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Background: Mercaptopurine is a key agent in childhood leukemia treatment. Genetic 
polymorphism in the genes involving thiopurine metabolisms is related to 6-MP related 
toxicity.
Objective: This study aimed to determine the prevalence of ITPA:c.94C>A and NUDT15: 
c.415C>T polymorphisms among Thai children diagnosed with leukemia and their associa-
tion with mercaptopurine-related myelotoxicity.
Methods: Patients and survivors with a diagnosis of leukemia treated with mercaptopurine- 
containing chemotherapy regimens were enrolled. Clinical data and laboratory parameters 
during treatment as well as ITPA:c.94C>A and NUDT15:c.415C>T genotypes were analyzed.
Results: In all, 99 patients with acute leukemia or survivors were enrolled in the study. The 
prevalences of ITPA:c.94C>A, NUDT15:c.415C>T, and co-occurrence of ITPA:c.94C>A and 
NUDT15:c.415C>T polymorphisms were 34, 17, and 4%, respectively. Numbers of absolute 
neutrophil count (ANC) and platelet count significantly decreased among patients carrying 
NUDT15:c.415C>T compared with NUDT15 wild type patients with p-values<0.001 and 
0.019, respectively. The differences were not observed among patients carrying ITPA: 
c.94C>A compared with ITPA wild type patients. According to multivariate GEE, 
NUDT15:c.415C>T and co-occurrence of ITPA:c.94C>A and NUDT15:c.415C>T had a 
significant negative effect on ANC during treatment (coefficient: −463.81; CI: −778.53, 
−149.09; p-value=0.004 and coefficient: −527.56; CI: −1045.65, −9.48; p-value=0.046). 
No significant effect of ITPA:c.94C>A on ANC during treatment was observed.
Conclusion: ITPA:c.94C>A and NUDT15:c.415C>T polymorphisms are common among 
Thai children with leukemia. A strong association with mercaptopurine-related myelotoxicity 
was observed among patients carrying either NUDT15:c.415C>T alone or combined with 
ITPA:c.94C>A.
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Background
The survival rate of childhood cancer has dramatically improved over the past 
decades.1 The key elements attributing to this successful achievement include early 
recognition and initial management of cancer as well as its complications, newly 
developed cancer treatment strategies and, most importantly, improved supportive 
care throughout the length of cancer treatment. Pediatric hematologic malignancies, 
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including leukemia and lymphoma, are considered as pro-
totypes of curative cancer.2–5 Despite the favorable out-
comes, significant numbers of patients still encounter 
treatment-related toxicities. Systemic chemotherapy incor-
porated in most pediatric cancer therapeutic regimens con-
tains cytotoxic effects involving not only cancerous cells, 
but also normal growing cells resulting in suppression of 
hematopoiesis and eventually leading to anemia, hemor-
rhage, and a higher risk of serious infection from 
decreased red blood cell, platelet, and white blood cell 
production, respectively.6,7

Mercaptopurine (also referred as 6-mercaptopurine or 6- 
MP) is a prodrug of a purine analog functioning as an antago-
nist to endogenous purines required for DNA synthesis and 
replication during the S-phase of the eukaryotic cell cycle as 
well as inhibiting RNA and protein synthesis.8,9 The drug has 
been implemented as a key agent in childhood acute lympho-
blastic leukemia (ALL) treatment regimens and also been used 
in other therapeutic regimens for childhood lymphoblastic 
lymphoma and acute promyelocytic leukemia (APL). 
Related studies reported that the tolerance to 6-MP varies 
among each individual patient, in which the most common 
adverse effect of the drug is myelosuppression with the onset 
at 7–10 days, nadir at 14 days, and recovery occurring by 21 
days.10,11 Pathogenesis of this discrepancy of the drug-related 
toxicity seems to be related to genetic polymorphisms in the 
genes involved in thiopurine metabolisms.12

Genetic polymorphisms in the gene encoding thiopurine 
methyltransferase (TPMT) are widely accepted to be 
involved in thiopurine metabolisms resulting in 6-MP related 
myelotoxicity; however, geographic variation of frequencies 
and distributions of variant TPMT alleles have been reported 
in which the allelic frequencies were much lower in Asian 
compared with Caucasian populations.13–15 On the other 
hand, genetic polymorphisms in other genes encoding 
enzymes involved in thiopurine metabolisms including ino-
sine triphosphate pyrophosphohydrolase (ITPA) and nucleo-
side diphosphate linked moiety X-type motif 15 (NUDT15) 
has been reported to be more evident in Asian compared with 
Caucasian populations.16–18 ITPase is an enzyme involved in 
the hydrolysis of thioinosine triphosphate (TITP) to thioino-
sine monophosphate (TIMP) in which the deficiency of this 
enzyme among patients receiving 6-MP could result in toxic 
accumulation of TITP.16,19 However, the clinical correlation 
between ITPA genotypes and 6-MP related toxicity remains 
controversial and is not routinely applied to clinical practice. 
The NUDT15 protein is an enzyme involved in thiopurine 
metabolisms by catalyzing the conversion of toxic 

thioguanine triphosphate to less toxic thioguanine monopho-
sphate, resulting in a reduced cytotoxic effect of 6-MP.16,19 

Therefore, genetic polymorphisms of ITPA and NUDT15 
could potentially lead to 6-MP related cytotoxicity effects.

Herein, we conducted a prospective cross-sectional 
observational study to determine the prevalence of 
NUDT15 and ITPA polymorphisms among Thai children 
diagnosed with acute leukemia and their association with 
6-MP related myelotoxicity.

Methods
Patient Selection
Pediatric oncology patients undergoing chemotherapy at the 
Division of Hematology and Oncology, Department of 
Pediatrics, Phramongkutklao Hospital from January 1, 2018 
to January 31, 2020 were enrolled in this study. Written 
informed consent and assent forms to participate in the 
study were obtained from all participants including the chil-
dren themselves as well as their parents or legal guardians 
before engaging in the study. This prospective study was 
approved by the Institutional Review Board, Royal Thai 
Army Medical Department according to the ethics principles 
of the Declaration of Helsinki (1975) and its revision (refer-
ence number: IRBRTA 799/2562). The study was also regis-
tered and approved by the Thai Clinical Trials Registry 
(TCTR20190828003). The study’s inclusion criteria 
included patients aged less than 18 years receiving a diag-
nosis of acute leukemia and undergoing 6-MP containing 
chemotherapeutic regimens or pediatric leukemia survivors 
who had a history of receiving the treatment regimens. The 
study’s exclusion criteria consisted of patients with a history 
of allergy or contra-indication to 6-MP, unanalyzable medi-
cal information due to poor documented medical records, or 
those who denied having blood samples for ITPA and 
NUDT15 polymorphisms obtained.

Outcome Measurement
The study adhered to the Preferred Reporting items for 
Observational studies in Endodontics (PROBE) guidelines. 
The study schema is shown in the flow diagram in 
Figure 1. One hundred and three patients were initially 
recruited to the study; however, four were excluded and 99 
consented and enrolled in the study. The primary outcome 
of this study was to describe the prevalence of ITPA and 
NUDT15 polymorphisms among pediatric leukemia 
patients treated with 6-MP containing chemotherapeutic 
regimens. The secondary outcomes were to determine the 
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association between ITPA and NUDT15 polymorphisms 
and 6-MP related myelotoxicity. The study defined neu-
tropenia as an absolute neutrophil count (ANC) of less 
than 1,500 cells/mm3 and myelotoxicity as an adverse 
effect of cancer treatment in which bone marrow activity 
is decreased resulting in decreased numbers of red blood 
cells, white blood cells, and platelet count.

6-MP Containing Chemotherapy 
Regimens
According to the national protocols for childhood cancers 
conducted by the Thai Pediatric Oncology Group 
(ThaiPOG), 6-MP was administered at the dose of 50 mg/ 
m2/dose orally once daily during the maintenance phase of 
acute lymphoblastic leukemia protocols for a total duration 
of 20 months among females and 32 months among males. 
The 6-MP dose of 50 mg/m2/dose was also administered to 
patients receiving a diagnosis of APL during the maintenance 
phase of APL protocol for a total duration of 24 months. All 
patients were followed up at the Oncology Clinic and had 
complete blood count (CBC) measured monthly throughout 
the duration of treatment. 6-MP dosing would then be 
adjusted on each individual patient based on the results of 
ANC and platelet count.

Identification of ITPA:c.94C>A and 
NUDT15:c.415C>T Polymorphisms
After informed consent was obtained from the patients and 
their parents, genomic DNA was extracted from peripheral 
blood leukocytes using commercial kits following manu-
facturer instructions. The ITPA:c.94C>A and NUDT15: 
c.415C>T fragments were amplified by PCR using the 
primers as previously described.20,21 Each 50 μL PCR 
mixture contained 1.5 mM MgCl2, 200 μM of each 
dNTP, 0.2 μM of each primer, 100–200 ng of genomic 
DNA and 1 units Taq DNA polymerase. PCR amplifica-
tion started with initial denaturation at 95°C for 5 minutes, 
and continued with 30 cycles of 95°C for 20 seconds, 55° 
C for 20 seconds, and 72°C for 30 seconds. Final exten-
sion was performed at 72°C for 5 minutes.

A 328-bp PCR product for ITPA:c.94C>A and 269-bp 
product for NUDT15:c.415C>T were digested with NspI 
and TaaI restriction enzymes, respectively. The ITPA: 
c.94C>A allele yielded two fragments of 238 bp and 90 
bp; whereas, the NUDT15:c.415C>T allele yielded 142 bp 
and 127 bp after digestion. The PCR products were 
resolved in 2% agarose gels, as shown in Figure 2. 
Sanger sequencing was also performed on several random 
samples which were positive and negative for restriction 
enzyme digestion, and the results were 100% concordance.

Statistical Analysis
Baseline values of selected variables were analyzed and 
presented as mean with standard deviation (SD) or 
median (range) for continuous variables and calculated 
using frequency and percentage for categorical vari-
ables. Comparisons between two independent data sets 
were analyzed using Fisher’s exact test for categorical 
data and independent sample t-test or Mann–Whitney 
U-test for continuous data. Longitudinal data from 
time-dependent variables were analyzed using a multi-
variate generalized estimating equation (GEE) to exam-
ine the associations between ITPA and NUDT15 
polymorphisms as well as 6-MP administrative dosing 
and ANC measured monthly during the maintenance 
phase of acute leukemia protocols. With GEE, the rela-
tionships between the variables of the model at different 
time-points were analyzed simultaneously. STATA/MP, 
Version 12 Software (STATA Corp., TX, USA) was 
used and a p-value<0.05 was considered statistically 
significant.

Pediatric leukemia patients

(n=103)

Assessed for eligibility

(n=103)   Excluded (total=4)

Ineligible (n=2)

- Incomplete medical record (n=2)

Eligible but not recruited (n=2)

- Refused to participate (n=2)

Total recruited 

(n=99)

Lost to follow up

(n=0)

Data available for analysis 

(n=99)

Figure 1 Study flow diagram.
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Results
Patient Characteristics
Patient characteristics including age, sex, leukemia type, 
central nervous system (CNS) status, ploidy from conven-
tional cytogenetic analysis, and risk stratification for ALL 
and disease status at enrollment are summarized in 
Table 1. Most participating patients were younger children 
of preschool age. Males were more predominant than 
females at a ratio of 1.3:1. Patients with various subtypes 
of acute leukemia were enrolled in this study. The most 
common leukemia subtype was pre-B ALL followed by 
T-ALL resembling a typical leukemia distribution among 
pediatric patients. Both APL and mixed phenotype acute 
leukemia (MPAL) were less common and rare subtypes of 
pediatric acute leukemia, respectively, and only one patient 
with APL and one with MPAL were enrolled in this study. 
Most patients had a normal karyotype with no CNS invol-
vement at initial diagnosis and successfully achieved com-
plete remission at the time of enrollment to this study. In 
addition, most ALL patients were stratified as standard and 
high risks; however, the 6-MP dose during the mainte-
nance phase of standard and high risk ALL protocols 
was similar to the dose in a very high-risk ALL protocol.

Prevalence of ITPA:c.94C>A and NUDT15: 
c.415C>T Polymorphisms
PCR-Restriction Fragment Length Polymorphism (PCR- 
RFLP) performed on the genomic DNA obtained from 99 

enrolled patients with acute leukemia was used to identify 
ITPA:c.94C>A and NUDT15:c.415C>T polymorphisms and 
the results are summarized in Table 2. Interestingly, 47 patients 
(47%) were found to be heterogeneous for either one of these 
two polymorphisms. The prevalences of ITPA:c.94C>A and 
NUDT15:c.415C>T polymorphisms among pediatric patients 
with leukemia in this study were 34% and 17%, respectively, 
and 4% of the patients were found to have co-occurrence of 
ITPA:c.94C>A and NUDT15:c.415C>T polymorphisms.

Patient Characteristics According to ITPA 
and NUDT15 Genotypes
As shown in Table 3, various demographic characteristics 
including age, sex, leukemia type, CNS status, ploidy from 
conventional cytogenetic analysis, risk stratification for ALL 
and disease status at enrollment were described among parti-
cipating patients with and without ITPA:c.94C>A and 
NUDT15:c.415C>T polymorphisms. No differences were 
found regarding clinical information between patients carry-
ing ITPA and NUDT15 wild types versus those carrying 
ITPA:c.94C>A and NUDT15:c.415C>T polymorphisms.

Association Between ITPA:c.94C>A and 
NUDT15:c.415C>T Polymorphisms and 6- 
MP Related Myelotoxicity
The effects of ITPA:c.94C>A and NUDT15:c.415C>T 
polymorphisms on bone marrow toxicity were determined 

Figure 2 Gel electrophoresis of 328-bp PCR products of ITPA:c.94C>A variant (A) before and (B) after NspI restriction enzyme digestion and 269-bp PCR products of 
NUDT15:c.415C>T variant (C) before and (D) after TaaI restriction enzyme digestion, respectively (lane 1–4, M-100 bp marker). The 328-bp PCR products of ITPA:c.94C>A 
variant were digested by NspI and yielded 238-bp and 90-bp fragments as shown in lane 1 and 3; (B) suggesting the heterozygous for ITPA:c.94C>A variant. The 269 bp-PCR 
products of NUDT15:c.415C>T variant were digested by TaaI and yielded 142-bp and 127-bp fragments as shown in lane 2 and 4; (D) indicating the heterozygous for 
NUDT15:c.415C>T variant.
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using the mean numbers of ANC and platelet counts as 
well as hemoglobin levels measured on each cycle of 
chemotherapy during the maintenance phase of leukemia 
treatment protocols, as shown in Figure 3. Interestingly, no 
differences were observed concerning ANC, platelet 
count, and hemoglobin levels between patients carrying 
ITPA:c.94C>A polymorphism and those carrying ITPA 
wild type (Figure 3A–C). However, the numbers of ANC 
and platelet counts were significantly decreased among 
patients carrying NUDT15:c.415C>T polymorphism com-
pared with those carrying NUDT15 wild type with 
p-values<0.001 and 0.019, respectively (Figure 3E and 
F). In addition, 6-MP administrative dosing among 
patients carrying NUDT15:c.415C>T polymorphism was 
also significantly less compared with the dose among wild 
type patients with a p-value<0.001 (Figure 3H). In con-
trast, the significant decrease of daily 6-MP administrative 
dosing among patients carrying ITPA wild type (p- 
value=0.007) could be from patients presenting the 
NUDT15:c.415C>T being included in this group 
(Figure 3D).

Moreover, multivariate GEE was used to identify 
the relationship between ITPA:c.94C>A and NUDT15: 
c.415C>T polymorphisms as well as 6-MP administra-
tive dosing and ANC measured monthly during the 
maintenance phase of acute leukemia protocols as 
described in Table 4. Interestingly, ITPA:c.94C>A 
polymorphism and 6-MP administrative dosing among 
patients presenting this specific genetic polymorphism 
did not have a significant effect on monthly ANC 
during treatment with p-values of 0.948 and 0.062, 
respectively (Table 4, Model 1). On the other hand, 
both NUDT15:c.415C>T polymorphism and 6MP 
administrative dosing among patients presenting this 
specific genetic polymorphism were found to have a 
significantly negative effect on monthly ANC during 
treatment (coefficient: −463.81; CI: −778.53, −149.09 
and coefficient: −9.29; CI: −18.05, −0.52) with 
p-values of 0.004 and 0.038, respectively (Table 4, 
Model 2). Moreover, co-occurrence of ITPA:c.94C>A 
and NUDT15:c.415C>T polymorphisms was also 
found to have a significant negative impact on monthly 
ANC (coefficient: −527.56; CI: −1045.65, −9.48) with 
a p-value of 0.046. However, no significant association 
was observed between 6MP administrative dosing 
among patients presenting co-occurrence ITPA: 
c.94C>A and NUDT15:c.415C>T polymorphisms and 

Table 2 Prevalence of ITPA:c.94C>A and NUDT15:c.415C>T 
Polymorphisms

Genetic Polymorphisms N (%)

ITPA:c.94C>A
Wild type 65 (66)
Heterozygous genotype 34 (34)

NUDT15:c.415C>T
Wild type 82 (83)

Heterozygous genotype 17 (17)

Both ITPA:c.94C>A and NUDT15: 
c.415C>T heterozygous genotypes

Yes 4 (4)
No 95 (96)

Note: Data are presented as number (%) for categorical variables. 
Abbreviations: ITPA, inosine triphosphate pyrophosphohydrolase; NUDT15, 
nucleoside diphosphate linked moiety X-type motif 15.

Table 1 Patient Demographic Data

Patients (n=99) N (%)

Age at diagnosis (years)
Mean±SD 5.1±4.4

Median (min–max) 4.5 (0.3–18.0)

Gender
Male 55 (56)
Female 44 (44)

Diagnosis
Pre-B ALL 87 (88)

T-ALL 10 (10)

MPAL 1 (1)
APL 1 (1)

CNS status
CNS-1 91 (92)

CNS-2 6 (6)

CNS-3 2 (2)

Ploidy
Normal 95 (96)
Hyperdiploidy 4 (4)

Risk stratification for ALL (n=97)
Standard 47 (48)

High 42 (43)

Very high 8 (8)

Disease status
Remission 83 (84)
Relapse 16 (16)

Note: Data are presented as mean±SD and median (range) for continuous variables 
and number (%) for categorical variables. 
Abbreviations: ALL, acute lymphoblastic leukemia; ANC, absolute neutrophil 
count; APL, acute promyelocytic leukemia; CNS, central nervous system; MPAL, 
mixed phenotype acute leukemia.
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monthly ANC during treatment (p-value=0.061) 
(Table 4, Model 3). Overall frequency of myelotoxi-
city (neutropenia, anemia, and thrombocytopenia) from 

1,635 episodes of CBC obtained on each monthly 
cycle of chemotherapy from participating patients 
was described in Table 5.

A B C D

E F G H

Figure 3 Associations between genetic variants and various blood counts as well as 6-MP administrative dosing among patients with acute leukemia undergoing 6-MP 
containing regimens. (A) ANC, (B) platelet count, (C) hemoglobin, and (D) daily 6-MP administrative dosing among patients with ITPA:c.94C>A polymorphism versus those 
with ITPA wide type. (E) ANC, (F) platelet count, (G) hemoglobin, and (H) daily 6-MP administrative dosing among patients with NUDT15:c.415C>T polymorphism versus 
those with NUDT15 wide type. 
Notes: Data in the graph are shown as dot plots. One dot plot represents a mean blood count or daily 6-MP administrative dosing on each cycle of treatment during the 
maintenance phase of leukemia treatment protocols. The two independent data sets were analyzed using independent sample t-test and Mann–Whitney U-test; p-value<0.05 
was considered as statistically significant. 
Abbreviations: ANC, absolute neutrophil count; ITPA, inosine triphosphate pyrophosphohydrolase; NUDT15, nucleoside diphosphate linked moiety X-type motif 15; 6-MP, 
mercaptopurine.

Table 4 Effect of ITPA:c.94C>A and NUDT15:c.415C>T Polymorphisms and 6-MP Dosing on ANC

ANC Coefficient p-value 95% CI

Lower Upper

Model 1
ITPA:c.94C>A 11.90 0.948 −343.11 366.92
6-MP dose −8.40 0.062 −17.22 0.42

Model 2
NUDT15:c.415C>T −463.81 0.004* −778.53 −149.09

6-MP dose −9.29 0.038* −18.05 −0.52

Model 3
ITPA:c.94C>A and NUDT15:c.415C>T −527.56 0.046* −1045.65 −9.48
6-MP dose −8.41 0.061 −17.19 0.38

Notes: Longitudinal data from time-dependent variables were analyzed using multivariate GEE to examine the associations between ITPA and NUDT15 polymorphisms as 
well as 6-MP administrative dosing and ANC measured monthly during the maintenance phase of acute leukemia protocols; *p-value<0.05 was considered as statistically 
significant. 
Abbreviations: ANC, absolute neutrophil count; ITPA, inosine triphosphate pyrophosphohydrolase; NUDT15, nucleoside diphosphate linked moiety X-type motif 15; 6-MP, 
mercaptopurine.
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Discussion
Pharmacogenetics has become one of the key elements in 
individualized cancer therapy over the past decades.22,23 

Genetic variability of each individual patient could greatly 
affect drug metabolisms, therapeutic sensitivity, and risk 
for developing adverse effects. One of the common phar-
macogenetic approaches to drug therapy is to identify 
single nucleotide polymorphisms or SNP and its impact 
on individual patient’s phenotype as well as subsequent 
clinical consequences.24 The ultimate goal of this 
approach is to minimize treatment-related toxicity while 
preserving efficacy, while 6-MP is considered as the back-
bone of the maintenance phase of the acute lymphoblastic 
leukemia protocol. Several genetic polymorphisms of 
TPMT, ITPA, and NUDT15 have been identified and 
reported to be associated with drug metabolism, resulting 
in increasing drug-related myelotoxicity.25–28 Given geo-
graphic variation, TPMT polymorphisms were less 
reported in Asian populations. Conversely, NUDT15 and 
ITPA polymorphisms were found more in this specific 
population.13–18

Herein, we conducted a prospective cross-sectional 
observational study to evaluate the prevalence of NUDT15 
and ITPA polymorphisms among Thai children with acute 
leukemia and further explore their association with 6-MP 
related myelotoxicity. Ninety-nine children receiving a 

diagnosis of acute leukemia as well as pediatric leukemia 
survivors were recruited and enrolled in this study. All 
patients participated and were involved to the end of the 
study with no loss of follow-up cases. The most common 
leukemia subtype diagnosis among participating patients in 
this study was pre-B ALL, which was in keeping with the 
common subtype prevalence among pediatric patients. 
Despite the diversity of acute leukemia subtypes, the recom-
mended 6-MP administrative dosing on all treatment regi-
mens was 50 mg/m2/day. Interestingly, our PCR-RFLP 
method could identify ITPA:c.94C>A and NUDT15: 
c.415C>T polymorphisms among up to one half of the 
patients although all carried heterozygous genotypes. In 
addition, the prevalence of ITPA:c.94C>A and NUDT15: 
c.415C>T polymorphisms among patients in this study was 
34 and 17%, respectively, in which 4% of the patients were 
found to have co-occurrence of these two genetic polymorph-
isms. These results affirm the commonness of ITPA and 
NUDT15 polymorphisms in Asian compared with 
Caucasian populations16–18,29,30 although a higher incidence 
of ITPA polymorphism was observed in our study compared 
with 5–7% in Caucasian and up to 15% in Asian 
populations.31 We then further investigated potential asso-
ciated factors including patient demographic data, disease 
information and treatment response among patients with 
and without ITPA:c.94C>A and NUDT15:c.415C>T 

Table 5 Overall Frequency of Myelotoxicity

CBC (N=1635) Genetic Polymorphisms

ITPA:c.94C>A NUDT15:c.415C>T ITPA:c.94C>A and NUDT15:c.415C>T

Heterozygous Wild type Heterozygous Wild type Yes No

N=549 N=1086 N=261 N=1374 N=59 N=1576

ANC (cells/mm3)
<500 23 65 25 63 3 85
500–999 90 146 47 189 14 222

1,000–1,500 101 207 62 246 14 294

Hemoglobin (g/dL)
<8.0 4 21 5 11 1 15
8.0–9.9 60 111 34 137 4 167

10–12 285 484 149 620 38 731

Platelets (cells/mm3)
<25,000 3 3 0 6 0 6

25,000–49,999 2 8 3 7 1 9
50,000–74,999 3 8 0 11 0 11

75,000–150,000 42 100 19 123 7 135

Abbreviations: ANC, absolute neutrophil count; CBC, complete blood count; ITPA, inosine triphosphate pyrophosphohydrolase; NUDT15, nucleoside diphosphate linked 
moiety X-type motif 15.
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polymorphisms and found no differences in the demographic 
information between patients with and without polymorph-
isms. However, ITPA:c.94C>A and NUDT15:c.415C>T 
polymorphisms, involved in 6-MP metabolisms, potentially 
increase the risk of developing drug-related myelotoxicity 
resulting in delayed cycles of chemotherapy. Additionally, 
they possibly increase the risk of disease relapse. The insig-
nificant difference of treatment response between the two 
groups of patients in our study could be from careful mon-
itoring of CBC measured monthly during the maintenance 
phase of treatment and adequate adjustment of 6-MP dosing 
based on ANC instead of holding off on treatment.

Associations between ITPA and NUDT15 genotypes 
and 6-MP related myelotoxicity were further explored. 
Interestingly, suppression of granulopoiesis and megakar-
yopoiesis was remarkable among patients presenting the 
NUDT15:c.415C>T polymorphism, but not among those 
carrying the ITPA:c.94C>A polymorphism. This result was 
confirmed by significantly decreased 6-MP administrative 
dosing among patients presenting the NUDT15:c.415C>T 
polymorphism. However, the significant decrease of 6-MP 
administrative dosing among patients carrying the ITPA 
wild type could be from patients presenting NUDT15: 
c.415C>T being included in this group. Multivariate 
GEE was used to evaluate the effect of ITPA:c.94C>A 
and NUDT15:c.415C>T polymorphisms as well as 6-MP 
administrative dosing among patients carrying these spe-
cific polymorphisms on monthly ANC longitudinally mea-
sured during the maintenance phase of acute leukemia 
treatment protocols. The result of our study affirmed the 
significant negative relationship between NUDT15: 
c.415C>T polymorphism and neutropenia (p- 
value=0.004) in which patients carrying this specific poly-
morphism would have ANC 463 cells/mm3 lower than 
those carrying the NUDT15 wild type. In addition, ANC 
among patients carrying the NUDT15:c.415C>T poly-
morphism would decrease by a decrement of 9 cells/mm3 

on every 1 mg increased 6-MP dose (p-value=0.038). 
Interestingly, the effect of ITPA:c.94C>A polymorphism 
and 6-MP administrative dosing among patients carrying 
this specific polymorphism were not significantly evident 
in our study. These findings were consistent with recent 
studies among Japanese and Chinese children in which no 
differences were found between 6-MP dose administrative 
dosing and ITPA polymorphisms.16,32 Moreover, we found 
a significant negative relationship between co-occurrence 
of ITPA:c.94C>A and NUDT15:c.415C>T polymorphisms 
and neutropenia (p-value=0.046) in which patients having 

co-occurrence of these two polymorphisms would have 
ANC 527 cells/mm3 lower than that of wild type patients. 
However, the effect of 6-MP administrative dosing was 
insignificant which might have stemmed from this dilu-
tional effect of the ITPA polymorphism group. According 
to Table 5, there were certain numbers of patients who did 
not carry ITPA:c.94C>A and NUDT15:c.415C>T poly-
morphisms and developed myelotoxicity. The develop-
ment of myelotoxicity among those patients could be 
from several factors such as TPMT polymorphisms 
which were not identified in this study, a direct myelosup-
pressive effect from 6-MP itself or other chemotherapy co- 
administered with 6-MP in the treatment regimen, less 
bone marrow reserve from previous treatment prior to 
entering the maintenance phase or recent infection-asso-
ciated bone marrow suppression.

The limitations of this study included the small sample size 
of participating patients, which might have contributed to 
insignificant differences of some results. In addition, data 
obtained from the unique and specific populations in this 
study might not be generally applicable to all patients at 
different age ranges and ethnic groups. Moreover, the correla-
tion between genetic polymorphisms and treatment interrup-
tion as well as total duration of neutropenia not examined in 
our study needs to be further explored. Since TPMT poly-
morphisms were less reported in Asian populations, we did not 
include evaluation of TPMT polymorphisms in our study.

Conclusion
Although the incidence of ITPA:c.94C>A polymorphism 
among Thai children with acute leukemia in our study was 
higher than that reported from other Asian countries, ITPA 
genotyping could not be used as a predictor for 6-MP induced 
myelotoxicity. In contrast, the incidence NUDT15:c.415C>T 
polymorphism in our study was comparable to other Asian 
countries and a strong association was also observed between 
either NUDT15 polymorphism alone or combined with ITPA 
polymorphism and developing 6-MP induced myelotoxicity.

Abbreviations
ALL, acute lymphoblastic leukemia; ANC, absolute neu-
trophil count; APL, acute promyelocytic leukemia; CBC, 
complete blood count; CI, confidence interval; CNS, cen-
tral nervous system; GEE, generalized estimating equa-
tion; ITPA, inosine triphosphate pyrophosphohydrolase; 
MPAL, mixed phenotype acute leukemia; NUDT15, 
nucleoside diphosphate linked moiety X-type motif 15; 
PCR-RFLP, PCR-Restriction Fragment Length 
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Polymorphism; PROBE, Preferred Reporting items for 
OBservational studies in Endodontics; SD, standard devia-
tion; ThaiPOG, Thai Pediatric Oncology Group; TPMT, 
thiopurine methyltransferase; 6-MP, 6-mercaptopurine.
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