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Treatment with 5-fluorouracil (5-FU) is known to improve
survival in various cancers. The largest impact of the drug
has been reported in colorectal cancer [1]. Active metabo-
lites of 5-FU disrupt both DNA and RNA synthesis through
a mechanism involving the folate metabolic pathway
[2–4]. The overall response rate to 5-FU in advanced col-
orectal cancer is limited to 10–15%. Although survival is
reported to improve after the addition of irinotecan and
oxaliplatin to the 5-FU regimen, toxicity increases [5, 6].
Crucially, response to chemotherapeutics, overall survival
(OS) and attendant toxicity is associated with large inter-
individual variations [7]. Elevated concentrations of 5,10-
methylenetetrahydrofolate (CH2THF), which are critical for
the optimal effect of 5-FU, are dependent on methylene-
tetrahydrofolate reductase (MTHFR), an enzyme that
reduces it irreversibly to 5-methyltetrahydrofolate. A link
between an improved response to 5-FU treatment and two
common polymorphisms in the MTHFR gene, associated
with reduced enzymatic activity, has been discerned
through in vitro experiments.While an increased sensitivity
to the drug was observed in colon and breast cancer cell
lines transfected with the variant 677T MTHFR cDNA, 19
different cell lines with the 677 C > T and 1298 A > C vari-
ants displayed increased folate concentrations and
increased 5-FU efficacy, respectively [8, 9]. The MTHFR
activity in tissue is presumed to be a major determinant of
clinical response but the pharmacogenetic studies on the
effect of the two polymorphisms have not always been
consistent [10]. A recent study carried out on 117 colorec-
tal cancer patients showed specific linkage of response to
FOLFOX therapy with the two MTHFR polymorphisms [11].

We investigated the role of six genetic variants in
the MTHFR and 5-methylenetetrahydrofolate-homocysteine
methyltransferase reductase (MTRR) genes on the clinical
outcome in 273 colorectal cancer patients who were

administered a 5-FU based regimen as first-line post-
operative therapy. The patients were treated by an
intended curative surgery followed by a 5-FU based adju-
vant therapy regimen. The adjuvant therapy consisted of
either a Mayo regimen, delivered as a bolus infusion of
5-FU (425 mg m-2) and leucovorin (10 mg m-2) for 5 days
every 4 weeks six times or a simplified DeGramond
regimen which consisted of a 2 h intravenous (i.v.) infusion
of leucovorin (200 mg m-2), then a 5-FU i.v. bolus
(400 mg m-2) followed by a 46 h 5-FU continuous i.v. infu-
sion (2400–3000 mg m-2).

The patients were diagnosed between September
2004 and August 2009 in the Czech Republic, a country
with one of the highest incidence rates, and belonged to a
large cohort being investigated for the effect of genetic
variability on the disease. The study design was approved
by the Ethics Committee of the Institute of Experimental
Medicine, Prague, Czech Republic. In this study the
outcome variables measured were tumour stage, OS (time
from operation till death or censorship) and progression-
free survival (PFS, time from operation till progression,
death or censorship). The genotyping was carried out
using allelic discrimination method and validated by
random re-genotyping and direct DNA sequencing. The
median survival time of deceased patients was 21 months.
Five established prognostic factors (pT, pN and pM, tumour
grading and histological type) associated with survival
were included as covariates in subsequent Cox regression
analyses for assessing the relationship between the poly-
morphisms and clinical outcome. Patient characteristics
like age at diagnosis, duration of therapy, family history
and diabetes (self-reported) did not affect OS (probability
values higher than 0.13). Out of six polymorphisms inves-
tigated, the variant 1298 A > C in MTHFR showed associa-
tion with PFS. The patients with AC (n = 102) and CC

British Journal of Clinical
Pharmacology

DOI:10.1111/j.1365-2125.2010.03892.x

162 / Br J Clin Pharmacol / 72:1 / 162–163 © 2011 The Authors
British Journal of Clinical Pharmacology © 2011 The British Pharmacological Society



(n = 22) genotypes showed an increased PFS with an
adjusted hazard ratio (HR) of 0.52 (95% CI 0.30–0.89) com-
pared with patients with the AA genotype (n = 93). None of
the other investigated variants including the 66 A > G, 524
C > T, 1049 A > G and 1793 C > T polymorphisms in the
MTRR and the 677 C > T in the MTHFR gene showed any
association.

Clinical studies on genetic variation in the folate
metabolism pathway and colorectal cancer survival have
mainly focused on patients undergoing treatment for
metastatic colorectal cancer and patients who were admin-
istered adjuvant therapy before or after surgery. Critically,
most of the reported studies were conducted in a small
number of patients (less than 150) and very often the treat-
ment regime consisted of 5-FU and additional anti-
neoplastic drugs. In addition to treatment homogeneity,
this study, together with two earlier investigations, com-
prises one of the largest patient groups.While the study by
Afzal et al. did not find any modulation in survival due to
polymorphisms in patients treated with 5-FU; the study by
Boige et al. showed a predictive effect due to the MTHFR
1298 A > C polymorphism in patients receiving oxaliplatin
following LV5FU2 [2, 6]. Thus, data from our study coupled
with those reported earlier,in particular the one by Etienne-
Grimaldi et al. augment an argument for the further inves-
tigation of the role of variants in genes involved in folate
metabolism, MTHFR in particular, on the effect of 5-FU
based chemotherapeutics for treatment of colorectal
cancer [11]. 5-FU represents an early success in the relent-
less endeavours directed towards treatment of cancers
and has remained a mainstay treatment. Identification of
markers for predicting individual response will be another
step towards personalized medicine in the genomic era.
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