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Association of thymidylate synthase polymorphisms with the
tumor response to preoperative chemoradiotherapy in rectal
cancer: a systematic review and meta-analysis

YC Yang, GC Wu, L Jin, KL Wang, ZG Bai, J Wang and ZT Zhang

Preoperative chemoradiotherapy (pCRT) followed by surgery is currently the standard therapy for patients with locally advanced
rectal cancer. It is very important to develop biomarkers to prior identify the patients who have a higher likelihood of responding to
pCRT. Recently, a series of studies have been conducted to investigate the association of thymidylate synthase (TYMS)
polymorphisms with the tumor response to pCRT in rectal cancer, but the results were not consistent and conclusive. In the present
study, we performed a systematic literature search for relevant studies up to 30 March 2015 and conducted a meta-analysis to
summarize and clarify the association between the TYMS polymorphisms and the tumor response to pCRT in rectal cancer. Finally,
7 studies containing 892 cases for TYMS 2R/3R polymorphism, 7 studies involving 715 cases for TYMS 1494del6 polymorphism and
6 studies containing 616 cases for TYMS 5’ untranslated region (UTR) expression allele polymorphism were analyzed in the
meta-analysis. The results suggested that TYMS 2R/3R was associated with the response and the patients with 2R/2R or 2R/3R
genotype with rectal cancer might benefit more from pCRT than others. On the contrary, neither 1494del6 nor 5'UTR expression

allele polymorphisms was associated with the response to pCRT.
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INTRODUCTION

Colorectal cancer (CRC) is the third most common cancer in the
world and the third most common cause of cancer-related death,
~20% of which is distal to the rectosigmoid junction and is
designated as rectal cancer.! Preoperative 5-fluorouracil (5-FU)-
based chemoradiotherapy (pCRT) followed by surgery is currently
the standard therapy for patients with locally advanced rectal
cancer (clinical TNM (tumor, node, metastasis) stages II-Ill).> Other
drugs available in colon cancer therapy such as capecitabine,
oxaliplatin, irinotecan and cetuximab have also been evaluated in
PCRT in rectal cancer.3™® Of these drugs, capecitabine is an oral
fluoropyrimidine that delivers 5-FU to the tumor and is increas-
ingly used in pCRT in rectal cancer because of its convenience for
administration and more favorable toxicity profile than 5-FU.”
Recent clinical trials also suggested that 5-year overall survival is
comparable between regiments 5-FU and capecitabine in pCRT
setting in rectal cancer®® After pCRT and surgery treatment, the
5-year rates of local and distant recurrence range from 6 to 9%
and from 33 to 36%, revealing an encouraging outcome.'®'?
However, the treatment also exerts some severe side effects such
as chemotherapy- and radiotherapy-related toxicity and bowel
and sexual dysfunction.13 In addition, some of the patients who
received pCRT show poor or no response.'*'> Hence, it is
important to prior identify the patients who have a higher
likelihood of responding to pCRT. Several biomarkers have been
investigated to see whether they can predict the tumor response

to pCRT including genetic polymorphisms in thymidylate synthase
(TYMS) gene.

The thymidylate synthase provides thymidylate for DNA
synthesis that leads to cell proliferation and is the most important
target of 5-FU. When 5-FU is converted into its active metabolite, it
forms a stable complex with TYMS and then the activity
of the enzyme is inhibited, resulting in cell cycle arrest and cell
death.'® There are three main genetic polymorphisms in TYMS
that have been described. The first one is located in the
5’-untranslated region (5'UTR) (rs34743033) that consists of a
double (2R) or triple (3R) repeat of a 28-base-pair (bp) tandem
repeat. The transcription efficiency of TYMS with 2R is lower
than that with 3R."” Another polymorphism is a functional G>C
single-nucleotide polymorphism located in the second repeat of
the 3R alleles (rs2853542).'® The 3R(G) allele is correlated with
greater transcription activity and the transcription efficiency
of the 3R(C) alleles is similar to that of the 2R alleles. After
combination of the two polymorphisms, the genotypes can be
divided into two groups: TYMS high-expression allele (2R/3RG, 3R/
3RG and 3RG/3RG) and low-expression allele (2R/2R, 2R/3RC and
3RC/3RQ). The third one is a 6 bp insertion at nucleotide 1494 in
the 3’UTR that has been reported to be associated with higher
intratumoral TYMS expression and may decrease the chemosensi-
tivity to 5-FU.'%2°

Although the association of TYMS polymorphisms with the
tumor response to pCRT in rectal cancer has been in a series of
studies in recent 10 years, the results were inconsistent and
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inconclusive. Herein, we performed a systematic review and meta-
analysis for the first time to explore the association of three TYMS
polymorphisms with the tumor response to pCRT in rectal cancer.

MATERIALS AND METHODS

Publication search

A systematic search was performed for published articles on the
relationship between TYMS polymorphisms and response to pCRT in rectal
cancer. Two Chinese databases (Chinese National Knowledge Infrastructure
and Wanfang databases) and three English databases (PubMed, EMBASE
and Web of science) were utilized to search the available articles with the
last search update on 30 March 2015. The following keywords were used:
‘thymidylate synthase OR TYMS', ‘Rectal cancer OR rectal carcinoma’,
‘polymorphism OR polymorphisms’, and ‘Chemoradiation OR chemo-
radiotherapy’. Two independent authors screened and selected the
retrieved articles according to the inclusion and exclusion criteria. The
review articles and the references of selected articles were also screened
to identify additional eligible studies.

Inclusion and exclusion criteria

Inclusion criteria were as follows: (1) evaluating the relationship between
TYMS 2R/3R, expression allele and 1494del6 polymorphisms with response
to pCRT; (2) the response was evaluated by tumor regression grade; (3)
genotype frequency data could be obtained. Exclusion criteria were as
follows: (1) the data of tumor regression grade (TRG) were not specific to
polymorphism; (2) study with insufficient or duplicate data; and (3)
abstracts, letters or review articles.

Data extraction

Data were carefully collected in duplicate by two independent investiga-
tors. The following information was extracted: name of first author, year of
publication, the clinical characteristics of cases, country of origin, ethnicity,
disease stage, chemotherapy drugs, radiation dose, sample source,
response evaluation method (TRG 1-2 vs 3-5 or 1 vs 2-5) and genotype
frequency of TYMS 2R/3R, 1494del6 and expression allele in different TRG
grades, respectively. Inconsistency was solved by discussion.
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Quality score assessment

The methodological quality of every eligible article in the present meta-
analysis was assessed by two investigators independently through the
Newcastle-Ottawa Scale based on three aspects, selection, comparability
and exposure, with scores ranging from 0 to 9. The Newcastle-Ottawa
Scale score of >7 was considered as high quality.

Statistical analysis

In the study, TRG grades were defined as follows: grade 1: the absence of
residual cancer; grade 2: the presence of rare residual cancer cells; grade 3:
an increase in the number of residual cancer cells but with fibrosis
predominating; grade 4: residual cancer outgrowing fibrosis; and grade 5:
the absence of regressive changes.?'*? Patients were subdivided into
responders and nonresponders (TRG 1-2 vs 3-5 or 1 vs 2-5). When the
response in one study was evaluated by both TRG 1-2 vs 3-5 and
1 vs 2-5, the TRG 1-2 vs 3-5 data and TRG 1 vs 2-5 data were treated as
two studies. The crude odds ratios (ORs) and 95% confidence intervals
(95% Cls) were calculated to assess the strength of association between
TYMS 2R/3R, expression allele and 1494del6 polymorphisms and response
to pCRT in rectal cancer. A P-value of < 0.05 was considered as statistically
significance. ORs were pooled for allelic comparison, codominant model,
dominant model and recessive model, respectively. The statistically
significant level was determined by Z-test with P-value <0.05. The
heterogeneity was assessed by x> based on Q-statistic test with a P-value
of <0.1 considered significant. If P> 0.1, the pooled OR and 95% Cls were
calculated by the fixed effects model (Mantel-Haenszel method),
otherwise the random effects model (DerSimonian-Laird method) was
used.” Sensitivity analysis was also conducted to evaluate the effect of
each study on the combined ORs by omitting each study in every turn.
Besides, subgroup analyses according to evaluation definition or ethnicity
were also performed. Potential publication bias was checked by Begg's
funnel plots and Egger's test?** Stata 12.0 software (StataCorp, College
Station, TX, USA) was used to perform all analyses.

RESULTS
Study characteristics

The literature selection process is shown in Figure 1. A total of 86
documents were initially identified. After excluding overlapped

© 2017 Macmillan Publishers Limited, part of Springer Nature.
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Table 1. Characteristics of selected studies

Reference Country Ethnicity Case Age M/F Stage  Therapy Chemotherapy drugs Radiation Interval time Sample TRG Polymorphisms

strategy dose (Gy) (week) source evaluation

Terrazzino et al.?® Italy Caucasian 125 60 (31-79) 80/45 T2,3,4 CRT+surgery 5-FU alone (45) or combined 48.4 6-8 Blood 1-2 vs 2-5 2R/3R;

with leucovorin (36)/oxaliplatin expression
(27)/carboplatin (17) allele

Spindler et al.?” Denmark Caucasian 60 64 41/19 T3 CRT+surgery Uftoral+leucovorin 60.0 NA Blood 1vs2-5 2R/3R

Stoehlmacher Germany Caucasian 40 62 33/7 I/l CRT+surgery 5-FU 50.4 NA Tumor  1-2 vs 3-5 1494del6;

et al®® expression
allele

Balboa et al.*® Spain Caucasian 65 64 (37-85) 50/15 171 CRT+surgery 5-FU (46) or capecitabine (19) 50.5 6-8 Blood 1-2 vs 3-5 1494del6;
expression
allele

Paez et al.>° Spain Caucasian 51 62 (42-83) 39/12  I/II/IV CRT+surgery 5-FU (44) or capecitabine (7) 45.0 6-8 Blood 1-2 vs 3-5 1494del6

Hur et al>' South Korea Asian 44 58 (33-76) 31/13 I/N/IV  CRT+surgery 5-FU+leucovorin 45.0 6-8 Tumor 1-2 vs 3-5; 1 2R/3R;

vs 2-5 expression
allele

Paez et al.>? Spain Caucasian 128 65 (32-83) 97/31 171 CRT+surgery 5-FU alone (44)/capecitabine 45.0 NA Blood 1-2 vs 3-5 2R/3R;

alone (16)/5-FU+oxaliplatin expression
(46)/capecitabine+oxaliplatin allele
(22)
Cecchin et al.3 Italy Caucasian 238 61 (20-79) 159/79 T2,3,4 CRT+surgery 5-FU 45.0- NA Blood 1-2vs2-5 2R/3R;
50.4 1494del6
Hu-Lieskovan Belgium; Caucasian 130 61 (33-83) 74/56  II/l/IV  CRT+surgery 5-FU+cetuximab (16) 45-50.4 6-8 Tumor 1-2 vs 3-5; 1 2R/3R;
et al3* Slovenia; capecitabine+cetuximab (72) vs 2-5 1494del6
Germany capecitabine+oxaliplatin
+cetuximab (42)

Lamas et al.* Spain Caucasian 93 67 (39-86) 68/25 i/l CRT+surgery 5-FU 50.4 6-8 Blood 1-2 vs 3-5 1494del6;
expression
allele

Sebio et al.® Spain Caucasian 84 67.6 (42- 55/29 1710 CRT+surgery Capecitabine 45.0 6-8 Blood 1vs2-5 2R/3R;

80) expression
allele

Abbreviations: 5-FU, 5-fluorouracil; M/F, male/female; NA, not available; 2R/3R, double/triple repeat; CRT, chemoradiotherapy; TRG, tumor regression grade.
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Figure 2.

Forest plot for TYMS 2R/3R polymorphism and the response to pCRT in rectal cancer. Five genetic comparison models were used, 2

vs. 3 (a), 22 vs. 33 (b), 23 vs. 33 (c), 22/23 vs. 33 (d), and 22 vs. 23/33 (e). 2R/3R, double/triple repeat; Cl, confidence interval; OR, odds ratio;
PCRT, preoperative chemoradiotherapy; TRG, tumor regression grade; TYMS, thymidylate synthase.

records, reviews, meeting abstracts and irrelevant papers, 18
records were further evaluated. Subsequently, seven papers were
excluded according to the inclusion and exclusion criteria, of
which six papers did not report TRG data and one reported TYMS
expression allele-directed therapy in rectal cancer. Finally, 11
eligible articles were included in the meta-analysis.**=° Quality
assessment was performed and all the studies arrived at a high
Newcastle-Ottawa Scale NOS score (=7, data not show).
Of these studies, Hur et al>' investigated the association in the
Asian population and other studies were performed in the
Caucasian population. In two papers, the response was evaluated
by both TRG 1-2 vs 3-5 and TRG 1 vs 2-5.3"* The characteristics
of each included study are listed in Table 1. These studies
were published from 2006 to 2015. Seven included studies
containing 892 cases for TYMS polymorphism 2R/3R,2¢2731-3436
seven studies involving 715 cases for 1494del,?®303373°
and six studies containing 616 cases for TYMS 5'UTR
expression allele?®?82931323535yere finally analyzed in the
meta-analysis.
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Meta-analysis results

The association between TYMS 2R/3R polymorphism and the
response to pCRT was first analyzed. Overall, significant associa-
tion was identified in allele model (2R vs 3R, OR=1.54, 95%
Cl=1.20-1.98, P=0.001) and the codominant model (2R2R vs
3R3R, OR=3.22, 95% Cl=1.03-10.53, P=0.044; 2R3R vs 3R3R,
OR=1.98, 95% Cl=1.31-3.00, P=0.001; Table 1 and Figure 2).
Next, subgroup analysis was conducted according to different
evaluation methods. In the group of TRG 1-2 vs 3-5, the
association was only found in the allele model (2R vs 3R) and
the codominant model (2R3R vs 3R3R; Table 1 and Figure 2). In the
group of TRG 1 vs 2-5, the association was identified in the allele
model (2R vs 3R), codominant model (2R3R vs 3R3R) and
dominant model (2R2R or 2R3R vs 3R3R; Table 1 and Figure 2).
Furthermore, the effect of ethnicity was also determined in the
two evaluation groups. The results revealed a significant associa-
tion in Caucasians in the codominant model (2R3R vs 3R3R) in TRG
1-2 vs 3-5 group, and in the codominant model (2R3R vs 3R3R)
and the dominant model (2R2R or 2R3R vs 3R3R) in TRG 1 vs 2-5

© 2017 Macmillan Publishers Limited, part of Springer Nature.
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Table 2. Summary of the meta-analysis results
TRG Comparison model Ethnicity N OR (95% Cl) Por M 1% (%) Preter Pgegg
TYMS 2R/3R
1-2 vs 3-5 or 1 vs 2-5 2vs3 Overall 7 1.542 (1.204-1.975) 0.001 F 31.9 0.185 0.368
22 vs 33 Overall 5 3.221 (1.032-10.534) 0.044 R 63.4 0.027 0.806
23 vs 33 Overall 7 1.983 (1.311-2.998) 0.001 F 0.0 0.930 0.133
2223 vs 33 Overall 9 1.509 (0.923-2.468) 0.101 R 47.7 0.053 0.175
22 vs 2333 Overall 5 1.992 (0.785-5.057) 0.147 R 69.8 0.010 0.806
1-2 vs 3-5 2vs3 Caucasian 2 1.542 (0.847-2.807) 0.156 R 65.9 0.087
Overall 3 1.401 (1.035-1.895) 0.029 F 32.1 0.229
22 vs 33 Overall 2 3.026 (0.457-20.034) 0.251 R 80.1 0.025
23 vs 33 Caucasian 2 1.805 (1.064-3.064) 0.029 F 0.0 0.677
Overall 3 1.745 (1.072-2.840) 0.025 F 0.0 0.869
2223 vs 33 Caucasian 4 1.218 (0.588-2.525) 0.596 R 725 0.012
Overall 5 1.239 (0.668-2.300) 0.496 R 63.6 0.027
22 vs 2333 Overall 2 1.979 (0.386-10.140) 0.413 R 81.6 0.020
1vs 2-5 2vs3 Caucasian 3 1.935 (0.947-3.957) 0.070 R 57.7 0.094
Overall 4 1.880 (1.219-2.898) 0.004 F 36.6 0.193
22 vs 33 Overall 3 3.805 (0.567-25.534) 0.169 R 61.5 0.074
23 vs 33 Caucasian 3 2.849 (1.160-6.997) 0.022 F 0.0 0.573
Overall 4 2.711 (1.222-6.013) 0.014 F 0.0 0.769
2223 vs 33 Caucasian 3 3.003 (1.281-7.037) 0.011 F 0.0 0.451
Overall 4 2.851 (1.329-6.116) 0.007 F 0.0 0.655
22 vs 2333 Overall 3 2.019 (0.476-8.565) 0.340 R 704 0.034
TYMS 1494del6
1-2vs 3-50r 1 vs 2-5 Ovs6 Overall 6 0.931 (0.735-1.179) 0.552 F 0.0 0.683 1.000
00 vs 66 Overall 6 0.777 (0.448-1.346) 0.368 F 4.1 0.390 1.000
06 vs 66 Overall 6 0.986 (0.701-1.386) 0.937 F 0.0 0.866 0.452
0006 vs 66 Overall 6 0.984 (0.713-1.357) 0.920 F 0.0 0.704 0.133
00 vs 0666 Overall 6 0.839 (0.506-1.391) 0.496 F 13.5 0.328 1.000
1-2 vs 3-5 Ovs6 Overall 5 0.920 (0.717-1.182) 0.515 F 0.0 0.551
00 vs 66 Overall 5 0.754 (0.422-1.348) 0.341 F 225 0.271
06 vs 66 Overall 5 0.975 (0.680-1.399) 0.892 F 0.0 0.764
0006 vs 66 Overall 5 0.975 (0.694-1.370) 0.883 F 0.0 0.584
00 vs 0666 Overall 4 0.825 (0.485-1.407) 0.482 F 30.7 0.217
TYMS expression allele
1-2 vs 3-50r 1 vs 2-5 High vs low Overall 8 1.192 (0.728-1.953) 0.485 R 42.8 0.093 0.902
1-2 vs 3-5 High vs low Caucasian 5 1.503 (0.770-2.932) 0.232 R 59.2 0.044
Overall 6 1.389 (0.779-2.476) 0.266 R 50.8 0.071
1vs 2-5 High vs low Overall 2 0.675 (0.272-1.676) 0.397 F 0.0 0.512
Abbreviations: 2R/3R, double/triple repeat; Cl, confidence interval; OR, odds ratio; TRG, tumor regression grade; TYMS, thymidylate synthase. Bold values indicate
significant association.

group (Table 2 and Figure 3). We next investigated the association
between TYMS 1494del6 polymorphism and the response to pCRT
in rectal cancer. However, no significant association was identified
in all genetic models in overall analysis or subgroup analysis
according to the evaluation methods (Figure 4 and Table 2). As all
the studies were performed in Caucasians, the ethnicity effects
could not be examined Finally, the association between TYMS 5’
UTR expression allele polymorphism and the response to
chemoradiotherapy in rectal cancer was analyzed. No significant
association was identified in all genetic models in overall analysis
or subgroup analysis (Figure 5 and Table 2).

Sensitivity analysis and publication bias

Sensitivity analysis was performed to examine the influence set by
the individual study on the pooled ORs by deleting each study
once in every genetic model. For all three TYMS polymorphisms,
we arrived at almost the same results (data not shown). Begg's
funnel plot and Egger's test were carried out to assess the
publication bias among the selected studies. Symmetrical funnel
plots were obtained in all the genetic models (Figure 6, and data
not shown). Egger’s test was performed to provide the statistical

© 2017 Macmillan Publishers Limited, part of Springer Nature.

evidence of publication bias and the results did not show any
publication bias for all three TYMS polymorphisms (Table 2).

DISCUSSION

In the present study, we performed a meta-analysis to explore the
association between TYMS polymorphisms and the response to
pCRT in rectal cancer and found that TYMS 2R/3R might correlate
with the response, whereas 1494del6 and 5'UTR expression allele
polymorphisms exhibited no significant association.

pCRT followed by surgery is currently the standard therapy for
locally advanced rectal cancer.> However, the therapy strategy
also brings severe side effects and some of the patients
undergoing pCRT show poor or no response.'*' Thus, it is
important to develop some biomarkers to screen and identify the
patients who may benefit from pCRT before treatment. Of the
biomarkers, TYMS gene is a widely explored one. It is critical for
cell proliferation and the most important target of 5-FU.'® In
recent 10 years, a series of studies have been conducted to
investigate the association of TYMS polymorphisms with the
tumor response to pCRT in rectal cancer, but the results were not
consistent and inconclusive. Here, we pooled all related studies
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Figure 3. Forest plot for TYMS 2R/3R polymorphism and the response to pCRT in rectal cancer subgroup analyzed according to ethnicity. (a)

TRG 1-2 was defined as response. (b) TRG 1 was defined as response. 2R/3R, double/triple repeat; Cl, confidence interval; OR, odds ratio; pCRT,
preoperative chemoradiotherapy; TRG, tumor regression grade; TYMS, thymidylate synthase.

and identified a significant association between TYMS 2R/3R
polymorphism and the response to pCRT in overall and subgroup
analysis. The patients carrying 2R/2R or 2R/3R genotypes might
benefit more from pCRT therapy. On the contrary, no significant
association was found between TYMS expression allele and
1494del6 polymorphisms and response to pCRT in rectal cancer.
However, the conclusions should be treated carefully. First, the
responses in some studies were grouped both by TRG 1-2 vs 3-5
and TRG 1 vs 2-5 and treated as two approximate studies, and
thus was not strict. Second, the included study number and
sample size were limited. Third, almost all the original studies were
performed in the Caucasian population except one that was
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carried out in the Asian population. Other important shortages
were the differences among the analyzed studies such as the
diversity of drug dose and kind, radiation dose, sample source and
interval time between pCRT and surgery. In detail, for the dose
and kind of drugs, 550 (studies n=7) and 126 (n=4) patients
received 5-FU or capecitabine alone, respectively. In addition 186
(n=4) and 160 (n=2) patients received 5-FU or capecitabine
combined with other drugs, respectively. Oxaliplatin, cetuximab
and leucovorin were mostly used in the combined therapy. Only
one study did not use 5-FU or capecitabine for the patients. The
dose of capecitabine was almost 825 mg m~2 per 2 days, whereas
5-FU varied from 200 to 400 mg m ™2 per day. Unfortunately, the

© 2017 Macmillan Publishers Limited, part of Springer Nature.



data obtained from the analyzed studies were not sufficient to
compare the predictive value of TYMS polymorphisms to the
response to pCRT among different drug administration strategies.
As for the dose of radiation, it ranged from 41 to 60 Gy (45.0 Gy,
studies n=4; 50.4/50.5 Gy, n=3; 45-50.4 Gy, n=2; 41-60 Gy, n=1;
and 60 Gy, n=1) respectively. Higher radiation dose might result
in a higher rate of tumor regression. After stratification by
radiation dose, TYMS polymorphisms 2R/3R and expression allele
seem to be associated with the response to pCRT more
significantly in a higher dose subgroup (Supplementary Table
S1). Another factor affecting the rate of tumor regression was the
interval time between pCRT and surgery because that a longer
time might result in a higher rate too. The interval time in seven
studies was 6-8 weeks and other four studies did not provide such
data. In these analyzed studies, the rate of tumor regression
ranged from 0.36 to 0.82 (TRG 1-2 as responders) and 0.14 to 0.3
(TRG 1 as responder) that might have resulted from different
patient ethnicities and therapy schedules. The variation of tumor
regression rate might ultimately bring negative effects on
analyzing the predictive value of TYMS polymorphisms to the
response of pCRT in rectal cancer. In addition, the samples used
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for polymorphism genotyping were obtained from different
sources. Eight studies got genomic DNA from blood and three
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Figure 5. Forest plot for TYMS expression allele polymorphism and
the response to pCRT in rectal cancer. Cl, confidence interval; OR,
odds ratio; pCRT, preoperative chemoradiotherapy; TRG, tumor
regression grade; TYMS, thymidylate synthase.
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Figure 4.

Forest plot for TYMS 1494del6 polymorphism and the response to pCRT in rectal cancer. Five genetic comparison models were used,

0 vs. 6 (a), 00 vs. 66 (b), 06 vs. 66 (c), 00/06 vs. 66 (d), and 00 vs. 06/66 (e). Cl, confidence interval; OR, odds ratio; pCRT, preoperative
chemoradiotherapy; TRG, tumor regression grade; TYMS, thymidylate synthase.
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Figure 6. Begg’s funnel plot for publication bias analysis for for TYMS polymorphisms 2R/3R (a), 1494del6 (b), and expression allele (c). 2R/3R,

double/triple repeat; TYMS, thymidylate synthase.

studies from tumor tissues. All these differences might bring
unreliability to the conclusions of the present meta-analysis. Thus,
further well-designed studies with larger sample size using
homogeneous pCRT regimens should be conducted to confirm
the results and avoid potential biases.

CONCLUSION

In summary, we got a comprehensive result from the current
meta-analysis that TYMS 2R/3R polymorphism was correlated with
the response to pCRT in rectal cancer, whereas neither 1494del6
nor 5’UTR expression allele polymorphism was associated with the
response.
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