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Background: The outcome of colon cancer patients without lymph node metastasis is het-

erogeneous. Searching for new prognostic markers is warranted.

Methods: One hundred twenty stage IeII colon cancer patients who received complete

surgical excision during 1995e2004 were selected for this biomarker study. Immunohis-

tochemical method was used to assess p53, epidermal growth factor receptor, MLH1, and

MSH2 status. KRAS mutation was examined by direct sequencing.

Results: Thirty three patients (27.5%) developed metachronous metastasis during follow up.

By multivariate analysis, only female gender (p ¼ 0.03), high serum carcinoembryonic

antigen (CEA) level (S5 ng/ml) (p ¼ 0.04), and MLH1 overexpression (p ¼ 0.003) were

associated with the metastasis group. The 5-year-survival rate were also significantly lower

for female gender (71.7% versus 88.9%, p ¼ 0.025), high CEA level (64.9% versus 92.4%,

p < 0.001), and MLH1 overexpression (77.5% versus 94.4%, p ¼ 0.039). In contrast, MSH2

overexpression was associated with better survival, 95.1% versus 75.5% (p ¼ 0.024).

Conclusions: The reversed prognostic implications in the overexpression of MLH1 and MSH2

for stage IeII colon cancer patients is a novel finding and worthy of further confirmation.
poster in: Gordon Research Conference: Mammalian DNA Repair, Dates: Feb. 8e13, 2015,

nd -Rectum Surgery, Department of General Surgery, Chang Gung Memorial Hospital at
3, Taiwan.
lar and Genomic Medicine, National Health Research Institutes, 35, Keyan Rd., Zhunan,

.-F. Huang), chenjs@adm.cgmh.org.tw (J.-S. Chen).

g Gung University.

ublishing services by Elsevier B.V. This is an open access article under the CC BY-NC-ND
s/by-nc-nd/4.0/).

mailto:sfhuang@nhri.org.tw
mailto:chenjs@adm.cgmh.org.tw
http://crossmark.crossref.org/dialog/?doi=10.1016/j.bj.2017.01.004&domain=pdf
www.sciencedirect.com/science/journal/23194170
http://dx.doi.org/10.1016/j.bj.2017.01.004
http://dx.doi.org/10.1016/j.bj.2017.01.004
http://dx.doi.org/10.1016/j.bj.2017.01.004
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.elsevier.com/locate/bj


b i om e d i c a l j o u r n a l 4 0 ( 2 0 1 7 ) 3 9e4 840
At a glance commentary

Scientific background on the subject

The outcome of colon cancer patients without lymph

node metastasis is heterogeneous and inconclusive.

Searching for new prognostic markers is warranted.

What this study adds to the field

This is a study on 120 surgically treated stage I/II colon

cancer patients for various biomarker study, which

include: p53, EGFR, MLH1, and MSH2 expression and

KRASmutation. The results demonstrated that high CEA

level and overexpression of MLH1 were associated with

shorter survival and overexpression of MSH2 were

associated with longer survival. The serum CEA level

combined with MLH1 and MSH2 expression status could

help in selecting stage I/II colon cancer patients with

higher risk for tumor recurrence.
Colorectal cancer (CRC) remains the third place in cancer

incidence around the world and affects more than 1 million

individuals annually with nearly 33% disease-related mortal-

ity rate in developed countries [1,2]. The therapeutic strategies

for patients with CRC are mainly guided by adequate tumor

staging. Localized tumor diseases, i.e. tumors of AJCC/UICC

(American Joint Committee on Cancer/Union for International

Cancer Control) stage I and II (T1-4N0M0), are considered to be

cured by radical tumor resection with a 5-year overall survival

more than 70%. Unfortunately, about 10e20% of these pa-

tients develops local recurrence or metachronous distant

metastasis and follows a dismal outcome [3,4]. Therefore, the

American Society of Clinical Oncology (ASCO) and the Euro-

pean Society for Medical Oncology (ESMO) guidelines make

recommendations about adjuvant chemotherapy in stage II

CRC patents on the basis of the relevant clinical risk factors,

including poor differentiation, T4 stage, tumor perforation,

and inadequate lymphadenectomy [5,6].

Aside from the clinical parameters, much effort have been

applied in searching for molecular biomarkers of CRC, which

could help for selecting the high-risk patients who might be

benefit from receiving postoperative chemotherapy [7,8].

Among the various biomarkers, p53 gene status, epidermal

growth factor receptor (EGFR) expression, V-Ki-ras2 Kirsten

rat sarcoma viral oncogene homolog (KRAS) mutation, and

microsatellite instability (MSI) genotype have been studied

most extensively. However, the significance of these bio-

markers is still controversial. A meta-analysis for p53 protein

expression and mutation reported that both were only asso-

ciated with borderline increased risk of death for CRC patients

[9]. EGFR expression determined by immunohistochemistry

(IHC) also have no correlation with the therapeutic response

to EGFR antibody therapy nor prognosis in some reports

[10e13]. As for KRAS mutation, the results from the two clin-

ical trials: Cancer and Leukemia Group B (CALGB) 89803 (for

stage III CRC patients) and Pan European Trial Adjuvant Colon

Cancer (PETACC)-3 (for stage II and III CRC patients) all have
demonstrated that KRAS mutation itself was not a major

prognostic factor for patients treated with adjuvant 5-

fluorouracil-based chemotherapy [14,15].

In contrast, the association of MSI phenotype and survival

in CRC patients has been more consistent. A meta-analysis of

32 studies including 7642 CRC patients demonstrated that

patients with MSI-high tumors treated by adjuvant fluoro-

uracil had prognostic advantage (HR ¼ 0.65) [16]. This survival

benefit wasmaintained when restricted to patients with stage

II or III disease (HR ¼ 0.75). The subsequent large clinical trial,

PETACC-3, also confirmed that MSI phenotype is a strong

prognostic factors for relapse-free and overall survival in stage

II and III CRC [17].

About 85% of sporadic CRC have chromosomal instability

with complex chromosomal alterations and the remaining

15% have MSI with frequent mutations in the short tandemly

repeated nucleotide sequences (microsatellites) [2]. CRC with

MSI is due to dysfunction of DNA mismatch repair (MMR)

system, which is caused by mutations or epigenetic methyl-

ations of the MMR genes. Lynch syndrome, also named he-

reditary nonpolyposis CRC, is the inherited prototype for MSI

and most were resulted from MLH1 (MutL homolog 1), and

MSH2 (MutS protein homolog 2) gene abnormality [18]. The

standard method of MSI detection is genetic analysis by a

panel of microsatellite markers. The Besthesda consensus

defined five microsatellite loci (BAT25, BAT26, D5S346,

D2S123, and D17S250), and instability at two or more loci (or

>30% of loci) is considered to be MSI-high phenotype [19]. On

the other hand, loss of MMR proteins, which include MLH1,

PMS1 (Postmeiotic segregation increased 1), PMS2, MSH2,

MSH3 and MSH6, determined by IHC stain also can have

comparable sensitivity for detection of MSI and can provide

additional functional status of individual proteins [20].

For patients with CRC, even in AJCC stage I or II (excluding

pT1 tumors), a small fraction of patients remained suffering

from local recurrence or distant metastatic disease after

radical resection. Various studies have tried to identify the

potential risk factors by analyzing important clinical, patho-

logical, and molecular factors, but the results remained

inconclusive [3,4,21e23]. In this study, we intend to examine

all of the above mentioned biomarkers of colon cancers in a

homogeneous cohort of stage IeII colon cancer patients to

search for prognostic markers significantly associated with

tumor recurrence and survival. These colon cancer patients

all received complete radical resection by the same surgeon

and none received adjuvant therapy.
Materials and methods

Patients

In this study, we have reviewed the surgical pathology reports

of the colon cancer (adenocarcinoma) patients (rectal cancers

were not included), who were all operated by one single sur-

geon (JSC) during 1995e2004 at ChangGungMemorial Hospital,

Taoyuan, Taiwan. After patients with pT1 tumors were

excluded, there were 549 colon cancer patients who had

received a complete tumor resection (resection margins were

all free). Among them, there were 296 patients with no lymph

http://dx.doi.org/10.1016/j.bj.2017.01.004
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node or distantmetastasis at the time of resection (stage I or II).

During follow up, 38 of the 296 patients developed tumor

recurrenceordistantmetastasis.Amongthe296patients, there

were 112 patients with sigmoid colon cancers. Ninety one of

these 112 patients had no tumor recurrence or distant metas-

tasis during the follow up period. These 91 patients were

belonged to “non-metastasis group”, and the remaining 21

patients were “metastasis group”. To increase the patient

number of the metastasis group, all of the 38 colon cancer pa-

tients who developed tumor recurrence or distant metastasis

were included in the “metastasis group” (21were sigmoid colon

cancer patients, 8 were ascending colon, 3 were transverse

colon, and 6were descending colon). Unstained formalin-fixed

paraffin-embedded (FFPE) tumor tissue sections of these 2

groups of patients were prepared for genetic and IHC studies.

The clinical and pathologic features, including age, gender,

serum carcinoembryonic antigen (CEA) level, tumor size,main

histological pattern (tubular versus mucinous), tumor grade

[24], tumor stage (AJCC, 6th ed.) [25], numbers of dissected

regional lymph nodes, and outcome were obtained from the

medical records. There was no patient with family history of

colon cancers in this study cohort. The study protocol was

approved by the Institutional Reviewing Board of Chang Gung

Memorial Hospital prior to the study (96-1459B).

Immunohistochemistry (IHC) study

Unstained FFEP tumor tissue sections of 3e4 um in thickness

were used for IHC study. The source, clone, and dilution of

antibodies were shown as below: p53 (DakoCytomation

Denmark A/S, Glostrup, Denmark, clone DO-7, 1:50, antigen

retrieval by heat denature), EGFR (DakoCytomation Denmark

A/S, Glostrup, Denmark, clone H11, 1: 50, antigen retrieval by

proteinase K for 8 min), MLH1 (BD Biosciences, San Jose, CA,

clone G168-15, 1:1, antigen retrieval by heat denature), and

MSH2 (Calbiochem Inc., Darmstadt, Germany, clone FE11, 1:

25, antigen retrieval by heat denature). The detection was

processed in the Discovery XT automated IHC/ISH slide

staining system (Ventana Medical System, Inc. Tucson), using

ultraView Universal DAB Detection Kit (Ventana Medical Sys-

tem, Inc. Tucson), according to themanufacturer's instruction.
The IHC stains were read by two experience pathologists

(SCH and SFH) independently and blinded to the clinical data.

If there was any discordance, the slides would be reviewed

again to reach a consensus. The p53 expression was sub-

divided as: “negative”, if the p53 stain was completely nega-

tive; “intermediate” for focal, weak, or with uneven staining

pattern; “strong” for positive staining inmore than 50% tumor

cells in a diffuse and strong pattern. Tumors with “interme-

diate” expression were considered as having wild-type p53,

and tumors with “negative” or “strong” expression were

mutated p53, according to the published reports [26]. The

EGFR expressionwas scored by the Hercept scale. Score “0” for

negative stain or faint membrane or cytoplasmic staining

<10%, “1” for weak staining >10%, “2” for moderate staining

>10%, and “3” for strong staining >10%. Scores 2 and 3 were

considered as having EGFR over-expression [27]. The intensity

and extent of MLH1 and MSH2 expression were semi-

quantitatively categorized by the Allred score [28]. The

Allred score was a summary by adding proportion score and
intensity score. The extent (proportion of tumor cells with

positive stain) was scored from 0 (0%), 1 (<1%), 2 (1e10%), 3

(11e30%), 4 (31e60%), to 5 (>60%). The intensity of the stain

was scored from 0 (no reactivity), 1 (weak), 2 (moderate), to 3

(strong). Since the internal positive control cells (such as

lymphocytes) had variable stain intensity forMLH1 andMSH2,

we also have normalized the expression of tumor cells to the

background cells when evaluating the intensities. The final

score was obtained by summation of the scores of the extent

and the intensity, and categorized as “negative” for 0, “inter-

mediate” for 1e6, and “strong” for 7e8. Only the “strong”

group was regarded as having “overexpression”. Tumors with

negative expression were considered to have MSI.

KRAS gene mutation analysis

The tumor portions on FFPE tissue section were dissected for

DNA extraction, which was performed with DEXPAT (TaKaRa

Biomedical, Shiga, Japan), according to the instructions of the

manufacturer. Only coding sequences of exon 2 and 3 of K-ras

were amplified and subjected to direct sequencing. The PCR

primers used were: E2F: 50-GGT ACT GGT GGA GTA TTT GAT

AG-3’; E2R: 50-CAA AGA ATG GTC CTG CAC CAG-3’; E3F: 50-
GGA GCA GGA ACA ATG TCT TTT C-3’; E3R: 50-GCA TGG CAT

TAG CAA AGA CTC-3’. The PCR was performed according to

the protocol published previously [29]. Forward and reverse

sequencing reactions were performed using the same primers

for PCR on an ABI3730 genetic analyzer (Applied Biosystems,

CA, USA). The sequences were determined by the Seqscape

software (Applied Biosystems). The KRAS reference sequence

is based on NM_004985 from the NCBI database. All mutations

were verified on a second independent PCR product. In order

to increase the sensitivity, HybProbe assay for analyzing KRAS

codon 12 and 13mutationswas also performed. The LightMix®

Kit k-ras Mutation Codon 12/13 (TIB MOLBIOL Syntheselabor

GmbH, Berlin, Germany) were used and performed according

to the manufacturer's protocol.

Statistical and survival analysis

Statistical analysiswasperformedusingSPSSsoftware (version

20; IBM, New York, NY, United States). The associations be-

tween metastasis, clinicopathological features, immunohisto-

chemical reactivity, andKRASgenemutationwereevaluatedby

Pearson'sc2 test or Fisherexact tests.Variableswithpvalue less

than 0.10 in univariate analysis were re-assessed in a multi-

variate logistic model. KaplaneMeier estimates and log-rank

analyses were done for comparison of overall survival in

different subgroups. The Cox proportional hazard regression

model was undertaken to determine the consistency of prog-

nostic effect. Two-sided p values were calculated and p < 0.05

was considered to be significant for all statistical analyses.
Results

Patient characteristics

Among the 129 colon cancer patients, IHC stains were not

successful in 9 patients' tumor tissue due to lack of residual

http://dx.doi.org/10.1016/j.bj.2017.01.004
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tumor tissue in the sections or staining failure. Thus, only 120

colon cancer patients were included for this study. The follow

up period ranged from 1.0 to 135.9 months (mean: 73.3

months). Except some patients who died of other diseases, all

of the patients alive in the “non-meta” groupwere disease free

for >5 years, and 16 patients have been disease free for >10
years. There were 33 patients (33/120, 27.5%) developed

distant metastasis during the follow up period. The time to

metastasis ranged from 4 to 83.9 months (median 15.9

months). Except for the 6 patients with no available data, the

most common metastatic site was liver (17/27, 62.9%), fol-

lowed by peritoneum (6/27, 22.2%), intraabdominal distant

lymph nodes (6/27, 22.2%), lung (4/27, 14.8%), and ovary (1/27,

3.7%). Five patients had distant metastases in two or more

organs at the same time. This study included 14 (11.7%) pT2

tumors, 50 (41.7%) pT3 tumors, and 56 (46.7%) pT4 tumors.

When comparing the clinicopathological features between
Table 1 The clinicopathological characteristics of the 120 colo

Variables Patient no.
(%)

Distant metasta

Positive no. (%) Nega

Age (yr)

>60 84 (70.0) 23 (69.7) 6

&60 36 (30.0) 10 (30.3) 2

Gender

Male 75 (62.5) 15 (45.5) 6

Female 45 (37.5) 18 (54.5) 2

CEA (ng/ml)a

<5 73 (61.9) 15 (45.5) 5

S5 45 (38.1) 17 (51.5) 2

Tumor size (cm)

&5 84 (70.0) 23 (69.7) 6

>5 36 (30.0) 10 (30.3) 2

Tumor stage

pT2-3 64 (53.4) 18 (54.6) 4

pT4 56 (46.6) 15 (45.4) 4

Main histology pattern

Tubular 113 (94.2) 31 (93.9) 8

Mucinous 7 (5.8) 2 (5.7) 5

Tumor grade

I/II 110 (91.7) 29 (87.9) 8

III 10 (8.3) 4 (12.1) 6

No. of dissected LN

<12 47 (39.2) 11 (33.3) 3

S12 73 (60.8) 22 (66.7) 5

MLH1 over-expression

Negative 36 (30.0) 3 (9.1) 3

Positive 84 (70.0) 30 (90.9) 5

MSH2 overexpression

Negative 79 (65.8) 24 (72.7) 5

Positive 41 (34.2) 9 (27.3) 3

p53 status

Wild type 28 (23.3) 5 (15.1) 2

Mutated 92 (76.7) 28 (84.9) 6

EGFR overexpression

Negative 104 (86.7) 28 (84.9) 7

Positive 16 (13.3) 5 (15.1) 1

KRAS mutation

Absent 104 (86.7) 26 (78.8) 7

Present 16 (13.3) 7 (21.2) 9

Abbreviations: CEA: carcinoembryonic antigen; EGFR: epidermal growth
a Serum CEA data was unavailable in one patient for each subgroup, res
the two subgroups, only gender and serum CEA level had

significant difference by univariate analysis [Table 1]. For the

metastasis and non-metastatic groups, the female patients

were 55.5% (18/33) versus 31.0% (27/87), respectively (p ¼ 0.02).

For patients with high serum CEA level (S5 ng/ml), it was

51.5% (17/32) versus 32.2% (28/86), respectively (p ¼ 0.04). The

age distribution, tumor size, T stage, main histology patterns,

tumor grades, and total harvested lymph node numbers all

showed no significant differences. By multivariate analyses,

the gender (p ¼ 0.03) and high serum CEA level (p ¼ 0.04)

remained significant.

Expression of MLH1, MSH2, p53 and EGFR

For MLH1 protein, none of the tumor had negative expression

in the metastasis group, while 6 patients were negative in the

non-metastatic group. In addition, up to 30 patients (30/33,
n cancer patients.

sis Univariate
analysis
p value

Multivariate analysis

tive no. (%) p value Odds ratio (95% CI)

0.964

1 (70.1)

6 (29.9)

0.018 0.035

0 (69.0) 1

7 (31.0) 2.653 (1.070e6.579)

0.041 0.041

8 (66.7) 1

8 (32.2) 2.582 (1.040e6.410)

0.964

1 (70.1)

6 (29.9)

0.870

6 (52.9)

1 (47.1)

1.000

2 (94.3)

(5.7)

0.355

1 (93.1)

(6.9)

0.420

6 (41.4)

1 (58.6)

0.002 0.003

3 (37.9) 1

4 (62.1) 10.459 (2.266e48.264)

0.327

5 (63.2)

2 (36.8)

0.233

3 (26.4)

4 (73.6)

0.766

6 (87.4)

1 (12.6)

0.118

8 (89.7)

(10.3)

factor receptor; LN: regional lymph node.

pectively.
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90.9%) in the metastatic group had overexpression of MLH1,

but only 54 patients (54/87, 62.1%) had overexpression in the

non-metastatic group. The difference was statistically signif-

icant by both univariate and multivariate analyses [Table 1].

For MSH2 protein, the metastasis group also had no tumor

with negative expression, while 3 patients were negative in

the non-metastatic group. MSH2 overexpression was found in

9 (27.3%) and 32 (36.8%) patients in the metastatic and the

non-metastatic group, respectively. The differences were

non-significant. The expression patterns of representative

cases for MLH1 and MSH2 are shown in Fig. 1 p53 over-

expression was found in 19 (57.6%) and 64 (73.5%) patients in

the metastatic and the non-metastatic group, respectively.

EGFR overexpression was recognized in 5 (15.1%) and 11

(12.6%) patients in the metastatic and the non-metastatic

group, respectively. Alteration of the above two proteins all

had no significant differences between the two study groups.

KRAS gene mutation analysis

KRAS mutations of codon 12 and 13 were identified in 16 pa-

tients (13.3%), including 13 patients with mutations in codon

12 and 3 patients in codon 13. Seven patients were in the

metastasis group and 9 in the non-metastasis group. The

difference was non-significant (p ¼ 0.12).

Risk assessment of metachronous distant metastasis

Univariate analysis of the clinicopathological features

revealed that only female gender, high serum CEA level

(S5 ng/ml), and MLH1 overexpression were significantly

associated with the metastasis group. The above three fea-

tures remained significant by multivariate analysis. For fe-

male patients, the OR (odds ratio) was 2.653 and 95% CI
Fig. 1 Immunohistochemical satin for MLH1 protein expression i

(200�), (B) Overexpression (400�), (C) Negative expression (400�);

(200�), (E) Overexpression (400�), (F) Negative expression (400�).
(confidence interval) was 1.070e6.579 (p ¼ 0.03). For high CEA

level, the OR was 2.582 and 95% CI was 1.040e6.410 (p ¼ 0.04).

For MLH1 overexpression, the OR was 10.459 and 95% CI was

2.266e48.264 (p ¼ 0.003) [Table 1].

Survival analysis

The overall survival (OS) was analyzed, which was defined as

the interval from the operation date till the date of death or

last follow up. In the metastasis group, the mean following

duration was 45.7 months (5.3e109 months). The median

survival was 47.9 months. In the non-metastasis group, the

mean follow-up time was 83.8 months (1.0e135.9 months).

The median survival was not reached yet. As expected, the

OS and 5-yearesurvival rate were both significantly different

between the metastasis and non-metastasis group

(p < 0.001). The variables associated with the OS and 5-

yearesurvival rate were analyzed and shown in Table 2.

The MLH1 and MSH2 expression were categorized as over-

expression and non-overexpression. The latter was for tu-

mors with negative or intermediate expression levels. Only

gender, serum CEA level, and MLH1 and MSH2 over-

expression were significantly associated with the 5 year

survival and OS, respectively. The Cox proportional hazard

regression model confirmed that female gender was also a

poor prognostic factor for OS. The HR was 2.383 (95% CI

1.009e5.629) with a borderline p value (p ¼ 0.048) [Fig. 2A].

High CEA level [p < 0.001, HR: 4.525, 95% CI 1.923e11.765] was

an independent poor prognostic factor for OS [Fig. 2B]. MLH1

and MSH2 overexpression all showed significant association

with OS, respectively. MLH1 overexpression was an indicator

for shorter survival, when compared with patients with non-

overexpression (p ¼ 0.01, HR 6.173, 95% CI 1.425e26.316)

[Fig. 2C]. In contrast, MSH2 overexpression was associated
n the colon adenocarcinoma: (A) Intermediate expression

for MSH2 protein expression: (D) Intermediate expression

http://dx.doi.org/10.1016/j.bj.2017.01.004
http://dx.doi.org/10.1016/j.bj.2017.01.004


Table 2 The clinical variables associated with 5-year and overall survivals in the 120 colon cancer patients.

Variables Mean survival
months (95% CI)

5-year survival
rate (%)

Univariate analysis
p value

Multivariate analysis

p value Hazard ratio (95% CI)

Metastasis <0.001 NA

Negative NA 100 NA

Positive 47.90a (28.62e67.18) 38.2 NA

Age (yr) 0.985

>60 114.18 (100.76e127.53) 82.7

&60 114.01 (104.38e123.64) 82.8

Gender 0.025 0.048

Male 119.36 (110.72e128.01) 88.9 1

Female 102.67 (87.79e117.54) 71.7 2.383 (1.009e5.629)

CEA (ng/ml) <0.001 0.001

<5 125.97 (118.94e132.99) 92.4 1

S5 91.50 (106.75e122.67) 64.9 4.525 (1.923e11.765)

Tumor size (cm) 0.222

&5 105.12 (88.75e121.49) 78.0

>5 117.66 (108.92e126.39) 84.6

Tumor stage 0.987

pT2-3 113.18 (102.35e124.02) 84.5

pT4 113.95 (102.25e125.65) 81.0

Histology 0.861

Tubular 114.21 (106.10e122.32) 82.7

Mucinous 111.37 (77.66e145.12) 83.3

Differentiation 0.710

I/II 114.91 (106.87e112.96) 83.3

III 103.78 (71.39e136.16) 77.8

Lymph node number 0.379

<12 109.20 (95.31e123.08) 76.5

S12 116.48 (107.07e125.89) 86.7

MLH1 overexpression 0.039 0.015

Negative 126.92 (117.13e136.72) 94.4 1

Positive 105.90 (95.97e115.82) 77.5 6.173 (1.425e26.316)

MSH2 overexpression 0.024 0.016

Negative 107.51 (96.55e118.46) 75.5 1

Positive 112.61 (113.58e131.65) 95.1 0.253 (0.083e0.772)

P53 status 0.210

Wild type 111.51 (102.10e120.92) 81.0

Mutated 122.43 (109.69e135.17) 88.9

EGFR overexpression 0.974

Negative 114.27 (105.78e122.75) 83.3

Positive 113.35 (91.96e134.74) 79.4

KRAS mutation 0.133

Absent 116.31 (108.08e124.54) 85.6

Present 92.58 (71.37e113.80) 61.8

Abbreviation: NA: not applicable; CEA: carcinoembryonic antigen; EGFR: epidermal growth factor receptor; CI: confidence interval.
a Median survival time.
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with longer survival (p ¼ 0.02, HR 0.253, 95% CI 0.083e0.7)

[Fig. 2D]. If the protein expression was divided in 3 levels

(negative, intermediate and overexpression), and log-rank

test was applied, MSH2 protein retained its statistic signifi-

cance (p ¼ 0.04) but MLH1 protein became non-significant

(p ¼ 0.11) [Fig. 3]. Other clinicopathological factors including

p53 status, EGFR overexpression and KRAS mutation all

showed no significant influence on survival.
Discussion

In the present study,wehave narroweddown the study cohort

to only radically resected pN0 colon adenocarcinoma without

chemotherapy. Detailed clinical, pathological, and various
biomarkers were studied simultaneously. The tumor differ-

entiation, pT4 stage, and inadequate lymph node dissections

all showed no predictive or prognostic significance in this

cohort, suggesting staging and histopathology are not useful

prognostic factors for this group of early stage colon cancers.

Only female gender, high CEA level (S5 ng/ml), and MLH1

overexpression were significantly associated with metachro-

nous distant metastasis. The above three factors were also

significantly associated with shorter survival. In contrast,

MSH2 overexpression emerged as an indicator of better sur-

vival with statistical significance. EGFR overexpression, p53

status, andKRASmutationallwerenot significantly associated

with outcome, which are similar to previous reports [7,8].

It is uncertain why female gender had higher metastasis

rate and shorter survival in this cohort. We do find some

http://dx.doi.org/10.1016/j.bj.2017.01.004
http://dx.doi.org/10.1016/j.bj.2017.01.004


Fig. 2 KaplaneMeier overall survival curve of the 120 colon adenocarcinoma patients according to different variables:

(A) gender, (B) carcinoembryonic antigen (CEA) level, (C) MLH1 expression, and (D) MSH2 expression.
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reports which described shorter survival in female patients

with metastatic CRC. For example, in a recent trial, pan-

itumumab added to FOLFOX significantly prolonged progres-

sion free survival in males but not in females with metastatic

CRC [30]. In a meta-analysis, which included 345 females and

497 males CRC patients, they also found gender was a robust

determinant of the chemotherapy delivery schedule and

resulted in survival differences [31].

For CRC, measurement of serum CEA level is a widely

accepted tumor marker for monitoring tumor response and
recurrence. Our results is quite consistent with previous re-

ports, which also found CEA to be a significant factor for

predicting distant metastasis or survival in pathologically T1

or T2 CRC [21,32], and stage II or III CRC, respectively [33].

Currently the American Society of Clinical Oncology did not

recommend the use of preoperative CEA levels to determine

whether patients with CRC were candidates for adjuvant

therapy [5]. But the European Society forMedical Oncology has

added high CEA level as a risk factor for a subgroup of stage II

colorectal cancer [6].

http://dx.doi.org/10.1016/j.bj.2017.01.004
http://dx.doi.org/10.1016/j.bj.2017.01.004


Fig. 3 KaplaneMeier overall survival curve of the 120 colon adenocarcinoma patients based on the three different expression

levels of A: MLH1 protein, and B: MSH2 protein.
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For MSI phenotype, the current study demonstrated MLH1

overexpression was not only a predictor of metachronous

distant metastasis, but also a poor prognostic factor. MSH2

overexpression was only significantly associated with better

OS, but not predictive for distant metastasis. To our best

knowledge, MMR protein overexpressions have never been

reported to be significantly associated with the prognosis of

CRC patients before. Currently, only deficiency ofMMRprotein

in the colon cancers is considered to be clinically important.

The pathologists do not pay attention to high or low expres-

sion of MMR protein in the tumors, since any unequivocally

positivity is interpreted as positive of the MMR proteins.

Actually, the IHC stain for those tumor with no MMR proteins

deficiency does not always have (þ) stain in near 100% of the

tumor cells. So different intensities of the IHC stains for MMR

proteins in different colon cancer tumor cells do exist [34].

In this study, either MLH1-negative or MSH2-negative pa-

tients all had longest OS [Fig. 3]. Since MLH1-negative or

MSH2-negative tumors would result in MSI, our result is

consistent with the reports that CRC with MSI-high tumors

would have better survival [16,17].

The overexpression of MMR protein logistically represents

enhanced DNA repair capability and, therefore, should also

confer a good prognosis, which could be the reason why pa-

tients with MSH2 overexpression had longer survival than

those with non-overexpression in the current study. On the

other hand, previous studies have disclosed that MLH1, PMS1,

or PMS2 overexpression could increase spontaneous MLH1

gene mutation rate and inactivation of DNA mismatch repair

[35e37]. This mechanism of inactivation of DNA mismatch

repair genes is probably different from MSI caused by MMR

protein deficiency, so it cannot confer the same favorable

outcome. This could be the reason why MLH1 overexpression
was a poor prognostic factor for distantmetastasis and overall

survival in the current report. Shcherbakova et al. have

demonstrated that MLH1 protein overexpression in yeast

could lead to formation of nonfunctional MMR complexes

containing MLH1 homodimers [36]. Similar phenomenon also

have been found in other MMR proteins. For examples, over-

expression of MSH3 protein could reduced the MMR efficacy

by increased formation of MSH2/MSH3 heterodimer at the

expense of MSH2/MSH6 heterodimer [38]. Norris and his co-

workers also have discovered prostatic cancer with high PMS2

protein levels had short disease-free period after radical

prostatectomy [39], which is similar to our result for MLH1

overexpression.

The limitation of this study is its small patient population.

Since this study series only focused on the stage IeII patients

and had a very long follow up time, the study result should be

still quite valuable. Although patients of the metastasis group

were not limited to sigmoid colon cancer as in the non-

metastasis group. It should have no significant impact. The

AJCC staging for colon cancers does not need to include the

location in colon, either.

In summary,wehavedemonstrated thathighCEA level and

overexpression of MLH1were associated with shorter survival

and overexpression of MSH2 were associated with longer

survival in this study cohort. The reversed prognostic impli-

cations in the overexpression of MLH1 andMSH2 for stage IeII

colon cancer patients has never been reported, which is

worthy of further confirmation with larger patient numbers.
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