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HOW SHOULD THIOPURINE TREATMENT BE MONITORED?—
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� Monitoring of thiopurine metabolites is important due to a complex metabolism with large in-
terindividual variation, but the suitability of currently used methods has been questioned. The
drawbacks include poor reproducibility, the inability to differentiate between the different analytes,
as well as the use of a nontarget matrix. Further research should be directed toward measuring
thiopurine metabolites in mononuclear cells, measuring the different nucleotides specifically, as well
as measuring the incorporation of thioguanine into DNA. The studies should not be limited to
thioguanosine nucleotides but include methylthioinosine nucleotides as well.

Keywords TGN; methylthioinosine monophosphate; methyl mercaptopurine; inflam-
matory bowel disease; childhood leukemia

INTRODUCTION

The thiopurine drugs, azathioprine, mercaptopurine, and thioguanine,
are widely used in the treatment of childhood acute lymphoblastic leukemia
(ALL), and inflammatory bowel disease (IBD). They are prodrugs with a
complex metabolism with large interindividual variation. This variation gives
rise to substantial and unpredictable interindividual differences in the con-
centrations of the active metabolites during thiopurine therapy. In turn, this
leads to variations in drug response resulting in lack of therapeutic effect as
well as adverse events.

Low activity of the polymorphic enzyme thiopurine methyltransferase
(TPMT) leads to abnormally high levels of thioguanosine nucleotides (TGN)
in red blood cells (RBC), especially in homozygously deficient patients [1],
with a frequency around 1 in 300 in Caucasians.[1,2] The high concentra-
tions may cause adverse events that can be avoided by adjusting the dosage
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based on TPMT activity determination prior to initiating treatment with
thiopurines.

However, even when the TPMT activity is taken into account, a significant
interindividual variation in the drug response remains. To help individualize
the thiopurine treatment, monitoring of the active metabolites has been
carried out in many centers for the last 20 years, but the clinical benefit of
such methods has been questioned.[3] We believe that this lack of success
mainly might be due to methodological aspects and the aim of this article is
to discuss the methods used today, give possible explanations as to why they
fail, and suggest how to improve them.

THE METHODS USED TODAY

The main strategy for the monitoring of thiopurine metabolites has
been to measure TGN in RBC. A number of different methods have been
described, the majority of which are based on hydrolysis of the TGN back
to thioguanine using acid, possibly followed by some sort of sample clean-
up.[4–6] Typically, the thioguanine is detected using UV-absorbance at either
around 320 nm,[4] or 340 nm.[6] Most commonly used are the method de-
veloped by Lennard and Singleton,[4,7] the method developed by Derivieux
and Boulieu,[6,8] or slightly modified versions thereof. Briefly the TGN are
hydrolyzed using sulphuric acid, in the method by Lennard and Singleton,
or perchloric acid, in the method by Dervieux and Boulieu, and analyzed by
HPLC. In the method by Lennard and Singleton, the produced thioguanine
is extracted by phenyl mercury adduct formation prior to injection onto the
HPLC.

WHY WE NEED NEW METHODS

RBC are not the target of thiopurines and it is questionable if the metabo-
lite concentration in RBC is a good surrogate marker for drug effects. Even
though it has been shown that extremely high TGN concentrations in RBC
correlate with adverse events, and that the methods are effective for check-
ing compliance, a number of studies have failed to establish a correlation
to clinical effects.[3] In a recent meta-analysis by Osterman et al.,[9] a cor-
relation between remission and TGN concentrations was found, but TGN
concentration only partially explained remission.

WHERE DO THE PROBLEMS ARISE?

There are a number of methodological disadvantages with the method-
ology used so far that might contribute to the lack of observed correlation.
First, the acid hydrolysis methods have shown poor reproducibility. In the
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modified Lennard and Singleton method [4] used in our laboratory, the ob-
served inter-day CV was more than 20% at concentrations between 58 and
660 pmol/8 × 10∧8 RBC.[10]

The hydrolysis step is another possible source of error. Differences in hy-
drolysis efficiency make comparisons between results obtained by different
methods difficult. This was nicely shown by Shipkova et al.[11] in a compar-
ison between the methods developed by Lennard and Singleton,[4,7] and
Dervieux and Boulieu.[6,8] Especially the method developed by Lennard and
Singleton seemed to suffer from incomplete hydrolysis.

Second, at least 9 different substances could possibly contribute to the
thioguanine reported as TGN, including the free base, the riboside, the three
nucleotides (mono-, di-, and triphosphate), as well as the deoxy analogs.
However, earlier studies showed that the free base[4,10] and the riboside[10]

are not present in RBCs, and therefore do not contribute to TGN. Deoxyri-
bonucleotides are present at such low concentrations that their contribu-
tion toward the total TGN probably is negligible.[12] Instead TGN is mainly
made up by thioguanosine mono- (TGMP), di- (TGDP), and triphosphates
(TGTP).[10,13–15]

It is likely that these substances differ in their clinical effects, and there-
fore it is possible that individual patients might be more or less skewed
toward the more potent substances, affecting the clinical outcome. Some
evidence from studies comparing TGMP, TGDP, and TGTP concentrations
suggest that this is indeed the case.[10,13,15] More specifically, this indicates
that the concentration of TGN might not accurately reflect the concentra-
tions of TGTP and deoxyTGTP, which are the substances believed to be
incorporated into RNA and DNA, respectively.

The third major drawback is that TGN is measured in RBC. The RBC
lack inosine monophosphate dehydrogenase[16] and cannot form TGN from
azathioprine or mercaptopurine. Instead, the TGN present in the RBC are
hypothesized to be produced by phosphorylation of thioguanine absorbed
from tissues capable of converting 6-mercaptopurine into thioguanine.[17]

Individual differences between patients in the transport of these substances
might therefore give rise to differences in the ratio between the TGN concen-
tration in the targeted cells and the TGN concentration measured in RBC,
and thus explain the weak or absent correlation between TGN concentration
and clinical response.

Taken together, it seems likely that even though the concentration of
one or more of these substances in the target cells correlate well with the
clinical outcome it would be very difficult to observe this when measuring
TGN in RBC.

THE IDENTITY OF meTIMP AND ITS IMPORTANCE

Because the thiopurines are prodrugs, a number of other metabo-
lites are produced. Of these, especially methylthioinosine monophosphate
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(meTIMP) and methylmercaptopurine (meMP) as measured by various acid
hydrolysis methods, have attracted a research interest, especially regarding
adverse events.

When acid hydrolysis methods are used, the analytes reported as meTIMP
are the same as those reported as meMP. Mercaptopurine is the base
in thioinosine nucleotides making meTIMP and meMP, indistinguishable.
The substance is hydrolyzed back to 4-amino-5-(methylthio)carbonyl imida-
zole (AMTCI) during the measurement.[8] A name analogous with TGN is
methylthioinosine nucleotides (meTIN), which will be used in the reminder
of this article.

In patients treated orally, neither meMP nor meMP riboside was found
in RBC.[18] It has also been shown that meTIMP does contribute to the
total meTIN, but other, not yet identified substances also contributes.[10]

Earlier research showed that very high meTIN values did predict adverse
events,[19] as well as that meTIN was increased instead of TGN in patients
not responding to treatment.[20] Both these studies indicate the importance
of further studies of meTIN.

WHAT ARE THE ALTERNATIVES?

A number of other approaches for measuring thiopurine metabolites
have been published. A number of attempts have been made to specifically
measure TGMP, TGDP, and TGTP,[10,15,21] Most of these have been modifi-
cations of an extraction protocol developed by Rabel et al.[22]

Another strategy is to enzymatically remove the phosphate groups from
the nucleotides and measure them as nucleosides. Such a method was devel-
oped by Giverhaug et al.[18] for the measurement of meTIN, but essentially
this would be the same type of measurement as those using acid hydrolysis,
because the free base was not present.[18] However, in 2002, Dervieux et al.
published a method using this technique to measure meTIN in lympho-
cytes from patients receiving infusions of mercaptopurine as treatment for
acute lymphoblastic leukemia (ALL).[23] This is a very interesting approach
but we have not found any clinical studies using this type of method for
measurements of TGN in lymphocytes.

A third approach is to measure the amount of thioguanine bases that
are incorporated into the DNA. Since incorporation of thioguanine into
DNA is believed to be one of the main mechanisms for thiopurine effects,
this might be a way to clinically measure treatment effect. Three methods for
quantifying thioguanine incorporation into DNA have been published,[24–26]

but to our knowledge, studies on the correlation to patient outcomes are
lacking.
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CONCLUSIONS

The methods used in clinical routine today are not good enough,
probably due to poor reproducibility, the inability to differentiate between
different analytes, as well as the use of an unsuitable matrix. However, we
believe that there is a possibility to develop a useful method, and believe that
research should be directed toward measuring the nucleotides in mononu-
clear cells, measuring the different nucleotides specifically, as well as mea-
suring the incorporation of thioguanine into DNA. The studies should not
be limited to TGN, but include meTIN and other metabolites as well.
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