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Abstract

BACKGROUND

Patients with stage II-III colorectal cancer (CRC) treated with adjuvant
chemotherapy, gain a 25% survival benefit. In the context of personalized
medicine, there is a need to identify patients with CRC who may benefit from
adjuvant chemotherapy. Molecular profiling could guide treatment decisions in
these patients. Thymidylate synthase (IYMS) gene polymorphisms, KRAS and
BRAF could be included in the molecular profile under consideration.

AIM
To investigate the association of TYMS gene polymorphisms, KRAS and BRAF
mutations with survival of CRC patients treated with chemotherapy.
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METHODS

A retrospective study studied formalin-fixed paraffin-embedded tissues (FFPEs)
of consecutive patients treated with adjuvant chemotherapy during
January/2005-January/2007. FFPEs were analysed with PCR for the detection of
TYMS polymorphisms, mutated KRAS (mKRAS) and BRAF (mBRAF). Patients
were classified into three groups (high, medium and low risk) according to
5’UTR TYMS polymorphisms Similarly, based on 3"UTR polymorphism ins/loss
of heterozygosity (LOH) patients were allocated into two groups (high and low
risk of relapse, respectively). Cox regression models examined the associated 5-
year survival outcomes.

RESULTS

One hundred and thirty patients with early stage CRC (stage I-1I: 55 patients;
stage III 75 patients; colon: 70 patients; rectal: 60 patients) were treated with
surgery and chemotherapy. The 5-year disease free survival and overall survival
rate was 61.6% and 73.9% respectively. 5’UTR polymorphisms of intermediate
TYMS polymorphisms (2RG/3RG, 2RG/LOH, 3RC/LOH) were associated with
lower risk for relapse [hazard ratio (HR) 0.320, P = 0.02 and HR 0.343, P = 0.013
respectively] and death (HR 0.368, P = 0.031 and HR 0.394, P = 0.029
respectively). The 3'UTR polymorphism ins/ LOH was independently associated
with increased risk for disease recurrence (P = 0.001) and death (P = 0.005).
mBRAF (3.8% of patients) was associated with increased risk of death (HR 4.500,
P =0.022) whereas mKRAS (39% of patients) not.

CONCLUSION

Prospective validating studies are required to confirm whether 2RG/3RG,
2RG/LOH, 3RC/LOH, absence of ins/LOH and wild type BRAF may indicate
patients at lower risk of relapse following adjuvant chemotherapy.

Key words: Colorectal neoplasms; Thymidylate synthase; Untranslated regions;
Fluorouracil; KRAS; BRAF'; Prognosis

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: There is a need to identify patients with colorectal cancer (CRC) who may
benefit from adjuvant chemotherapy. We investigated the survival in 130 patients with
stage II-III CRC treated with adjuvant chemotherapy based on thymidylate synthase
(TYMS) gene polymorphisms, KRAS and BRAF status. We found that TYMS
polymorphisms and BRAF status associate independently with the survival outcomes.
Prospective validating studies are required.
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INTRODUCTION

Colorectal cancer (CRC) is the third most common cancer in the United States of
America while worldwide it is expected to increase by 60% to more than 2.2 million
new cases and 1.1 million deaths by 2030". In 2014, almost 153000 patients died from
CRC in the European Union, where it is the second leading cause of cancer death
(Eurostat. Cancer statistics - specific cancers)P’. At diagnosis, 74%-76% of patients
have a localized or regional CRC. Fluoropyrimidines remain the backbone of adjuvant
chemotherapy for early stage CRC patients after curative surgery*”. Fluoro-
pyrimidines exert their action by different ways mainly by inhibiting the de novo
formation of thymidylate (ATMP) from uridylate (dUMP)!l. Other mechanisms of
action are more complex than simply inhibition of TS expression, as they involve
inhibition of DNA synthesis and function through misincorporation of FAUTP into
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cellular DNA and inhibition of RNA processing and mRNA translation through the
incorporation of FUTP into cellular RNAUL The use of fluoropyrimidines is associated
with reduction of recurrence in only 25% of patients with stage III CRC"*’.. Only 3%-
7% of patients with stage II CRC will benefit from adjuvant chemotherapy!‘l. The
variability of observed survival outcomes has been largely attributed to molecular
heterogeneity and KRAS, BRAF and thymidylate synthase (TYMS) are being
investigated to this end!"". KRAS belongs to the RAS subfamily of genes that encodes a
21-kDa small-GTPasel'?. Activating mutations in RAS result in activation of major
signaling pathways downstream of epidermal growth factor receptor (EGFR)
stimulating cell proliferation and inhibiting apoptosis!’l. In the metastatic disease
setting, KRAS mutations (mKRAS) is a predictor of resistance to EGFR inhibitors and
is directly linked to poor patient survival, while its role in the adjuvant setting is
under investigationt'*'‘.

BRAF is an essential part of the RAS/RAF/MAP2K (MEK)-MAPK signaling
cascade and its mutations have been likewise associated with inferior survival in CRC
patients after curative resection and adjuvant chemotherapy!”**.

The TYMS gene (GenelD 7298) is located on the short arm of chromosome 18
(18p11.32). There is conflicting evidence on the role of TYMS polymorphisms in
predicting response to 5FU-based chemotherapy!"**!. The loss of heterozygosity
(LOH) at the TYMS locus on chromosome 18 has been implicated as a factor affecting
the TYMS-related resistance to fluoropyrimidine-based therapy!™.

A TYMS polymorphism of the 5 untranslated region (5’UTR) results by the
insertion of a 28 base-pair (bp) sequence (rs34743033)!"”\. From the resulting alleles that
may include two or three 28bp tandem repeats (2R or 3R respectively), the 3R allele
was associated with increased TYMS protein expression and TYMS enzyme
activity?”**l. G->C single nucleotide polymorphism (SNP) in the tandem repeat
sequence [rs2853542] was found to reduce the translational efficiency of a 3R to a
2RI"#1. Based on the presence of SNP polymorphisms (G or C) 3R are characterized as
3RG and 3RC. In addition, the 3'UTR may contain a 6 bp polymorphism (rs34489327)
affecting the TYMS mRNA stability, and resulting in increased intratumoral TYMS
mRNA!"] Depending on the presence of this 6 bp polymorphism, the three resulting
genotypes are ins/ins (homozygous for insertion of 6bp), del/del (homozygous for
deletion) and ins/ del (heterozygous).

Based on all the above, the identification of potential markers that could elucidate
which patients” subgroups could benefit most from fluoropyrimidine-based therapy
remains an unmet clinical need.

The present study aims to investigate the associations of TYMS polymorphisms,
LOH, mKRAS and BRAF mutations (mBRAF) with clinicopathologic characteristics
and survival outcomes of patients with CRC treated with fluoropyrimidine-based
adjuvant chemotherapy.

MATERIALS AND METHODS

Patients and clinical data

This was a retrospective study carried out by a single institution (University General
Hospital “ATTIKON”"). Formalin-fixed paraffin-embedded tissues (FFPE) and clinical
data of consecutive patients with CRC referred for adjuvant chemotherapy from
January 2005 to January 2007 were retrieved. Of these, only patients with histologies
reporting RO surgical margins and treated with fluoropyrimidine-based adjuvant
chemotherapy (and therefore with no redisual disease) were included in the analysis.
In these cases, the integrity of mesocolon/mesorectum was preserved.

DNA extraction protocol

DNA was extracted from 5 pm thick FFPE sections, containing at least 30% malignant
cells, using a commercially available kit (Purelink Genomic DNA kit, Thermo Fisher
Scientific, Germany). DNA was quantified by qPCR (Quant-iT™ PicoGreen® dsDNA
Assay Kit, Thermo Fisher Scientific, Germany) and was diluted accordingly to achieve
a concentration of 10 ng/pL for TYMS polymorphisms and 4 ng/pL for mKRAS
detection.

TYMS polymorphisms

Analysis was carried-out as previously described™ . PCR was performed using 1U of
Platinum® Taq DNA Polymerase (Thermo Fisher Scientific, Germany), 1.5 mmol/L of
Mg and 200 nmol/L of dNTPs and primers. Althoug the same primers were used, 5'-
UTR amplification was performed using a GC rich amplification kit (PCRX Enhancer
System, Thermo Fisher Scientific, Germany) adding 1x of PRCx Enhancer.
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Genotyping for the 2R/3R polymorphism was performed by running 10 pL of the
PCR product on a 1.5% agarose gel and staining with Ethidium Bromide as previously
described (Ntavatzikos et al’"!). Similarly, for the 12G>C substitution, 10 pL of PCR
product was digested with 1U of Haelll restriction enzyme (Takara, Japan) at 37 °C for
1 h and run on an 8% 19:1 polyacrylamide gel. Polyacrylamide gels were used for the
analysis of the 3'UTR. LOH analysis was achieved by analyzing the intensity of the
5’UTR and 3’UTR bands of the pictures acquired using the GeneTools software
(Syngene, United Kingdom). The sample was categorized as having LOH if one of the
bands had an intensity score of < 50% of the other. Samples showing LOH were
defined as 2R/3RGLOH, 2RLOH/3RG, 2R/3RCLOH and 2RLOH/3RC indicating the
allele that was partially lost. For quality control, selected products were sequenced to
verify the sequence amplified. The amplified product was 242 bp for 3R and 214 bp
for 2R polymorphisms, as revealed by the blast of the sequenced products and the
alignment with the latest human assemblies.

Mutational analysis

Detection of mKRAS in codons 12 and 13 and BRAF activating mutation V600E were
performed as previously described with a commercially available Real-Time PCR kit
(Therascreen KRAS, DxS Diagnostics, United Kingdom) detecting 6 mutations of
codon 12 (G12D, G12A, G12V, G12S, G12R, G12C) and 1 mutation of codon 13
(G13D)F'**1. A positive reaction mix for all mutations was included. To avoid false
negative results caused by PCR inhibitors, a second exogenous reaction was
simultaneously taking place. If the sample’s ACt (Ct of control reaction-Ct mutation
reaction) was lower than the value set by the manufacturer, then it was characterized
as bearing a mutation. BRAF activating mutation V600E was identified using
molecular beacons as previously described™]. One beacon for the wild type and one
for the mutant allele were added at a final concentration of 100 nmol/L in a 25 pL
PCR reaction containing 1x PCR Buffer, 6 mmol/L MgCl2, 200 nmol/L dNTPs, 300
nmol/L of each primer and 1U of Platinum® Taq. PCR profile applied was 95 °C 2
min, followed by 40 cycles of 95 °C for 10 sec, 62 °C for 60 sec and 72 °C for 20 sec.
DNA extracts from the series of melanoma cell lines SKMEL2 and SKMEL20 were
used as positive controls for both the wild type and mutant allele (CLS, Germany).
The ABI 7500 Fast (Thermo Fisher Scientific, Germany) was used to perform all Real-
Time PCR experiments.

TYMS-gene polymorphisms stratification model

Based on the predicted TYMS protein expression, 5’UTR polymorphisms were
assigned into low (2RG/2RG, 2RG/3RC, 3RC/3RC), medium (2RG/3RG,
2RG/3RCLOH, 2RG/3RGLOH, 2RGLOH/3RC) and high TYMS protein expression
group (3RG/3RG, 3RG/3RC, 2RGLOH/3RG)F'. The effect of each 3’UTR
polymorphism was examined against all the others by applying univariate analysis
and it was found that only the ins/ LOH polymorphism had a statistically significant
effect. Based on this finding, 3'UTR polymorphisms were allocated into two groups
depending on the presence or not of ins/ LOH. This classification is depicted in Table
1.

Statistical analysis

Association of TYMS polymorphisms with selected clinicopathological characteristics
was performed using the y? test with a 2-sided significance of 0.05. Time-to-event
distributions were estimated using the Kaplan-Meier method. For all associations, the
level of statistical significance was set at a = 0.05. Overall survival (OS) was defined as
the interval between initiation of adjuvant chemotherapy and death of any cause.
Disease-free survival (DFS) was defined as the time from adjuvant chemotherapy
initiation to the first recurrence or death by any cause.

Surviving patients were censored at the date of last contact. Cox proportional
hazards model was used to estimate the relationship of clinicopathological
parameters and TYMS polymorphisms with OS and DFS. The relationship of TYMS
polymorphisms and the groups to which classified with OS and DFS was assessed by
univariate Cox regression analysis. The final multivariate model was selected using a
backward selection procedure, starting from an initial model that included all
potential risk factors and TYMS polymorphisms. Model selection was based on
likelihood ratio test, while the removal criterion was set at 0.10. All statistical analyses
were performed using the SPSS software version 24.0 (SPSS Inc, Chicago, IL, United
States). The statistical methods of this study were reviewed by Georgia Vourli from
the Department of Hygiene, Epidemiology and Medical Statistics, Medical School
University of Athens.
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Table 1TYMS polymorphisms’ groups according to risk group and level of expression

respectively
Groups Polymorphisms
3'UTR
A (low risk) del/del
del/LOH
ins/del
ins/ins
B (high risk) ins/LOH
5UTR
A (low expression) 2RG
2RG/3RC
3RC
B (medium expression) 2RG/3RG
2RG/3RCLOH
2RG/3RGLOH
2RGLOH/3RC
C (high expression) 3RG
3RG/3RC
2RGLOH/3RG

UTR: Untranslated region; LOH: Loss of heterozygosity.

RESULTS

Patient characteristics
Medical records of 130 consecutive patients and their FFPE were retrieved for
analysis. Patients’ clinicopathologic data including age, gender, primary tumor site,
histological grade, treatment and survival are shown in Table 2. With a median
follow-up of 71.2 mo (range 0.5-157), 51 patients (39.2%) experienced disease
recurrence while 45 patients (34.6%) died. The 5-year OS and DFS rate was 73.9% and
61.6% respectively.

The frequency of TYMS polymorphisms involving G>C SNP and LOH are
presented in Table 3. Significant associations were found among patients’ tumor
characteristics and polymorphisms as shown in Table 4.

Univariate survival analysis

Univariate Cox regression analysis of TYMS polymorphisms, mKRAS and mBRAF,
LOH and selected clinicopathological patients” characteristics are shown in Table 5.
Univariate analysis indicated a trend for a better DFS and OS in the group of 5UTR
polymorphisms with medium expression profile (group B), while ins/LOH
polymorphism of the 3’'UTR were associated with a trend for worse DFS and OS. The
analysis of mKRAS showed no significant effect on survival whereas BRAF V600E
mutation was associated with increased risk of death. Clinical variables, close to
statistical significance, were age (< 65years old vs > 65years old), primary site (rectal
vs colon), histological grade (III-IV vs I-II) and stage (III vs I and II).

Multivariate survival analysis

Results of the multivariate analysis including TYMS polymorphisms, mBRAF and
selected clinicopathological characteristics are shown in Table 6. From the 5’UTR
polymorphisms, the group A (2RG/2RG, 2RG/3RC, 3RC/3RC) and group C
(BRG/3RG, 3RG/LOH, 3RG/3RC) were associated with higher risk for disease
recurrence and death as compared to group B (2RG/3RG, 2RG/LOH and 3RC/LOH).
Similarly, group B of 3"UTR polymorphism (ins/LOH) was associated with increased
risk of relapse and death as compared to group A.

Kaplan-Meier curves for DFS and OS according to TYMS 3'UTR and 5 UTR
polymorphisms groups are shown in Figure 1. Stage III increased independently the
risk for relapse while the BRAF mutation increased independently the risk for death.
Kaplan-Meier curves for OS according to mBRAF are shown in Figure 2.
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Table 2 Clinicopathologic data for colorectal cancer patients treated with adjuvant

chemotherapy

Clinicopathologic data Total (n = 130)
Median age (range) 67 (37-88)

Male 79 (60.8)
Primary site

Rectum 60 (46.2)
Positive lymph nodes 76 (58.5)

Stage according to AJCC

I 1(0.8)

II 54 (41.5)

I 75 (57.7)
Histological grade

I+11 83 (63.8)

I + IV 47 (36.2)

KRAS mutation 48 (36.9)

BRAF V600E mutation 5(3.8)

TYMS LOH 34 (26.2)
Opverall survival

Deaths 1 (%) 45 (34.6)

Mean time month (95%CI) 110.0 (99.5-120.5)
Disease-free survival

Events n (%) 51 (39.2)

Mean time month (95%CI) 100.1 (88.3-112.0)
Median follow up in months (range) 71.2 (0.5-156.8)

AJCC: American Joint Committee on Cancer 7" edition; TYMS: Thymidylate synthase gene; LOH: Loss of
heterozygosity; CI: Confidence interval.

DISCUSSION

This is a retrospective study of 130 patients with CRC treated with surgery and
adjuvant chemotherapy, studying for the first time the correlation of TYMS
polymorphisms, LOH, mKRAS and mBRAF with survival outcomes. We report that
the 3’UTR and 5"UTR TYMS polymorphisms were independent factors associated
with risk of disease relapse and death. In particular, ins/LOH increased risk of
disease relapse and death, while the group of 5’UTR polymorphisms containing
2RG/3RG, 2RG/LOH and 3RC/LOH decreased the risk of disease relapse and death.
The study of mKRAS pointed out that it did not associate with disease relapse or
related death, while the mBRAF increased independently the risk of death.

Since the early studies of adjuvant chemotherapy treatment with 5FU, 23 years ago,
there have been two landmark advances in the field”". The first one involved the
incorporation of oral capecitabine as an alternative to intravenously administered
5FUM. The second was the addition of oxaliplatin to 5FU that lead to a 4.2% absolute
improvement in OS of patients with T4 and N1 disease (stage III disease; MOSAIC
trial) whereas stage II patients did not benefit"*"l. As clinicopathologic parameters are
important but not sufficiently useful in deciding which patients with stage II-IIT will
benefit from adjuvant chemotherapy, molecular markers are essential*’l. Several
studies reported the association of TYMS polymorphisms, TYMS mRNA and TYMS
protein expression with survival in patients with CRC but with inconsistent
findings-****+1. A meta-analysis indicated that patients with advanced CRC tumors
expressing high levels of TYMS had a poorer OS compared to tumors expressing low
levelst*]. On the contrary, a subsequent prospective, blinded analysis of TYMS
expression in the adjuvant treatment of CRC concluded that TYMS expression did not
show a significant prognostic valuel*”l. None of the studies included in their
multivariate analysis the mBRAF status nor the different TYMS polymorphisms.

5°UTR polymorphisms
In this study TYMS polymorphisms emerged as prognostic factors for survival
outcomes in patients treated with surgery and adjuvant chemotherapy. More
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Table 3 Frequency of TYMS 5’UTR, 3'UTR genotypes

Genotype Total n (%)
TYMS 5'UTR 130 (100)
2R 13 (10.0)
2R/3R 78 (60.0)
2R/3RG 34 (26.1)
2R/3RG 20 (15.4)
2R/3RGLOH 8(6.2)
2RLOH/3RG 6 (4.6)
2R/3RC 44 (33.8)
2R/3RC 24 (18.5)
2R/3RCLOH 13 (10.0)
2RLOH/3RC 7 (5.4)
3R 39 (30.0)
3RG 10 (7.7)
3RG/3RC 20 (15.4)
3RC 9(6.9)
TYMS 3'UTR 130 (100)
ins/ins 28 (21.5)
ins/LOH 27 (20.8)
ins/del 52 (40.0)
del/LOH 7 (5.4)
del/del 16 (12.3)

TYMS: Thymidylate synthase gene; UTR: Untranslated region; SNP: Single nucleotide polymorphism; LOH:
Loss of heterozygosity.

specifically, the group B (2RG/3RG, 2RG/3RCLOH, 2RG/3RGLOH, 2RGLOH/3RC)
was shown to have the lowest risk of recurrence and a trend for lower risk of death
when compared to the other two groups A (2RG/2RG, 2RG/3RC, 3RC/3RC) and C
(BRG/3RG, 3RG/3RC, 2RGLOH/3RG). Similarly, a previous study showed that
5’UTR polymorphisms associated with survival. In particular, they reported that ‘low
risk” polymorphisms (2RG/2RG, 2RG/3RC, 3RC/3RC) were associated with
improved DFS regardless chemotherapy treatment!"’l. On the contrary, a previous
study indicated that TYMS 5’UTR polymorphisms do not predict clinical outcome of
CRC patients treated with 5-FU based chemotherapy!™. Nevertheless, neither of these
two studies took into consideration a combined analysis of 3’UTR polymorphisms,
LOH or mBRAF status. In addition, the categorization of the TYMS 5'UTR
polymorphisms into only two groups (high expression group: 2RG/3RG, 3RC/3RG,
3RG/3RG and low expression group: 2RG/2RG, 2RG/3RC, 3RC/3RC), albeit it
facilitates statistical processing it also entails the risk of classification error. Indeed, in
this way both studies placed the 2RG/3RG with the high expression 3RG/3RG,
although 2RG/3RG is a member of the group of heterozygous 5"UTR polymorphisms
group that are generally considered to have an intermediate expression profile!”*l,
Our study identified heterozygotes such as 2RG/3RG, 2RG/LOH and 3RC/LOH, as
independent good prognostic factors for recurrence and death in CRC patients treated
with surgery and adjuvant chemotherapy.

3UTR polymorphisms

In our study, 3’UTR polymorphism ins/LOH was found to independently increase
the risk for both relapse and death. Comparably, two other studies outlined the
negative effect of the ins allele in the therapeutic outcome of CRC patients treated
with adjuvant chemotherapy and neoadjuvant setting in rectal cancer patientst*’.. On
the contrary, another study found that ins/ins with 2R/3R and any 3'UTR
polymorphism with 3R/3R predict longer DFS and OS in CRC patients treated with
adjuvant 5FU-based chemotherapy?””. However, in the later study the SNP G>C and
LOH status were not taken into consideration.

KRAS and BRAF
The present study showed that the rate of mBRAF identified in our population (3.8%)
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Table 4 Associations between patient characteristics and TYMS polymorphisms

Patient characteristics ~ Polymorphisms RR (95%Cl) Pvalue
Birth after 1942 3RG/3RG 5128 (1.131-23.26)  0.025
3RC/3RC and 3RC/LOH 0.296 (0.088-0.988)  0.035
Male 3RG/3RG and 3RG/LOH 4519 (1.072-19.06)  0.030
Grade II-IV 3RG/3RC 2,646 (1.167-6.024)  0.022
Stage IIl 3RG/3RG and 3RG/3RC and 3RG/LOH  2.198 (1.126-4.292)  0.020
3RG/3RC 4149 (1.280-13.51)  0.008
Without any 3RG allele 0.733 (0.546-0.984)  0.050
3RC/3RC and 3RC/LOH 0.333 (1.229-0.904)  0.030
3RC/LOH 0.122 (0.015-0.986)  0.045
KRAS mutation 3RG/3RC 3.135 (1.344-7.299)  0.010
3RC/3RC and 3RC/LOH 0.241 (0.057-1.015)  0.030

TYMS: Thymidylate synthase gene; RR: Relative risk; CI: Confidence interval; LOH: Loss of heterozygosity.

was lower than expected, as previously reported rates in the adjuvant setting ranged
from 7.9% to 17%!7***1. Albeit mBRAF was not associated with the risk for relapse,
mBRAF independently increased the risk of death. In agreement with our study, three
previous studies linked mBRAF to poor survival in relation with MSI status!"**1. A
fourth study reported that mBRAF was an adverse prognostic factor for both DFS and
OS, independently of MSI status"™. Contrary to these studies, another study indicated
that BRAF mutations did not confer a worse prognosis"“‘l. Differently to our study,
none of the above studies took into consideration TYMS polymorphisms.

In this study mutated KRAS did not emerge as a predictive factor for survival in the
univariate analysis. Similar to ours, two previous studies indicated that mKRAS was
not associated with survival in stage II/III CRC patients!***'. On the contrary, a more
recent study reported that the risk of recurrence was higher for mKRAS compared to
wild type KRAS tumors™. More recently, another study reported that mKRAS had
prognostic impact on DFS and OS independently of microsatellite instability status®.
None of the above studies took into consideration TYMS polymorphisms.

Other findings of the analysis

We found that patients born from 1943 onwards had more frequently the
polymorphism 3RG/3RG and high-grade malignancy tumors (RR 1.730, 95%CI: 1.088-
2.747; P = 0.030). Two previous studies have also linked age to TYMS polymorphisms
and protein expression in CRCI!. As more data gather, the differences in the
frequency of polymorphisms among generations are of great interest. These
differences could derive from epigenetic modifications induced by environmental
changes during the course of human lifel”.. Another important open question is
whether in younger generations TYMS polymorphisms associate with higher risk of
developing aggressive cancer due to changes in the genetic substrate.

We report for the first time that mKRAS had a strong correlation with the
polymorphism 3RG/3RC and with polymorphisms that contain only 3RC allele
(BRC/3RC, 3RC/LOH). Contrary to our findings, a previous study reported no
significant relationship between any of the TYMS polymorphisms with tumor
characteristics®™!. However, in the understudy grouping of TYMS polymorphisms,
LOH was not considered.

Limitations
Although the size of this study’s patient cohort is one of the largest reported, still it
makes it difficult to analyze the large sum of polymorphisms resulting from the
combination of 3'UTR and 5'UTR polymorphisms, SNP G>C and LOH. Another
limitation is that subsequent chemotherapy lines following disease relapse were not
included in the survival analysis. An important limitation is that classification of
TYMS polymorphisms into groups was based on our statistical analysis and
previously published data but requires further validation in prospective trials.
Another important limitation is that the levels of TYMS protein expression and
activity were not examined. Although immunohistochemical analysis of TYMS
protein expression is considered important, several studies have shown that TYMS
protein expression is affected by several factors, like p53 mutation and other genes
which proved to affect the final level of TYMS expression, like astrocyte elevated
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Table 5 Univariate Cox regression analysis for clinicopathological features and genotypes

Variable HR DFS 95%Cl  Pvalue HR 0S 95%Cl  Pvalue
Age <65 yr 1.513 0.873-2.621 0.140 1.229 0.682-2.213 0.492
Rectal Ca 1.550 0.890-2.703 0.121 1.282 0.713-2.306 0.406
Stage III vs I%II 2532  1.368-4.695 0.003 1.877  1.009-3.494 0.047
Grade Il and IV vs I and 11 1.984 1.143-3.436 0.015 2.097 1.166-3.770 0.013
KRAS mutation 1.330 0.761-2.326 0.321 1.283 0.702-2.346 0.418
BRAF V600E mutation 1.276 0.310-5.255 0.736 2.743 0.845-8.902 0.093
TYMS 5UTR 0.397 0.766
2R 1 1

2R/3R 1.213 0.498-2.958 0.671 0.745 0.332-1.672 0.475
3R 1.690  0.678-4.213 0.260 0.846  0.355-2.020 0.707
TYMS 5UTR 0.596 0.615
2RG/3RG 1 1

2RG/2RG 1.038 0.377-2.858 0.942 1.750 0.672-4.559 0.252
2RG/3RC 1.523 0.684-3.394 0.303 1.625 0.702-3.760 0.257
3RC/3RC 1414  0.482-4.148 0.528 0.680  0.146-3.162 0.623
3RG/3RC 2128 0.902-5.018 0.085 1.782 0.686-4.625 0.235
3RG/3RG 1.489 0.466-4.672 0.502 1.996 0.610-6.532 0.253
TYMS 5UTR 0.204 0.589
2RG/3RG 1 1

2RG/2RG 1.702 0.343-8.441 0.515 3.322 0.787-14.03 0.102
2RG/3RC 2.935 0.778-11.08 0.112 3.034 0.803-11.46 0.102
2RG/3RCLOH 5.387 1.427-20.34 0.013 3.879 0.967-15.56 0.056
2RG/3RGLOH 2.138 0.431-10.60 0.352 2.026 0.408-10.06 0.388
2RGLOH/3RC 3.178 0.640-15.78 0.157 3.109 0.626-15.44 0.165
2RGLOH/3RG 7.402 1.648-33.24 0.009 6.127 1.358-27.64 0.018
3RC/3RC 4.326 1.031-18.15 0.045 1.733 0.288-10.42 0.548
3RG/3RC 4865  1.336-17.72 0.016 3438  0.888-13.32 0.074
3RG/3RG 3.413 0.761-15.30 0.109 3.994 0.887-17.99 0.071
TYMS 5'UTR groups 0.130 0.223
Al 1.136 0.574-2.251 0.714 1.882 0.917-3.861 0.085
B’ 1 1

c’ 1.908 0.980-3.713 0.057 1.309 0.637-2.692 0.464
TYMS 3UTR 0.791 0.846
del/del 1.170 0.496-2.760 0.721 1.145 0.456-2.873 0.773
ins/del 1.244 0.664-2.329 0.495 1.219 0.622-2.387 0.564
ins/ins 1 1

TYMS 3’'UTR 0.299 0.391
del/del 0.624 0.244-1.595 0.324 0.634 0.228-1.761 0.382
del/LOH 0.374  0.086-1.630 0.190 0.408  0.093-1.797 0.236
ins/del 0.634 0.329-1.224 0.175 0.743 0.372-1.482 0.399
ins/LOH 1 1

ins/ins 0417 0.172-1.016 0.054 0.391 0.140-1.087 0.072
ins/ins vs ELSE 0.593 0.267-1.318 0.200 0.511 0.201-1.297 0.158
ins/LOH vs ELSE 1.807 1.000-3.266 0.050 1.650 0.877-3.104 0.120
ins/del vs ELSE 0.976 0.556-1.713 0.933 1.131 0.626-2.044 0.684
del/del vs ELSE 0964  0.411-2.262 0.934 0.907  0.358-2.299 0.837
del/LOH vs ELSE 0.565 0.137-2.327 0.430 0.570 0.138-2.359 0.438
LOH 1.480 0.833-2.629 0.181 1.350 0.732-2.487 0.336
SNP G->C 1.542 0.878-2.707 0.132 1.108 0.617-1.992 0.731

"Low expression profile;
2Medium expression profile;
3High expression profile. DFS: Disease-free survival; OS: Overall survival; HR: Hazard ratios; CI: Confidence
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interval; Ca: Cancer; TYMS: Thymidylate synthase gene; UTR: Untranslated region; LOH: Loss of
heterozygosity; 5FU: 5-fluorouracil; SNP: Single nucleotide polymorphism.

gene-1 (AEG-1) and enolase superfamily member 1 (ENOSF1) during the course of the
diseasel” 'l It has been reported that there is discordance in TYMS mRNA expression
and TYMS protein levels between primary tumors and their metastasis!® .
Furthermore, the binding of TYMS protein to its own mRNA, as well as the binding of
TYMS to p53 mRNA causes translational repression, in an autoregulatory translational
manner®“Il. Other significant prognostic and predictive markers such as NRAS,
PIK3CA exon 20 and MMR/MSI were not included in this analysis/*I.,

In conclusion, the group of TYMS polymorphisms 2RG/3RG, 2RG/LOH and
3RC/LOH and the absence of ins/ LOH was associated with better prognosis in CRC
patients treated with adjuvant chemotherapy while mBRAF was associated with
increased risk of death. Proof of concept, prospective studies are required to validate
our findings.
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Table 6 Multivariate Cox regression analysis for clinicopathological features and selected genotypes

Variable HR DFS 95%Cl P value HR 0S 95%Cl Pvalue
Stage Il vs I and II 2432 1.279-4.625 0.007

Grade Il and IV vs I and II 1.715 0.951-3.091 0.073 1.860 0.982-3.525 0.057
TYMS 5'UTR groups 0.031 0.052
A 3.122 1.193-8.169 0.020 2.715 1.093-6.739 0.031
B 1 1

C 2919 1.258-6.772 0.013 2.540 1.098-5.876 0.029
TYMS 3'UTR groups

A (without ins/LOH) 1

B (ins/LOH) 4.124 1.744-9.753 0.001 3.335 1.474-7.548 0.004
BRAF V600E mutation 4.500 1.241-16.32 0.022

DFS: Disease-free survival; OS: Overall survival; HR: Hazard ratio; CI: Confidence interval; TYMS: Thymidylate synthase gene; UTR: Untranslated region;
LOH: Loss of heterozygosity.
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Figure 1 Kaplan-Meier curves for disease free survival and overall survival according to thymidylate synthase polymorphisms: A: Disease free survival
(DFS) according to 5’ untranslated region (UTR); B: Overall survival (OS) according to 5’UTR; C: DFS according to 3'UTR; D: OS according to 3’'UTR.2P <

0.05 vs Group

Aand C; ®P < 0.005. LOH: Loss of heterozygosity.
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Figure 2 Kaplan-Meier survival curve for overall survival according to BRAF mutation status (V600E vs WT - wild type).*P < 0.05.

ARTICLE HIGHLIGHTS

Research background

A large proportion of patients with colorectal cancer (CRC) do not benefit from fluoro-
pyrimidine-based adjuvant chemotherapy (FBAC). Fluoropyrimidines are thymidylate synthase
(TYMS) inhibitors. Single nucleotide polymorphism (SNP) and various polymorphisms have
been discovered in the 5" untranslated region (UTR) and in the 3'UTR of the TYMS gene and
their association with the survival of CRC patients is under consideration but with conflicting
results. Molecular profiling could help clinicians to identify patients with CRC who may benefit
from adjuvant chemotherapy, as shown by the associations of BRAF mutations with inferior
survival in CRC patients after adjuvant chemotherapy. Also, although KRAS mutations have
been found to be associated with poor patient survival, their role in the adjuvant setting is under
investigation

Research motivation

There is a need to study the association of the numerous combinations of TYMS polymorphisms
(3’UTR, 5’UTR and SNP) with CRC patient survival in a multivariate model including
clinicopathological patients’ features and KRAS/BRAF mutations. The loss of heterozygosity
(LOH) affects polymorphisms and should be included in such a study.

Research objectives

This study aimed to investigate the association of all known TYMS gene polymorphisms, LOH,
KRAS and BRAF mutations with the survival of CRC patients treated with adjuvant
chemotherapy.

Research methods

Formalin-fixed paraffin-embedded tissues of 130 consecutive patients treated with FBAC were
analysed for the detection of TYMS polymorphisms, mKRAS and mBRAF. Patients were
classified according to 5’UTR TYMS polymorphisms and the predicted expression profile, into
three groups (high, medium and low expression), utilizing the current literature. This
categorization could reduce classification errors. Based on the presence or absence of the 3'UTR
polymorphism ins/LOH patients were allocated into two groups (high and low risk of relapse),
utilizing the results from univariate analysis of the 3'UTR TYMS polymorphisms. Cox regression
models examined the associated 5-year survival outcomes

Research results

In this study, where BRAF, TYMS polymorphisms including SNP G>C and LOH were taken into
consideration, both 3’UTR and 5’UTR polymorphisms emerged as independent prognostic
factors of survival outcome after adjuvant chemotherapy for CRC. More specifically, the group
of patients with tumors bearing 5’UTR polymorphisms 2RG/3RG, 2RG/LOH and 3RC/LOH
was associated with better survival. On the contrary, patients with ins/LOH polymorphism in
the 3'UTR had worse survival outcome. Also, mBRAF was found to correlate independently
with worse prognosis.

Research conclusions
Knowledge of TYMS gene polymorphisms and BRAF status indicates prognosis and could aid
clinicians to distinguish the group of patients in need for adjuvant chemotherapy.

Research perspectives

The study of the effect on the survival of CRC patients of the numerous genotypes resulting from
the combinations of the 3'UTR and 5'UTR polymorphisms, the SNP and LOH requires larger
prospective studies. These studies could validate our findings. Also, they could facilitate the
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grouping of the TYMS polymorphisms in more than just two groups and thus reduce the
classification errors.
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