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INTRODUCTION

ABSTRACT

Introduction: Acute lymphoblastic leukemia (ALL) is the most common malignancy
in children. 6-mercaptopurine (6-MP) and methotrexate are backbone drugs for
maintenance phase of treatment. Purine Analogs 6-MP/6-thioguanine/azathiopurine are
metabolized to its inactive form by the enzyme thiopurine methyltransferase (TPMT).
Ninety percent of the population harbor wild type on both alleles (TPMT wild/wild),
10% are heterozygous, that is, one allele is mutant (TPMT wild/mutant) and 0.3% are
homozygous, that is, both allele are mutant (TPMT mutant/mutant). In heterozygous
and homozygous variant, activity of enzyme is low, leading to a higher incidence of
toxicity (myelosuppression). Aim: The primary objective was to access the polymorphism
of the enzyme, TPMT, in Children with ALL. Secondary objective was to correlate
TPMT genotype with 6-MP toxicities. Materials and Methods: Seventy-two children
with newly diagnosed ALL during first maintenance phase were serially enrolled after
obtaining consent. Five ml of peripheral blood was drawn and DNA extracted. TPMT 2
polymorphisms were performed using Allele specific polymerase chain reaction (PCR)
and TPMT 3B and 3C are performed by PCR-restriction fragment length polymorphism.
Results: Sixty-nine children of 72 (95.8%) were wild for TPMT polymorphism and
3 (4.2%) were heterozygous for TPMT. Among the heterozygous variant one each
(33.3%) were heterozygous for 2A, 3A, 3C. Febrile neutropenia was the most common
toxicity in both wild and heterozygous group. Conclusion: The frequency of TPMT
polymorphisms in children with ALL is 4.2%. Heterozygous variant is this study are
one each (33%) of 2A, 3A, 3C.
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levels. There are 29 polymorphisms described for this
enzyme of which TPMT 2, TPMT 3A, TPMT 3B, TPMT
3C (mutant) constitute 95% of polymorphisms.

Acute lymphoblastic leukemia (ALL) is the most common
cancer in childhood." 6-mercaptopurine (6-MP) and
methotrexate (MTX) constitute the backbone for
maintenance therapy. 6-MP is metabolized to its inactive
form by an enzyme thiopurine methyltransferase (TPMT)."!
The enzyme levels are variable in the population. One in 300
persons has very low levels leading to severe toxicity due to
6-MP metabolites. 10% of population have intermediate
level with varied toxicity and 90% of population has normal
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The single nucleotide polymorphisms are associated with
lower TPMT activity, among which the most common are:
238 G > C transversion, 460 G > A transition, and 719 A
> G transition. Three alleles account for more than 95%
of the clinically relevant TPMT variants: TPMT * 2, TPMT
* 3A, and TPMT * 3C. Wild-type has been designated as
TPMT * 1. TPMT * 2 allele contains single 238 G > C
mutation and TPMT * 3A allele has 2 mutations (460 G
> Aand 719 A > G), whereas TPMT * 3C has only 719
A > G mutation. A rare TPMT * 3B allele contains 460 G
> A mutation only.

There are few studies from India reporting on TPMT gene
polymorphisms in ALL patients®® and others in healthy
subjects.”!”! Further studies in this field would help to

276 Indian Journal of Medical and Paediatric Oncology | Oct-Dec 2014 | Vol 35 | Issue 4



Linga, et al.: Thiopurine methyltransferase polymorphisms

elucidate the frequency of polymorphisms in Indian ALL
population and toxicities with 6-MP.

The primary objective was to access the polymorphism of
TPMT, in Children with ALL and the secondary objective
was to correlate TPMT genotype with 6-MP toxicities.

MATERIALS AND METHODS

This is a prospective study conducted under the department
of medical oncology, Nizam’s Institute of Medical Sciences
from September 2007 to January 2010. Institutional ethical
approval was obtained. All the parents were informed about
the study and consent was obtained. All newly diagnosed
ALL children aged <18 year, just before starting the
maintenance phase of treatment were enrolled.

Methodology

5 ml of peripheral blood was drawn in
ethylenediaminetetraacetic acid vaccutainers. Genomic
DNA was extracted from peripheral leucocytes using the
Qiagen DNA extraction kit. An allele-specific polymerase
chain reaction (PCR) was used to analyze the TPMT * 2A
(G238C) mutation. PCR amplification restriction fragment
length polymorphism enzyme digestion were used to detect
TPMT * 3B (G460A) and TPMT * 3C (A719G) mutations,
as described previously.!"-'4

Study design

All the children were uniformly treated with the MCP-
841 chemotherapy protocol as previously described.!"!
Prerequisites before starting on chemotherapy were that
the child had to be clinically stable with a total leukocyte
count of more than 4000/cumm and platelet count
of more than 100000/cumm. In MCP-841 protocol
each maintenance phase contains a pulse chemotherapy
phase (injectable) and 3 months of oral phase. The
drugs delivered during injectable phase are vincristine,
prednisolone, L-asparaginase, and daunomycin. In oral
phase, oral 6-MP was started at dose of 75 mg/m?/day
for 3 weeks and oral MTX at a dose of 15 mg/m?/weekly
for 3 weeks followed by 1-week of drug holiday. Second
and third oral phases were repeated as above.

As per the protocol, the dose intensity of 6-MP was
56.25 mg/m?/day, and MTX 11.25 mg/m?*/week. As per
the protocol, three oral phases took 12 weeks to complete.

During the 1% maintenance phase on oral 6-MP and MTX,
the following toxicities were recorded as per National
Cancer Institute-Common Toxicity Criteria Version 3:
Febrile Neutropenia (FN) — patients with low risk
(neutrophil count expected to recover within 5 days) with
no focus of infection or hypotension were treated with

oral antibiotics. Rest of all the children were treated as high
risk with parenteral antibiotics; hepatotoxicity-Increase
in serum transaminases and bilirubin; mucositis; number
of weeks taken to complete first oral maintenance phase;
the actual delivered dose of 6-MP and MTX against the
intended dose intensity for 6-MP-56.25 mg/m?/day and
MTX-11.25 mg/m?*/week.

Dose interruption was defined as a child who was not
on any medications for more than 2 weeks from the last
dose of 6-MP. Dose adjustment was defined as any child
requiring a dose reduction of 6-MP. Intolerance to drug was
defined as patients having gastritis, nausea, and vomiting
after taking 6-MP.

Statistical analysis: Statistical analysis was performed with
SPSS 10.0 software (IBM corporation). A 2 X 2 test was used
to compare frequency of alleles in studied population. 2 X 2
analysis was also used for testing the deviation of genotype
proportions from Hardy-Weinberg equilibrium (HWE).

Patient characteristics were analyzed using descriptive
statistic. Inferential statistics between two groups to
calculate the P values were done using two tailored
Fisher exact test using GraphPad Prism online calculator
(GraphPad Software, Inc).

RESULTS

Seventy-two children with ALL treated consecutively were
enrolled and toxicity was assessed. Median age for this group
was 9 years (range, 2-18). The boy to girl ratio was 3.7:1. The
median total leukocyte count at diagnosis was 10,800/mm?
(range, 1100-350000/mm?). Sixty-nine children (95.8%)
were wild for TPMT polymorphism and 3 (4.2%) were
heterozygous for TPMT. Among the heterozygous variant
one each (33.3%) were heterozygous for 2A, 3A, 3C.

Allelic frequency of TPMT polymorphisms was out of
144 allele-141 (97.9%)) allele were of wild type and one
each 1/144 (0.69%) were 2A, 3A, 3C genotypes. These
proportions followed HWE.

The number of episodes of low risk FN requiring oral
antibiotics were 24/69 (34.7%) in wild type and 2/3 (66.6%0)
in heterozygous type (P = 0.2943). The number of episodes
of high risk FN requiring admission and intravenous
antibiotics in wild and heterozygous variant were 15/69
(21.7%) and 1/3 (33.3%), respectively (P = 0.5352). Grade
1 and 2 hepatotoxicity in wild vatiant was 3/69 (4.3%) and
none in the heterozygous variant (P = 1.0). Grade 1 and
2 mucositis in wild variant was 5/69 (7.2%) and none in
heterozygous variant (P = 1.0). There were no grade 3 or
4 hepatotoxicity and mucositis [Table 2.
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Table 1: Frequency distribution of TPMT polymorphism in different population

Study (reference) Origin Patient number Alleles number TPMT 2A % TPMT 3A (%) TPMT 3C (%)
Desire S et al.’s] South India 98 196 0.5 — 2.6
Kapoor G et al.® North India 71 142 2.1 0.7 2.1
Present study South India 72 144 0.69 0.69 0.69
Stanulla M et al.=® Germany 814 1628 0.25 2.95 0.56
McLeod HL et al.>! UK 147 294 o 5.4 0.7

TPMT —Thiopurine methyltransferase

6-mercaptopurine dose was decreased by (25-75%) in 24/69
(34.7%) in wild variant and 2/3 (66.6%) in heterozygous
variant (P = 0.2943). Dose interruptions, that is, children
who were not on 6-MP for more than 2 weeks were 44/69
(63.7%) and 3/3 (100%) in wild and heterozygous variants,
respectively (P = 0.5469).

Intolerance to 6-MP was 6/69 (8.6%) in wild vatiant and
1/3 (33.3%) in heterozygous variant (P = 0.267). Median
daily dose of 6-MP was 42.92 mg/m?/day (range, 11.4-56.8)
in wild variant and 41.5 mg/m?*/day (range, 24.5-50.8) in
heterozygous variant. Median weekly dose of MTX in mg/
m?*/week was 9.36 mg/m? (range, 4.5-11.2) in wild variant
and 9.3 mg/m?*/weck range (5.6-9.6) in heterozygous
variant.

Median number of weeks taken to complete one cycle
of oral maintenance in wild and heterozygous variant
were 14.4 (range, 11.4-26.8) and 14.2 (range, 14.1-18),
respectively.

DISCUSSION

6-mercaptopurine is a prodrug and it is activated to its
active form by hypoxanthine phosphoribosyltransferase
and inosine triphosphate pyrophosphatase and several
others enzymes. TPMT catalyses 6-MP to its inactive
form methylmercaptopurine nucleotides (6-MMPN).
Genetic polymorphisms of the genes coding for these
enzyme may influence the therapeutic and toxic effects
of 6-MP." Among these enzymes, the TPMT genotype,
its enzyme activity and toxicity due to thiopurines is
well-established.

Deficiency of TPMT may lead to increased accumulation
of thioguanine nucleotides leading to hematopoietic
toxicity. Conversely, increased 6-MMPNs production in
patients with the wild type activity results in increased risk
for hepatotoxicity.!'®

Homozygous variants have low enzyme activity leading to
fatal toxicities. Heterozygous variants have intermediate
enzyme activity; toxicity is moderate, requiring reduction
in drug.

Racial differences in TPMT polymorphisms are well-
established. Various studies reported 2-14% prevalence of
TPMT polymorphisms among different population.!'>"¥
Higher incidence has been reported in Caucasians as
compared to Asians!">'"'¥ [Table 1].

In the present study, the incidence of heterozygous mutation
was 4.2%. The frequency of heterozygous polymorphisms
in one study from North India reported by Kapoor G ez al.
was 10% and none were homozygous.l” In a study from
South India by Desire S ¢ al., 4 (4.4%) out of 98 children
were heterozygous for 3C and 1 (1%) out of 98 patients
was compound heterozygous for both 2A and 3C; none
were homozygous for TPMT polymorphism.P Another
study from North India in healthy population reported an
incidence of 4% heterozygous polymorphisms of TPMT.")
Kham SK ¢# al. from Singapore, reported an incidence of
2.3% in multi ethnic migrant Asian population.!” McLeod
HL et al. reported the frequency of heterozygous variant as
10% and homozygous variant as 0.7% in British children with
ALL.” Dokmanovic L ¢f a/. from Serbia and Montenegro
reported frequency of heterozygous polymorphisms to be
10% and compound heterozygous to be 1% in children with
ALL.M Frequency of TPMT polymorphisms in the present
study was similar to South Indian and Asian studies and
lower than the Caucasian population [Table 1].

The relative frequencies of heterozygous polymorphisms
in the present study were 1/3 (33%) for 2A, 3A, 3C
polymorphisms. Kapoor G ¢ a/. from North India
reported that 3/7 (42.8%) were 3C and 3/7 (42.8%)
were 2A and 1/7 (14.2%) were 3A.1 In the South Indian
study reported by Desire S ¢f al, five patients 4 (80%)
were heterozygous for 3C and one (20%) was compound
heterozygous for both 2A and 3C.Fl Kham SK ¢7 al.
reported the most common polymorphisms as 3C in multi
ethnic population from South Asia.l'” McLeod HL ¢ a/.
reported in British population an 3A as most common
TPMT polymorphism.”” Dokmanovic L ¢f al. also reported
as 3A as most common TPMT polymorphism. 3C is the
most common polymorphism in the present study and it
is similar to that reported from the other Indian and Asian
studies but different from to Caucasians where 3A is the
most common.
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Seventy-two had completed first oral maintenance cycle,
and are evaluable for toxicity. Three out seventy-two were
heterozygous and rest were wild for TPMT polymorphisms.
Most common toxicity reported in our study was FN in
first 3 months of therapy [Table 2].

Episodes of low risk FN requiring oral antibiotics in the
present study were 24/69 (34.7%) in wild type children and
2/3 (66.6%) in heterozygous variant children. Episodes
of high risk FN requiring intravenous antibiotics were
15/69 (21.7%) in wild type children and 1/3 (33.3%) in
heterozygous variant children. Only 40% of FN episode
are high risk needing intravenous antibiotics and rest were
managed with oral antibiotics. Kapoor G ¢ al. reported
that in children treated for at least 1-year of maintenance
(modified ALL-BFM 90 protocol), there were 46 episodes
of FN in 64 children with wild allele and 5 episodes in seven
children with mutant alleles.’ Dokmanovic L ez a/. reported
in children treated on modified ALL-BFM 90 protocol, in
their retrospective group, in whom 6-MP was given without
knowing the genotype. The FN episodes were more in
children with the mutant allele. In the prospective group,
as the dosage was adjusted according to the genotype,
there was no episode of FN.' 'The dose of 6-MP in these
both studies was 50 mg/m? daily continuously for 2 years.

In the present study, 3 (4.2%) children on 6-MP developed
grade 1-2 hepatic toxicity in wild allele group and none in
heterozygous group. In the present study, 5 (7.2%) children
had grade 1-2 oral mucositis in wild allele group and none
in mutant allele group. Kapoor G e¢# al. reported 14/64
(21.8%) children in wild allele group had mucositis and
none in mutant allele group. In both studies, the incidence
of mucositis was more in wild variant and less in mutant
allele group.l

In the present study, intolerance to drug was noted in 6/69
(8.6%) children with wild allele group and 1/3 (33.3%) of

Table 2: Comparison of toxicities between

children with heterozygous allele group. Kapoor G ez al.
reported vomiting in 17/64 children with wild allele group
and 3/7 in heterozygous allele group. !

Dose reduction was required in 24/69 (34.7%) in
children in wild allele group and 2/3 (66.6%) in children
in heterozygous group in the present study. Desire S
¢t al. in their study reported that 3/5 (60%) children in
heterozygous group and 12/61 (20%) in children with wild
allele required at least 10% dose reduction.F!

Forty-four out of 69 children in the wild allele group
required more than 2 weeks to recover from myelotoxicity,
as were all the patients (3/3) in heterozygous group who
required more than 2 weeks, recovering from toxicity in
the present study. Dose interruption in out center could
not be totally attributed to 6-MP toxicity. There are always
other factors like socio economic status, distance to travel
and natural calamities which may have profound impact
on compliance in our population. In many studies, it
is well-established that dose interruptions are more in
heterozygous allele variants.!*¢*!

Median number of weeks required to complete first oral
maintenance cycle was 14.4 (range, 11.4-26.8 weeks)
and median dose of 6-MP was 42.92 mg/day/m?
(range, 22.0-56.8 mg) and median dose of MTX was
9.36 mg/m?*/week (range, 4.5-11.2 mg) in children with
wild allele.

Median number of weeks required to complete first
oral maintenance cycle was 14.2 (range, 14.1-18 weeks)
and median dose of 6-MP was 41.5 mg/day/m?
(range, 24.5-50.8 mg) and median dose of MTX was
9.3 mg/m?/week (range, 5.6-9.6 mg) in children with
heterozygous allele. Kapoor G ef al. reported that the
median dose of both 6-MP and MTX were lower in
heterozygous group.’!

We acknowledge the limitations of this study. This study

two groups is in a small cohort of 72 children and toxicity is reported
Parameter wild Heterozygous P in only the first cycle of maintenance. In the maintenance

n =69 (%) n=3(%) phase, MTX is given weekly and its influence on toxicity
EPIi(SC’G'es of low 24 (34.7) 2(66.6) 02943 profile of 6-MP cannot be ruled out. Other confounding
isk FN . . .
s factors such as poor hygiene, lower socioeconomic status,
Episodes of 15(21.7) 1(33.3) 0.5352 . .. . . .
high risk FN quality of drugs, poor nutrition, and inter-current infections
Hepatotoxicity 34.3) o 10 also could not be ruled out.
Mucositis 5(7.2) o 1.0
Intolerance 6(8.6) 1(33.3) 0.267 CONCLUSION
Dose 24 (34.7) 2 (66.6) 0.2943
reductions . .

The frequency of TPMT polymorphisms in ALL
Dose 44, (63.7) 3(200) 0.5469 . .
interruptions children treated at our center is 4.2%. The most common
FN — Febrile neutropenia heterozygous variants are 2, 3A, 3C.
————————
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