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ABSTRACT

Aim: The enzyme of methylenetetrahydrofolate reductase (MTHFR) is fundamental for folate metabolism and has two
common polymorphisms (C677T and A1298G). Methotrexate, which interrupts folate metabolism, is one of the backbone
drugs of pediatric acute lymphoblastic leukemia (ALL). Methotrexate inhibits the synthesis of DNA replication.

Material and Method: In this study, we aimed to investigate the relationship between polymorphisms of the MTHFR gene and
methotrexate toxicity. 85 children with newly diagnosed ALL were enrolled in the study. MTHEFR gene polymorphisms and the
toxicities related to methotrexate were evaluated.

Result: A total of 85 (54 females and 31 males) children were diagnosed with ALL. The allele frequencies for the FRG
polymorphisms were as follows: MTHFR 677 CC 47 (55.3%), CT 29 (34.1%, TT 9 (10.6%) . No significant differences were
detected with respect to event-free survival or toxicity between wild-type and other MTHER variants.

Conclusion: Clinicians must be vigilant about the pharmacogenetic features of the patients. This study reveals that personalized

medicine is the next future of treating ALL.
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INTRODUCTION

Childhood acute lymphoblastic leukemia (ALL) is cured
in approximately 80% of patients (1-3). ALL regimens
consist of combination chemotherapy administered
continuously over 2 to 3 years (1,2). Although there
are new drugs and treatment modalities, the treatment
of ALL is still multidrug chemotherapy furthermore
outcome of ALL may be influenced by modest changes
in drug dose or exposure (2,3). Thus, if the determinants
of interpatient variability in drug pharmacodynamics
were better defined, tailoring drug therapy based on
these factors might further improve outcome.

Methotrexate (MTX) is an antifolate chemotherapeutic
agent that has been widely used in the treatment of
childhood ALL (1-5). High-dose MTX infusion (1 g/
m?) is usually given in the consolidation treatment and
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maintenance chemotherapy in most regimens including
weekly oral MTX doses. Drug-related toxicities seen
after MTX treatments including toxicities of the
gastrointestinal system, such as oral mucositis, as well
as toxicities of the skin, central nervous system, hepatic,
renal system, and bone marrow (4,5).

The enzyme methylene tetrahydrofolate reductase
(MTHFR) catalyzes the irreversible conversion
of 5,10-methylene tetrahydrofolate to 5-methyl
tetrahydrofolate, in the folic acid cycle, and is
interrupted by MTX therapy. The pharmacokinetics
and pharmacodynamics of this agent is known to be
influenced, at least in part, by genetic variations (6,7).
The most common MTHEFR polymorphism C677T
(are nonsynonymous amino acid changes) affect
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MTHEFR enzyme causing a reduction of its activity,
altered distribution of intracellular folate metabolites and
increased levels of blood homocysteine (6-9). As a result
of this mutation, homozygotes have ~30% of the normal
MTHEFR enzyme activity, while heterozygotes have 60% of
normal MTHER activity, causing impaired remethylating
of homocysteine to methionine and subsequent
hyperhomocysteimia (6,7).

In clinical studies, homozygosity of the C677T
polymorphism has been associated with increased toxicity
after MTX therapy of patients with ALL (6,7). Several
reports have described association between MTHEFR
variants and clinical outcome, toxicity and susceptibility
to ALL especially in pediatric population (6).

The MTHEFR C677T variant allele has also been associated
with increased toxicity with MTX (6-9) Although
informative, all of these studies have utilized relatively
small and heterogeneous sample sets and have not
concurrently analyzed toxicity risks. Therefore, we sought
to test the impact of MTHEFR polymorphisms on clinically
relevant toxicity end points in a large homogenous sample
set.

Based on prior reports, we also hypothesized that patients
with MTHEFR variant alleles could experience increased
toxicity. This report evaluates the role of the MTHFR
C677T polymorphisms on toxicity risk in children with
ALL patients, all of whom received the same dose and
schedule of MTX according to the national Turkish BEM
protocol (10).

MATERIAL AND METHOD

This study was approved by the Erciyes University
Clinical Researches Ethics Committee (Date: 07.11.2018,
Decision No: 2018/552). All procedures were carried out
in accordance with the ethical rules and the principles of
the Declaration of Helsinki.

In the present study, we investigated the influence of
concurrently administered chemotherapy and MTHFR
polymorphisms on toxicity after medium dosage (MD)
MTX in children with ALL.

Patients

Of the 85 children with newly diagnosed ALL treated
according to the TRALL 2002 protocol, at the Erciyes
University Gevher Nesibe Hospital, Kayseri, Turkey,
between January 2002 and December 2008, were enrolled
in the study. TRALL 2002 protocol is the Turkish version
of the Berlin-Frankfurt-Miinster (BFM) 95 study for ALL
(10). The consolidation regimen of this protocol for the
standard or intermediate risk groups consisted of four
courses of medium-dose methotrexate (MD-MTX) (1000
mg/m?/dose) with intrathecal injections of MTX (fig 1).
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Patients received MD-MTX over 36 hours in the courses
with uniform supportive treatments followed by each
protocol. MD-MTX treatment was followed by leucovorin
rescue (15 mg/m?), which was administered 48 hours
after the start of the methotrexate infusion and every 6
hours thereafter, for a total of two or three doses. Routine
assessment of the serum MTX levels is not necessary in
this protocol.

6-MP p.o. 25 mg/m2/d

MTX p.i. (36h)
1000 mg/m? I I l I

LCV-Rescue 15 mgimviv. x3 at b +48,~54 Il Il Il Il
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Figure 1. The schema of consolidation regimen of TRALL BFM
protocol

Standard risk group was defined as age between 1 and 6
years at diagnosis, initial leukocyte count of<20 x 109L,
non-T immunuphenotype, negative t(9;22) and t(4;11),
and good prednisone response (Patients with an absolute
blast count in the peripheral blood on day 8 0f<1,000/mL
are prednisone-good responders). Intermediate risk group
was defined as age <1 or >6 years at diagnosis, initial WBC
count of >20x10°/L, negative t(9;22) and t(4;11), and
good prednisone response. High risk patients received
different consolidation treatment but same maintenance
chemotherapy.

Toxicities Evaluation

MD-MTX and maintenance therapy-related toxicity data
were collected, retrospectively. Toxicities were assessed
using the Common Terminology Criteria for Adverse
Events (CTCAE), Version 3.0, published by the National
Cancer Institute.17.8.

The toxicity after each MD-MTX was registered in the
period from the planned end of the MD-MTX course (72
h after the start of the infusion) and until the next course of
MD-MTX was started. The next courses of chemotherapy
were started 14 days after the MTX infusions.

The registration included nadir laboratory values [white
blood cell count (WBC), absolute neutrophil count (ANC),
hemoglobin level (Hb), platelet count (PLT), maximum
plasma values of alanine aminotransferase (ALT)],
occurrence of fever (hospitalization with temperature
>38°C), and interruption of oral 6 mercaptopurine (6 MP)
and MTX maintenance treatment due to toxicity. Criteria
for interruption of maintenance treatment included WBC
<1.0x10°/L, platelet count <50x10°/L, occurrence of fever
(temperature >38°C). Both treatment withdrawals and
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delayed re-administrations (in courses where 6MP and
oral low-dose MTX was deliberately paused during HD-
MTX) were considered as interruptions of maintenance
treatment.

Genotyping
The DNA extraction and Real-Time Polymerase Chain
Reaction were performed as reported previously (11).

Statistical Analysis

The primary outcome of interest was development of
toxicity in the subset of patients receiving homogeneous
MD-MTX and maintenance chemotherapy. Correlation
of MTHFR genotype with clinical characteristics such
as age, sex, stage, therapy-related toxicity (hemoglobin
(Hb), white blood cell (WBC), platelet, AST: Aspartate
aminotransferase; ALT: Alanine aminotransferase total
bilirubin, urea, creatinine levels and febrile neutropenic
episodes), and outcome was performed using the X2 or
Fisher’s exact test. The level of significance was performed
to p<0.05 and data processing were evaluated with SPSS
15.0 statistical software for Windows.

The study was designed retrospectively, no written
informed consent form was obtained from patients.

RESULTS

The files of 102 children with ALL were evaluated. 17
patients were not evaluable for toxicity during MD-MTX
courses, because of high-risk leukemia sufferers being
shifted to high-dose (HD) chemotherapy and stem-cell
transplantation, and early relapse or death after induction
chemotherapy and children with T lymphoblastic
immunophenotyped ALL who received HD-MTX (5 g/
m?/dose). Sixty-one patients were considered evaluable
for toxicity of the MD-MTX chemotherapy; these patients
were excluded from the study. Total 85 patients were
evaluated for MTHFR genotype. Access was achieved to
the data regarding 85 patients (54 female and 31 male)
monitored with the diagnosis of ALL. According to
TRALL BEM protocols, 28 of the patients were classified
as standard risk group (SRG), 38 were medium risk group
(MRG), 19 high risk group (HRG) leukemia. The baseline
characteristics of the ALL patients are shown in Table 1.

Genotype and Allele Frequencies of MTHFR gene

The wild-type genotype (CC) was present in 47 patients
(55.3%), heterozygous genotype (CT) in 29 patients
(34.1%) and homozygous genotype (TT) in 9 patients
(10.6%).

The scheduled dosage of oral 6MP was 40 mg/m? a day
and that of oral MTX was 25 mg/m? once a week.. The
patient characteristics and clinical data used in this study
were collected retrospectively, from the patient’s chats.

Table 1. Patients characteristics

Genotyped
Characteristics Patients
(n=85) (%)

Age at diagnosis (years)(mean)

1 - 6 years 52 (61.1)

<1 or >6 years 33 (38.9)
Gender

Male 54 (63.5)

Female 31 (36.5)
WBC count (x109) at diagnosis

<10 40 (47.1)

>10 45 (52.9)
Risk groups

SRG (Standard risk group) 28 (32.9)

IRG (Intermediate risk group) 38 (44.7)

HRG (High risk group) 19 (22.4)
Overall MTHER 677C/T genotype

cC 47 (55.3)

CT 29 (34.1)

TT 9 (10.6)
MTHER 677C/T genotyping for maintenance therapy 51

cC 25 (49)

CT 21 (41.2)

TT 5(9.8)
Duration of maintenance therapy (wk) (median) 8
Cumulative MTX doses of maintenance 3
Number of relapsed patients 8
Survival status

Alive 73 (85.9)

Died 12 (14.1)
Median Follow-up (months) (median) 37
SRG: Standard risk group, IRG: Intermediate risk group, HRG: High risk group.

Survival Status

Twelve (14.q%) of the 85 children died during follow-
up (median 37 months). No deaths occurred in patients
However, there were no significant differences with
respect to relapse rates, event free survival (EFS) between
the groups with and without polymorphic variants of
MTHER gene polymorphisms (Figures 2).
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Figure 2. The event free survival of children with acute
lymphoblastic leukemia
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DISCUSSION

MTX is a backbone of consolidation and maintenance
treatment for children with ALL (1-3). However, some
patients cannot tolerate HD-MTX, and in these cases
the treatment can cause toxicity and discontinuation of
chemotherapy, which may increase relapse (5-7).

Maggdenberg et al. (5) reported that the association
between genetic variations in genes involved in MTX
pharmacodynamics (e.g. MTHFR) or pharmacokinetics
and the development of mucositis. Moreover mucositis
can impair oral intake of food and liquids and an
impaired quality of life during therapy, often requiring
dose reductions or cessations of treatment which can
interfere with treatment efficacy. Yazicioglu et al. (6)
observed higher rate of renal toxicity in patients who
carried the MTHFR 677CT/TT genotypes compared to
wildtype MTHEFR enzymes.

There are conflicting results regarding the roles of the
MTHEFR gene polymorphisms in leukemia prognosis
(5-7). Some studies have indicated that these variants
play protective roles, whereas others have shown that
they are linked to increased rates of relapse and drug
resistance (1-6). In accord with these data, we observed
no significant differences in EFS between patients with
or without polymorphic variants of MTHEFR and other
enzymes, and this finding supports the effect of HD-
MTX in our study.

On the other hand, MTHFR variants were reported
to be associated with arterial, venous thrombosis. Of
the determined underlying causes of thrombosis, the
polymorphisms at the genes of the enzymes involved
in homocysteine metabolism may confer an increased
risk for thrombosis by causing hyperhomocysteinemia.
Population-based studies revealed that neither of the
risk alleles (MTHFR C677T and MTHFR A1298C)
of the homocysteine metabolism-related genes alone
increased the risk for the occurrence of stroke (12)
Kenet et al. (13) conducted a systematic search of
various electronic databases for studies published from
1970 to 2009 and found that hyperhomocysteinemia
but not MTHFR polymorphisms identifies individuals
at increased thrombotic risk. Several studies
emphasized that MTHFR polymorphisms without
hyperhomocysteinemia do not have any importance on
thrombosis (8,9,12,13).

The small sample size of our study population is the
main limitation of the present findings. We observed
no significant differences between wild-type and other
MTHER variants with respect to toxicity or relapse rate,
but further investigations with larger patient numbers
are needed.
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CONCLUSION

MTHEFR C677T polymorphisms in Turkish children with
ALL are similar to those reported for other Caucasian
populations. Our results indicate that HD-MTX can be
tolerated by leukemic children with some polymorphic
variants and thus it may prevent future risk of leukemic
relapse.
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