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Introduction

Colorectal cancer (CRC) is the fifth most common cancer 
with an estimated 376.3 thousand new diagnosed cases in 
China and approximately 191.0 thousand deaths during 
2015 (1).

The 5-fluorouracil (5-FU)-based adjuvant chemotherapy 
is the standard treatment for operable CRC patients (2).  
Although adjuvant chemotherapy greatly improves disease-
free survival (DFS) and overall survival (OS) in the 
subpopulation of stage II patients with high risk and stage 
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III patients underwent resection and consequent adjuvant 
chemotherapy, local recurrence or distant metastasis 
occurs in about 30–50% patients during the course of the  
disease (2). Prognostic factor for such patients is a 
prerequisite for realizing individual therapeutics as to 
adjuvant chemotherapy. A large number of researches 
have reported a variety of prognostic factors for DFS and 
OS in stage II–III CRC such as defective mismatch repair  
(dMMR) (3), gene expression signature (4), and histological 
index (5). 

Besides, pharmacogenetic polymorphism has been 
attracting attention during the past decade. Thymidylate 
synthase (TS) is a key rate-limiting enzyme in folate 
metabolism, participates in DNA synthesis and also serves as 
the primary molecular target of fluorouracil. Mechanically, 
TS catalyses the conversion of deoxyuridine monophosphate 
(dUMP) to deoxythymidine monophosphate (dTMP) to 
promote DNA synthesis and repair (6). TS has a 28-bp  
repeat polymorphism in the 5'-untranslated promoter 
region (5'-UTR) that has been associated with TS 
expression (7). Several studies have shown that TS 
protein expression and its activity are higher with the 
increase of number of repeats (from double repeate-2R 
to triple repeate-3R or higher) in vitro and in vivo (8-10). 
However, there were controversies about the prognostic 
value of TS 5'-UTR tandem repeat polymorphisms for 
operable CRC patients receiving 5-FU based adjuvant  
chemotherapy (11-13).

The present study was undertaken to investigate whether 
the TS 5'-UTR tandem repeat polymorphisms detected 
from the peripheral blood mononuclear cells have any 
prognostic value for DFS and OS in rectal adenocarcinoma 
patients treated with 5-FU-based adjuvant chemotherapy.

Methods

Patients

This retrospective study included 117 pathologically 
diagnosed rectal adenocarcinoma patients with stage II–III  
without distant metastasis and without previous or 
synchronous second tumor who underwent curative 
resection at the Department of Surgery of our Institute 
from 2004 to 2015 and received 5-fluoropyrimidine-based 
adjuvant chemotherapy. 

Among them, 66 patients were additionally treated 
adjuvant radiotherapy. Any patient who received molecular 
targeted drugs in the subsequent treatment was excluded.

The median age of whole population was 59 years 
(range: 21–78 years). Each patient provided their written 
informed consent and the study was approved by the Ethics 
Committee of the Institute (Number of ethical approval: 
No. 2017-41).

Treatment

All patients underwent curative resection reaching R0 
resection. 77 patients received Dixon surgery and 59.8% 
patients of the whole population underwent laparoscopic 
surgery.

All patients received 5-FU-based adjuvant chemotherapy 
within one month after operation. Radiotherapy was 
delivered in a total dose of 45 to 50 Gy (1.8 to 2.0 Gy per 
fraction, 25 to 28 fractions) using 3D CRT.

A part of patients (n=66) received adjuvant concurrent 
chemoradiotherapy. For these patients treated with 
capecitabine single-agent regimen, capecitabine was 
administrated twice daily reaching 1,600 mg/m2 from 
the first day to the 14th day in each cycle, 2 cycles during 
concurrent chemoradiotherapy were completed. If 2 cycles 
of concurrent chemoradiotherapy cannot be finished 
due to intolerance, the modification of chemotherapy or 
radiotherapy dose was permitted. 101 patients received 
with adjuvant radiotherapy after 4 cycles of FOLFOX4 
chemotherapy.

Analysis of polymorphisms

A pretreatment blood sample from each enrolled patient 
was used for genotyping.

DNA was extracted from 2 mL peripheral limosis vein 
blood obtained before treatment using a QIAamp kit 
(Qiagen, Hilden, Germany). PCR amplification of the TS 
promoter enhance region containing the double and triple 
tandem repeats was carried out using the following primers: 
forward 5’ AAAAGGCGCGCGGAAGGGGTCCT 3’ 
reverse 5’ TCCGAGCCGGCCACAGGCAT 3’PCR 
reactions were carried out in 15 μL volumes comprising 
1 μL of DNA preparation, 0.2 U of TaKaRaTaq HS 
Polymerase (Takara, Japan),primers at a final concentration 
of 0.4 μM and 10× reaction mix (Mg2+ Plus) (Takara, Japan) 
containing nucleotides and buffer. A total of 32 PCR cycles 
were carried out (94 ℃ for 40 s, 62 ℃ for 40 s and 72 ℃ 
for 1 min) following hotstart at 94 ℃ for 5 min. The PCR 
products were then sequenced with a BigDye Terminator 
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Sequencing kit (Applied Biosystems, Foster City, CA) and 
ABI 3730XL DNA Analyzer.

Observation and follow-up 

The duration of follow-up was measured from the date of 
starting chemotherapy. Follow-up visits were scheduled 
every 3 months in the first year, every 6 months in the 
second and third years, and every year thereafter.

Statistical analyses

The associations between TS 5’-UTR polymorphism and 
different clinicopathological characteristics were analyzed 
using the Chi-square or Fisher exact test. The Hardy-
Weinberg equilibrium was also evaluated by Fisher exact 
probability test. Kaplan-Meier curve and log-rank test 
was used to compare the disease-free survival and overall 
survival in different clinicopathological characteristics and 
genotypes of TS 5’-UTR polymorphism. Cox proportional-
hazards models were conducted to evaluate prognostic 
factors for OS. Time-dependent receiver operating 
characteristic curve (time-dependent ROC) was used 
to evaluate prognostic accuracies of clinicopathological 
characteristics and the TS 5’-UTR polymorphism for DFS. 
P<0.05 was considered statistically significant for the two-
sides. Time-dependent ROC and comparison of area under 
curves was performed using R package “timeROC” (version 
0.3). All other statistical analysis was performed using SPSS 
16.0 (SPSS Inc., Chicago, IL, USA). 

Results

Patient characteristics and TS 5'-UTR polymorphism

The clinicopathological characteristics of 117 patients 
and the genotype frequencies of TS polymorphisms were 
presented in Table 1. 

Among the patients, the distribution of TS 5'-UTR 
polymorphisms ware 2.6% 2R/2R, 31.6% 2R/3R and 
65.8% 3R/3R respectively, which was consistent with Hard-
Weinberg equilibrium (χ2=0.345, P=0.558). No significant 
associations between 5’-TSER polymorphisms and 
clinicopathological characteristics were observed (Table 2). 

At the time of the final analysis (July 2016), The median 
DFS was 24.43 months (95% CI: 20.54–32.32) and the 
median OS was 45.97 months (95% CI: 35.04–56.90) in this 
study.

Clinical characteristics and genotypes and survival

As shown in Table 1, later stage, higher N stage, more 
mesenteric lymph node metastasis, less KPS score and the 
5'-UTR polymorphisms (2R/2R+2R/3R) were significantly 
associated with shorter DFS (Table 1, Figure 1). 

In particular, it was observed that the median DFS of 
patients harboring 3R homozygous reached 36.53 months, 
which was significantly longer than that who carrying 
at least one 5'-TSER 2R allele (Log-Rank P<0.001). 
With regard to OS, female patients had shorter OS 
compared with male patients (mOS: 31.33 vs. 50.17 mons,  
P=0.025) .  Meanwhi le ,  pat ients  without  adjuvant 
radiotherapy were significantly associated with poor OS 
(mOS: 38.90 vs. not reached, P=0.025). However, TS 5'-
UTR polymorphism had no significant correlation with OS 
(Table 1, Figure 1). 

After adjusted for other baseline clinical characteristics, 
multivariate Cox regression showed that KPS score and TS 
5'-UTR polymorphism were independent prognostic factor 
for DFS. As regard to TS 5'-UTR polymorphism, the risk 
of recurrence in patient with 3R/3R homozygous variations 
was significantly reduced by 56% compared with 2R/2R 
or 2R/3R patients (HR =0.445, 95% CI: 0.255–0.775, 
P=0.004). However, KPS score as continuous variable 
was the only independent prognostic factors for OS (HR 
=0.910, 95% CI: 0.851–0.972, P=0.005) (Table 3).

Subgroup analysis and prognostic accuracy of TS 5'-UTR 
tandem repeat polymorphisms

In the subset consisted of only female patients, the patients 
with 3R/3R homozygous variations trend to longer DFS 
compared with those with 2R/2R or 2R/3R (mDFS: 21.23 
vs. 11.37, Log rank P=0.285). In contrast, male patients 
with 3R/3R homozygous variations exhibited clear longer 
DFS than those with 2R/2R or 2R/3R (mDFS: 41.33 vs. 
11.47, Log rank P=0.001). However, the significance of 
interaction of genders and TS 5'-UTR tandem repeat 
polymorphisms was not reached (Pinteraction=0.262). Similar 
results were obtained regarding to OS. In the female 
subgroup, patients with 3R/3R had slightly shorter OS 
compared with those with 2R/2R or 2R/3R (mOS: 31.12 vs. 
36.10, Log rank P=0.246). In the male subgroup, patients 
with 3R/3R trend to be longer OS than those with 2R/2R 
or 2R/3R (mean OS: 77.64 vs. 63.49, Log rank P=0.186). 
Again, the significance of interaction of genders and TS 
5'-UTR tandem repeat polymorphisms was not reached 
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(Pinteraction=0.102). 
Time-dependent ROC analysis was used to evaluate 

accuracies of baseline clinical characteristics and TS 5'-
UTR tandem repeat polymorphisms for 2, 3 and 5 year 

DFS (Figure 2). The results revealed that TS 5'-UTR 
tandem repeat polymorphisms had moderate predictive 
accuracies for 3-year DFS and was parallel with predictive 
accuracies by stage and number of positive metastatic nodes 

Table 1 Baseline characteristics and survival comparison

Clinicopathological 
characteristics

N (%)
Comparison of disease free survival Comparison of overall survival

mDFS (95% CI) P mOS (95% CI) P

Sex 0.089 0.025

Female 39 (33.3) 19.93 (12.64–27.22) 31.33 (25.89–36.77)

Male 78 (66.7) 30.83 (19.77–41.89) 50.17 (21.99–78.35)

Age 0.146 0.797

≤65 89 (76.1) 27.73 (22.28–33.18) 40.90 (30.54–51.26)

>65 28 (23.9) 19.07 (9.83–28.31) 50.17 (26.63–73.71)

Grade 0.403 0.614

Poor and median 99 (96.1) 24.33 (17.13–31.53) 45.97 (34.09–57.85)

Well 4 (3.9) 28.13 28.13 

T stage 0.874 0.702

T1–T2 7 (6.0) 20.67 (17.32–21.11) –

T3–T4 110 (94.0) 27.10 (21.17–33.03) 40.90 (32.03–49.77)

N stage 0.015 0.638

N0–N1 94 (80.3) 27.73 (19.98–35.48) 40.90 (32.89–48.91)

N2 23 (19.7) 14.53 (1.42–27.65) 50.17 (28.24–72.10)

Stage 0.007 0.215

II 39 (33.3) 30.83 (7.56–54.10) 67.83 (27.06–108.61)

III 78 (66.7) 21.83 (11.31–32.36) 45.97 (28.60–63.34)

Number of positive lymph nodes 0.020 0.285

<4 94 (80.3) 27.73 (19.85–35.61) 45.97 (16.97–74.97)

≥4 23 (19.7) 14.53 (1.42–27.65) 34.43 (26.57–42.29)

Concurrent chemoradiotherapy 0.066 0.025

No 51 (43.6) 20.67 (15.61–25.74) 38.90 (27.85–49.95)

Yes 66 (56.4) 37.60 (23.65–51.55) –

KPS 0.005 0.050

≤80 20 (17.1) 11.73 (8.59–14.86) 34.43 (23.34–45.52)

>80 97 (82.9) 27.73 (18.24–37.22) 50.17 (24.47–75.86)

TS SNP <0.001 0.409

2R/2R + 2R/3R 40 (34.2) 11.47 (4.23–18.72) 36.10

3R/3R 77 (65.8) 36.53 (24.67–48.39) 45.97 (32.63–59.31)
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(Table 4, Figure 2B). However, stage and number of positive 
metastatic nodes yielded high predictive accuracies for 
5-year DFS and significantly outperformed TS 5'-UTR 
tandem repeat polymorphisms (P=0.007, P=0.0214) (Table 4, 
Figure 2C).

Discussion

The present study was showed that for the first time, TS 
5'-UTR tandem repeat polymorphisms measured from the 
PBMC in Chinese rectal adenocarcinoma patients receiving 

adjuvant 5-FU-based chemotherapy is an independent 
prognostic factor of DFS.

The distribution of TS 5'-UTR polymorphisms ware 
2.6% 2R/2R, 31.6% 2R/3R and 65.8% 3R/3R respectively 
in our study, which was consistent with those previously 
reported (14). Moreover, Chen et al. also showed that 
among Chinese rectal cancer patients, the distribution of 

Table 2 Association between TS 5'-UTR SNP and clinical 
characteristics

Clinicopathological 
characteristics

2R/2R  
+ 2R/3R

3R/3R χ
2

P

Sex 1.216 0.270 

Female 16 (40.0) 23 (29.9)

Male 24 (60.0) 54 (70.1)

Age 0.038 0.845

≤65 30 (75.0) 59 (76.6)

>65 10 (25.0) 18 (23.4)

Grade 0.543 0.461 

Poor and median 32 (94.1) 67 (97.1)

Well 2 (5.9) 2 (2.9)

T stage 0.008 0.930 

T1–T2 3 (7.5) 4 (5.2)

T3–T4 37 (92.5) 73 (94.8)

N stage 0.004 0.947

N0–N1 32 (80.0) 62 (80.5)

N2 8 (20.0) 15 (19.5)

Stage 1.899 0.168 

II 10 (25.0) 29 (37.7)

III 30 (75.0) 48 (62.3)

Number of positive lymph nodes 0.179 0.672 

<4 33 (82.5) 61 (79.2)

≥4 7 (17.5) 16 (20.8)

Concurrent chemoradiotherapy 1.016 0.314 

No 20 (50.0) 31 (40.3)

Yes 20 (50.0) 46 (59.7)

Figure 1 Comparison DFS and OS between patients with 3R/3R 
and with 2R/2R/2R/3R. (A) Significant longer disease free survival 
was observed in patients harboring 3R/3R genotype; (B) no 
difference of overall survival was observed.
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Table 3 Multivariates Cox regression of DFS and OS for potential prognostic factors

Variables
DFS OS

HR (95% CI) P HR (95% CI) P

Sex (male vs. female) 0.645 (0.353–1.179) 0.154 0.359 (0.144–0.896) 0.028

Age (≥65 vs. <65) 1.613 (0.867–3.002) 0.131 1.067 (0.420–2.715) 0.891

Grade (high vs. low + median) 0.434 (0.083–2.271) 0.323 0.880 (0.099–7.844) 0.909

T (T3–T4 vs. T1–T2) 1.395 (0.475–4.097) 0.545 1.347 (0.281–6.469) 0.710

N (N2 vs. N0–N1) 0.721 (0.161–3.228) 0.669 0.331 (0.031–3.530) 0.360

Stage (III vs. II) 1.925 (0.966–3.837) 0.063 1.646 (0.647–4.187) 0.295

Node Number (>4 vs. ≤4) 2.074 (0.455–9.457) 0.346 3.491 (0.335–36.405) 0.296

Concurrent chemoradiotherapy (Yes vs. No) 0.646 (0.378–1.104) 0.110 0.540 (0.237–1.229) 0.142

KPS 0.947 (0.910–0.985) 0.007 0.910 (0.851–0.972) 0.005

TS SNP (3R/3R vs. 2R/2R+2R/3R) 0.445 (0.255–0.775) 0.004 0.845 (0.338–2.113) 0.719

DFS, disease-free survival; OS, overall survival.

Figure 2 The ROC curves for predicting DFS of different clinicopathological characteristics and TS 5'-UTR polymorphism. (A) ROCs for 
2 year DFS; (B) ROCs for 3 year DFS; (C) ROCs for 5 year DFS. DFS, disease-free survival; OS, overall survival.
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Table 4 AUCs and 95% confidential intervals for predicting 1-, 2-, 3-, 5-year disease-free survival

Variables 1-year 2-year 3-year 5-year

N stage 0.578 (0.493–0.663) 0.577 (0.505–0.649) 0.555 (0.458–0.653) 0.622 (0.561–0.683)

Stage 0.596 (0.512–0.681) 0.609 (0.514–0.705) 0.629 (0.493–0.766) 0.847 (0.779–0.914)

Number of positive lymph nodes 0.586 (0.475–0.696) 0.605 (0.499–0.719) 0.640 (0.492–0.781) 0.805 (0.734–0.876)

KPS 0.573 (0.467–0.678) 0.637 (0.540–0.735) 0.605 (0.464–0.747) 0.505 (0.217–0.793)

TS 5'UTR SNP 0.659 (0.565–0.753) 0.624 (0.534–0.715) 0.695 (0.608–0.783) 0.536 (0.316–0.756)
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TS 5'-UTR polymorphisms ware 4.3% 2R/2R, 28.1% 
2R/3R and 67.6% 3R/3R respectively (15).

Overall, the present study showed that patients with TS 
5'-UTR 3R/3R had longer DFS compared with patient 
with TS 5'-UTR2R/2R or 2R/3R.These results was 
consistent with previous researches results which suggested 
that germline TS genotypes corresponding to high TS 
protein expression can predict significantly better DFS and/
or OS (8-10). Hitre et al. (13) have reported that the TS 5'-
UTR polymorphisms determined from the peripheral blood 
mononuclear cells have certain prognostic value for disease-
free survival (DFS) of colorectal cancer patients treated 
with adjuvant 5-FU-based chemotherapy. Our cohort is 
only rectal adenocarcinoma without other histological types 
in the present study. In our setting, the female patients 
were found to be associated with inferior OS. This may be 
attributed to the fact that a part of female patients suffered 
rectovaginal fistula after concurrent chemoradiotherapy 
as well as infection which could deteriorate life span. 
Nevertheless, in subgroup analysis, the gender actually did 
not modify prognostic effect of TS 5'-UTR tandem repeat 
polymorphisms.

In contrast, there were many controversial reports 
on the polymorphism or protein expression of TS as 
prognostic factors in advanced CRC patients treated with 
FU chemotherapy. For example, Tan et al. and others 
demonstrated that TYMS 3R/3R of PBMC might correlate 
with the poor response (8,12,13,16). Stoehlmacher  
et al. (17) did not observe any significant difference in the 
outcome of patients according to TS 5'-UTR genotypes. 
While Jakobsen et al. (16) and Dotor et al. (18) found better 
survival outcomes in carriers of TS 5-UTR 3R genotypes 
than in carriers of the TS 5-UTR 2R/2R genotypes.

The survival of patients with CRC may also be influenced 
by the folate-deficient state, which can be related to the 
TS polymorphisms. Spitz et al. (19) showed that, in CRC 
patients, high folylpolyglutamate synthase (FPGS) gene 
expression was associated with high TS expression, high 
total folate levels and better tumor-specific survival. The 
mucosa samples with high FPGS levels also expressed high 
TS and elevated total folate levels. While Chen et al. (15)  
compared with the mean folate level among individuals 
with the 3R/3R genotype had higher levels of plasma folate. 
Kim et al. (20) showed that the mean folate level among 
individuals with the 3R/3R genotype had higher plasma 
folate levels (>7.72 to ≤11 ng/mL).

Other possible explanations for divergent findings in vivo  
studies could be contributed to loss of heterozygosity 

(LOH) in the tumor tissue (16,21) which cause the 2R/
loss or the 3R/loss in heterozygous TS 5-UTR 2R/3R 
risk genotype. Consequently, a proportion of patients 
expected chemoresistance on the basis of the genomic TS 
5-UTR2R/3R status may harbor the favorable 3R/loss 
genotype in cancer cells (21).

Moreover, inhibition of TS by 5-fluoro-2-deoxyuridine-
5-monophosphate does not seem to be the only mechanism 
of anti-cancer activity of FU. There are other mechanisms 
including incorporation of 5-fluorouridine-5-triphosphate 
into RNA and incorporation of 5-fluoro-2-deoxyuridine-
5-triphosphate into DNA (22). Finally, Longley et al. (23) 
demonstrated that certain tumors may still be sensitive to 
Fas mediated apoptosis by 5-FU despite expressing high 
levels of TS. This might be a TS independent mechanism.
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