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The study of pharmacogenetics may assist in the determina-
tion of the considerable variation in response to drug

therapy by individuals1. With the recent ability to determine
genetic polymorphisms that are associated with the efficacy
or toxicity of particular drugs before initiation of therapy,
the potential exists to tailor drug regimens for individuals.
Thus, the adoption of these new diagnostic techniques could
lead to an enhancement of the beneficial effects and reduc-
tion of adverse effects of therapeutic agents. However, as
with any new, expensive technology, it is imperative to
systematically assess the cost effectiveness of this new
approach to determine if scarce health care funds should be
allocated to its routine integration into the health care
system. As the potential arises for genetic testing to be
utilized to predict the outcomes associated with drugs used
for rheumatological conditions, systematic evaluations must
occur to assess their relative economic merit.

Azathioprine (AZA) interferes with the de novo synthesis
of inosinic acid via feedback inhibition of 6-thiosinosinic
acid. AZA also inhibits the interconversion of purine bases
such as inosine to adenine and guanine ribonucleotides2-4.
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ABSTRACT. Objective. Thiopurine S-methyltransferase (TPMT), which catalyzes the inactivation of azathioprine
(AZA), exhibits genetic polymorphism that results in dose related, serious toxicities (mainly hema-
tological cytopenias) in 10–15% of individuals treated with AZA. Polymerase chain reaction (PCR)
tests provide a sensitive, specific means of prospectively identifying these patients before AZA
therapy and minimizing toxicity through dosage reduction. Our objective was to model the cost
effectiveness of the 2 alternative AZA treatment strategies in rheumatologic conditions: (1) utilizing
PCR to determine polymorphisms leading to TPMT deficiencies prior to AZA therapy with a reduc-
tion in dose; and (2) no testing. The analysis was conducted from a third party payer perspective over
one year.
Methods. A decision analytic model was applied to map the costs and outcomes of patients under
both strategies. Data applied to the model included the positive and negative predictive values of the
PCR, the probabilities of adverse events due to AZA, and the costs associated with their manage-
ment. Sources of data included published clinical trials, diagnostic test evaluations, surveillance
trials, and economic evaluations.
Results. Dose related toxicities resulted in AZA discontinuation rates of 10–20%. The usual dosing
strategy cost $677 Cdn per patient, whereas the genotype directed dosing strategy cost $663 Cdn per
patient. In the genotype dosing strategy, the number needed to treat to avoid one adverse event over
6 months was 20. Thus, the genotype based dosing strategy dominated the usual dosing strategy.
One-way sensitivity analyses revealed that the estimates were robust to ranges of ± 30% for the
costs, the properties of the PCR test, and the probability of adverse events.
Conclusion. The introduction of PCR testing to identify TPMT polymorphisms prior to AZA treat-
ment may represent good value in certain health care settings. (J Rheumatol 2002;29:2507–12)
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AZA, as with all thioguanines, is metabolized to the active
metabolites referred to collectively as 6-thioguanine
nucleotides (6-TGN), which, in turn are inactivated by
thiopurine-6-methyltransferase (TPMT). The active
metabolites, 6-TGN, accumulate in tissues and are thought
to be responsible for many of AZA’s serious toxicities2-4.

TPMT is a cytosolic enzyme that preferentially catalyzes
the inactivation (S-methylation) of the active metabolites of
the thiopurines (6-mercaptopurine, AZA, and thioguanine)5.
TPMT shows codominant genetic polymorphism, with
about 85–90% of people exhibiting high TPMT activity and
roughly 10–15% of individuals having intermediate TPMT
activity caused by heterozygosity at the TPMT locus5,6.
About one in 300 individuals inherits TPMT deficiency as
an autosomal recessive trait. Unfortunately, no phenotype
allows the detection of either TPMT deficiency or interme-
diate activity, thus these conditions, when identified, are
usually only detected after a severe adverse reaction to a
thiopurine medication5. Case reports, case series, and case-
control studies suggest that a reduction in TPMT activity is
associated with the development of toxicity to thiopurine
medications3,5,7-11. Due to these findings, some investigators
have advocated the prospective measurement of TPMT
activity5,8-11. Unfortunately, TPMT assays are not clinically
available, are influenced by several exogenous factors (e.g.,
recent red blood cell transfusion, diuretic therapy, alco-
holism), and are expensive, thus precluding their use5.

Yates, et al developed and validated polymerase chain
reaction (PCR) based methods for detection of TPMT muta-
tions in the genomic DNA of humans5. Specifically, they
established the genetic basis for TPMT polymorphisms and
discovered that, at the genetic level, the 3 groups of TPMT
activity can be classified as homozygous wild-type (high
activity), heterozygous mutants (intermediate activity), and
homozygous mutants (deficiency). This PCR test for TPMT
activity yielded the following sensitivities and specificities:
(1) high activity, 100% and 100%, respectively; (2) inter-
mediate activity, 95% and 100%; (3) deficiency, 100% and
100%. In addition, since PCR is relatively inexpensive,
widely available, rapid, not affected by exogenous factors,
and widely used clinically in other areas, it is a useful diag-
nostic test for the determination of TPMT activity.

Decision analysis has been widely employed as a tool to
systematically assist technology assessment when there is
uncertainty about clinical or economic outcomes12,13. This
technique has been used extensively to model both the
outcomes and cost effectiveness of diagnostic testing in a
variety of disease states14-16. However, to date, there has
been no published analysis examining the cost effectiveness
of screening for enzyme polymorphism based strategies.

We modeled the cost effectiveness of 2 alternative AZA
treatment strategies in 2 common autoimmune rheumato-
logic conditions, rheumatoid arthritis (RA) and systemic
lupus erythematosus (SLE). The 2 strategies consist of (1)

PCR testing strategy before initiation of AZA, resulting in
dosage reduction in cases of reduced TPMT activity and
deficiency; and (2) no testing with usual therapy.

MATERIALS AND METHODS
Literature review. To determine the incidence of AZA induced adverse
events (primarily agranulocytosis, leukopenia, and pancytopenia), system-
atic searches were performed of the English language literature using
computerized Medline, Embase, Pre-Medline, and Cochrane Systematic
Review databases from 1966 to September 2000, and a manual search of
references from retrieved articles. Search terms included AZA, TPMT,
polymorphisms, rheumatoid arthritis, rheumatology, systemic lupus erythe-
matosus, leukopenia, or pancytopenia.

A recent case report outlined the occurrence of severe pancytopenia in
a 14-year-old girl with juvenile spondyloarthritis taking 3 mg/kg/day of
AZA11. Further laboratory evaluation identified a homozygous deficiency
of TPMT that led to a buildup of the AZA metabolite 6-thioguanine. After
identification and withdrawal of the drug, the patient gradually improved
over an 8 week course.

A prospective case-control study3 measured TPMT enzyme activity in
patients using high performance liquid chromatography methods. Cases
were defined as patients with longstanding RA taking AZA (n = 33); the 2
control groups were patients with early RA (n = 24) and healthy volunteers
(n = 42). The investigators found that 14 (42%) of the 33 AZA treated
patients developed severe toxicity and had to be withdrawn from therapy.
Of these, 7 (50%) had intermediate TPMT activity and the toxicity exhib-
ited was gastrointestinal (GI) intolerance or hematological cytopenia. The
relative risk of developing severe toxicity in patients with intermediate
TPMT activity compared to those with high TPMT activity was 3.1 (95%
CI 1.6–6.2). The authors also postulated that intermediate TPMT activity
was associated with both hematological and GI toxicities.

A recent study has cast some doubt on whether the determination of
patients’ TPMT activity assessed by genotyping has any predictive value in
determining the adverse reactions to AZA17. Investigators correlated the
adverse hematological toxicities with TPMT genotype in 120 patients with
SLE attending their rheumatology clinic. They found no relationship
between TPMT genotype and AZA induced toxicity except for a single
homozygote deficient patient. This study has several limitations. Although
120 patients were tested, only 78 had ever received AZA. Of the 7 patients
found to have TPMT polymorphisms, only 4 had received AZA. Of these,
3 were heterzygotes who received very small doses of AZA (0.4 and 0.6
mg/kg) and thus would not be expected to develop toxicity. In addition, it
is unclear how the authors identified adverse reactions to AZA as no defin-
itions or methods of collection (prospective or retrospective) are given.

In a recent Cochrane Systematic Review of the use of AZA in treatment
of RA, the efficacy and toxicity of AZA were evaluated18. Specifically, in
comparison to patients who received placebo, those that received AZA
were found to be 4.6 times more likely to withdraw from therapy due to
adverse effects over a 6 month treatment period. The most common adverse
reactions were found to be GI symptoms (15%), mucocutaneous reactions
(26%), and hematological disturbances (9%). In addition, the incidence of
leukopenia in these trials was 21%, but most cases resolved by lowering the
dose of AZA.

Finally, Black et al19 evaluated the incidence of polymorphic inactiva-
tion of AZA by thiopurine methyltransferase and the development of clin-
ical toxicity in a cohort of 67 patients from 2 rheumatology units who were
prescribed AZA. PCR based assays were used to detect mutations in TPMT.
Six of the 67 patients (9%) were heterozygous for mutant TPMT alleles. Of
these, 5 patients discontinued therapy within one month of starting treat-
ment due to leukopenia (< 3.5 × 109/l). On questioning, the remaining
patient admitted to having not taken any AZA.

Decision analytic model. A predictive decision analytic model was created
using Data for Health Care software, version 3.5 (TreeAge Software,
Williamstown, MA, USA) to estimate the effects and costs of each of the
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strategies (Figure 1). Specifically, the strategies evaluated were: (1) a PCR
test screening for TPMT reductions or deficiencies (as per the methods
described by Yates, et al5, the PCR assays isolate and characterize 2 mutant
alleles associated with TPMT deficiency, TPMT*2 and TPMT*3A) and a
reduction in dose based on the results of the test; or (2) usual full dose
therapy with AZA. Because TPMT reductions or deficiencies result in
accumulation of the active metabolites, modified dosing could be imple-
mented to avoid toxicity without compromising therapeutic effect. The
dosing guidelines by TPMT genotype are as follows: (1) homozygous wild
type (normal TPMT activity): target dose of 2.0–2.5 mg/kg/day; (2)
heterozygous (reduced TPMT activity): target dose 1.0 mg/kg/day; and (3)
homozygous mutant (deficient of TPMT activity): target dose 0.25
mg/kg/day. The time period for the development of adverse events in the
model was 6 months, so discounting of costs and effects was not required20.
All costs were in 1999 Canadian dollars ($1 Cdn = $0.67 US).

Target population. For the purposes of this analysis, only costs and
outcomes of patients with rheumatological conditions (mainly RA and
SLE) were included in the model.

Probabilities and values used in the model. All probabilities and values that
were used in both the base case and sensitivity analyses are detailed in
Table 1. To estimate the incidence of hematological disturbances (agranu-
locytosis and/or leukopenia) that would be preventable through a prophy-
lactic AZA dosage reduction in susceptible individuals, the results of the
literature review described above were evaluated. From the Cochrane
Systematic Review of AZA in RA, it appears that roughly 9% of the
patients with RA experienced hematological toxicities in the pooled results
of 3 published 6-month randomized, clinical trials and up to 21% experi-
enced leukopenia18. This figure is in agreement with the study by Black, et
al19. GI disturbances were not included in the model due to the lack of

consistent correlation of their development with TPMT3,18, the idiosyn-
cratic nature of GI disturbances (i.e., in clinical trials, even placebo arms
have high incidence of GI events), and the lack of significant medical atten-
tion necessary to resolve most cases.

From the results of the case-control study3, it also appears that prospec-
tive evaluation of TPMT activity would not be sufficient to eliminate all
cases of hematological toxicity. Thus, for the base case analysis, we
assumed that 50% of the cases of hematological toxicity could be elimi-
nated by the PCR testing strategy through the identification of susceptible
individuals and the implementation of a prophylactic dosage reduction.

To determine the incidence of true and false positive and true and false
negative PCR test results, we utilized the sensitivity and specificity of the
TPMT PCR genotype testing procedure outlined by Yates, et al5. To convert
these parameters into probabilities, we first converted the sensitivity and
specificity values into both positive and negative likelihood ratios20. The
likelihood ratio expresses the odds that the test result occurs in patients with
the disease versus those without the disease. Thus, the positive likelihood
ratio equals sensitivity/(1 – specificity) and the negative likelihood ratio
equals (1 – sensitivity)/specificity. Decision probabilities were calculated
from these likelihood parameters and the a priori probability of having a
positive result using Bayes’ Revision21,22.

Costs used in the model. All cost data that were used in the model are
summarized in Table 2. Only direct medical costs were considered. Since
the cost of the PCR genotyping test is not available in local clinical labora-
tories and is not currently being utilized in this manner, we estimated the
cost of this test from the costs of performing other PCR based tests that are
clinically available. Specifically, we estimated that the base case cost of the
PCR genotype testing would be $100 Cdn per person.

From interviews with a hospital based academic hematologist and an
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Figure 1. Decision analytic model. A square represents a decision node between the 2 strategies (normal and geno-
type dosing); a circle represents a chance node from which probabilities of events emanate; a triangle represents
a terminal node denoting the final outcome and payoffs. Normal dosing refers to typical AZA dosing to a target
dose of 2.0–2.5 mg/kg/day. Genotype dosing refers to the use of recommended reductions of AZA dosing
according to genotype. pADR refers to the probability of hematological cytopenia in the normal dosing arm (# is
the corresponding probability of 1 – pADR). The PCR testing properties (Test+, Test–; True+, False+; False–,
True–) were derived from the sensitivity and specificity. All costs (cost 1 to cost 6) represent embedded formulae
that calculate the costs associated with each decision path.

Table 1. Probabilities and values used in the decision model.

Variable Base Case Range Reference
Upper Lower

Hematological cytopenia 0.09 0.03 0.15 18, 19
Sensitivity of PCR genotype test, % 95.2 76.2 99.9 5
Specificity of PCR genotype test, % 100 83.9 100 5
Positive likelihood ratio ∞ 4.73 ∞ 5
Negative likelihood ratio 0.05 0.01 0.29 5
Inpatient care 0.50 0.20 0.99 Experts
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office based community hematologist, we estimated the costs associated
with caring for individuals who developed a hematological disturbance.
Specifically, the experts felt that about 50% of these individuals would
need to be hospitalized due to the risks associated with agranulocytosis and
the underlying immunosuppression that occurs with drug treatment of their
underlying illness. Those ill enough to be hospitalized were assumed to
require intravenous antibacterials and granulocyte-colony-stimulating
factor (G-CSF). In addition, daily complete counts with differential and
blood cultures if fever was present would be ordered. Average duration of
hospitalization in those hospitalized was estimated to be 10 days. A fully
allocated hospital cost model was utilized to estimate the costs associated
with resource utilization23.

For those able to be managed as outpatients (estimated to be 50%),
costs of physician visits and laboratory tests were determined from the
Provincial Guide to Medical Fees, and drug costs were determined from
the IMS Health Canada database of provincial drug costs. It was assumed
that those managed as outpatients would incur 2 office visits and have 2
complete counts with differential. About 30% would receive G-CSF as
outpatient therapy. Other outpatient costs would be incurred by those who
were false positives with the PCR genotype testing. Since these individuals
would be treated with a reduced dosage of AZA, the likelihood of treatment
failure would be high. Thus, these individuals were assumed to incur an
additional physician office visit and an additional prescription for a medica-
tion.

RESULTS
In the base case model, the normal dosing strategy cost $677
per patient whereas the genotype directed dosing strategy
cost $663 per patient. In the genotype dosing strategy, the
number needed to treat to avoid one adverse event over 6
months was 20. Thus, the genotype based dosing strategy
dominated the usual dosing strategy — it was both more
effective and less costly.

Sensitivity analyses. The variables most influential on the
results of the model in univariate sensitivity analyses are
summarized in Figure 2. Since the PCR test was not
performed by clinical laboratories in our region, we did not
have an accurate cost estimate for this. Thus, we have
utilized a wide range of test costs for the sensitivity analysis
(Figure 3). As can be seen from the results of this analysis,
the outcomes of the model are very sensitive to the value of
this variable such that the threshold value was roughly $114.
However, the model was quite robust to plausible changes in

the sensitivity and specificity of the PCR test, with threshold
values of 0.929 and 0.947, respectively. A sensitivity
analysis on the probability of the preventable hematological
cytopenias revealed the threshold value to be 4.4%, above
which the genotype based dosing strategy is less costly and
below which the usual dosing is less costly. Finally, a sensi-
tivity analysis on the probability of receiving inpatient care
for the hematological cytopenias revealed the threshold
value to be 44%, above which the genotype based dosing
strategy is less costly and below which the usual dosing is
less costly.

The Journal of Rheumatology 2002; 29:122510

Table 2. Costs* used in the decision model.

Variable Base Case Range Reference
Upper Lower

Adverse Event Costs
Inpatient 2679 2933 2592 17
Outpatient 790 990 590 19
PCR cost 100 50 200 BCGSC

Treatment failure cost 573 775 275 17, 19
AZA cost/50 mg tablet, $ Cdn ** 0.67 0.63 0.80 IMS Health Canada,

Toronto, ON
Pharmacist dispensing fee per episode 6.62 2.08 11.36 Benefit Management 

Ltd., Calgary, AB

* All costs in the model are 1999 Canadian dollars. ** Average Canadian cost per generic brand tablet as reported
by IMS Health Canada. BCGSC: British Columbia Genome Sequencing Centre, Vancouver, BC.

Figure 2. Univariate sensitivity analyses — most influential parameters.
Vertical black bars represent threshold points. The Y axis of the graph
refers to the expected value of the genotype dosing strategy. Vertical
broken line represents the base case cost of genotype directed dosing
strategy ($663 per patient).
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DISCUSSION
We found that the prospective adoption of an AZA dosing
strategy based on the molecular diagnosis of TPMT reduc-
tion and deficiency by genotype results in a small cost
reduction when using our base case estimates of costs and
probabilities. In addition, this strategy results in avoidance
of about half of all serious hematological toxicities associ-
ated with AZA therapy. The cost difference was sensitive to
small changes in the cost of PCR and the probability of
preventable hematological cytopenia. However, the clinical
endpoint (avoidance of hematological cytopenia) was robust
across the range tested in our sensitivity analyses.

To our knowledge, this is the first economic evaluation to
consider the effect of drug metabolizing enzymatic hetero-
geneity secondary to measurable genetic polymorphisms
within the human genome on the disposition of a pharma-
ceutical agent and the subsequent development of adverse
events. Other economic decision analyses have evaluated
the cost effectiveness of determining the genotype of human
immunodeficiency virus and the effect on drug resis-
tance24,25. Similarly to our study, these investigators found
that the adoption of genetic diagnostic techniques can facil-
itate improvement in the outcomes achieved with drug
therapy.

One of the major impediments to implementing the
prospective testing of TPMT activity through genotyping is
the availability of the PCR test procedure in a clinical labo-
ratory that permits results in a short time. Currently, there
are clinical sites where this test has been used to prospec-
tively diagnose patients and allow reduction of thiopurine
dosage and avoidance of drug toxicity4,5. We would advo-
cate the adoption of this technology should the necessary
infrastructure (i.e., clinical laboratory) and expertise be

available. In addition, it is possible, as with any diagnostic
test, that clinicians may not order the PCR test before
starting therapy but may use it as a confirmatory mechanism
once toxicity has developed. Obviously, the cost effective-
ness of using the PCR test in this manner would be consid-
erably different than determined from this study.

Our analysis has several limitations. First, we did not
consider indirect costs as these were not available. Since the
indirect costs would likely be higher in the strategy that
included more adverse events, it is likely that omission of
these conservatively biases our results against the genotype
based dosing strategy. In addition, we did not consider
health related quality of life for the various health states
represented in our model (leukopenia without infection,
leukopenia with infection, and healthy) as these were not
available. Future analyses should integrate these outcomes
into the model.

We found that the costs of determining TPMT activity
through genotyping and a corresponding AZA dose reduc-
tion in susceptible individuals ranged from being slightly
cost saving to relatively modest in light of its outcome
benefit compared with the usual approach to AZA dosing.
Our analysis can act as a data driven basis for policy deci-
sions about genetic testing to avoid side effects associated
with AZA in patients with rheumatic diseases. 
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