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Abstract We analyzed the relationship of genetic varia-
tion within the methylenetetrahydrofolate reductase gene
(MTHFR 677 C—T) with clinical characteristics, outcome,
and therapy-related toxicity in pediatric non-Hodgkin’s
lymphoma (NHL) in our multicenter trial NHL-BFM 95. In
this trial, high-dose methotrexate (MTX) infusion regimens
were randomized (4- vs 24-h infusion) in patients with B-
cell lymphoma; MTX was applied as 24-h infusion in all
patients with lymphoblastic lymphoma and anaplastic large
cell lymphoma. Toxicity data were collected per patient
and therapy course according to National Cancer Institute
Common Toxicity Criteria (NCI-CTC). The genotypes in
484 pediatric patients were distributed as follows: MTHFR
677 CC, 206 patients (42.6%); MTHFR 677 CT, 214 pa-
tients (44.2%); and MTHFR 677 TT, 64 patients (13.2%).
Lymphoblastic lymphoma was significantly associated
with homozygosity for the MTHFR 677 T allele. No
association of MTHFR 677 genotype with clinical char-
acteristics (sex, age, and tumor stage), outcome, or therapy-
related toxicity could be detected. Therefore, we conclude
that the MTHFR 677 C—T polymorphism does not appear
to influence outcome or therapy-associated toxicity in
pediatric patients with NHL treated on BFM protocols.
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Introduction

Methylenetetrahydrofolate reductase (MTHFR) is an im-
portant enzyme in folate metabolism and DNA synthesis.
By interconverting methyltetrahydrofolate to methylene-
tetrahydrofolate, MTHFR recruits one-carbon fragments
necessary for the methylation of deoxyuridine monophos-
phate ({UMP) to deoxythymidylate monophosphate ({TMP),
which is necessary for DNA synthesis. MTHFR is
therefore suggested to play an important role in rapidly
growing cells [45]. Several single nucleotide polymor-
phisms (SNPs) within the MTHFR gene have been de-
scribed, resulting in variant enzyme activity. The two most
frequent MTHFR polymorphisms involve base exchanges
at nucleotide position 677 (C—T, leading to an amino acid
exchange from alanine to valine) and at position 1298
(A—C, leading to an amino acid exchange from glutamine
to alanine). The MTHFR 677 (C—T) polymorphism was
first described in 1995 and leads to the expression of a
thermolabile form of MTHFR with reduced enzyme
activity [8]. The frequency of the MTHFR 677 T allele
varies significantly among different populations [3, 24, 26,
39]. In Europe, 8-18% of the Caucasian population are
homozygous for the MTHFR 677 T allele; approximately
40% are heterozygous [3, 17, 30].

Homozygosity for the MTHFR 677 T allele has been
associated with various disorders such as neural tube
defects, preeclampsia, cleft lip and palate, Down syn-
drome, vascular disease, coronary heart disease, and
increased susceptibility to thromboembolic complications
[11, 22, 25, 28, 37, 45]. Due to the clinical impact of
mutations in the MTHFR gene, especially in rapidly
growing cells, these polymorphisms are of interest in the
pathogenesis and treatment of lymphoid malignancies.
Data on the association of MTHFR 677 polymorphisms
with risk of acute lymphoblastic leukemia (ALL) or non-
Hodgkin’s lymphoma (NHL) are still controversial.
Whereas some authors described a decreased risk for
ALL or NHL in adult patients with the MTHFR 677 TT
genotype, other authors did not confirm these findings [5,
10, 18, 35, 47]. It has been hypothesized that changes in the
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availability of methylenetetrahydrofolate secondary to
altered MTHFR activity might reduce the frequency of
misincorporation of uracil into DNA, thus reducing the risk
of DNA double-strand breaks as potential key event in the
pathogenesis of malignant disease. On the other hand,
reduced MTHFR activity might result in hypomethylation
of DNA promoter regions, leading to increased expression
of proto-oncogenes, thus increasing the risk of malignant
disease [5, 10, 18, 35, 47].

As suggested by a limited number of studies, genetic
variations might also be of relevance in treatment, progno-
sis, and therapy-related toxicity of lymphoid malignancies.
NHL is of special interest in this respect because metho-
trexate (MTX)—a specific inhibitor of dihydrofolate
reductase—is one of the key chemotherapeutic agents in
the therapy of NHL. The introduction of therapy regimen
containing high-dose MTX significantly improved out-
come especially in the treatment of high-grade B-cell
malignancies in pediatric patients [29, 33]. MTX acts via
inhibition of dihydrofolate reductase, thus leading to
intracellular deprivation of tetrahydrofolate, jeopardizing
DNA synthesis and cell division. Intracellular tetrahydro-
folate deprivation might partially be compensated by
MTHFR, which converts methylenetetrahydrofolate into
methyltetrahydrofolate, a precursor for tetrahydrofolate that
can be demethylated independent of dihydrofolate reduc-
tase. Prognosis of patients with NHL and decreased
MTHEFR activity receiving MTX might therefore be better
compared to patients with normal MTHFR activity in the
setting of MTX-related tetrahydrofolate deprivation. On the
other hand, patients carrying the MTHFR 677 T allele might
be at risk for increased toxicity of therapy regimen
containing high-dose MTX due to more profound folate
deprivation in tissues with high cell turnover such as gut
mucosa or mononuclear cells, thus predisposing patients to
more severe orointestinal and infectious toxicity [29, 33,
48]. In fact, genetic polymorphisms of the MTHFR gene
have been associated with differences in MTX-related
toxicity after bone marrow transplantation and in patients
with theumatoid arthritis receiving low-dose MTX over a
long period of time [7, 42, 44, 46].

So far, the potential role of MTHFR polymorphisms in
pediatric patients with NHL has not been examined. The
present study, as part of the population-based multicenter
therapy trial NHL-BFM 95, examines the impact of the
MTHFR 677 C—T polymorphism in pediatric patients
with NHL regarding diagnostic entities, prognosis, and
therapy-related toxicity.

Patients and methods
Patients

From April 1996 to March 2001, 791 eligible patients up
to 18 years of age with newly diagnosed NHL were
enrolled in multicenter therapy trial NHL-BFM 95 from
centers in Austria, Germany, and Switzerland. Informed
consent was obtained from all patients’ parents or

guardians. Diagnosis was based on histopathology, cyto-
logy, immunology, and immunohistochemistry. NHL
subtypes originally diagnosed according to the updated
Kiel classification for NHLs were reclassified on the
basis of the World Health Organization (WHO) classifi-
cation of hematological malignancies [13, 38]. B-ALL
was diagnosed if the bone marrow smears showed at
least 25% of blasts with typical FAB L3 morphology and
immunology [2, 13, 31]. Tumor slides of all patients
were reviewed by central reference pathology and/or
cytology.

Of 791 patients, 484 (61.2% of the study population) were
successfully genotyped for the MTHFR 677 C—T polymor-
phism. The genotyped cohort of patients did not differ from
the remaining study population regarding clinical character-
istics, prognostic factors, distribution of risk factors for
failure, therapy, or outcome (data not shown).

Therapy

Patients with lymphoblastic lymphoma or peripheral T-
cell lymphoma were treated in therapy group Non-B and
received chemotherapy according to stage and therapy
response as described previously, with only minor
modifications. After induction, patients received consol-
idation/extra-compartment therapy consisting of four
courses of high-dose MTX (5 g/m?) as iv. infusion
over 24 h as described previously [Fig. 1; only therapy
branches SR (standard risk) and MR (medium risk) are
shown] [32]. Patients with B-cell lymphoma and B-ALL
were treated in therapy group B-NHL/B-ALL and were
stratified in four therapy branches of different therapy
intensity according to stage and tumor mass at diagnosis
as previously described (Fig. 1) [33]. Patients with
anaplastic large cell lymphoma (ALCL) were treated in
therapy group ALCL and were stratified in three therapy
branches according to stage (Fig. 1) [34]. Therapy for B-
cell NHL and ALCL consisted of two to six 5-day courses
of polychemotherapy, including MTX, with dose adjusted
to risk group (doses ranging from 0.5 to 5 g/m?).
Radiotherapy was not part of the protocol.

In trial NHL-BFM 95, duration of MTX infusion was
randomized in therapy group B-NHL/B-ALL for patients
with B-NHL within each therapy branch: Patients received
MTX either as a 4-h infusion or as a 24-h infusion. MTX
serum concentration was measured at 24, 36 42, and 48 h
from the start of MTX i.v. infusion. Leucovorin rescue
(racemic folinic acid) was given i.v. in a dose of 30 mg/m?
at 42 h, and leucovorin rescue was given i.v. in a dose of
15 mg/m2 at 48 and 54 h from the start of MTX infusion
as previously described [33].

Treatment success was determined by event-free survival
(EFS). Events were defined as follows: death due to any
cause, tumor progression, and second malignancy. Pro-
gression was defined as growth of an incompletely resolved
tumor or as recurrence proven by biopsy.

Toxicity data and MTX levels were collected from
treating centers by standardized questionnaires. Therapy-
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related toxicity was documented according to NCI/CTC
criteria after each therapy course.

Genotyping

Genomic DNA was isolated from all available tumor-free
bone marrow or peripheral blood smears from patients
enrolled in trial NHL-BFM 95. Genotyping the MTHFR 677
(C—T) polymorphism was performed using conventional
polymerase chain reaction (PCR) (Expand High Fidelity
PCR System, Roche Diagnostics, Mannheim, Germany)
followed by restriction fragment length polymorphism
(RFLP) analysis. A 198-bp region of exon 4 of the
MTHFR gene was amplified using the following primer
pairs: forward 5'-TGAAGGAGAAGGTGTCTGCGGGA-
3" and reverse 5'-AGGACGGTGCGGTGAGAGTG-3'.
Amplification was followed by restriction enzyme digestion
with Hinf1 (New England Biolabs, Frankfurt, Germany).
The PCR product representing the MTHFR 677 C allele
remained uncut and was visualized on short fragment aga-
rose gel electrophoresis as a single band of 198 bp. Hetero-
zygous patients showed three bands of 198, 175, and 23 bp
in length. Patients homozygous for the MTHFR 677 T allele
showed two bands of 175 and 23 bp in length. A random
sample of 10% of the patients was genotyped twice without
any discordances found in results regarding genotype.

Statistical analysis

Correlation of MTHFR genotype with clinical character-
istics [age, sex, subtype of NHL, stage, serum lactate
dehydrogenase (LDH) at diagnosis, therapy-related toxic-
ity, and outcome] was performed using the x> or Fisher’s
exact test. Analysis of genotype distribution among patients
with NHL was performed by comparing observed genotype
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frequencies to previously published data from 257 healthy
German individuals (published by Koch et al. (=153
patients) [17] and by Reinhardt et al. (n=104 patients) [30]).
Prognostic relevance of different parameters was examined
by stepwise Cox regression analysis [6, 12]. Analysis of
EFS was performed according to Kaplan and Meier, with
differences compared by the log-rank test [15, 23]. EFS was
calculated from the date of diagnosis to the first event or to
the date of last follow-up. Relapse, death in continuous
complete remission, and second malignancy were eval-
uated as events, and failure to achieve remission was
evaluated as an event on day 1.

Statistical analyses were performed using the SAS
program (SAS-PC, version 6.12; SAS Institute Inc., Cary,
NC). Follow-up was actualized as of 1 January 2005.

Results
Patients

Of a total number of 791 pediatric patients enrolled in trial
NHL-BFM 95 between April 1996 and March 2001, 484
patients (61.2% of the total study population) were
genotyped for the MTHFR 677 (C—T) polymorphism.
Clinical characteristics of the genotyped study population
(e.g., age, sex, tumor load at diagnosis, events, and clinical
prognostic factors) did not differ from the entire study
population (data not shown).

Of 484 genotyped patients, 33 were noneligible and
were not included in analyses of EFS and treatment results
for the following reasons: patient had received chemother-
apy prior to diagnosis of NHL (n=8), NHL was second
malignancy (n=1), patient suffered from HIV infection
(n=1) or severe combined immunodeficiency (»=8), NHL
occurred after transplantation (n=8), patient was not treated
according to protocol NHL-BFM 95 or was treated in
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Table 1 Frequency of genotypes of MTHFR 677 in pediatric NHL entities

Genotype p*
677 CC 677 CT 677 TT
n % % n %
All patients (n=484) 206 42.6 214 442 64 132
Lymphoma entity
Lymphoblastic (n=99) 36 36.4 45 455 18 18.1 0.04
Burkitt/B-ALL (n=218) 92 422 95 43.6 31 14.2 0.26
Diffuse large B (n=65) 31 47.7 28 43.1 6 9.2 0.96
ALCL (n=67) 32 47.8 29 433 6 8.9 0.95
PTCL and other (n=35) 15 42.9 17 48.5 3 8.6 0.74
Healthy population® (1=257) 124 48.3 107 41.6 26 10.1

No differences can be discerned regarding the distribution of genotypes for MTHFR 677 within different NHL entities. The distribution of
genotypes within the study population was similar to that in healthy German controls® as described by Koch et al. (n=153 patients)

[17] and by Reinhardt et al. (=104 patients) [30]

ALCL Anaplastic large cell lymphoma, PTCL peripheral T-cell lymphoma
®p values refer to the comparison the distribution of genotypes among the study population and healthy German individuals

Comparison with healthy Caucasian population in Germany

wrong therapy group due to initial misdiagnosis of NHL
subtype (n=4), therapy was discontinued for nonmedical
reasons (n=1), and treating institution was not participating
in trial NHL-BFM 95 (n=2).

Of 484 genotyped patients, 99 patients (20.5%) were
suffering from lymphoblastic lymphoma, 218 patients
(45.0%) from Burkitt’s lymphoma or B-ALL, 65 pa-
tients (13.4%) from diffuse large B-cell lymphoma, 67
patients (13.9%) from ALCL, 7 patients (1.4%) from
peripheral T-cell lymphoma, and 28 patients (5.8%) from
other NHL entities. The distribution of NHL entities among
the genotyped population did not differ from the total study
population of trial NHL-BFM 95.

Genotype analysis, clinical risk factors, and diagnostic
entities

Of 484 genotyped patients, 206 patients (42.6%) had the
MTHFR 677 CC genotype, 214 patients (44.2%) were
heterozygous, and 64 (13.2%) patients were homozygous
for the MTHFR 677 T allele. In the entire group, the
distribution of genotypes was similar to the frequency of
these genes observed in healthy Caucasian populations
(Table 1) [17, 26, 30].

Clinical characteristics and prognostic factors such as
sex, age, serum LDH, stage at diagnosis, central nervous
system (CNS) disease, or MTX infusion regimen (in

Table 2 Clinical characteristics

o . . Clinical characteristic Numb
of 484 pediatric patients with fricat characteristic Aumber

Genotyped patients (N=484)

p (univariate)

NHL by MTHFR 677 genotype (5100%)" 677 CC (=206, 677 CT (n=214, 677 TT (n=64,
42.6%) 44.2%) 13.2%)
n % n % n %
Age
<10 years 263 112 426° 116  441*° 35  133%*  0.99
>10 years 221 94 425 98 444 29 131
Sex
Male 340 142 418 153 45.0 45 13.2 0.85
Female 144 64 444 61 424 19 132
LDH
<1000 U/ 395 167 423 172 435 56 142 0.49
>1000 U/ 82 34 415 40 488 8 9.7
Not determined 7 5 2 0
Stageb
*Percentages given in this table ! 46 20 433 21 456 > 109 0.38
refer to sum of patients with 1 92 42 45.6 40 43.5 10 10.9
same clinical characteristic 11T 230 85 37.0 109 474 36 15.6
(rows) L v 68 37 544 23 338 8 118
Stage was not determined in -~ p A7y 47 2 468 20 426 5 106

one patient




patients with B-cell neoplasms only) of 484 genotyped
patients were not associated with MTHFR 677 genotype
(Table 2).

In patients with lymphoblastic lymphoma (n=99), 36
patients (36.4%) were homozygous for the MTHFR 677 C
allele, 45 patients (45.5%) were heterozygous, and 18
patients (18.1%) had the MTHFR 677 TT genotype.
Among 218 patients with Burkitt’s lymphoma or B-ALL,
92 patients (42.2%) had the MTHFR 677 CC genotype, 95
patients (43.6%) were heterozygous, and 31 patients
(14.2%) were homozygous for MTHFR 677 T. Of 65
patients with diffuse large cell lymphoma, 31 patients
(47.7%) were homozygous for the MTHFR 677 C allele, 28
patients (43.1%) were heterozygous, and 6 patients (9.2%)
were homozygous for the MTHFR 677 T allele. In patients
with ALCL, distribution of genotypes was similar: 32
patients (47.8%) were homozygous for the MTHFR 677 C
allele, 29 patients (43.3%) were heterozygous, and 6
patients (8.9%) were homozygous for the MTHFR 677 T
allele. In patients with B-cell lymphomas or ALCL, these
differences in distribution of genotypes were not signifi-
cant and very similar to the genotype frequency observed
in the Caucasian population in Germany [17, 30]. How-
ever, in patients with lymphoblastic lymphoma, signifi-
cantly more patients were homozygous for the MTHFR 677
T allele (p=0.04), suggesting a potential pathogenetic role
of this polymorphism in pediatric lymphoblastic lympho-
ma (Table 1). Whether this finding merely represents a
false-positive result or indeed suggests a potential patho-
genetic role of this polymorphism in pediatric lym-
phoblastic lymphoma remains an open question requiring
further discussion and additional studies.

MTHFR 677 (C—T) polymorphism and EFS

Event-free survival at 5 years was analyzed with regard to
MTHFR 677 genotype for larger diagnostic subgroups of
patients. Results with regard to genotype for patients with
lymphoblastic lymphoma are shown in Fig. 2a, for patients
with Burkitt’s lymphoma or B-ALL in Fig. 2b, and for
patients with ALCL in Fig. 2c. No association could be
found between MTHFR 677 genotype and EFS at 5 years in
any subgroup of patients.

Events in association with MTHFR 677 (C—T) poly-
morphism are demonstrated in Table 3. Tumor progression
(i.e., relapse or growth of incompletely resolved tumor)
was the most frequent event and was evenly distributed in
groups of MTHFR 677 genotype. No predisposition of a
certain genotype to relapse or progression could be ob-
served (Table 3).

MTHFR 677 (C—T) polymorphism and therapy-
associated toxicity

The association of genotype and therapy-associated toxic-
ity was analyzed by calculating the percentage of therapy
courses with maximum toxicity (grade III or IV according
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Fig. 2 a—c Event-free survival at 5 years by NHL entity and MTHFR
677 genotype. a Event-free survival at 5 years according to MTHFR
677 genotype in lymphoblastic NHL (n=97 patients*). b Event-free
survival at 5 years according to MTHFR 677 genotype in Burkitt’s
lymphoma and B-ALL (n=210 patients*). ¢ Event-free survival at
5 years according to MTHFR 677 genotype in ALCL (n=61
patients*). Differences in outcome between MTHFR 677 genotypes
and different lymphoma entities are not significant (p>0.05). *Only
patients eligible for outcome analysis are included. Numbers of
patients in these analyses therefore differ from numbers given in the
tables demonstrating clinical and biological features. Angular tic
marks mark the duration of the shortest follow-up. SE indicates
standard error. p indicates p value of log-rank test in comparison of
differences in outcome (Kaplan—Meier)

to NCI/CTC criteria) regarding all MTX-containing
courses. With regard to the very small number of patients
with organ-related toxicity (hepatic, renal, or neurological
toxicity), we focused on the most frequent and relevant
toxicities: fever, infection, stomatitis, and diarrhea. No
association was found between MTHFR 677 genotype and
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Table 3 Events in 451* eligible pediatric patients with NHL by MTHFR-677 genotype

MTHFR 677 genotype

CC (n=191, 32 events)

CT (n=198, 31 events) TT (n=62, 12 events)

Early death from tumor complication

Death unrelated to tumor 5
Tumor progression 24
Second malignancy 2

0 0
6 1
23 11
2 0

Events are shown according to MTHFR 677 genotype. No differences in number or types of events could be discerned between genotypes
for MTHFR 677. Tumor progression was defined as growth of an incompletely resolved tumor or as recurrence proven by biopsy

20f 484 genotyped patients, 33 were noneligible and were not included in analyses of treatment results for the following reasons:

prior chemotherapy (n=8), NHL as second malignancy (n=1), HIV infection (#»=1), immunodeficiency (n=8), posttransplant NHL (#=8),
treatment protocol other than NHL BFM 95 (n=4), discontinuation of therapy for nonmedical reasons (n=1), and treating institution was

not participating in trial NHL-BFM 95 (n=2)

therapy-related toxicity, independent of therapy group and
therapy branch. Detailed data on percentages of courses
with toxicity grades III/IV are only demonstrated for
patients treated in therapy group B-NHL/B-ALL in
Table 4. However, results were similar in therapy group
Non-B and therapy group ALCL (data not shown).

In patients with B-NHL, the MTX infusion regimen was
randomized in two branches with different infusion times
(24 vs 4 h) with identical Leucovorin rescue. Therefore, we
carefully looked for MTHFR 677 genotype-associated

differences in therapy related toxicity in both MTX
randomization arms. Data are shown in Table 4a and b.
However, for neither MTX infusion regimen (4 vs 24 h)
could a correlation of toxicity data with MTHFR 677
genotype be observed.

Because toxicity grades were generally low in our study
population, we analyzed toxicity of the first—and most
toxic—therapy course separately. However, no differences
regarding toxicity grades of the first course between groups
of patients with MTHFR 677 genotype could be found

Table 4 Percentage of patients with grade III/IV toxicity in MTX-containing therapy courses in patients with B-NHL

cC CT TT P
% n® % n % n
Infection
A/B (MTX 1 g/m?)
MTX 4 h 5.7 22 7.1 28 2.1 12 0.73
MTX 24 h 8.9 44 35 36 0.0 8 0.23
AA/BB (MTX 5 g/m?)
MTX 4 h 6.5 23 12.6 31 6.3 8 0.33
MTX 24 h 9.1 34 9.8 35 12.5 10 0.55
Stomatitis
A/B (MTX 1 g/m?)
MTX 4 h 3.4 22 9.8 28 6.8 11 0.49
MTX 24 h 17.1 44 15.1 36 40.6 8 0.11
AA/BB (MTX 5 g/m?)
MTX 4 h 275 23 258 31 125 8 0.45
MTX 24 h 35.5 34 36.4 35 4.5 10 0.81
Diarrhea
A/B (MTX 1 g/m?)
MTX 4 h 23 22 1.8 28 42 12 0.48
MTX 24 h 4.1 43 0.7 36 0.00 8 0.70
AA/BB (MTX 5 g/m?)
MTX 4 h 10.9 23 6.7 31 3.1 8 0.92
MTX 24 h 2.9 34 7.1 35 5.0 10 0.44

Percentage (median) of patients with B-NHL and toxicity grades III and IV is shown in relation to genotype and MTX randomization arm
(4- vs 24-hour 1nfus10n time). Results are shown separately for therapy branches R1 and R2 (dose of MTX 1 g/m?) and branches R3

and R4 (5 g/m?)

Leucovorin rescue was identical in both MTX infusion regimens. Only the clinically most relevant toxicities infection, stomatitis,

and diarrhea are shown in this table
*Number of patients with available toxicity data



(data not shown). Regarding therapy-related deaths and
their possible association with MTHFR 677 genotype, we
also did not find any association with MTHFR 677
genotype: Of 13 patients who died of toxic complications,
6 were homozygous for the MTHFR 677 C allele, 6 patients
were heterozygous, and only 1 patient was homozygous for
the variant allele MTHFR 677 T. To exclude differences in
MTX levels as possibly confounding variable in toxicity
analyses, we compared median MTX levels in both MTX
randomization arms in therapy group B-NHL/B-ALL.
MTX levels did not differ significantly by MTHFR 677
genotype, independent of therapy branch (i.e., MTX dose)
and infusion regimen (4 vs 24 h) (data not shown).

In summary, careful toxicity analyses did not show any
association of MTHFR 677 genotype with therapy-related
toxicity in neither therapy group nor MTX infusion
regimen.

Discussion

This is the first study so far describing the potential impact
of the MTHFR 677 (C—T) polymorphism in a population-
based cohort of unselected pediatric patients suffering from
NHL. Patients enrolled in trial NHL-BFM 95 comprise
approximately 90% of all newly diagnosed cases of
pediatric NHL in Germany, therefore rendering the pre-
sented data epidemiologically representative.

The frequency of MTHFR 677 genotypes observed in
the whole study population was similar to that described in
healthy Caucasian populations [17, 24, 26, 30, 39]. The
distribution of MTHFR 677 genotype within different
diagnostic subgroups of NHL did not show any significant
differences for patients with B-cell lymphomas or ALCL.
Therefore, a pathogenetic role of the MTHFR 677 (C—T)
polymorphism in these pediatric NHL entities seems
unlikely.

Currently available data on the association of MTHFR
genotype with risk of lymphoid malignancies are con-
troversial; most studies focus on ALL rather than NHL.
Whereas some studies in adult patients observed a
decreased risk for ALL in patients homozygous for the
MTHFR 677 T allele, other authors described an increased
risk or did not find any association [5, 10, 18, 35]. Other
studies describe a positive association of MTHFR 677
genotype with certain subentities of childhood ALL (MLL
gene rearrangement positives), suggesting a protective role
of the MTHFR 677 T allele [47]. These findings on
associations between MTHFR 677 genotype and ALL are
of special interest in the view of the fact that a positive
association of the MTHFR 677 (TT) genotype with
lymphoblastic lymphoma could be observed in trial
NHL-BFM 95, suggesting that alterations in folate metab-
olism may play a role in the pathogenesis of this subtype of
pediatric NHL that shares many clinical, immunological,
and pathological features with ALL. However, interpreta-
tion of data regarding positive associations of MTHFR 677
polymorphisms with ALL or lymphoblastic NHL remains
difficult. Small patient numbers and heterogeneous com-
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position of patient groups may conceal positive associa-
tions. On the other hand, positive associations in the view
of small patient numbers may merely represent false-
positive findings. Other confounding factors such as
complex gene—environment interactions due to differences
in diet, folate intake, or nutritional vitamin substitution may
significantly influence findings: results of a Canadian study
on the association of MTHFR 677 polymorphisms with
pediatric ALL showed a positive correlation of MTHFR
677 (TT) with reduced risk for ALL only in patients born
before 1996, i.e., prior to regular folate substitution during
pregnancy, suggesting that folate status and nutritional
factors significantly influence the impact of genetic risk
factors [18].

Regarding the potential association of MTHFR genotype
with NHL other than lymphoblastic NHL, only very few
studies have been published comprising heterogeneous
groups of patients or NHL subentities [10, 23, 36, 41].
While some authors do not find an association, others
describe a protective effect of the MTHFR 677 TT geno-
type [10, 23, 41]. One recently published large population-
based study on 1,593 patients found an increased risk of
follicular lymphoma—a type of NHL that is almost ex-
clusively observed in adult patients—and diffuse large cell
lymphoma in adult patients being homozygous for the
mutated allele [36].

In NHL-BFM trials, clinical risk factors for relapse were
identified in different therapy groups and have been
described in detail previously [32-34]. Neither of these
clinical risk factors for relapse or other adverse events nor
EFS were associated with MTHFR 677 genotype. There-
fore, MTHFR 677 genotype does not seem to be a prog-
nostic parameter in pediatric NHL or NHL subentities. No
data have been published so far regarding the association of
MTHFR 677 and outcome in pediatric NHL. Recent evi-
dence from studies on homogeneously stratified and treated
pediatric patients with ALL suggests that MTHFR 677
genotype may also play a role in therapy in patients with
lymphoblastic NHL, an entity closely related to pediatric
ALL [1]. However, we were unable to discern such an
effect of genotype on outcome in lymphoblastic NHL. On
the other hand, this negative association of MTHFR 677
genotype and outcome in lymphoblastic NHL may be due
to the small number of patients in this group (n=97) as
compared to the results published by Aplenc et al. (n=520
patients with ALL) [1].

Methotrexate-related orointestinal toxicity is one of the
most important side effects of modern polychemotherapy
regimen for the treatment of pediatric NHL. Genetic
polymorphisms causing reduced MTHFR activity might
aggravate MTX-induced therapy toxicity. To our knowl-
edge, data of the presented study comprise the largest
cohort of homogeneously treated patients with NHL
regarding therapy-associated toxicity and MTHFR 677
genotype. In neither therapy group (Non-B, B-NHL/B-
ALL, or ALCL) was homozygosity for the MTHFR 677 T
allele associated with increased therapy-related toxicity.

In therapy group B-NHL/B-ALL, MTX infusion time
was randomized (4- vs 24-h infusion with identical
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Leucovorin rescue) in all therapy branches (1 g/m? dose of
MTX in R1 and R2, 5 g/m? dose of MTX in R3 and R4).
Short-term infusion of MTX was associated with sig-
nificantly diminished mucocutaneous toxicity in all ther-
apy branches [48]. However, relapses were significantly
more frequent in patients with high tumor load and
advanced tumor stages (therapy branches R3 and R4)
having received MTX over a short period of time. It was
concluded from these findings that the duration of MTX
exposure plays an important role in tumor control in
pediatric B-cell NHL [48]. Polymorphisms in the MTHFR
gene with reduced enzyme activity and prolonged deple-
tion of intracellular folate could possibly influence therapy-
related toxicity in different MTX infusion regimens.
Therefore, we carefully looked for differences in the
distribution of MTHFR 677 genotype in both randomiza-
tion arms. However, in patients with B-cell neoplasms who
were homozygous for the MTHFR 677 T allele, therapy-
related toxicity did not differ from other genotypes in
neither MTX infusion regimen, independent of the dose of
MTX (1 vs 5 g/m?); MTHFR 677 genotypes were evenly
distributed between randomization arms. The higher rate of
MTX-related toxicity after a 24-h infusion compared to a
4-h infusion in this group of patients could therefore not
be attributed to MTHFR 677 genotype.

To our knowledge, only few other studies have been
published examining the impact of MTHFR 677 (C—T)
polymorphism on therapy-related toxicity in pediatric
ALL. In one study examining 61 patients, toxicity grades
for hepatic and myeloid toxicity were more pronounced in
patients homozygous for the MTHFR 677 T allele after
prolonged administration of MTX during maintenance
therapy [4]. Two other studies examining the impact of
MTHFR 677 polymorphism on the outcome on 520 and
201 pediatric patients with ALL did reveal an association
of genotype MTHFR C677T with outcome, but not with
therapy-related toxicity [1, 19]. Studies examining the as-
sociation of MTX-related neurological toxicity after appli-
cation of MTX in relation to MTHFR 677 genotype did not
provide any evidence for a significant role of the MTHFR
677 genotype in MTX-associated neurotoxicity or intel-
lectual performance after ALL therapy [16, 20]. Data
on therapy-related toxicity of MTX-containing therapy
regimen in other malignant diseases (i.e., breast cancer)
showed increased toxicity in patients homozygous for the
MTHFR 677 T allele. However, numbers were small, and
patient samples were heterogeneous [40].

In contrast to these studies on MTX-related toxicity and
MTHFR genotype in patients with malignant disease, other
studies on adult patients receiving MTX in low dosages for
prophylaxis of graft-versus-host disease after bone marrow
transplantation or for treatment of rheumatoid arthritis
described significant differences in therapy-associated
toxicity depending on the MTHFR 677 genotype [7, 44,
46]. The reason for these discrepancies, despite much
lower dosages of MTX in rheumatoid or other autoimmune
disease compared to high-dose MTX therapy of pediatric

NHL, is not clear. One reason might be the shorter period
of time during which cells are folate-depleted during NHL
therapy. Secondly, the use of Leucovorin in the treatment of
pediatric NHL might be efficient enough to counteract
MTX-related folate depletion in rapidly growing normal
tissue cells, thus blunting a potential negative effect of
reduced MTHFR activity. It has also been shown that
folinic acid counteracts the reduction in enzyme activity of
MTHFR in vitro by stabilizing the thermolabile form of the
enzyme [9]. In vivo studies showed that folate levels
greater than 15.4 nmol/l appeared to neutralize the effect of
MTHFR 677 genotype [14]. Although folate levels have
not been measured in the present study, folinic acid rescue
might have been sufficient to counteract reduced MTHFR
activity of patients with MTHFR 677 TT genotype.
Additional intravenous folate substitution with parenteral
nutrition used in pediatric patients suffering from severe
orointestinal mucositis might sufficiently counteract po-
tential effects of MTHFR 677 genotype. Furthermore,
recent experimental studies on rats have shown that
administration of growth hormone reduces MTX-asso-
ciated mortality and morbidity by influencing cell regen-
eration and reducing apoptosis [27]. These effects might
play a role in differences regarding toxicity and MTHFR
677 genotype between pediatric and adult patients receiv-
ing MTX.

In summary, this is the first study examining the MTHFR
677 (C—T) polymorphism in a large population-based
cohort of pediatric patients with NHL regarding its
association with outcome, therapy-related toxicity, and
MTX-related toxicity in different randomized MTX infu-
sion regimens. In conclusion, MTHFR 677 genotype
appears to be associated with lymphoblastic lymphoma in
pediatric patients. However, regarding outcome and ther-
apy-related toxicity, the MTHFR 677 (C—T) polymor-
phism does not appear to play a role in pediatric NHL or
NHL subentities. Also, MTHFR 677 genotype does not
seem to influence MTX-related therapy toxicity indepen-
dent of MTX infusion.
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