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Abstract

Thiopurines (TP) are widely used in the management of inflam-
matory bowel diseases. Side-effects and inefficacy are a major con-
cern as they lead to withdrawal of the drug. Tools investigating TP
metabolism are useful to avoid inadequate cessation of TP thera-
py. TP metabolism is complex and many enzymes are involved.
Among them, Thiopurine methyltransferase (TPMT) is the only
one routinely measured by pheno- or genotyping. In this review,
the rationale for TPMT and thiopurine metabolites, 6-thioguanine
nucleotides and 6-methylmercaptopurine, determination in clini-
cal practice is discussed, specifically in case of thiopurine failure
and recommendations are given about their interpretation and
potential dose optimization of TP drugs. (Acta gastroenterolog.
belg., 2010, 73, 331-335).
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Introduction

Over the last decades, the use of Thiopurine drugs
(TP) has considerably increased in inflammatory bowel
disease (IBD) and nowadays more than half of the IBD
patients are treated with azathioprine (AZA) or 6-mer-
captopurine (MP) (1). Nevertheless, many questions
remain concerning their mode of action, metabolism,
efficacy, side effects or practical use. Side effects are
found in 9 to 34 % of cases (2) ; including allergic reac-
tions, bone marrow suppression, pancreatitis, hepatitis,
nodular regenerative hyperplasia, gastrointestinal symp-
toms, infections and malignancies. As a consequence,
TP drugs have to be reduced or even discontinued in up
to 1/3 of patients. Given the lifelong course of IBD, it
seems particularly important to optimize each therapeu-
tic agent before admitting treatment failure and intro-
ducing an alternate therapy. 

Determination of Thiopurine Methyltransferase
(TPMT) activity

TPMT is the most studied enzyme of TP metabolism
and the only one usually tested for in routine clinic.
Thiopurine metabolism is complex and depicted in fig-
ure 1. TPMT status can be checked for based on pheno-
type or genotype tests. There is ongoing controversy as
to whether TPMT analysis should be performed before
TP initiation and whether one should opt for phenotyp-
ing or genotyping in order to assess TMPT activity.

TMPT phenotyping

TPMT phenotype reflects the enzyme activity which
can be measured in vitro by the conversion of MP to 6-
methyl-mercaptopurine (6-MMP). Dosage of TPMT
activity is difficult with considerable inter and intra-indi-
vidual variability. Various assays are available using dif-
ferent units complicating interpretation of results in
daily practice. One of the advantages of phenotyping is
to determine more precisely the TPMT activity which
can vary among individuals with the same genotype.
Moreover, it allows detection of patients with a very
high methylation activity. On the other hand, pheno-
typing can be influenced by a possible drug interaction
whereas genotyping cannot. Indeed, studies have
described interaction between aminosalicylates (3-5),
diuretics (thiazidic and furosemide) (6,7), NSAIDs (8),
AZA and TPMT activity. So far, the mechanisms of
these interactions remain unknown as does their poten-
tial clinical impact. 

In particular, allopurinol presents a clinically impor-
tant toxic drug-drug interaction with TP by inhibiting
xanthine-oxydase activity leading to a shift of TP meta-
bolism towards active but potentially toxic compounds.
This has been shown in various studies with myelosup-
pression occurring within weeks of allopurinol addition
(9, 10). As a consequence the concomitant use of allo-
purinol and AZA or MP is not recommended. If the
association is mandatory, a dose reduction of TP treat-
ment is recommended to 25-33% of the normal dose, as
generally about 2/3 of thiopurine is normally inactivated
by the xanthine oxidase/dehydrogenase (XOD) pathway
(10). Some authors took advantage of this drug-drug
interaction for it could avoid some thiopurine resistance
(by increasing 6-TGN) or hepatotoxicity (by decreasing
6-MMP) (11,12).This association should only be con-
sidered in well selected cases and, if a co-therapy is
decided, careful full blood and TP metabolites monitor-
ing is required.
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TMPT genotyping

TPMT genotyping consists in detecting single
nucleotide polymorphism responsible for TPMT inacti-
vation. The human TPMT gene is located on chromo-
some 6 and contains 10 exons. To date, 27 alleles
responsible for possible TPMT activity deficiency have
been described : *2,*3A,*3B,*3C,*3D,*4 to *27 (13-
15). A good correlation exists between TPMT activity
and TPMT genotyping and varies from 76 to 99 % as
described in different studies (16). Mutation *3A con-
tains 2 single nucleotide polymorphisms that are also
found separately in mutation *3B and *3C (exon 7 and
exon 10, respectively). One explanation for the low
activity is the modification of the TPMT protein struc-
ture by these mutations, which leads to protein instabil-
ity and decreased enzymatic activity. This is reflected by
TPMT half-life which decreases from 18 hours in the
TPMT wild-type genotype to 15 minutes in genotypes
*2 and *3A (17). TPMT *3A, *2 and *3C are the most
frequent mutations found in the Caucasian population
and account for 95 % of all mutations (18,19). In the
African and Asian population, TPMT *3C is the most
frequently encountered genotype (19).

Based on TPMT genetic polymorphism the general
population can be divided in 3 groups : wild-type homo-
zygous TPMT with high methylation activity (88%),
heterozygous for a deficient TPMT allele with interme-
diate activity (11%) and homozygous for deficient
TPMT allele with a low methylation activity (0.3%)
(20).

Impact of TPMT activities on clinical management

TMPT deficiency

It is generally admitted that a TP dose adaptation is
necessary in case of TPMT deficiency. If a patient has a
low or intermediate TPMT activity and takes TP, the
drug metabolism will be shifted towards an increased
production of active compounds, responsible for the
therapeutic effect of the drug but also for myelotoxicity.
In case of intermediate TPMT activity, reduction to 33 to
50% of the usual dose, thus 1 to 1.25 mg/kg for AZA
and 0.5 to 0.75 mg/kg for MP, is advocated (21) where-
as in total TPMT deficiency (low methylator), it is

usually recommended to avoid the use of TP, or unless
its use is still necessary, to decrease dosage to 10% of
the normal dose. Careful follow up and very frequent
blood monitoring is mandatory in such patients (22). 

Although a TPMT deficient genotype has the poten-
tial to predict leucopenia (18) and prospective studies
have shown the usefulness of adapted TP dose regimens
to avoid leucopenia (19,20), the strategy of determining
TPMT status prior to the start of TP therapy (and to
adapt eventually the dose) in order to minimize the risk
of myelotoxicity is still controversial (23-25). The
results of various pharmacoeconomic models favor test-
ing of TMPT before the initiation of thiopurine treat-
ment (26-29). In a recent study, the strategy of system-
atic determination of TPMT activity was cost-effective
taking into account both the cost of TPMT determina-
tion and the cost due to leucopenia and associated infec-
tions (30). However, studies have shown that only 25 to
27% of myelosuppression events in IBD patients taking
azathioprine could be explained by a TPMT deficiency
related to known mutations in the TPMT genotype (31,
32) suggesting that all possible mutations have not been
discovered yet and that other factors contribute to the
development of leucopenia (33). In addition, the muta-
tions that have been found were restricted to *3A,*3C
and *2, implying that a test limited to those 3 mutations
might be sufficient (34).

Ultra-high TMPT activities

Ultra-high enzyme activity status is found in 1 to 2%
of the population. It is easily detected by a phenotypic
test, and has recently been attributed to genetic modifi-
cations, i.e. a trinucleotide (GCC) polymorphism in the
promoter gene of TPMT (35) referring to a modification
in the number of GCC sequences (normally 6). Very
high TPMT activity will shift the drug metabolism
towards a more inactive compound such as 6-MMP,
thereby lowering active 6-TGN levels and increasing the
risk of clinical “drug resistance” as shown in several
studies where clinical response rates were stratified
according to baseline TMPT activity (36-38). Moreover,
patients with an ultra-high TMPT activity will produce
higher amounts of methylated derivates responsible for
liver toxicity.
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TPMT activity AZA recommended Major active Mechanism Therapeutic Potential 
dose metabolite of action 6-TGN levels myelotoxicity

Very high 3.0 mg/kg/day methylated Antimetabolic Low Delayed
(> 26.1 U/ml) ribonucleotides

High          2.5 mg/kg/day methylated Antimetabolic Low Delayed
(> 18.1-26 U/ml) ribonucleotides

Intermediate   1.5 mg/kg/day
(13.8-18 U/ml)

Low 0.5 mg/kg/day 6-Thioguanine Apoptotic High Acute
(5.1-13.7 U/ml) nucleotides

Very Low        0.125 mg/kg/day 6-Thioguanine Apoptotic High Acute
(< 5 U/ml) nucleotides

(adapted from Cara ; ref : 50)

Table 1. — Adaptation of doses in relation to TPMT activity
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Measurements of thiopurine metabolites 6-thio-
guanine nucleotides (6-TGN) and 6-methylmer-
captopurine (6-MMP)

AZA and MP are both inactive prodrugs that are
metabolized via 3 main enzymatic pathways to produce
the nucleotide metabolites 6-thioguanine (6-TGN), 6-
methylmercaptopurine (6-MMP), and 6-thiouracil (6-
TU) (Figure 1). Three thioguanine nucleotides are
known (6-thioguanine monophosphate [6-TGMP], 6-
thioguanine diphosphate [6-TGDP], and 6-thioguanine
triphosphate [6-TGTP]) that are distinguished by the
number of phosphate residues attached during the ana-
bolic conversion of 6-thioxanthosine monophosphate.
Conversion of 6-TGDP to 6-TGTP is supposed to be
catalysed by nucleoside diphosphate kinase (DPK), an
enzyme presenting inter-individual variability with
unknown impact on 6–thioguanine phosphates levels.

6-thioguanine nucleotides (6-TGN)

6-TGN appear to be some of the active metabolites
responsible for therapeutic efficacy. Conflicting results

about the clinical interest of 6-TGN levels in TP treated
patients have been reported. Several studies showed a
relationship between the therapeutic response and ery-
throcyte 6-TGN metabolite levels greater than 250
pmol/8×108 RBC (37,39) whereas others reported no
relationship at all (40-42). Moreover, a recent meta-
analysis (43) showed that the sensitivity of 6-TGN
threshold levels for clinical response is only 62% and
with a specificity of only 72%. However, the meta-
analysis presented a statistically significant hetero-
geneity (p = 0.003). This apparent discordance between
studies concerning the clinical interest of 6-TGN levels
might be explained by the use of different biochemical
tests that profoundly modify 6-TGN measurements. In
addition, conflicting results might also be related to sig-
nificant intra and inter-individual variability.

Nevertheless, in steroid-dependent IBD, AZA dose
escalation guided by metabolite monitoring significant-
ly increases the likelihood of attaining steroid-free
remission (44). In addition, a subgroup of patients with
high 6-TGN and increased 6-TGDP levels showed a
worse outcome with lower responses rates than patients
with high 6-TGN and predominantly detectable 6-TGTP
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AZA : azathioprine, MP : 6-mercaptopurine, 6TG : 6-thioguanine, 8-OHAZA :8-hydroxy-azathioprine, NMI : nitromethylimidazole,
6-TUA : 6-thiouric acid, 6-MMP : 6-methylmercaptopurine, 8-OH-6-MMP : 8-hydroxy-6methylmercaptopurine, 6-TIMP, 6-TIDP
and 6-TITP : 6-thioinosine mono, di and triphosphate, 6-MTIMP,6MTIDP and 6-MTITP : 6-methylthionosine mono, di and
triphosphate, 6-TXMP : 6-thioxanthosine monophosphate, 6-TGMP, 6-TGDP and 6-TGTP : 6-thioguanine mono, di and triphos-
phate, 6-MTGMP : 6-methylthioguanine monophosphate, 6-MTG : 6-methylthioguanine, AO : aldehyde oxydase, GST : gluthation-
S-transferase, XOD :xanthine oxidase/dehydrogenase, TPMT : thiopurinemethyltransferase, HGPRT : hypoxanthine guanine phos-
phoribosyl transferase, MPK : monophosphate kinase, DPK : diphosphate kinase, ITPA : inosine triphosphate pyrophosphatase,
IMPDH : inosine monophosphate dehydrogenase, GMPS : guanosine monophosphate synthetase.

Figure 1. — Simplified scheme of thiopurine metabolism 
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levels suggesting that 6-TGDP levels of more than 15%
of total 6-TGN levels predict poor response in AZA-
treated patients (45).

6-methylmercaptopurine (6-MMP)

MP is either degraded intracellularly into an inactive
metabolite, 6 methylmercaptopurine (6-MMP), or trans-
formed into the active metabolites, 6-thioguanine
nucleotides (6-TGNs) and 6-methylmercaptopurineri-
bonucleotides (6-MMPRs). Overproduction of 6–MMP
might predispose patients to hepato- and myelotoxicity
(39,46). 

With the purpose of providing guidance to adequate
use of these different metabolites, Sparrow et al. pro-
posed to identify four groups of patients (Table 2) (47).

Group 1 : Non compliant patients. This subgroup of
patients might represent 20% of TP treated patients :
they have negligible levels of both 6-TGN and 6-MMP
or methyl-metabolites.
Group 2 : Patients insufficiently treated. They have sub-
therapeutic levels of both metabolites. TP dose escala-
tion seems necessary to reach clinical remission.
Group 3 : Patients pharmacologically resistant to TP.
The metabolite profile is defined by low levels of 6-TGN
and high levels of methyl metabolites. This might be
explained by ultra high TPMT activity and eventually
counteracted by allopurinol administration (48).
Group 4 : Patients refractory to TP treatment. They
reach therapeutic levels of both 6-TGN and 6-MMP
without clinical efficacy. Continuation of TP therapy in
this scenario seems futile (49) and another class of ther-
apeutic agents is required.

Conclusions

TPMT and thiopurine metabolites use in clinical
practice is still debated. TPMT analysis does not predict
all TP side-effects but determines a higher risk group
which could benefit from an adapted dose as proposed
by Cara in relation to TPMT activity (Table 1) (50)
resulting in significant therapeutic benefits. TPMT

genotype or phenotype testing performed prior-to treat-
ment can identify a proportion of patients at risk of
developing myelotoxicity, a life-threatening condition,
and helps in making dosage choices. It is likely that
other enzymes involved in TP metabolism like XOD,
inosine triphosphate pyrophosphatase (ITPA) and glu-
tathion-S-transferase (GST) will emerge in the future
but data about their clinical interest are currently too
scarce to recommend testing for these enzymes in daily
practice. Thiopurine metabolites determinations should
not be performed in all patients taking antipurine thera-
py, but only in a situation of suspected TP failure allow-
ing to adapt the treatment strategy and to avoid inade-
quate cessation of TP therapy, which remain a keystone
of IBD treatment. Enzyme determination or TP metabo-
lite measurements cannot be used as a substitute for the
current practice of regular monitoring of the blood cells
count and liver tests. 
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