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Pharmacogenetic testing for thiopurine drugs
in Brazilian acute lymphoblastic leukemia
patients
In a review article for Clinics in 2018,1 one of us presented a personal
perspective of pharmacogenetic (PGx) testing in oncology in Brazil,
highlighting the drug-gene pairs for which there are international con-
sensus guidelines for PGx-informed drug prescription. In 2019, PGx test-
ing for irinotecan:UGT1A1, fluoropyrimidines:DPYD and thiopurines:
TPMT/NUDT15 was implemented at Instituto Nacional de Câncer
(INCA) in Rio de Janeiro.2 Here, the authors present results for thiopur-
ines:TPMT/NUDT15, to highlight the development and current status of
INCA�s PGx program.

PGx testing for thiopurines was designed as an extension of an
ongoing project3 focused on genomic deletions in Acute Lymphoblas-
tic Leukemia (ALL) patients from INCA and nine other oncology cen-
ters in Brazil. The study was approved by INCA�s Ethics Committee
(CAAE 33709814.7.1001.5274), routine procedures for receiving,
processing, and storing DNA samples were established and validated
allele discrimination TaqMan assays were applied to selected TPMT
and NUDT15 single nucleotide polymorphisms (SNPs; Supplementary
Table 1). Selection of the target SNPs, assignment of TPMT, NUDT15,
and compound (combined TPMT and NUDT15) metabolic phenotypes
according to the TPMT and NUDT15 genotypes, and recommenda-
tions for initial thiopurine dosing followed the Clinical Pharmacoge-
netics Implementation Consortium (CPIC) updated thiopurine
guideline.4

From the inception of the PGx program until now, 430 ALL patients
were successfully genotyped for TPMT and NUDT15 SNPs (Supplemen-
tary Table 2). The frequency distributions of TPMT and NUDT15 alleles,
Table 1
TPMT and NUDT15 polymorphisms in Brazilian ALL pati

Gene / SNPs Genotype freque

TPMT wt/wt wt/var
rs1142345 0.907 0.088
rs1800462 0.951 0.049
rs1800460 0.972 0.028
NUDT15
rs116855232 0.977 0.023

Gene Diplot

TPMT *1/*1 *1/*2 *1/*3A *1/*3
88.4 2.3 4.0 4.4

Enzyme Assigned metabolic phe

Normal Intermediate
(NM) (IM)

TPMT 88.4 10.7
NUDT15 97.7 2.3
Compound 86.5 11.6

wt, Wild-Type allele; var, Variant allele; MAF, Minor Alle
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genotypes and diplotypes, and assigned metabolic phenotypes are
shown in Table 1. Minor Allele Frequency (MAF) ranged between 0.012
(NUDT15 rs116855232) and 0.049 (TPMT rs1142345). There were no
significant deviations from Hardy-Weinberg equilibrium at any locus,
such that homozygosis for the wildtype alleles ranged from 0.907
(TPMT rs1142345) to 0.977 (NUDT15 rs116855232), and heterozygosis
varied between 0.023 (TPMT rs116855232) and 0.088 (TPMT
rs1142345). Homozygosis for the variant (minor) allele was detected
only at the TPMT rs1142345 locus. The allele and genotype frequency
of the interrogated SNPs in both TPMT and NUDT15 are in excellent
agreement with data from Southeast Brazilian cohorts.5,6

The Normal Metabolizer phenotype (NM) was assigned to the vast
majority of patients for TPMT (88.4%) and for NUDT15 (97.7%),
whereas the Intermediate Phenotype (IM) was assigned to 10.7%
(TPMT) and 2.3% (NUDT15) patients. Poor metabolizers (PM) were rare
(TPMT, 0.9%) or absent (NUDT15). Four patients (0.9%) were heterozy-
gous carriers of both NUDT15 rs116855232 and TPMT no-function
alleles and consequently were assigned the compound IM phenotype,
which is associated with lower thiopurine tolerance compared with IMs
for either TPMT or NUDT15.4

Based on the individual TPMT and NUDT15 combined metabolic
phenotypes, four distinct recommendations for thiopurine initial dosing
were made (Fig. 1): i) Start treatment with the usual thiopurine dose:
patients with the NM phenotype for both enzymes (86.5%); ii) Consider
starting the treatment with reduced thiopurine doses: IMs of either
TPMT or NUDT15 (11.6%); iii) Drastic reduction of the initial dose and
reduced frequency of administration: PMs: of either or both enzymes
(0.9%); iv) Consider a large reduction of the initial thiopurine dosing:
compound IMs (i.e. IM for both enzymes) in view of the potential highly
increased risk of thiopurine toxicity.
ents.

ncy MAF

var/var
0.005 0.049
0.000 0.024
0.000 0.014
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ype frequency (%)
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Fig. 1. Diagrammatic plot of mercaptopurine dosing recommendation for 430 ALL patients, based on the individual compound metabolic phenotypes for TMPT and
NUDT15 enzymes. The recommendations follow the updated CPIC guideline.4 The proportion of patients receiving each recommendation is shown at the bottom.
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The individual TMPT and NUDT15 genotypes and metabolic pheno-
types, and the thiopurine dosing recommendation were included in a
concise report, which was conveyed by institutional email to the Princi-
pal Investigator of each participating institution. The reports cautioned
that the dosing recommendation applied to the initial thiopurine dose;
subsequent doses should be adjusted based on the degree of myelosup-
pression and the disease-specific guidelines. The report contained the
following disclosure statements: i) The dosing recommendations are
based on the CPIC guidelines according to the polymorphisms geno-
typed; ii) The possibility of influence of other, not interrogated PGx var-
iants cannot be excluded; iii) Adherence to the dosing recommendations
is a decision of the prescribing physician.

PGx testing for thiopurines is a landmark in the adoption of PGx as a
major instrument for precision (personalized) medicine, and as such led to
the creation of the CPIC guidelines.7 The original thiopurine guideline con-
templated only TMPT polymorphisms; the inclusion of NUDT15 polymor-
phisms in the 2018 updated guideline attests to the dynamics of PGx
research but also highlights the challenge that dosing recommendations
must be updated as novel evidence of PGx associations emerges. Implemen-
tation of PGx testing at INCA to inform the prescription of mercaptopurine
to ALL patients is a pioneering initiative within the Brazilian Public Health
System, which hopefully will prompt similar programs in other medical
centers in Brazil, whether public or private. Financial support from the Bra-
zilian agencies Decit/MS, FAPERJ, and CNPq, and the commitment of a
dedicated task force at INCAwere decisive factors for the success of the pro-
gram and assured its continuity throughout the COVID-19 pandemic.
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