
Abstract. Experimental evidence has revealed that several
thymidylate synthase (TS) DNA polymorphisms modulate
gene expression, which, in turn is known to be down-
regulated by oestrogen receptor subtypes. Consequently, this
process might be influenced by female hormones. Based on
these data, we investigated whether patient's gender and TS
polymorphism exert an interactive effect on the clinical
evolution of patients with advanced colorectal cancer (CRC)
subjected to 5 fluorouracil (5FU)-based adjuvant chemo-
therapy. A retrospective study was carried out on paraffin-
embedded sections from 81 CRC patients. A variable tandem
repeat (VNTR) of 28 bp, a G/C single nucleotide poly-
morphism (SNP), and a deletion of 6 bp (ins1494del 6 bp)
were studied. Genotyping methods were polymerase chain
reaction (PCR) for VNTR, and PCR followed by restriction
length fragment polymorphism (PCR-RFLP) for SNP and
ins1494del 6 bp. The effect of TS genotype and gender on
overall and progression-free survival was assessed in univariate
and multivariate (Cox regression model) tests. In male patients,
the study of combined TS genotypes showed that G&6+/6+

was an adverse marker for overall (P=0.04; median: not
reached) and progression-free survival (P=0.03; median: 12
months, 95% CI: 0-32.4). In the multivariate analysis, the

concurrence of G&6+/6+ combination and male patients
resulted in a 5.5-fold increased risk of relapse or disease
progression (95% CI: 1-32.1; likelihood test P=0.004; inter-
action P=0.06). TS genotype did not affect survival among
women. The present study supports that the effect of TS
polymorphisms on the clinical evolution of advanced CRC
patients is significantly influenced by gender.

Introduction

A number of studies have explored the possible effect of
DNA polymorphisms within the thymidylate synthase (TS)
gene on the clinical evolution and response to chemotherapy
of patients with advanced colorectal cancer (CRC) (1,2).
These investigations are based on two main features: first, TS
is targeted by 5-fluorouracil (5FU) and its derivatives, which
are the treatment of choice in chemotherapeutic regimens of
CRC and other tumours; and second, TS gene polymorphisms
have shown in vitro to affect the expression of the enzyme.
TS catalyzes the reductive methylation of deoxyuridylate
(dUMP) to thymidylate (dTMP), which represents the only
intracellular de novo source of dTMP (3). Therefore, it is
essential for DNA biosynthesis and repair, and plays a central
role in cell proliferation. Aside from its quality of therapeutic
target, recent experimental data revealed that high TS expres-
sion and activity confer oncogenic potential to the protein
(4,5). Three polymorphisms affecting TS expression have
been identified. A variable number of tandem repeats (VNTR)
of a 28 base pairs (bp) sequence, and a single nucleotide
polymorphism (SNP) are located within the 5' untranslated
region (5'UTR). The VNTR gives rise primarily to alleles of
two (2R) and three (3R) repeats, and the SNP consists of a
G➝C substitution at the 12th nucleotide of the second repeat
of the 3R (6-9). The third polymorphism is a 6-bp deletion
at position 1494, within the 3'UTR (10). In vitro studies
reveal that VNTR and SNP affect translation efficiency,
while ins1494del 6 pb influences mRNA stability (11,12).
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However, experimental findings do not correlate with dif-
ferences regarding patient evolution in the clinical practice,
and the attempts to elucidate whether survival and/or response
to 5FU-based chemotherapy might have a genetic background
have given rise to divergent results (1,2,13-17).

Gender-related differences in CRC incidence and
behaviour have been reported. The disease is less frequent in
women, who also seem to be better responders than men to
5FU (18,19). Furthermore, a protective effect of hormone
replacement therapy has been suggested in postmenopausal
women (20-22). The data point to some influence of female
hormones on CRC development and, interestingly, experi-
mental findings strongly suggest that such influence is due to
an interaction with TS expression (23,24). Thus, it might be
hypothesized that a gender-dependent modulation could
explain the inconsistent results of studies regarding TS geno-
type and survival mentioned above.

Differences related to gender and/or postmenopausal
hormone use have been reported in risk estimations of cancer
regarding TS genotype (25,26), but to our knowledge, there
are no data correlating both parameters with overall survival
or disease progression. The aim of the present study was to
investigate whether the effect of TS polymorphisms on the
clinical evolution of advanced CRC patients is interfered by
gender.

Patients and methods

Subjects and treatment. The identification of TS gene poly-
morphisms was carried out in a group of 81 patients diagnosed
with advanced CRC between 1993 and 2002. They were
treated by surgical resection and subjected to adjuvant chemo-
therapy treatment with 5FU. The chemotherapeutic agent
was administered via bolus regimen in all cases. The median
follow-up of living patients was 89.5 months (range: 4-148).
The overall survival of patients included in the study was at
least three months.

Sample collection and genotyping. Samples consisted of
formalin-fixed paraffin-embedded specimens of primary
tumours collected from the Archives of the Pathology Depart-
ment of the University Hospital of La Princesa (Universidad
Autónoma, Madrid, Spain). Data processing was carried out
so that patient confidentiality was maintained.

DNA extraction. Genomic DNA was extracted from paraffin-
embedded tissue, as described earlier (27).

TS 5'UTR polymorphisms. VNTR and SNP polymorphisms
within the 5'UTR region of TS promoter were determined
respectively by specific PCR and PCR-RFLP as described
earlier (13,27). As stated in previous reports based on func-
tional studies, subjects harbouring the 3G allele (i.e., 2R/3G,
3G/3G and 3G/3C), reported as 5'UTR high expressors,
were grouped as G patients, and 2R/2R, 2R/3C, 3C/3C as C
patients (5'UTR low expressers) (9,13,28).

3'UTR polymorphism. The 6-bp deletion at position 1494 of
the 3'UTR region was determined by a PCR-RFLP method
based on that reported by Ulrich et al (10), with slight modi-
fications, as previously described (29).

PCR was carried out in a GeneAmp PCR System 2700
(Applied Biosystems, Foster City, CA, USA). All PCR primers
were provided by Metabion International AG (Martinsried,
Germany). The remaining PCR reagents were supplied by
Biotools B&M Labs, and restriction endonucleases were
supplied by MP Biomedicals (Irvine, CA, USA).

Definition of TS5' and 3'UTR combined genotypes. Three
groupings of TS5' and 3'UTR genotypes were considered
for the present study: the first description proposed by
Kawakami et al (28), based on the level of TS expression
ascribed to TS5' and 3'UTR genotypes, and two more proposed
by our group in a previous study, considering respectively,
the presence of the variant 6- allele and the presence of at
least one low expression allele in either 5' or 3'UTR. The
latter two classifications are supported by previous survival
data (29).

The TS expression-based classification defines four
categories, namely, C&allele 6- (5'UTRLow/3'UTRLow);
C&6+/6+ (5'UTRLow/3'UTRHigh); G&allele 6- (5'UTRHigh/
3'UTRLow) and G&6+/6+ (5'UTRHigh/3'UTRHigh). High
and low TS5'UTR expressers have been defined above and
low TS3'UTR expressors are patients harbouring the 6- allele.
The second classification clusters the combinations carrying
the variant 6- allele, which results in three groups (C&6+/6+,
G&6+/6+ and G or C&allele 6-). Finally, the last classification
considers the presence of at least one low expression geno-
type in either 5' or 3'UTR, leading to two categories: G&6+/6+

and (C or 6-) carriers.

Statistical analysis. The end-point of the study was overall
survival, calculated from the start of treatment to the date
of last follow-up or death. In order to compare quantitative
variables, to explore associations between variables within
each genotype, and to study the potential association between
baseline characteristics and genotype, we used parametric
tests (Student's t-test or ANOVA) or their equivalent non-
parametric tests (U Mann-Whitney, Kruskall Wallis) when
normality did not hold. The normality of continuous variables
was checked with the Kolmogorov-Smirnov test. In order to
compare categorical variables and response percentages with
their 95% CIs among genotype groups, we used the two-
sided Fisher's exact test or the ¯2 test.

The association of risk factors with time-to-event end-
points was analyzed with the two-sided log-rank test, and the
Kaplan-Meier (30) method was used to plot the corresponding
time-to-progression and survival curves. Lost during clinical
follow-up and death from unrelated causes were considered
as censoring events. A univariate Cox regression analysis,
with hazard ratios and their 95% CIs was used to assess the
association between each potential prognostic factor and
survival and time to progression. These factors were then
included in a multivariate Cox proportional hazards regression
model to evaluate the independent significance of each
variable on survival and time to progression. The likelihood
ratio test was used to assess the goodness of fit, and the
Wald's test was used to assess the coefficient significance.

Two-sided P-values of <0.05 were considered significant.
To verify the agreement of the observed genotype frequencies
with those expected, according to the Hardy-Weinberg
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equilibrium model (31), the likelihood-ratio test G was used.
All statistical calculations were performed with the SPSS
software statistical package, version 14.0 (SPSS, Inc.,
Chicago, IL, USA).

Results

Patient characteristics are shown in Table I. Median age was
64 years (range: 39-84). There were 42 females (51.9%) and
39 males (48.1%). The median age of female patients was
63.5 years (range: 41-84) and 37 were >50 years old (88.1%).

TS genotype frequencies. Genotype distributions of VNTR,
SNP G/C, ins/del 6 bp polymorphisms, and their combi-
nations (TS expression-based classification) are summarized
in Table II. VNTR, SNP G/C and ins/del 6 bp genotyping
were feasible in 81 (100%), 80 (98.8%) and 79 (97.5%)
patients respectively. The frequencies of VNTR and ins/del
6 bp genotypes were in agreement with those expected
according to the Hardy-Weinberg equilibrium model.

Univariate survival analyses. The results of the Kaplan-Meier
and Cox regression univariate analyses are summarized in
Tables III and IV. In men, a significant association between
SNP G&6+/6+ and poorer PFS was observed, regardless of

the criteria for defining TS genotype combinations (median:
12 months; 95% CI: 0-32; Cox regression P=0.01). This
effect was stronger when comparing patients with this
genotype vs. those with combinations carrying either the C
genotype or the allele 6- (log-rank P=0.003, Table III; Cox
regression P=0.007, Table IV); the influence on OS reached
statistical signification (log-rank P=0.04, Table III; Cox
regression P=0.05, Table IV). The Kaplan-Meier analysis
revealed a slight trend to better PFS of male C patients,
compared to G (median: not reached vs. 22.0 months; 95%
CI: 2.8-41.2), although statistical signification was not
achieved (log-rank P=0.09, Cox regression P=0.1). TS
genotype did not affect survival of women.

Fig. 1 shows the PFS plots obtained for male and female
patients with G&6+/6+ genotype (log-rank P=0.01). Similar
survival analyses stratified by TS combined genotype were
performed considering all the proposed classifications. No
differences between men and women were observed. Although
P-value was 0.48, the PFS graph obtained for the C&6+/6+

group suggested a slight visual trend to better outcome for
the female patients (data not shown).

There were five women and six men with G&6+/6+ poly-
morphisms; their tumour stages, PFS values and number of
disease relapses/progressions are listed in Table V. Two
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Table I. Baseline characteristics of patients.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

All patients
(n=81) Female (n=42) Male (n=39) P-value

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Age (years, median, range)a 64 (39-84) 63.5 (41-84) 64 (39-84) 0.96

OS (months, median, range)a 76 (3-148) 85.5 (5-148) 72 (3-148) 0.34

PFS (months, median, range)a 36 (2-148) 47 (2-148) 33 (3-144) 0.16

Dukes stage, n (%)

B2 34 (42.0) 20 (47.6) 14 (35.9) 0.22

C 34 (42.0) 18 (42.9) 16 (41.1)

D 13 (16.0) 4 (9.5) 9 (23.1)

Tumour location, n (%)

Right 27 (33.3) 10 (23.8) 17 (43.6) 0.17

Transverse 2 (2.4) 1 (2.4) 1 (2.6)

Left 30 (37.0) 20 (47.6) 10 (25.6)

Rectum 22 (27.2) 11 (26.2) 11 (28.2)

Mortality, n (%)

Alive 43 (53.1) 24 (57.1) 19 (48.7) 0.57

Dead of CRC 17 (21.0) 7 (16.7) 10 (25.6)

Dead of unrelated cause 1 (1.2) 1 (2.4) 0

Lost 20 (24.7) 10 (23.8) 10 (25.6)

Relapse, n (%)

No 30 (37.0) 19 (45.2) 11 (28.2) 0.28

Yes 40 (49.4) 18 (42.9) 22 (56.4)

Lost 11 (13.6) 5 (11.9) 6 (15.4)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aANOVA; OS, overall survival; PFS, progression-free survival.

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

1393-1400.qxd  29/3/2010  12:01 ÌÌ  ™ÂÏ›‰·1395



women within this group relapsed; one of them was diagnosed
as B2 tumour stage, the remaining being C stages. All G&6+/
6+ males underwent disease relapse or progression; half of
them (n=3) were in B2 stage.

Multivariate survival analysis. In order to test the possible
influence of interactions between gender and TS genotype on
survival, risk ratios were estimated from Cox proportional
hazards regression models. When PFS was analyzed consi-
dering G&6+/6+ patients vs. (SNP C or allele 6-) carriers, the
interaction between gender and genotype was borderline to
statistical signification (interaction P=0.06) (Table VI). The
relative risk of relapse or disease progression in male G&6+/
6+ patients was 5.5 (95% CI: 1-32.1; likelihood test P=0.004).
The same study with separate TS genotypes or other combi-
nations related to PFS or OS failed to show other associations
(data not shown).

Discussion

The interaction of ERß with TS expression has been
documented in previous literature. Oestrogen receptor-ß
(ERß) has shown in vitro to decrease TS expression (23).
In vivo, significantly higher TS levels have been detected
in ER-negative tissues from various malignancies (24,32),
compared to ER positive tissues. However, similarly to the
reported studies concerning TS gene polymorphisms, the
effect of ERß on TS expression in vivo is not very clear
(23). Given the above data, it is reasonable to presume that
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Table II. Thymidylate synthase (TS) genotype distribution among female and male patients.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

All patients Female Male
TS genotype n (%) n (%) n (%) P-value
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
VNTR

3R/3R 20 (24.7) 13 (31.9) 7 (17.9) 0.39

2R/3R 45 (55.6) 21 (50.0) 24 (61.5)

2R/2R 16 (19.8) 8 (19.0) 8 (20.5)

SNP

G 40 (50.0) 21 (50.0) 19 (50.0) 0.59

C 40 (50.0) 21 (50.0) 19 (50.0)

Ins/del 6 bp

6+/6+ 34 (43.0) 18 (42.9) 16 (43.2) 0.78

6+/6- 39 (49.4) 20 (47.6) 19 (51.4)

6-/6- 6 (7.6) 4 (9.5) 2 (5.4)

SNP&ins/del 6 bp

C&allele 6- 16 (20.3) 8 (19.0) 8 (21.6) 0.92

C&6+/6+ 23 (29.1) 13 (31.0) 10 (27.0)

G&allele 6- 29 (36.7) 16 (38.1) 13 (35.1)

G&6+/6+ 11 (13.9) 5 (11.9) 6 (16.2)

SNP&presence of allele 6-

C&6+/6+ 23 (29.1) 24 (57.1) 21 (56.8) 0.75

(G or C)& allele 6- 45 (57.0) 13 (31.0) 10 (27.0)

G&6+/6+ 11 (13.9) 5 (11.9) 6 (16.2)

G&6+/6+ vs. (C or 6- carriers)

(C or 6-) carriers 68 (86.1) 37 (88.1) 31 (83.8) 0.92

G&6+/6+ 11 (13.9) 5 (11.9) 6 (16.2)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Figure 1. Progression-free survival of G&6+/6+ female and male patients (log-
rank P=0.01) (NR, not reached; CI, confidence interval).
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inconsistent observations regarding the effects of either TS
genotype or ER expression in the clinical setting could be
due to a veiled interference of gender in studies on DNA
polymorphism and, conversely, of TS genotype in studies
on ER.

TS genotype frequencies found in our study did not
diverge between genders and were consistent with those
reported for Caucasian populations (7,25).

Our previous observations, including this series of patients
(29), revealed that TS 5' (VNTR, SNP G/C) and TS3' UTR
(ins1494del 6 bp) polymorphisms alone did not affect overall
or progression-free survival, but SNP C&6+/6+ and SNP
G&6+/6+ genotype combinations determined respectively, the
best and worst evolution, the latter showing significantly
shorter PFS than C&6+/6+.

In the present study, the Kaplan-Meier and Cox univariate
analyses were stratified by gender. Results revealed that
our preliminary data, pointing to an adverse influence of
G&6+/6+ combined genotype on PFS, were true for men, but
not for women, with the exception of a slight trend to better
evolution of females within the ‘favourable’ C&6+/6+ group,
observed in the Kaplan-Meier plot. The poor outcome
associated to G&6+/6+ combination was independent of the
criteria used for defining TS combined genotypes. Moreover,
when male G&6+/6+ patients were compared to (C or 6-)

carriers, significant differences were observed also for OS. A
slight influence of SNP alone on survival was seen in men,
although under the threshold of statistical significance. In
contrast, TS genotype did not affect the evolution of female
patients.

The PFS plot shown in Fig. 1 illustrates the dramatically
different behaviour of male and female patients harbouring
the adverse G&6+/6+ combination. Such differences are not
attributable to divergences in sample size or tumour stage.
The proportion of females with G&6+/6+ combination geno-
type is equivalent to that of males (five women vs. six men).
Yet, the rates of relapse/disease progression were different:
all male patients relapsed or underwent disease progression
between 5 and 30 months; meanwhile, the two events observed
among women took place at 19 and 34 months, respectively,
and the maximum PFS period reached 115 months. Neither
the number of relapses, nor the striking divergences in PFS
plots can be ascribed to tumour stage because, though there
were two men vs. no women classified as D stages, half of
male patients were B2 vs. one female. Noteworthy, this
patient was one of the two who relapsed within the group of
women.

These findings suggested an interaction of gender with
TS genotype that affected PFS, and warranted a multivariate
analysis for confirmation. The Cox regression model
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Table III. Univariate Kaplan-Meier analysis of the effect of thymidylate synthase (TS) genotype on overall and progression-
free survival.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

OS (months) PFS (months)
–––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––––

TS polymorphism Median 95% CI P-value Median 95% CI P-value
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
VNTR

Female (n=42) NR - 0.35 NR - 0.88

Male (n=39) NR - 0.47 36.0 20.0-52.0 0.18

SNP

Female (n=42) NR - 0.32 NR - 0.96

Male (n=38) NR - 0.1 40.0 23.2-56.8 0.09

Ins/del 6 bpa

Female (n=42) NR - 0.29 NR - 0.16

Male (n=37) NR - 0.88 36.0 20.5-51.6 0.48

SNP&ins/del 6 bp

Female (n=42) NR - 0.32 NR - 0.37

Male (n=37) NR - 0.16 36.0 20.5-51.6 0.03

SNP&presence of allele 6-

Female (n=42) NR - 0.45 NR - 0.37

Male (n=37) NR - 0.07 36.0 20.5-51.6 0.01

G&6+/6+ vs. (C or 6- carriers)

Female (n=42) NR - 0.29 NR - 0.72

Male (n=37) NR - 0.04 36.0 20.5-51.6 0.003
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
a6+/6+ vs. allele 6-; OS, overall survival; PFS, progression-free survival.

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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indicated an interactive effect of both parameters borderline
to statistical signification. The concurrence of male patients
and G&6+/6+ combination determined 5.5-fold higher risk of

relapse or disease progression. This result might be explained
by the down-regulatory effect of ER on TS expression. Both
SNP G and 6+/6+ polymorphisms lead to increased TS levels,
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Table V. Number of relapsed and progression-free survival (PFS) period of G&6+/6+ patients.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Female Male
––––––––––––––––––––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––––––––––––––––––––
Patient Dukes stage Relapse/Progression PFS (months) Patient Dukes stage Relapse/Progression PFS (months)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

1 C Yes 19 1 C Yes 5

2 B2 Yes 34 2 D Yes 5

3 C No 78 3 B2 Yes 12

4 C No 115 4 B2 Yes 22

5 C No 115 5 D Yes 28

6 B2 Yes 30
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Table IV. Univariate Cox analysis of the effect of thymidylate synthase (TS) genotype on overall and progression-free survival.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

OS PFS
–––––––––––––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––––––––––––––

Female Male Female Male
–––––––––––––––––––– –––––––––––––––––––– –––––––––––––––––––– ––––––––––––––––––––

TS polymorphism P-value HR 95% CI P-value HR 95% CI P-value HR 95% CI P-value HR 95% CI
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
VNTR

3R/3R - 1 - - 1 - - 1 - - 1 -

2R/2R 0.71 1.69 0.11-26.94 0.87 0.80 0.05-12.81 0.62 0.71 0.18-2.83 0.83 1.22 0.20-7.30

2R/3R 0.21 3.90 0.45-33.51 0.44 2.27 0.20-18.18 0.84 0.90 0.32-2.52 0.18 2.75 0.63-11.95

SNP

C - 1 - - 1 - - 1 - - 1 -

G 0.33 0.44 0.09-2.30 0.11 2.98 0.77-11.58 0.96 1.02 0.41-2.59 0.10 2.06 0.86-4.92

Ins/del 6 bpa

6+/6+ - 1 - - 1 - - 1 - - 1 -

Allele 6- carrier 0.31 2.36 0.46-12.24 0.88 0.91 0.26-3.16 0.17 1.98 0.74-5.30 0.49 0.74 0.31-1.74

SNP&ins/del 6 bp

C&6+/6+ - 1 - - 1 - - 1 - - 1 -

C&allele 6- 0.24 2.91 0.49-17.44 0.39 2.87 0.26-31.67 0.10 3.01 0.81-11.25 0.79 1.20 0.32-4.49

G&allele 6- 0.97 1.04 0.15-7.40 0.31 3.22 0.33-31.11 0.37 1.78 0.52-6.08 0.62 1.36 0.41-4.45

G&6+6+ 0.99 0 - 0.06 8.12 0.91-72.89 0.78 1.28 0.23-7.00 0.01 4.87 1.38-17.16

SNP&presence of

allele 6-

C&6+/6+ - 1 - - 1 - - 1 - - 1 -

(G or C)& 0.53 1.69 0.33-8.77 0.31 3.07 0.36-26.35 0.19 2.14 0.69-6.66 0.64 1.29 0.44-3.78

allele 6-

G&6+/6+ 0.99 0 - 0.06 8.12 0.91-72.89 0.77 1.28 0.23-7.01 0.01 4.88 1.38-17.20

G&6+/6+ vs. (C

or 6- carriers)

G&6+/6+ - 1 - - 1 - - 1 - - 1 -

(C or 6-) carriers 0.5 0.04 0-472.52 0.05 3.56 1.00-12.62 0.73 0.77 0.18-3.36 0.007 4.13 1.48-11.49
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
a6+/6+ vs. allele 6-; HR, hazard ratio; OS, overall survival; PFS, progression-free survival.

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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which in turn, have been associated to both poor response
to 5FU-based chemotherapy and to oncogenicity (4,5).
However, the ‘adverse’ phenotype associated with the G&6+/
6+ high expression combination might be ‘silenced’ or, at least,
reduced in the presence of ER, which has been postulated to
act as a tumour suppressor gene (33). The consequence is
that the predictive/ prognostic value proposed in the literature
for TS genotype might be true for men but not for women.

Our study has several limitations. First, the margins of the
95% CI obtained in the estimation of the RR of relapse for
the interaction of gender and TS combined genotype are very
wide (1-32.1 months). This is presumably explained by a
small sample size and a low number of events. The P-value
(P=0.06) was borderline to the threshold of statistical
significance. Even so, the values corresponding to the
goodness of fit to the model and to the likelihood test
(P=0.04 and P=0.004 respectively), strongly suggest an
interaction between gender and TS combined genotype that
might be significant in larger studies.

Second, data regarding the hormonal status of our female
patients was not available. As most of them were post-
menopausal (88.1% were older than 50 years), divergences
from men based on physiological ER levels were not
expected. However, previous history of hormone replace-
ment use, that might explain such differences, was unknown.
The protective effect of hormone replacement therapy
against CRC is well documented (20-22), but information
about hormonal status and/or use of postmenopausal hormone
is not always accessible to researchers (34).

Finally, ER expression in tumour and normal tissue was
not analyzed. The effects on TS expression have been
observed for ERß, but only ER· is currently tested in histo-
pathology laboratories (35) to study tumours like breast cancer.
The effect of ER· is opposite to the antiproliferative action
of ERß (34) and information regarding its expression in CRC
is even scarcer than that available for the latter. In addition,
gene polymorphisms within ER· gene have been recently
associated with the development of microsatellite unstable
colorectal tumours and might affect ER expression (36). The
task of determining ERß expression is not any easier, and is
further complicated by the disclosure of at least five isoforms
of this subtype (23,37). Among them, ERß1 is proposed as
the one able to activate oestrogen responsive elements, but
little is known about the functional effect of the others.
Nüssler et al (34) have recently reported differential expression

of ER· and ERß subtypes in normal and tumour mucosa in
CRC patients, with significant divergences in men, but not in
women. They postulate that gender-specific differences in
the pathogenesis of CRC are due to ER·/ERß ratio, rather
than to a separate ER subtype, though ERß level directly
correlated with the degree of tumour differentiation in male
patients. Our results suggest that measurements of ER expres-
sion might greatly improve the predictive value of TS geno-
typing and vice versa, but consensus regarding analyzed
parameters (i.e., subtypes, ratio, isoforms) and methodology
should be achieved first.

Patient's gender has been reported to affect the risk of
developing CRC attributed to several TS genotypes. A
decrease in CRC risk associated to 2R/2R genotype in male
patients has been described. Concerning females, genotype
combinations including 2R and 6- alleles showed a protective
effect in stage IV patients, and in postmenopausal hormone
users (16,25,38). However, to our knowledge, this is the first
study to document the interactive effect of patient's gender
and TS genotype on survival. The data reported herein
should be confirmed in large-scale investigations, because
the interaction between TS genotype and gender, in terms of
reproductive hormonal status, might have important prognostic
and therapeutic implications.
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