing enzymes are known to alter drug 

metabolism.  More than 10% of the population has a mutation in the allele responsible for 

producing the TPMT enzyme.  This mutation decreases the amount of active enzyme available to 

metabolize 6-MP and the patient may require a dose reduction.  When these patients are included 

in the random sample, the dose range determined to be suitable to the average patient may in 

fact be too low for the normal TPMT metabolizer.  In one study, 601 children with ALL were 

treated with 75 mg/m2 of 6-MP by physicians who were blinded to the patient’s genotype, and 

were followed-up for an average of 12.4 years to measure the rates of disease relapse and 

secondary malignancy.  The study found that there were significantly more patients who were 

TPMT wild type who relapsed compared to patients with TPMT deficiency (p=0.03).86  There was 

no statistical difference in the rate of secondary malignancy between genotypes.  Another study 
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looked at 814 children with ALL and measured minimal residual disease before and after therapy 

with 6-MP.  It found that patients with TPMT heterozygous mutations were significantly less likely 

to have minimal residual disease compared to TPMT wild type patients (p=0.02).87  Therefore it 

may be necessary to increase 6-MP doses for patients who have the wild-type TPMT allele to 

compensate for their increased metabolism.  These studies suggest that other outcomes, in 

addition to the rate of adverse drug events, need to be taken into account when demonstrating the 

usefulness of TPMT testing technologies.  With phenotype and genotype technologies now 

available, traditional methods for determining drug doses may no longer be adequate.  Dose 

modifications recommended for patients with TPMT deficiency are not based on large clinical 

trials, but on case reports of individuals who experienced ADEs and needed dosage reductions.34, 

88-90  It is still unclear how the results from phenotype and genotype tests should be interpreted 

and what actions should be taken to maintain clinical efficacy and safety, though there is a 

general movement toward genotyping for customized dosing across many diseases.   

Studies have reported that only a third of the cases of neutropenia result from a deficiency in the 

TPMT enzyme.44, 46-48  Drug-drug or drug-disease interactions, blood transfusions and other 

thiopurine metabolizing enzymes may also contribute to a patient’s risk of ADEs.  For example, 

inosine triphosphate pyrophosphatase (ITPA) is another enzyme that metabolizes thiopurine 

drugs.  An examination of the impact of TPMT and ITPA nonfunctional variant alleles in patients 

with ALL has been conducted.91  In one group of patients, dosage adjustments were made based 

on TPMT genotype.  In this group, there were significantly more cases of febrile neutropenia in 

patients with the ITPA variant allele compared to wild-type ITPA genotype (OR = 3.0; 95% CI = 

1.2-7.3).  In the second group, patients did not have doses adjusted based on TPMT genotype.  In 

this group, TPMT genotype had a greater influence than ITPA genotype on the incidence of febrile 

neutropenia.  These results pertained to only one additional enzyme; other unknown enzyme 

variants may also influence the incidence of adverse drug events.     



 

 
99

In summary, there are a number of areas where additional research is needed to support the use 

of TPMT phenotype or genotype tests to guide thiopurine doses.  Moving away from traditional 

methods of drug dose determination towards incorporating patient specific characteristics, such 

as TPMT mutations, is the first step.  Studying the impact of personalized medicine on efficacy 

and safety outcomes is then needed to inform decisions regarding adoption of dose-guiding tests.  

Finally, understanding that the efficacy and safety of drugs, such as 6-MP, is dependant on 

multiple factors and a personalized medicine regimen is only possible when all factors are taken 

into consideration.   

4.6 Health Services Impact 

Standard of patient care with respect to TPMT testing in pediatric ALL patients vary between 

Canadian provinces.  This inconsistency may stem from the lack of conclusive evidence with 

respect to best practices.  For example, the Janeway Children’s Hospital in St. John’s, NL, only 

tests for TPMT status when 6-MP therapy has been delayed for two or more weeks.  Traditionally 

physicians at that hospital used the phenotype test.  However, they have recently switched to 

genotype tests based on additions to the COG guidelines which support the use of the genotype 

test (J. Hand, personal communication, September 9, 2008 (Appendix 1)).  Physicians at The 

Hospital for Sick Children in Ontario tend to conduct a TPMT genotype test prior to treatment (P. 

Gordon, personal communication, 2008 (Appendix 1)).  The guidelines published by the COG, 

which recommends testing for TPMT only in the presence of myelosuppression (COG, 2008), 

continues to be the best strategy to use. Therefore, institutions that follow the COG guidelines 

should not be impacted by the results of this assessment.  Institutions who have adopted the 

screening for TPMT status prior to the first dose of 6-MP should review their current practice.  

As demonstrated in the sensitivity analysis of CEA, the costs of the TPMT phenotype and 

genotype tests were the only variables that made considerable impact on incremental cost.  Since 

these tests come at high prices, without clinically evident benefits, policies and procedures should 
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be implemented at the institutional level to ensure appropriate utilization of these technologies.  

Currently the costs of these tests in the pediatric ALL population are funded by the health care 

system.  The opportunity costs of using such tests outside clinical guidelines need to be taken into 

consideration.  Policies should outline which clinical scenarios are eligible for publicly funded 

TPMT testing.  These should include those described in the COG guidelines as well as within the 

context of clinical trials that are intended to fill the gap in the literature.  Health care organizations 

will need to be prepared for a potential increase in public pressure for such tests as their 

availability becomes more widely known.  Health technology assessment agencies can play a role 

in disseminating health economic evidence to inform decision making with respect to pediatric 

TPMT technologies. 
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5 CONCLUSIONS 

The systematic review of TPMT test accuracy found that available technologies are accurate and 

consistent; however, there was a lack of good quality studies included in this review to place 

much confidence in these results.  Seeming disregard for study sample size and confounding 

factors such as concurrent medications and blood transfusions were the main contributors to low 

quality.  There were also inconsistencies in the selection of a gold standard which made it difficult 

to compare the results of the included studies against one another.    

Testing for TPMT mutations prior to the administration of 6-MP in pediatric ALL patients is not a 

cost effective intervention.  This analysis focused only on preventing the ADE of 

myelosuppression, as this was the only outcome which had reliable data to input into the decision 

tree.  Other outcomes such as liver toxicity, secondary malignancy, minimal residual disease and 

disease relapse could all be affected by individualizing 6-MP dosing based on TPMT status.  In 

future decision analysis, examining other additional outcomes may lead to more definitive 

evidence on the usefulness of these tests in this population.             

Based on the findings of this HTA, three recommendations can be made.  First there is a need for 

additional basic epidemiological research in the area of pediatric ALL.  There is a need to identify 

the prevalence of myelosuppression and liver toxicity for patients taking 6-MP as well as overall 

survival.  Research is needed to determine utilities for health states in children with ALL, and for 

children with ALL experiencing various ADEs, to allow for the consideration of quality of life in 

future analyses. 

Secondly, there is need for research initiatives that focus on the impact of TPMT activity levels on 

outcomes such as myelosuppression, liver toxicity, minimal residual disease, secondary 

malignancy and survival.  This research would not only add confidence to the values used in 
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future CEAs, it would also aid in identifying new dosing guidelines that are tailored to individual 

patients.   

Finally, the current Children’s Oncology Group guidelines provide the most appropriate guidance 

for the management of pediatric ALL patients on 6-MP, stating that initial doses should be based 

on weight alone.  At this time there is insufficient evidence to recommend the use of phenotype or 

genotype testing prior to mercaptopurine therapy to guide initial doses in pediatric ALL patients.    
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Glossary 

Clinical Remission:  The eradication of leukemic cells to a clinically    
    undetectable level.   

Cytotoxic:   A substance that causes cell destruction  

Genotype:   The genetic make-up of an individual 

Granulocytopenia:  Decreased leukocytes  

Hematologic Remission:  The eradication of all leukemic cells.   

Hematopoiesis:   The process that immature blood cells go through to   
    produce the various types of blood cells 

Hepatomegaly:   Enlarged liver 

Hepatotoxicity:  Damage to the liver 

Intrathecal:   Injection onto the spine 

Myelosuppression:  Decrease bone marrow activity, resulting in less red blood   
    cells white blood cells and platelets 

Petechiae:    Small hemorrhagic spots on the skin 

Pharmacogenetics:  The study of genetic variations that evoke differing responses to 
drug therapy   

Phenotype: Physical or biochemical characteristics as determined by genetic 
makeup and environmental influences. 

Splenomegaly:   Enlarged spleen   

Therapeutic Index:    The ratio between the toxic dose and the therapeutic dose   
    of a drug, used as a measure of the relative safety of the   
    drug for a particular treatment. 

Thrombocytopenia:  Decreased platelets 

 


