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Abstract Functional polymorphisms in the thiopurine

methyl transferase (TPMT) gene have been associated with

varying levels of enzyme activity and the occurrence of

toxicity related to thiopurines. A total of 98 patients

(66 pediatric and 32 adults) with precursor B acute lympho-

blastic leukemia (Pre-B ALL) were evaluated for TPMT

gene polymorphisms. The inability to tolerate 6-mercap-

topurine (6-MP) at conventional doses was considered as a

surrogate marker of hematologic toxicity. The allele fre-

quency of TPMT*2, *3A, *3B and *3C in the study pop-

ulation was 0.5, 0, 0 and 2.6%, respectively, similar to the

frequency observed in other Asian populations. Five

patients were heterozygous for TPMT*3C variant allele,

and one of these patient’s was compound heterozygous

with TPMT*2 variant as the other allele. The impact of

TPMT polymorphisms on the toxicity and treatment out-

come was assessed in 66 pediatric patients only, as there

was no variant TPMT detected in the adult patients. Three

of the 5 patients (60%) heterozygous for TPMT*2 or

TPMT*3C polymorphisms and 12/61 patients (20%) with

wild type TPMT genotype had more than 10% of reduction

of 6-MP dose (P = 0.07). The presence of TPMT poly-

morphisms did not seem to completely explain the varia-

tion in 6-MP toxicity in this small group of patients. Other

novel variants in TPMT or variations in the genes involved

in transport and biotransformation of 6-MP need to be

evaluated in the Indian population.
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Introduction

6-Mercaptopurine (6-MP) is one of the main drugs used for

maintenance therapy in ALL, but it is associated with

significant cytopenia in a subset of patients [1, 2]. TPMT is

involved in the methylation reactions of 6-MP and aza-

thioprine, its pro-drug. The activity of TPMT is influenced

by the genetic polymorphisms, which can alter the rate of

6-MP metabolism by TPMT. The enzyme activity of

TPMT varies among patients; 86.6% of the Caucasian

population has high TPMT activity, 11.1% has intermedi-

ate activity, and 0.3% is deficient in TPMT [3, 4]. Three of

these alleles (TPMT*2, *3A and *3C (G460A) account for

80–95% of intermediate- or low-enzyme activity cases

[4–7]. The TPMT genotype correlates well with in vivo

enzyme activity within erythrocytes and leukaemic blast

cells and is clearly associated with risk of toxicity [8, 9].

The cumulative incidence of 6-MP dose reduction due to

toxicity was highest among patients who were homozygous

mutant for TPMT, intermediate among heterozygous

patients and lowest among wild-type patients. Dose

reduction in patients with inactive TPMT is associated with

lower 6-TG concentrations and thus a higher risk of relapse

[10–12]. In addition, there is emerging data that the TPMT

genotype may influence the risk of secondary malignan-

cies, including brain tumors and AML [8, 13].

To the best of our knowledge, there is no report from India

on the incidence of common TPMT allelic variants and

the influence of these alleles on hematologic toxicity in

patients’with ALL. This retrospective analysis was under-

taken to determine the prevalence of genetic polymorphisms
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in the TPMT gene in Indian patients with acute lympho-

blastic leukemia and to study the impact of TPMT genotype

on toxicity and treatment outcome. The inability to tolerate

6-MP at conventional doses was considered as a surrogate

marker of hematologic toxicity.

Patients and methods

Patients

A total of 98 patients with Pre-B ALL, treated at our centre

between 1999 till 2003 for whom, genomic DNA sample

was available at diagnosis were included in this study.

DNA was extracted by standard phenol–chloroform

method from available bone marrow or peripheral blood

sample at diagnosis that was sent for molecular diagnosis

of leukemia-specific fusion transcripts. All patients

received treatment as per institutional protocols. Impact of

TPMT polymorphisms on treatment outcome and 6-MP

intolerance was studied only in the pediatric patients as

none of the adult patients had TPMT allelic variations.

Treatment protocol

Children were treated with a modified BFM protocol with a

6-drug induction consisting of vincristine, daunorubicin,

L-asparaginase, cyclophosphamide, cytosine and predniso-

lone [14, 15]. CNS directed therapy consisted of intrathecal

methotrexate and CNS radiation. Interim maintenance with

6-MP and methotrexate was followed by reinduction and

then with maintenance therapy for 2 years with daily 6-MP

(50 mg/m2) and weekly oral methotrexate (20 mg/m2). In

addition, some patients received monthly vincristine and

steroids during maintenance. Adults (C15 years) were

treated with a modified GMALL protocol wherein induc-

tion was followed by consolidation consisting of 2 courses

of cytarabine and etoposide [15]. Patients further received

reinduction followed by maintenance therapy with daily

6-MP, weekly methotrexate and monthly pulses of vin-

cristine and prednisolone.

Hematological toxicity. Detailed information on the

doses tolerated and the reductions in 6-MP doses required

were obtained from hospital records. More than 2 episodes

of neutropenia (ANC \ 0.5 9 109/l) requiring temporary

discontinuation of therapy or greater than 2 episodes of

febrile neutropenia within a period of 3 months was con-

sidered as an indication to reduce the 6-MP doses. A

reduction in 6-MP doses of 10% or more was considered

significant. Blood tests were done every 2 weeks during

maintenance to monitor hematologic toxicity. Dosage

alterations were allowed to maintain an optimal white cell

count of about 3 9 109/l, minimize time of therapy

omission and hospital admissions from febrile neutropenia.

Dosing and outcome data was available for both pediatric

and adult patients.

TPMT polymorphism analysis. Four common functional

variants of TPMT gene TPMT*2 and TPMT*3 (*3A, *3B

and *3C) were screened in all the ALL samples using

previously published methods [5, 16]. All the amplification

was done in a 25-ll reaction containing approximately

250 ng of DNA in a PCR master mix (Eppendorf, Ham-

burg, Germany). Briefly, for G238C mutation (TPMT*2),

an allele specific PCR was performed using the forward

wild type and mutant primers and a common reverse

primers, and the 254-bp PCR product was resolved in 3%

agarose. For G460A and A719G mutation (TPMT*3B and

*3C), PCR–RFLP was performed using the primers

described by Yates et al. [5], and the 365 and 293-bp

products PCR products were digested with a restriction

enzyme MwoI and AccI (New England Bio labs, Beverly,

MA, USA) and kept in water bath for 2 h at 60�C and

resolved in 3% agarose.

Statistical analysis

The Chi-square or Fisher’s exact test was used to test the

difference in the genotype and allele frequencies within the

groups, and also with respect to age, sex, and treatment

outcome such as dose reduction and toxicity.

Results

Four common functional variants of the TPMT gene,

TPTM*2, TPMT*3A, TPMT*3B and TPMT*3C were

evaluated in 98 patients diagnosed with Pre-B ALL. There

were 66 children and 32 adults with a median age of 5 and

24 respectively. None of these 4 variant alleles was present

in any of the adult patients who underwent this therapy, but

4 of the pediatric patients were heterozygous carriers of

TPMT*3C allele and one was compound heterozygous for

TPMT*2 and TPMT*3C. The allele frequency of TPMT*2,

TPMT*3A, TPMT*3B and TPMT*3C alleles in the pres-

ent study was 0.5, 0, 0 and 2.6% respectively.

Fifteen of the 66 patients had 6-MP dose reduction;

however, the TPMT variant alleles were present only in 3/

15 patients. Two patients with TPMT*3C heterozygous

genotype did not require dose reduction. There was no

significant difference between patients who were wild type

or heterozygous for the TPMT alleles with respect to age

(P = 0.308), sex (P = 1.00) and treatment outcome

(P = 0.389), but there was a trend to significant increase in

the incidence of hematologic toxicity (P = 0.07) in

patients with variant TPMT allele (Table 1). Although 9

out of 32 adult patients (27%) had significant dose
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reduction, none of the samples had the common variant

TPMT alleles.

Discussion

To the best of our knowledge, there is no report on the

prevalence of the common TPMT allelic variants in the

Indian population. The frequencies of four common allelic

variants of the TPMT gene, namely TPMT*2, TPMT*3A,

TPMT*3B and TPMT*3C exhibit ethnic differences. The

overall TPMT heterozygous carrier allele frequency in our

study population was 3.1%, which is much lower than

reported for Caucasian population (7–14%) but similar to

earlier Asian studies in Han Chinese (2.5%) and a multi-

racial study from Singapore (4.6%) [17]. TPMT*3C is

more prevalent in Ghanaians (14.8%), while TPMT*3A

was the common variant (10.1%) in British subjects [18].

In our study, the most commonly reported polymorphic

allele was TPMT*3C (2.6%). Earlier studies in samples of

Indian origin from UK and Singapore have noted presence

of TPMT*3A and TPMT*3C variants at low frequencies of

0.5 and 0.8% respectively [17, 19] (Table 2). Studies have

suggested that the A719G (TPMT*3C) mutation may be

the ancestral TPMT mutant allele from which other rare

mutant allele originate as it was present in both Caucasian,

African, Chinese and Indian populations [20].

TPMT*2 appears to be a more recent allele, and seen in

compound heterozygous form in one patient with

TPMT*3C. TPMT*2 allele is very rare, which has been

detected in British Caucasians (0.5%) [20], German Cau-

casians (0.2%) [21], French Caucasians (0.7%) [22], Bra-

zilian (2.2%) [23], but not in British Ghanaian population

[18]. Even the studies done in cord blood samples from the

multiracial Asian populations including Indians found no

TPMT*2 variant allele. None of the patients had variant

TPMT*3A or TPMT*3B in our study cohort, although

TPMT*3A has been reported to occur in an Indian popu-

lation at a lower frequency (0.5%) [22]. It is possible that

TPMT*2 and TPMT*3B alleles were likely to be generated

from the ancestral one (TPMT*3C) as the latter is prevalent

in all studied populations. In spite of small numbers and a

select patient population, our study reveals an interesting

trend in TPMT genotypes in the Indian population. Nev-

ertheless, a large population-based study would be required

to confirm this finding.

Patients inheriting TPMT deficiency develop severe and

life threatening hematopoietic toxicity on treatment with

conventional doses of 6-MP. Patients heterozygous for

TPMT variant allele are also at higher risk [10]. Lowering

doses of 6-MP in TPMT heterozygotes and in deficient

patients allowed administration of full protocol doses of

other chemotherapy while maintaining high thioguanine

nucleotide concentrations [10]. Evans et al. [24] noted a

significant ([sixfold) overrepresentation of TPMT defi-

ciency or heterozygosity among patients developing dose-

limiting hematopoietic toxicity from therapy containing

thiopurines. Conversely no increased hematological toxic-

ity was noted in patients heterozygous for TPMT poly-

morphisms by McLeod et al. [25]. In our pediatric

population, there was a dose reduction for 15 patients

(15/66), but among them only three were carriers for

TPMT*3C allele out of which one patient exhibiting

compound heterozygosity had a significant dose reduction.

However, in the adult group, 9 out of 32 patients had a dose

reduction, but none had TPMT variant alleles. This implies

Table 1 Treatment outcome and TPMT polymorphisms in pediatric

patients (n = 66)

Wild type (61) Heterozygous (5) P value

Age (mean) (years) 5.3 7 0.308

Male 33 (54.1%) 3 (60%) 1.00

CCR 36 (61%) 2 (40%) 0.643

Dose reduction 12 (20%) 3 (60%) 0.073

CCR continuous complete remission

Bold value denotes significant difference

Table 2 Allele frequency of TPMT*2, TPMT*3A, TPMT*3B and TPMT*3C polymorphisms in different ethnicity

Number Frequency

Patients Alleles TPMT*2 TPMT*3A (%) TPMT*3C (%)

Present study Indian 98 196 0.5% – 2.6

McLeod et al. [25] Caucasians (UK) 147 294 0 5.4 0.7

Spire-Vayron de la Moureyre et al. [26] Caucasians (France) 191 382 0.5% 5.7 0.8

Kham et al. [17] Indians 200 400 0 0.5 0.8

Martin Stanulla et al. [27] Caucasians (Germany) 814 1,628 0.25% 2.95 0.56

Ma et al. [28] Chinese 280 560 0 – 3.6

Hongeng et al. [29] Thai 75 150 0 – 11
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that apart from commonly studied polymorphisms, various

other rare polymorphic alleles in the TPMT gene might

have an effect on this toxicity. Other novel variants in

TPMT or variations in the genes involved in transport and

biotransformation of 6-MP need to be evaluated in the

Indian population.
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