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Abstract

Purpose Ethnic diversity of genetic polymorphism can
result in individual differences in the efficacy and toxicity
of cancer chemotherapy.

Methods We analyzed 20 germline polymorphisms in 10
genes (TS, MTHFR, ERCCI, XPD, XRCC1, ABCC2, AGXT,
GSTPI1, GSTTI and GSTM1) from prospectively enrolled 292
Korean patients treated with adjuvant oxaliplatin plus leuco-
vorin plus 5-fluorouracil (FOLFOX) for colon cancer.
Results In contrast to previous studies in Caucasians,
neutropenia (grade 3—4, 60.5 %) was frequently observed,
whereas only 16.4 % experienced grade 2 or more sensory
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neuropathy. Neutropenia was more frequent in MTHFR
677TT [adjusted odds ratio (OR) 2.32, 95 % confidence
interval (CI) 1.19-4.55] and ERCCI 19007TT (adjusted
OR 4.58, 95 % CI 1.20-17.40) genotypes. Patients har-
boring XRCC1I 23885GG experienced less grade 2—4 neu-
ropathy [adjusted OR 0.52, 95 % CI 0.27-0.99]. MTHFR
677TT (p = 0.002) and XRCCI 23885GG (p = 0.146)
genotypes were also more prevalent in Koreans compared
to Caucasians. TS ‘low’ genotype (adjusted HR 1.83, 95 %
CI 1.003-3.34) was significantly related to shorter disease-
free survival. Overall survival was not significantly dif-
ferent according to the polymorphisms.

Conclusions Polymorphisms in MTHFR, XRCCI and TS
are related to toxicities and disease-free survival in patients
with colon cancer. The ethnic differences in frequencies of
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genotypes may explain the ethnic difference in toxicity
profile following adjuvant FOLFOX chemotherapy.

Keywords Adjuvant chemotherapy - Colon cancer -
Oxaliplatin - Polymorphism - Toxicity

Introduction

Colorectal cancer has a worldwide incidence of 1 million
cases annually and claims the lives of half a million people
every year [13]. In Korea, colorectal cancer is the fourth
most common cancer and the incidence is rapidly
increasing [30]. Adjuvant chemotherapy with oxaliplatin,
5-fluorouracil (5-FU) and leucovorin (FOLFOX) has
become the standard of care for patients with resected stage
IIT and high-risk stage II colon cancer [2, 4]. However,
5-FU and oxaliplatin toxicity, such as peripheral neuropa-
thy and neutropenia, is frequent and often severe. Defining
the associations between genetic polymorphisms and
patient outcomes may help to individualize and optimize
adjuvant chemotherapy [6, 8].

Ethnic diversity in drug response or toxicity is becoming
increasingly recognized. For example, both response rate
and adverse events, such as severe diarrhea, were signifi-
cantly higher in white patients than in black patients [25].
On the other hand, East Asians, including Koreans, were
more susceptible to neutropenia from chemotherapy agents
than the Western population, and genetic polymorphism
could explain these ethnic differences of effectiveness and
toxicity of chemotherapy [24]. Thus, pharmacoethnic studies
investigating the differences in frequency of genetic single
nucleotide polymorphisms (SNPs) between ethnic groups and
the clinical implications are practically important.

SNPs in genes encoding key enzymes for the metabo-
lism of 5-FU and oxaliplatin that might alter the gene’s
expression or activity of the protein have been reported.
Thymidylate synthase (TS) is the target enzyme of 5-FU
[9], and common polymorphisms of the gene have been
associated with altered TS expression [21, 23]. Methyle-
netetrahydrofolate reductase (MTHFR) is an important
enzyme in the folate pathway, and two common SNPs were
shown to reduce the activity of MTHFR [27, 29].

Resistance to oxaliplatin has been attributed to enhanced
repair of DNA damage through the nucleotide excision
repair (NER) pathway [28], including the excision repair
cross-complementing group 1 (ERCC1) and the xeroderma
pigmentosum group D (XPD) products, and the base-
excision repair (BER) pathway including X-ray repair
cross-complementing group 1 (XRCC1) [16]. Moreover,
response to oxaliplatin may depend on detoxification
pathways, including the glutathione S-transferase (GST)
family of isoenzymes, GSTP1, GSTT1 and GSTM1 [26].
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Alanine glyoxylate aminotransferase (AGXT) is involved
in oxalate metabolism, detoxifying glyoxylate, and harbors
two SNPs [11]. The adenosine binding-cassette transporter
C2 (ABCC2) gene codes for multidrug resistance protein 2,
an ATP-binding-cassette transporter involved in the
excretion of oxaliplatin and other xenobiotica. SNPs in
ABCC2 (—24C > T and 3972C > T) have been reported
[10].

We examined 20 polymorphisms within ten genes from
a prospective multicenter cohort study of patients treated
with adjuvant FOLFOX chemotherapy, which was con-
ducted in Korea. The studied genes are those involved in
the DNA-repair complex or in the metabolism and detox-
ification of 5-FU and oxaliplatin. Associations between
genotypes and toxicity of the chemotherapy were investi-
gated. We also investigated possible ethnic differences in
allelic frequencies between Western and Asian (Korean)
patients.

Materials and methods
Patients

Patients older than 18 years with resected stage III or high-
risk stage II colon cancer were enrolled. Patients with
cancer of the recto-sigmoid junction were also eligible.
High risk was defined as follows: a T4 tumor, poor histo-
logical grade, lymphovascular involvement, bowel
obstruction, localized perforation, involvement of surgical
margins or fewer than 12 nodes analyzed. Patients with
severe renal disorder, history of disabling peripheral neu-
ropathy, investigational agents within 30 days, bone mar-
row suppression or those who were pregnant or
breastfeeding were excluded. Patients were enrolled from
six Korean centers between August 2006 and December
2008. The study protocol was reviewed and approved by
the institutional review board of participating centers.
Written informed consent was obtained from all the
patients.

Treatment and evaluations

Twelve cycles of adjuvant FOLFOX were administered.
Each cycle consisted of oxaliplatin (85 mg/m?) on day 1,
and folinic acid (200 mg/m?) and a bolus of 5-FU (400 mg/
m?), followed by a 22-h infusion of 5-FU (600 mg/m?) on
days 1 and 2; the cycle was repeated every 2 weeks.
Adverse events were graded according to National
Cancer Institute common terminology criteria for adverse
events (NCI-CTCAE version 3.0). Dose reductions were
based on the worst adverse event observed during the
previous cycle. The dose of oxaliplatin was reduced to
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75 mg/m?, 5-FU bolus to 300 mg/m? and 5-FU infusion to
500 mg/m? in the event of grade 3/4 hematologic toxicity,
grade 4 diarrhea/stomatitis or other grade 3 toxicities. In
instances of peripheral sensory neuropathy, oxaliplatin was
reduced to 75 mg/m?* for grade 1 toxicity that persisted
between cycles, grade 2 toxicity for at least 7 days or grade
3 for up to 7 days. The next cycle of FOLFOX was per-
mitted after recovery from all toxicities less than grade 1.
Oxaliplatin was discontinued in cases of persistent painful
paresthesias or functional impairment.

Patients were assessed before the initiation of chemo-
therapy and every 2 weeks during treatment. Computed
tomography was repeated every three cycles during the
chemotherapy period.

Genotyping

Genomic DNA was extracted from peripheral blood using
QIAmp DNA blood kits (Qiagen, Valencia, CA, USA), and
each polymorphism was analyzed using PCR-restriction
fragment length polymorphism methods or SNaPshot assay
(ABI PRISM SNaPshot Multiplex kit, Foster City, CA,
USA). The primer sequences and the restriction enzymes
used are specified in Supplementary Table 1.

The SNaPshot assay was used for AGXT and ABCC2
polymorphisms. Analysis was carried out using Genem-
apper software (version 4.0, Applied Biosystems, Carlsbad,
CA, USA).

Two polymorphisms in the enhancer region of 7S gene
(the 28-bp variable number tandem repeat [VNTR] in the 5’
UTR (double repeat [2R] or triple repeat [3R]) of a 28-bp
sequence and the G > C substitution in the second repeat of
the 3R allele (3RG > 3RC) were evaluated and patients were
grouped based on the expected TS expression level (‘high,’
2R/3G,3C/3G,3G/3G; ‘low,” 2R/2R,2R/3C,3C/3C) [14].

Ethnic SNP database

To investigate possible ethnic differences, we compared
our allele and genotype frequency data with those selected
from publicly available sources based on the International
HapMap Project (http://hapmap.org/). The CEU (Centre
d’Etude du Polymorphisme; Utah residents with northern
and western European ancestry) population was defined as
Western. Japanese in Tokyo (JPT) and Han Chinese in
Beijing (CHB) were defined as Asians. Because the fre-
quency data for TS (28-bp repeat in enhancer region, 6-bp
deletion in 3’ UTR), AGXT 154C > T, GSTTI (null
genotype) and GSTM 1 (null genotype) were lacking, ethnic
frequencies of each polymorphisms were selected from
previously published studies [11, 12, 22, 31].

Statistical analyses

Before assessing clinical associations, genotype frequen-
cies were checked for agreement with those expected under
Hardy—Weinberg equilibrium (HWE) (http://www.oege.
org/software/hwe-mr-calc.shtml). Pearson’s y* test and
Fisher’s exact test were used as appropriate. Kaplan—-Meier
curves and log-rank tests were used for survival analysis,
and multiple risk factors were analyzed using Cox pro-
portional hazards model. Logistic regression was used for
identifying factors jointly associated with risk of toxicity.
Two-sided p values <0.05 were considered statically sig-
nificant. The p values were presented without any correc-
tion for multiple comparisons. Genotypes were grouped
after trying to seek the most significant association with
phenotypes. Statistical analyses were performed with SPSS
software for Window, version 17.0 (SPSS, Chicago, IL,
USA).

Results
Patient characteristics

A total of 292 Korean patients (183 men and 109 women)
from six hospitals in Korea were included and analyzed
(median age, 59 years). Two hundred and fifty-two
patients (86.3 %) received 12 complete cycles. The cause
of early discontinuation was relapsed during treatment in
7, treatment toxicities in 11 (including peripheral neu-
ropathy in 3, hypersensitivity for oxaliplatin in 3, neu-
tropenia in 3 and others in 2), patient’s refusal or loss of
follow-up in 14 patients and others in 8. Thirty patients
(9.7 %) were found to have recurrent colon cancer after
15 months of follow-up. The characteristics of patients
are presented in Table 1. After median 49.4 months of
follow-up, there were 58 (19.9 %) relapses and 19 (6.5 %)
deaths.

Toxicity and safety of chemotherapy

Regarding hematologic toxicity, 175 patients experienced
severe neutropenia: 123 (42.5 %) grade 3 and 52 (18.0 %)
grade 4. Grade 3/4 thrombocytopenia was present in 12
(4.2 %) patients.

Sensory neuropathy was experienced by 257 patients
(88.0 %), but only 46 patients (15.8 %) had grade 2 neu-
ropathy and five (1.7 %) patients had grade 3 (Table 2). As
for non-hematologic toxicity, 16 patients (5.7 %) had grade
3/4 diarrhea and 4 patients (1.4 %) had an allergy to
oxaliplatin.
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Table 1 Clinico-pathologic characteristics of patients

Characteristics Patients, n = 292 (%)

Age (years)

Median 59

Range 30-76

Sex

Men 183 (62.7 %)
Women 109 (37.3 %)

Performance status

ECOG 0 169 (57.9 %)
ECOG 1 108 (37.0 %)
Unknown 15 (5.1 %)
BSA (m?)

Median 1.64

Range 1.19-2.42
Stage

I 64 (21.9 %)
I 228 (78.1 %)

Cycles of chemotherapy delivered
252 (86.3 %)
40 (13.7 %)

12 cycles
<12 cycles

Table 2 Toxicity of FOLFOX chemotherapy in the study
participants
Toxicities Grade 1 Grade 2 Grade 3 Grade 4
n (%) n (%) n (%) n (%)
Hematologic
Neutropenia 20 (6.9) 61 (21.1) 123 (42.5) 52 (18.0)
Anemia 89 (31.4) 20 (7.1) 104 0 (0)
Thrombocytopenia 84 (29.2) 60 (20.8) 8 (2.8) 2 (0.7)
Febrile neutropenia 2 (0.7) 0 (0) 3(1.1) 0 (0)
Non-hematologic toxicity
Sensory neuropathy 202 (69.1) 46 (15.8) 5.7 0 (0)
Nausea 207 (71.9) 24 (8.3) 5(1.7) 0 (0)
Vomiting 59 (21.4) 34 (12.3) 7(2.4) 0 (0)
Stomatitis 104 (36.9) 22 (7.8) 0 (0) 0 (0)
Diarrhea 58 (20.6) 35 (12.5) 15(5.3) 1(0.4)
Hand-foot 18 (6.5) 1(0.4) 0 (0) -
syndrome
Alopecia 88 (31.0) 4 (1.4 0 (0) 0 (0)
Allergy 21 (7.7) 5 (1.8) 2 (0.7) 2 (0.7)
Genotypes

All SNPs analyzed showed no deviation from the HWE
except GSTPI 313A > G, which was excluded from fur-
ther analysis. The frequency data of all studied genotypes
are listed in Supplementary Table 2.

Significant differences in allele frequencies of 13 SNPs
were observed between CEU and the present study, but
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only 3 SNPs were significantly different between CHB/JPT
and the present study (Supplementary Table 3). It is also
noteworthy that all patients in the present study, except a
single patient with C/T, had the AGXT 154C/C genotype,
which is different from the western population [11]. Rep-
resentative genotypes of inter-ethnic difference are pre-
sented in Fig. 1. More detailed genotype frequency data are
presented in the Supplementary Figures.

Association between genotypes and toxicities

The MTHFR 677TT genotype was associated with higher
risk for grade 3/4 neutropenia than MTHFR 677CC and CT
(72.6 vs. 57.1 %, p = 0.027, Fig. 2a). ERCCI 19007TT
carriers were at significantly higher risk compared with
ERCCI 19007TC and CC carriers (85.0 vs. 58.6 %,
p = 0.020, Fig. 2b). Using clinical factors such as cycles
of chemotherapy delivered, sex, age, body surface area of
the patient, stage of the tumor and Eastern Cooperative
Oncology Group (ECOG) performance status as covariates,
logistic regression also confirmed that development of
grade 3—4 neutropenia was significantly associated with
MTHFR 677TT (adjusted odds ratio 2.32, 95 % CI
1.19-4.55, p = 0.014) and ERCCI 19007TT carriers
(adjusted odds ratio 4.58, 95 % CI 1.20-17.40, p = 0.026).

ABCC2 genotypes consisting of two variants were
related to the appearance of grade 3/4 thrombocytopenia.
ABCC2 —24CC polymorphism was associated with grade
3/4 thrombocytopenia than ABCC2 —24C/T and T/T
polymorphisms [5.6 % (9 out of 160 patients with CC) vs.
0.8 % (1 out of 124 with CT or TT), respectively.
p = 0.047].

Grade 2—4 sensory neuropathy was significantly asso-
ciated with XRCCI genotypes. Patients harboring the
XRCC1 23885GG experienced less grade 2—4 neuropathy
(12.9 vs. 21.7 %, p = 0.050, Fig. 2¢). The association was
also found in logistic regression using clinical factors as
covariates (adjusted odds ratio 0.52, 95 % confidence
interval 0.27-0.99, p = 0.046). Moreover, time to the onset
of grade 2—4 neuropathy differed significantly according to
XRCCI G23885A genotypes (Fig. 2d, p = 0.041). Cox
proportional hazards model, using sex, age, stage, ECOG
performance status and cumulative dose of oxaliplatin as
covariates also revealed that the onset of grade 2-4 neu-
ropathy was later in patients harboring XRCC1 23885GG
(adjusted hazard ratio (HR) 0.56, 95 % CI 0.32-0.99)
compared to AA/AG.

Ethnic difference in genotype frequencies of genes
related to toxicities

MTHFR 677TT homozygotes, associated with higher risk
for grade 3/4 neutropenia, were more frequently found in
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Korean patients (21.2 %) than in western patients (8.2 %)
(Supplementary Table 3; Fig. 1).

XRCC1 23885GG carriers, associated with less sensory
neuropathy, were also more frequent in Korean (47.6 %)
than in western people (38.4 %, p = 0.15).

All Korean patients in the present study had the AGXT
154C/C allele, which was associated with lower risk of
neurotoxicity in a previous study, except one patient with
the C/T allele [11]. Due to the homogeneity in genetic
composition of the patients, association analysis of AGXT
polymorphisms and neuropathy could not be performed in
the present study.

Disease-free survival and overall survival according
to the genetic and clinical characteristics

DFS for 98 patients with 7S ‘low’ genotype was shorter
than DFS for 194 patients with ‘high’ (3-year DFS, 75.6 vs.
84.8 %, p = 0.133, Fig. 3). The differences of DFS
according to these genetic characteristics were significant
also in the multivariable analysis (adjusted HR 1.71, 95 %
CI 1.002-2.920, Table 3).

Patients who experienced grade 2—4 neuropathy had
significantly longer DFS than who did not (3-year DFS,
92.1 vs. 79.5 %, p = 0.046). However, neither grade 3—4
neutropenia nor thrombocytopenia was related to DFS.

Overall survival did not differ according to the geno-
types, due to the small number of events.

Discussion

The present study is the largest pharmacogenetic study of
patients treated with adjuvant FOLFOX. In a previous

0% 20% 40% 60% B80% 100%
Frequency

0% 20% 40% 60% 80% 100%
Frequency

study of 166 patients with metastatic disease treated with
FOLFOX, SNPs of ERCCI and XPD were associated with
progression-free survival [23], but pharmacogenetics of
adjuvant FOLFOX has not been widely studied. As
expected, symptoms of clinically significant toxicity, such
as neuropathy and neutropenia, were associated with SNPs
in the genes encoding enzymes involved in drug metabo-
lism in our study. Moreover, ethnic differences in toxicity
profiles were found between the data obtained from Asian
patients and that obtained from a western population.

Hematologic toxicities, including neutropenia (grade
3-4, 60.5 %) and thrombocytopenia (grade 3—4, 3.5 %)
were more frequent in the present study of East-Asian
(Korean) patients. The incidence of grade 3/4 neutropenia
and thrombocytopenia was 41.1 and 1.7 %, respectively, in
the MOSAIC study [2], and 32.6 and 3.4 % in NSABP
C-08 [1]. In contrast, peripheral sensory neuropathy, which
is well known as the most common adverse effect with
oxaliplatin-based treatments, was less common in the
present study. Only 16.4 % of the patients experienced
clinically significant (grade 2 or higher) neurotoxicity. In
the NSABP C-08, sensory neuropathy of grade >2 was
reported in 43.7 % of patients. Our data are similar to those
in the previous report in Asian patients, which showed
grade 2—4 neuropathy in 27.7 % and grade 3—4 neutropenia
in 52.2 % [17]. Taken together, there are clear ethnic dif-
ferences in the toxicity profiles of FOLFOX chemotherapy.
Moreover, it has been reported that Asian patients experi-
ence more cytopenia, especially severe neutropenia, from
the dose of chemotherapy used in Western population, and
dose reduction was frequently required in many studies
[24].

MTHFR 677C > T changes Ala to Val in the catalytic
domain, and the enzyme activity is reduced in TT-
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Neutropenia
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Grade T CcT/CcC p=0.027
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Fig. 2 Associations between polymorphisms and toxicities (neutro-
penia and neuropathy). a MTHFR 677C > T polymorphism and
neutropenia. Frequencies of grade 3—4 neutropenia according to the
genotype and p value from y* tests are presented. b ERCCI
19007T > C polymorphism and neutropenia. Frequencies of grade
3—-4 neutropenia according to the genotype and p value from x2 tests
are presented. ¢ XRCCI G23885A polymorphism and sensory

homozygous patients [19]. Therefore, it is conceivable that
patients with MTHFR 677TT experience more toxicity
symptoms, such as neutropenia. Moreover, MTHFR 677TT
homozygotes were more frequently found in Korean
patients (21.2 %) than in western patients (8.2 %). The
frequencies of MTHFR C677T genotypes were statistically
significant (p = 0.002). The higher incidence of neutro-
penia in Asian patients could partly be explained by this
genotype. Neutropenia was also associated with ERCCI
T19007C polymorphism. ERCCI 19007TT carriers were
more likely to experience significant neutropenia. This
polymorphism at codon 118 (Asn118Asn) is a synonymous
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neuropathy. Frequencies of grade 2 or higher neuropathy according
to the genotype and p value from i tests are presented. d Time to the
onset of grade 2—4 neuropathy. Time to the onset of grade 2 or higher
neuropathy differs significantly according to XRCCI G23885A
genotypes (p = 0.041). Patients with GG genotype suffered from
less neuropathy, and the onset of neuropathy was later

SNP, and may be associated with a reduced mRNA levels
and subsequently a decreased ERCC1 protein, but the
functional significance is not yet fully known [18].
Patients with the XRCCI 23885GG genotype experi-
enced less neuropathy (grade 2 or more). Moreover, the
onset of neuropathy was significantly late in patients with
XRCCI 23885GG (Fig. 2d). The XRCC1 protein is
important for BER and single-strand break repair pathway.
The enzymatic activity of XRCC1 is reduced with the
G23885A polymorphism [20]. Thus, patients with this
polymorphism are theoretically prone to more toxicity
from platinum therapy, as shown in the present study.
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Fig. 3 Disease-free survival (DFS) according to TS genotype. DFS
for 98 patients with TS ‘low’ genotype was shorter than DFS for 194
patients with ‘high’ (3 year DFS, 75.6 vs. 84.8 %, p = 0.133)

Table 3 Cox proportional hazards model analysis of factors influ-
encing recurrence of disease

Hazard 95 % CI P

ratio of HR

(HR)
Thymidylate synthase ‘low’ 1.711 1.002-2.920  0.049
Stage (2 vs. 3) 1.976 0.927-4.213  0.078
Angiovenous invasion 3.774 1.810-7.868 <0.001
Cumulative dose of 0.998 0.997-0.999  0.001

oxaliplatin

Sex and age were eliminated from Cox regression model

Moreover, XRCCI G23885A polymorphism is more fre-
quently found in western people. The lower incidence of
neuropathy (grade 2 or more) than determined from the
western data could be associated with differences in this
genotype.

The mechanism of oxaliplatin-induced neurotoxicity
remains unclear, but the accumulation of heavy metals (i.e.,
platinum) has been thought to cause the neuronal damage.
Gamelin et al. [11] have proposed another mechanism
where oxalate synthesis pathway could be associated with
platinum-drug neurotoxicity. A minor haplotype of the
AGXT gene, which is implicated in the oxalate pathway,
was able to predict both acute and chronic neurotoxicity
[11]. The frequencies of the two SNPs (AGXT P11L and
1340 M) are significantly different between the Gamelin
et al. study and the present study. All patients in the present
study had the AGXT 154C/C allele, except one patient with

the C/T allele. As patients with the AGXT minor allele were
considered to be at a higher risk of neurotoxicity, the lower
incidence of neuropathy is in line with the less frequency of
the AGXT polymorphism in our Asian patients.

The distribution of genetic polymorphisms of Korean
patients was different from that of the Western population
(Supplementary Table 3). The frequencies of 14 out of the
20 polymorphisms studied differed significantly from the
western data as retrieved from the HapMap database or
previously published reports [11, 12, 22, 31]. In contrast,
the differences were small between Korean patients and the
Japanese and Chinese populations. East Asians, including
Koreans, could be considered as a distinct ethnic group,
and further tailoring of the dosage and schedule of che-
motherapy might be warranted [24]. Our findings of inter-
ethnic diversity in SNPs could aid in understanding the
genetic composition of the populations and discovering
optimized chemotherapy.

Polymorphisms in genes encoding enzymes related to
drug metabolism, including MTHFR, ERCCI and XRCC]I,
have been studied, but the result has been contradictory and
inconclusive [3, 5, 23]. We find significant associations in
the present study in Korean patients treated with adjuvant
FOLFOX, and further validation in both Caucasians and
Asians in a prospective pharmacogenetic study might be
warranted. Pharmacogenetics-based individualized therapy
could improve patients’ tolerability of chemotherapy and
treatment outcome.

Patients with 7S ‘low’ genotype had shorter DFS than
those with 7S ‘high,” and the differences of DFS was sig-
nificant in the multivariable analysis after adjustment for
clinical factors. TS ‘low’ (adjusted HR 1.71, 95 % CI
1.002-2.920, Table 3) was significantly related to shorter
disease-free survival in the present study. This is in line
with previous reports on colorectal cancers treated with
post-operative adjuvant 5-FU treatment [7, 15], where
outcomes of TS ‘low’ tumors were worse than ‘high’
tumors. These results are contradictory to the concept that
TS ‘low’ tumors are more responsive to TS inhibitors such
as 5-FU [22]. In the adjuvant setting, at least, TS ‘low’
phenotype indicates worse outcome, which could be the
result of aggressive biology of these tumors or detrimental
effect of adjuvant 5-FU therapy. As 5-FU is the backbone
of chemotherapy for colorectal cancers, these warrants
further research efforts to avoid unnecessary or even
potentially harmful treatment.

In summary, neutropenia from FOLFOX chemotherapy
was associated with MTHFR and ERCCI genotypes.
Neuropathy was associated with XRCC1 genotypes. Ethnic
differences in genetic polymorphisms were associated with
different toxicity profiles between our Korean patients and
a western population. Also, 7S ‘low’ genotype was related
to shorter disease-free survival. Pharmacoethnic study of
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genetic polymorphisms could help to optimize and indi-
vidualize chemotherapy for colon cancer.
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