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Abstract

Background: Interindividual variability in thiopurine-related toxicity could not be completely
explained by thiopurine S-methyltransferase (TPMT) polymorphisms, as a number of patients
who are homozygous wild type or normal for TPMT still develop toxicity that necessitates 6-
mercaptopurine (MP) dose reduction or protocol interruption. Recently, few studies reported on
an inherited nucleoside diphosphate-linked moiety X motif 15 (NUDT15) c.415C>T low-function
variant that is associated with decreased thiopurine metabolism and leukopenia in childhood

acute lymphoblastic leukemia (ALL) and other diseases.

Procedures: The aim of this study is to measure the frequency of TPMT and NUDT15 polymor-
phisms and assess whether they are predictors of MP intolerance in children treated for ALL. One
hundred thirty-seven patients with ALL of whom 121 were Lebanese were evaluated. MP dose
intensity was calculated as the ratio of the tolerated MP dose to planned dose during continuation

phase to maintain an absolute neutrophil count (ANC) dose above 300 per pl.

Results: One patient was NUDT15 heterozygous TC and tolerated only 33.33% of the planned
MP dose, which was statistically significantly different from the median-tolerated MP dose inten-
sity of the rest of the cohort (76.00%). Three patients had the TPMT*3A haplotype and tolerated
40.00-66.66% of the planned MP dose, which was also statistically significantly different from the
rest of the cohort.

Conclusions: This is the first report on the association of TPMT and NUDT 15 polymorphisms with
MP dose intolerance in Arab patients with ALL. Genotyping for additional polymorphisms may be

warranted for potential gene/allele-dose effect.
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1 | INTRODUCTION

ABBREVIATIONS: 6-TGN, 6-thioguanine nucleotide; ALL, acute lymphoblastic leukemia;
ANC, absolute neutrophil count; AUBFM, American University of Beirut Faculty of Medicine;

The introduction of novel therapeutic approaches and dedicated

treatment guidelines for children with acute lymphoblastic leukemia

CCl, Children’s Cancer Institute; CPIC, Clinical Pharmacogenetics Implementation

Consortium; IRB, Institutional Review Board; MAF, minor allele frequency; MP,
6-mercaptopurine; MTX, methotrexate; NUDT 15, nucleoside diphosphate-linked moiety X

(ALL) have translated into prolonged survival and enhanced qual-
ity of life. However, there remain continuous efforts to optimize

motif 15; SICRH, St Jude Children’s Research Hospital; SNPs, single-nucleotide

polymorphisms; TPMT, thiopurine S-methyltransferase; WBC, white blood cell count

efficacy and safety of treatment. Predictors of toxicity are gaining
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increasing attention worldwide, and several investigators have high-
lighted the role of pharmacogenetics in ALL treatment response
and toxicity.1-3

ALL is the most common cancer in childhood, accounting for almost
30% of cases seen at the American University of Beirut Faculty of
Medicine (AUBFM) Children’s Cancer Institute (CCI), which is affili-
ated with the St Jude Children’s Research Hospital (SJCRH), Memphis,
TN.# We have noticed that these patients, who are being treated based
on the SJCRH protocol TOTAL XV, frequently suffer from chronic
and severe toxicities.> We used the candidate gene approach and
showed clinically significant results whereby five variants in four can-
didate genes were associated with increased methotrexate (MTX)-
related myelotoxicity during consolidation and continuation treat-
ment phases.® Nevertheless, we noticed additional adverse events that
include 6-mercaptopurine (MP) intolerance.

Along with MTX, MP, a thiopurine, constitutes the backbone of
the continuation phase in ALL therapy.” MP is an inactive prodrug
that undergoes enzymatic activation by multiple enzymes, leading
to active 6-thioguanine nucleotides (6-TGNs) that exert cytotoxicity.
The activation steps are in competition with inactivation pathways
catalyzed by a number of enzymes including the polymorphic thiop-
urine S-methyltransferase (TPMT) enzyme.” It is now established that
at least three well-studied single-nucleotide polymorphisms (SNPs)
that lead to low or deficient TPMT activity play a major role in
leukopenia related to MP and azathioprine, another thiopurine drug
whose activation leads to MP release. Accordingly, the Clinical Phar-
macogenetics Implementation Consortium (CPIC) released evidence-
based guidelines for TPMT genotyping prior to initiating thiopurine
therapy.®

Despite the guidelines, interindividual variability in thiopurine-
related toxicity could not be completely explained by TPMT
polymorphisms, as a number of patients who are homozygous
wild type (i.e. normal) for TPMT still develop toxicity that necessitates
MP dose reduction or protocol interruption.” Recently, several stud-
ies reported on an inherited nucleoside diphosphate-linked moiety
X motif 15 (NUDT15) c.415C>T (rs116855232) nonsynonymous
(R139C) low-function variant that is associated with decreased
thiopurine metabolism!© and leukopenia in ALL?"1> and other
diseases.’®"1? This allele and a few others in the same gene are
most common among individuals of Asian ancestry, with the initial
susceptibility to thiopurine-related leucopenia being reported in a
cohort of Korean subjects with Crohn disease.l3 Interestingly, the
CPIC is considering incorporating NUDT15 preemptive genotyping in
the current thiopurine dosing recommendations. To our knowledge,
no data on NUDT15 and ALL are yet available on Caucasians, except
for the cohort from SJCRH,? nor on the frequency of this NUDT15
polymorphism and its potential role in MP tolerance in any Arab or
Mediterranean population.

The aim of this study was to measure the frequency of
polymorphisms in the candidate genes involved in MP detox-
TPMT*2(238G>C  rs1800462), TPMT*3B (460G>A
rs1800460), TPMT*3C (719A>G rs1142345) and NUDT15 (c.415C>T;
rs116855232) and assess whether these polymorphisms are predic-

ification:

tors of MP intolerance in children treated for ALL.

2 | METHODS

2.1 | Patient population and data collection

This study was approved by the Institutional Review Board (IRB) at
AUBFM and builds on the retrospective cohort that was previously
described. Briefly, patients diagnosed with ALL between 2010 and
2013 and treated or followed up at the CCl were included for periph-
eral whole blood and clinical data collection. All patients and or par-
ents signed the IRB-approved assent and/or informed consent form as
applicable.

In- and out-patient chart review was performed for baseline demo-
graphics such as age at diagnosis, immunologic subtype, treatment
protocol, and risk classification. Treatment information (such as drug
toxicity and doses) was collected from consolidation and continuation
phases only, since MP with MTX is the backbone of these two treat-
ment phases.

The dose of MP reached during continuation phase that was needed
to maintain the white blood cell count (WBC) above 1,500 per ul and
the absolute neutrophil count (ANC) above 300 per ul in order to be
able to deliver continuous daily doses of MP and weekly MTX doses
without interruption was used for evaluation of MP intolerance. Dur-
ing this phase, patients treated on the intermediate- or high-risk pro-
tocol were started on 50 mg/m2 MP daily until continuation week 20,
when the dose was increased to 75 mg/m? daily. Those who were on

the low-risk protocol arm were started on MP 75 mg/m?2 daily.

2.2 | Genotyping

DNA was extracted from peripheral blood using a Qiagen (Geman-
town, MD) DNA isolation kit according to the manufacturer’s
guidelines and stored at -20°C until analysis. Genotyping for TPMT*2
(238G>C rs1800462), TPMT*3B (460G>A rs1800460), and TPMT*3C
(719A>G rs1142345) was performed using light SNP assays on
a Roche Lightcycler (Roche Diagnostics, Switzerland).® NUDT15
(c.415C>T; rs116855232) genotyping was performed using a Tagman
allele discrimination assay on a CFX384 real-time PCR from Biorad.
Ten percent of samples were genotyped twice and the results showed
100% reproducibility.

2.3 | Statistical data analysis

Data were entered and analyzed using SPSS version 23.0 (IBM, North
Castle, NY). Genotype frequencies were computed and tested for
Hardy Weinberg Equilibrium using chi-square test. Characteristics of
patients who carried the SNPs of interest were described.

MP dose intensity was calculated as the ratio of the last MP pre-
scribed dose to protocol-prescribed dose during continuation phase.
Mann-Whitney and Kruskal-Wallis nonparametric tests for compari-
son of two independent samples were performed to compare the dis-
tribution of MP dose intensity across NUDT15 genotype and TPMT
haplotype categories as applicable. Box plots were drawn using Graph
Pad Prism version 5 (California). A two-sided P value of less than or

equal to 0.05 was considered statistically significant.
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TABLE 1 Characteristics of patients with ALL who carried the TPMT or NUDT 15 polymorphisms

Age atdisease Immunologic

Patient no. Sex Nationality onset (years) subtype

1 Male Lebanese 16 Pre-B ALL
2 Female Lebanese 7 T-Cell ALL
3 Male Lebanese 10 Pre-B ALL
4 Male Iraqi 2 Pre-B ALL

Treatment risk protocol TPMT haplotype?

NUDT15 genotype MP dose
(c.415C>T) intensity (%)

Intermediate to high *1/*3A Homozygous CC 66.66
Intermediate to high *1/*3A Homozygous CC 40.00
Intermediate to high *1/*3A Homozygous CC 40.00
Intermediate to high *1/*1 Heterozygous TC 33.33

aTPMT*1/*3A is heterozygous for TPMT*3B (460G>A rs1800460) and TPMT*3C (719A>G rs1142345).

3 | RESULTS

3.1 | Population sample

One hundred forty-three patients were recruited of whom 16 were
non-Lebanese (seven Palestinians, five Syrians, and four Iragis). Ten
patients were started on a treatment regimen that is different from
the SJCRH protocol, four of whom were then shifted to the SJCRH
protocol during consolidation or continuation therapy and were hence

included in this study. Accordingly, the sample size is 137.

3.2 | Case characteristics and genetic polymorphisms

Table 1 shows the characteristics of the four patients who carried
variant alleles of the NUDT15 and TPMT polymorphisms. As expected,
the minor allele frequency (MAF) of these variants was low. Only
one patient was NUDT15 heterozygous TC (MAF = 0.004). No patient
carried the TPMT*2 polymorphism. Three patients had the TPMT*3A
haplotype that combines carriage of TPMT*3B and TPMT*3C alleles
(MAF = 0.01). Note that in the previous publication,® data from only
two of these patients were analyzed, as the third one (patient 3 in Table
1) was still receiving continuation therapy. Genotype frequencies were

all in Hardy Weinberg Equilibrium.

3.3 | MPintolerance

Figure 1 shows the association of NUDT15 genotype and or TPMT hap-
lotype with MP dose intensity during the continuation phase of ther-
apy. Interestingly, the patient with NUDT 15 TC genotype tolerated only
33.33% of the planned MP dose, and this was statistically significantly
different from the MP-tolerated dose intensity of the rest of the cohort
(median [min-max]: 74.00% [33.33-153.33%)]) (Fig. 1A). In addition,
carriers of the TPMT *1/*3A haplotype tolerated 40.00-66.66% of the
planned MP dose, and this was also statistically significantly differ-
ent from the MP-tolerated dose intensity of the rest of the cohort
(median [min-max]: 75.33% [33.33-153.33%]) (Fig. 1B). The median
MP-tolerated dose intensity of the 133 patients who did not carry
either polymorphism was 76.00% (Fig. 1C).

4 | DISCUSSION

This is the first report on the association of TPMT and NUDT15 poly-
morphisms with MP dose intolerance in Arab/Lebanese patients with

ALL. As expected, we have shown that the four evaluated SNPs are rare
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FIGURE 1 Association of NUDT15 genotype (A), TPMT haplotype
(B), or both (C) with MP dose intensity during the continuation phase
of the SJCRH protocol for ALL. MP dose intensity is the ratio of
the dose of MP reached during continuation phase that was needed
to maintain the WBC >1,500 per ul and the ANC >300 per ul to
that of protocol-prescribed dose during continuation phase. P values
were estimated using Mann-Whitney or Kruskal-Wallis nonparamet-
ric testing for comparison of two independent samples as applicable.
The dark horizontal line indicates the median. Whiskers indicate the
25th and 75th percentiles

inthis population, and that carriers of one functional and one nonfunc-
tional TPMT allele necessitated a median MP dose reduction of 60%.8
Similarly to individuals of European descent (MAF = 0.002),? we
have also shown that the NUDT15 ¢.415C>T is uncommon in Arabs,
as it was not detected in 121 Lebanese, and only one of the four Iragi
patients had the TC genotype. It is our impression that the frequency

of this polymorphism is also rare in Iragis, and that having found one
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heterozygote was by pure chance, though further studies are needed
in this population. More importantly, carriage of one NUDT15 vari-
ant allele was associated with a tolerated MP dose of 33.33% of the
planned MP dose during maintenance therapy for ALL; this percentage
is below that reported from the SJCRH cohort, which was treated with
the same protocol (median MP dose intensity being 63% for TC).? The
same applies to Asian patients treated on different protocols for ALL;
for example, the maximal tolerable daily MP doses were 30.7 and 44.1
mg/mZ2 in patients with TC and CC alleles, respectively, in Taiwanese
children?* and 29.3 and 40.7 mg/m? in those with TC and CC alleles,
respectively, in Japanese children.12

The roles of NUDT15 enzyme and the c.415C>T polymorphism in
the metabolism of thiopurines are still not very clear. NUDT15 was
shown to dephosphorylate oxidized purine nucleoside triphosphates,
such as 8-oxo-dGTP, hence preventing their incorporation into DNA.20
TGN thio-dGTP, an active metabolite of MP that directly incorporates
into DNA leading to cytotoxicity, is structurally similar to 8-oxo-dGTP.”
Thio-dGTP is hence a potential candidate for inactivation by NUDT15,
and it was hypothesized that patients with low-function NUDT15
accumulate thio-dGTP, resulting in an extensive DNA damage and
cytotoxicity.? As a matter of fact, functional experiments showed that
NUDT15 inactivated thiopurine metabolites, resulting in decreased
levels of 6-thioguanine DNA and thioguanine-induced apoptosis.1©
Nevertheless, in astudy on Japanese patients with inflammatory bowel
disease, although NUDT15 c.415C>T polymorphisms were significantly
associated with thiopurine-related leukocytopenia, 6-TGN levels were
not significantly different among NUDT15 genotypes. It was hence sug-
gested that thiopurine-mediated myelotoxicity of this SNP is mediated
by a 6-TGN-independent mechanism.18

Irrespective of the mechanism, and although rare in Caucasians
of European descent and in Arabs, we believe that, in addition to
TMPT, it is worthwhile to preemptively genotype for the NUDT15
¢.415C>T, since the effect on MP dose tolerability is quite significant,
at least during the continuation phase of therapy. In addition to being
prescribed in the continuation phase of all treatment protocols for
ALL, MP is also given in the induction and consolidation phases. The
induction phase entails a number of additional drugs; hence, MP intol-
erance cannot be easily ascertained. As for the consolidation phase,
MP is given in cycles with high-dose MTX and hence, again, MP-
related myelosuppression cannot be separated from that of MTX.
Nevertheless, it is interesting to note that the patient with the NUDT15
TC allele had grade 4 neutropenia (per NCI toxicity grading criteria?l)
during consolidation.

In conclusion, this is the first report on the association of TPMT and
NUDT15 polymorphisms with MP dose intolerance in Lebanese/Arab
patients with ALL. Further studies are needed in Europeans and
other Arabs including Iraqgis to evaluate the frequency of NUDT15
¢.415C>T polymorphism and its role in thiopurine-related leukopenia.
Genotyping for additional SNPs may also be warranted for potential

gene/allele-dose effects.10
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