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ABSTRACT

Background: Genetic polymorphisms in
thiopurine methyltransferase (TPMT)
influence the metabolism of azathio-
prine (AZA) and 6-mercaptopurine
(6-MP) in patients with inflammatory
bowel disease(IBD).

Objective: The aim of this study is to
assesghe relationship between TPMT
activity and 6-thioguanine nucleotide (6-
TGN) and 6-methylmercaptopurine
ribonucleotide (6-MMPN) levelsin
patients with IBD in clinical practice.

Methods: TPMT activity, 6-TGN levels
and 6-MMPN levels were analyzedin all

patients who had a TPMT assessment
and at least 2 metabolite profiles sentto
PrometheusLaboratories Inc. (San
Diego, CA) from June 2000to February
2004.The useof AZA or 6-MP and the
dosing of the drug were at the discretion
of the patient® gastroenterologist.
Linear regressionwasusedto analyze
the relationships between TPMT and 6-
TGN, 6-MMPN, and 6-MMPN/6-TGN .

Results: A total of 1,021 patientswere
identified. Linear regresson showed a sig-
nificant inverse relationship between
TPMT activity and 6-TGN level,
r(1017)=80.162, P<0.01, a significant direct
relationship between TPMT activity and
6-MMPN level, r(1018)=0.172, P<0.01, and
a significant direct relationship between
TPMT activity and 6-MMPN/6-TGN

ratio, (589)=0.141, P<0.01.
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Conclusions: Higher TPMT activity is
associatedwith lower 6-TGN levels and
higher 6-MMPN levelsin patients with
IBD who were treated with AZA or 6-
MP in clinical practice.

INTRODUCTION

Inflammatory bowel disease(IBD) is a
chronic inflammatory disorder of the
gastrointestinal tract that encompasses
both Crohn@® diseaseand ulcerative coli-
tis. IBD is commonly treated with
immunomodulators suchas6-mercap-
topurine (6-MP) and its prodrug, aza-
thioprine (AZA).

Recent investigation hasled to a
better understanding of the metabolism
of AZA. 6-thioguanine nucleotides (6-
TGN) are the active metabolites of
AZA andresult in inhibition of lympho-
cyte proliferation. * This may contribute
to the therapeutic benefit of AZA. The
enzymethiopurine methyltransferase
(TPMT) facilitates formation of 6-
methylmercaptopurine ribonucleotides
(6-MMPN), which are inactive metabo-
lites and may be responsible for some
toxicities of AZA. Studieshave shown
that 6-TGN levels are associatedwith
clinical responsewhen AZA or 6-MP is
usedin the treatment of Crohn@
disease?® Elevated levels of 6-MMPN
are associatedwith hepatotoxicity,* but
not clinical response

Genetic polymorphismsin TPMT
influence the metabolism of AZA/6-MP
in patients with IBD . Patients with
absentTPMT activity are at high risk for
very high levels of 6-TGN and potential-
ly dangerousleukopenia. Patients with
intermediate TPMT activity are likely to
respondto alow dosageof AZA.
Patients with normal TPMT activity can
be treated with standard doses(1 to 1.5
mg/kg/day of 6-MP or 2 to 2.5 mg/kg/day
of AZA). It should be noted that factors
other than TPMT activity also con-
tribute to leukopenia.®

In clinical gastroenterology practice,

there are 3 general approachesto the
initiation of AZA/6-MP in the treatment
of IBD . With empiric dosing, the clini-
cian beginsa low dosageof the drug,
suchas50 mg/day. The dosagecanthen
be slowly increasedwhile monitoring
the white blood cell count. If leukopenia
occurs the dosagecan be decreasedor
the drug can be discontinued. The sec-
ond approach is weight-baseddosing.
This entails prescribing 6-MP 1to 1.5
mg/kg/day or AZA 2to 2.5mg/kg/day
and closely observing the patient for
myelosuppression.The third approachis
pharmacogenetic-baseddosing. This
approach includes determining the
patient@ TPMT genotype or phenotype
prior to initiating the drug. Patients with
absentTPMT activity would not receive
AZA therapy, while patients with inter-
mediate activity would receive low-dose
therapy, and those with normal activity
would receive standard weight-based
doses Modeling studies have suggested
that checkinga TPMT assayprior to ini-
tiating AZA is cost-effective®’ This can
be accomplishedwith or without check-
ing metabolite levels after the drug is
initiated. Ho et al propose an algorithm
using TPMT testing prior to initiation of
AZA. 8

Small prospective studies have con-
firmed the inverse correlation between
TPMT activity and 6-TGN levels Some
of these studiesfailed to confirm a
direct correlation between TPMT activi-
ty and 6-MMPN levels aswould be
expected.Currently, pharmacogenetic-
baseddosing of AZA/6-MP is usedby a
significant number of gastroenterologists
in clinical practice. The distribution of
TPMT activity differs among whites,
blacks and Asians, which are all compo-
nents of the diverse population in the
United Statesand elsewhere The aim of
this study is to assesghe relationship
between TPMT activity and 6-TGN and
6-MMPN levelsin alarge number of
patients with IBD in clinical practice.
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TMPT vs. 6-TGN
r(1017)=—0.162, P<0.01
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Figure 1. Plot of 6-TGN level (pmol/8 x10%erythrocytes) by pretreatment TPMT activity (Enzyme
Units). 6-TGN = 6-thioguanine nucleotide; TPMT = thiopurine methylfransferase.

MATERIALS AND METHODS
PrometheusLaboratories Inc. (San
Diego, CA) hasbeen measuringTPMT
activity and AZA metabolite profiles
(which include 6-TGN and 6-MMPN
levels) commercially since 1999.These
testshave beenwidely usedby gastroen-
terologists in their managementof
patients with IBD . In this observational
study, all patients who underwent a
measurementof TPMT activity and at
least2 measurementsof AZA metabo-
lites by PrometheusLaboratories Inc.
between June 2000and February 2004
were selected.Becausemany clinicians
use metabolite levelsto optimize the
doseof AZA, this study limited the
analysisto patients who had more than
1 metabolite measurementto only con-
sider those who have been dose-opti-
mized by their clinicians. Only the most
recent metabolite profile wasanalyzed.
A total of 1,021patients met these
criteria.

The data were analyzedwithout
patient identifiers. The selection of AZA
or 6-MP and the dosageof the drug
were at the discretion of the clinician.
All clinical managementof the patient
remained with the primary physician.

Linear regressionwasusedto ana-
lyze the relationships between TPMT
activity and 6-TGN level, TPMT activity
and 6-MMPN level, and TPMT activity
and 6-MMPN/6-TGN ratio.

RESULTS
A total of 1,021patients were identified.
TPMT activity was<23.6 Enzyme Units
(EV) in 168 patients (16.5%), which cor-
respondsto low or intermediate activity,
and normal in the remaining 853
patients (83.5%). 6-TGN levelsranged
from 0to 1451pmol/8 x1(? erythrocytes
while 6-MMPN levels ranged from 0 to
26,820pmol/8 x1CPerythrocytes

Linear regressionshowed a signifi-
cantinverse relationship between TPMT

284 Vol. 6, No. 4,2006 ® The Journal of Applied Research




TMPT vs. 6-MMPN
r(1018)=0.172, P<0.01
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Figure 2. Plot of 6-MMPN level (pmol/8 x108 erythrocytes) by pretreatment TPMT activity (EU).
6-MMPN = 6-methylmercaptopurine ribonucleotide; TPMT = thiopurine methyliransferase.

activity and 6-TGN level, r(1017)=£0.162,
P<0.01(Figure 1), a significant direct
relationship between TPMT activity and
6-MMPN level, (1018)=0.172,P<0.01
(Figure 2), and a significant direct rela-
tionship betweenTPMT activity and 6-
MMPN/6-TGN ratio, r(589)=0.141,
P<0.01) (Figure 3).

DISCUSSION
There is disagreementabout how to best
approachthe dosingof AZA in IBD.
There is debate about the value of
checking TPMT activity prior to initiat-
ing the drug. The 2 clinical areasin
which knowledge of TPMT activity may
be useful are: (1) predicting adverse
eventsand (2) predicting clinical effica-
cy. It is clear that patients with absent
TPMT activity or who are homozygous
for TPMT mutations are at increased
risk for myelosuppression.lt is not clear
whether TPMT activity can predict the
clinical efficacy of AZA.

6-TGN levels have been associated

with clinical response The present study
assessethe relationship between TPMT
activity and 6-TGN levels 6-MMPN lev-
els and 6-MMPN/6-TGN ratio in
patients in clinical practice. Although
small prospective studies have shown a
correlation between TPMT and 6-TGN
levels correlation with 6-MMPN levels
hasnot been shown previously. The
present study useda large, unselected
databaseof 1021 patients who have had
TPMT activity measurementsand at
least 2 measurementsof AZA metabo-
lites evaluated by Prometheus
Laboratories Inc. to assesghis correla-
tion with patients with IBD in clinical
practice. A statistically significant
inverse correlation wasfound between
TPMT activity and 6-TGN levels
Additionally , a statistically significant
direct correlation wasfound between
TPMT activity and 6-MMPN levels.
Although the strength of theserelation-
shipsis not strong (=D0.162and
r=0.172 respectively), this reflects a
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TPMT vs. 6-MMPN:6-TGN RATIO
r(589)=0.144, P<0.01
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Figure 3. Plot of 6-MMPN/6-TGN ratio by pretreatment TPMT activity (EU). 6-MMPN = 6-methylmer-
captopurine ribonucleotide; 6-TGN = 6-thioguanine nucleotide; TPMT = thiopurine methylfrans-

ferase.

large population with nonstandardized
drug dosing. To correct for the variable
dosing patterns of numerous clinical gas-
troenterologists, the relationship
between TPMT activity and 6-MMPN/6-
TGN ratio wasalso evaluated,and this
also was statistically significantly corre-
lated (r=0.141).

If 6-TGN levels can be considereda
surrogate for clinical response then
these data suggestthat TPMT activity
may be useful for predicting clinical
response Derijks et al° found a correla-
tion between TPMT activity and 6-TGN,
but not 6-MMPN, in a prospective study
of 30 patients with IBD . In a study of
142 patients with IBD , Cuffari et al'°
found that those with below average
TPMT activity were more likely to clini-
cally respondto AZA. Therefore, it may
be that patients with higher TPMT activ-
ity will be lesslikely to respondto AZA

and may benefit from more aggressive
drug dosing. It will take a prospective,
randomized, controlled trial to deter-
mine whether knowledge of TPMT
activity prior to initiation of the drug
improves clinical response

Measuring the TPMT genotype will
allow identification of patients with
homozygousmutations or compound
heterozygousmutations in those who
lack enzyme activity. This will allow
identification of those at increasedrisk
for adverseevents However, measuring
the TPMT phenotype will allow identifi-
cation of those with absentTPMT activi-
ty aswell asdocumenting high TPMT
activity, which is correlated with future
metabolite levels Since higher TPMT
activities are associatedwith lower 6-
TGN levels and, perhaps lower clinical
response one may usethe presenceof
high TPMT activity to justify more
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aggressivedrug dosing. This would allow
higher 6-TGN levels and may increase
clinical response

Although TPMT activity is statisti-
cally significantly associatedwith the 6-
MMPN/6-TGN ratio, the correlation is
relatively weak (r=0.141)with alot of
patient variability. A weak correlation
would be expectedfor the correlation
with 6-TGN or 6-MMPN when nonstan-
dardized drug dosingis usedin patients
with normal TPMT activity. However,
the weak correlation with the 6-MMPN/
6-TGN ratio suggestghat there are
patient factors other than TPMT activity
that influence the metabolism of AZA
and the 6-TGN and 6-MMPN levels
This patient variability needsto be rec-
ognized,and all patients need appropri-
ate monitoring regardlessof the TPMT
activity or metabolite levels.

Limitations to the present study
include the lack of standardized dosing
of AZA or 6-MP and the lack of clinical
correlation. However, these data reflect
the usageof thesetestsin real-life clini-
cal practice. Prospective randomized,
controlled trials are currently underway
to formulate evidence-basedalgorithms
for the initiation of antimetabolite ther-
apyin IBD.
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