
ORIGINAL SCIENTIFIC REPORT

Prognosticators of Long-Term Outcomes of TNM Stage II
Colorectal Cancer: Molecular Patterns or Clinicopathological
Features

Tai-Chuan Kuan1,2
• Shih-Ching Chang2,1

• Jen-Kou Lin1,2
• Tzu-Chen Lin1,2

• Shung-Haur Yang1,2,3
•

Jeng-Kae Jiang1,2
• Wei-Shone Chen1,2

• Huann-Sheng Wang1,2
• Yuan-Tzu Lan1,2

• Chun-Chi Lin1,2
•

Hung-Hsin Lin1,2
• Sheng-Chieh Huang1,2

Published online: 12 September 2019

� Société Internationale de Chirurgie 2019

Abstract

Background Patients with stage II colorectal cancer (CRC) have a higher risk of recurrence when they have certain

risk factors, including clinical and pathological patterns. However, as the prognostic role of molecular patterns for

stage II disease is still unclear, this study aimed to investigate it.

Methods A total of 509 patients with stage II CRC were enrolled, and all clinical, pathological, and molecular data

were collected. Molecular patterns included microsatellite instability (MSI); elevated microsatellite alterations at

selected tetranucleotides (EMAST) status; and expression of RAS/RAF genes, genes of the APC pathway, and other

gene mutations. The endpoints were oncological outcomes, including overall survival (OS), cancer-specific survival

(CSS), disease-free survival (DFS), local recurrence (LR), and distant recurrence (DR). Cox regression analysis was

used.

Results Numerous molecular patterns influenced the oncological outcomes on univariate analysis, but no variable

reached significance in LR. On multivariate analysis, a mucinous component (MC)[ 50% (P\ 0.01) was signifi-

cant for OS and CSS. Lymphovascular invasion (LVI; P\ 0.01), MC[ 50% (P\ 0.01), and EMAST-H (P = 0.02)

significantly influenced DFS, whereas LVI (P\ 0.01), MC[ 50% (P\ 0.01), and TP53 mutation (P = 0.02) were

significant for DR.

Conclusions In this study, MSI, EMAST, and RAS/RAF alterations did not influence the oncological outcomes.

Overall, LVI and MC were two significant prognostic factors for DFS and DR. Thus, the histopathology, rather than

the genes, plays a major role in the prognosis of patients with stage II CRC.

Introduction

Colorectal cancer (CRC) is the most common cancer in

Taiwan since 2013 [1]. Available treatments for CRC

include resection, chemotherapy, radiation therapy, tar-

geted therapy, and immunotherapy. In the era of precision

medicine, molecular analysis for CRC is important for not

only pathogenesis but also treatment [2]. The accumulation

of genetic or chromosomal alterations results in the

development of CRC. Loss of heterozygosity [3, 4] and

gene mutations were predictive factors for CRC [5–7].

Moreover, deficiency in mismatch repair (MMR) proteins

causes accumulation of DNA errors. This dysfunction
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mainly occurs over genomic areas with short repetitive

nucleotide sequences and is known as microsatellite

instability (MSI) [8, 9]. High level of MSI (MSI-H) is

defined as C 2 gene mutations for MMR proteins,

accounting for approximately 15% of CRC cases. Elevated

microsatellite alterations at selected tetranucleotides

(EMAST) is another MSI variation, and it is also a prog-

nostic factor for CRC [10].

Resection is the primary treatment for stage I–III CRC.

Adjuvant chemotherapy improved 5-year survival and

disease-free survival (DFS) of patients with stage III dis-

ease but not those with stage II disease [11]. Per the

American Society of Clinical Oncology and the National

Comprehensive Cancer Network recommendations, adju-

vant chemotherapy may benefit patients with stage II CRC

with poorly differentiated histology, lymphovascular

invasion (LVI), perineural invasion (PNI),\ 12 lymph

node samples, inadequate margins, bowel obstruction, or

localized perforation [12, 13]. However, pathological

findings or clinical conditions rather than molecular pat-

terns were used in the studies. While the predictive value of

many mutant genes has been studied, most previous studies

combined all stages of CRC, making the molecular effects

unclear. Therefore, this study aimed to investigate the

prognostic roles of mutant genes, MSI/EMAST status, and

several histopathological features for pathological stage II

CRC.

Materials and methods

Patients and clinical data

Between March 2000 and November 2010, 560 patients

with pathological stage II CRC underwent curative surgery

at the Division of Surgery of Colon and Rectum, Taipei

General Hospital in Taiwan. Patients were excluded if they

were followed up for\ 30 days; received neoadjuvant

radiotherapy for rectal cancer; had synchronous cancer,

non-adenomatous tumor, familial adenomatous polyposis,

or hereditary nonpolyposis CRC; or died due to surgical

complications. Totally, 509 patients were enrolled in this

study. Adjuvant chemotherapy, including oral tegafur, oral

capecitabine, and intravenous 5-fluorouracil/leucovorin/

oxaliplatin (FOLFOX), was administered for patients with

pathological stage II CRC with risk factors (T4 tumor;

poorly differentiated histology; LVI; PNI; bowel obstruc-

tion; lesions with localized perforation; or close, indeter-

minate, or positive margins). Adjuvant chemotherapy was

performed based on the combined decision of the surgeons,

physicians, and patients. Patients were followed up every

3 months in the first 2 years and every 6 months in the

following 3 years. Serum carcinoembryonic antigen (CEA)

levels were checked at every visit. Imaging was performed

according to the patient’s condition, including computed

tomography (CT), abdominal ultrasonography, chest

radiographs, positron emission tomography, and colono-

scopy. Abdominal CT performed every 12 months and if

unexpected issues were observed, such as intestinal

obstruction and intra-abdominal infection. Colonoscopy

was performed 1 year after surgery; the interval was

determined according to prior colonoscopy results. All

clinical data were prospectively collected and retrospec-

tively reviewed using medical records. Recurrence was

defined as newly suspicious lesions on imaging with ele-

vated serum CEA levels, as confirmed on multidiscipline

team conference, or pathological evidence. The time

between surgery to the date of death or last follow-up was

overall survival (OS), and that between surgery to the date

of death due to CRC was cancer-specific survival (CSS).

DFS was the surgery date to the date of recurrence (in-

cluding local recurrence [LR] and distant recurrence [DR])

or last follow-up.

Pathological analysis

All specimens were sent to the Department of Pathology

and Laboratory Medicine for further pathological analysis,

including invasion depth, lymph node metastasis, LVI,

PNI, mucinous component (MC), histological differentia-

tion, and inflammation around the tumor. Tumor samples

were collected and immediately frozen in liquid nitrogen in

the Biobank of Taipei Veterans General Hospital. After

review board approval (IRB 2017-06-004BC), we obtained

tissue samples from the Biobank.

Gene mutation characterization with MassARRAY

The MassARRAY method was used for gene mutation anal-

ysis, including those in the RAS pathway (KRAS, HRAS,

NRAS, and BRAF), PI3K pathway (PIK3CA, PTEN, and

AKT1), and APC-TP53-FBXW7 pathway. These genes were

identified based on the profiles in the COSMIC cancer data-

base. Polymerase chain reaction (PCR) and extension primers

were analyzed (MassARRAY Design 3.1 software, Seque-

nom, San Diego, CA, USA). Default single-base extension

settings and parameters were used, but the maximum multi-

plex level input was adjusted to 15 [6]. Mutation alleles were

manually designed to be lower in mass than the reference

alleles by either forward or reverse extension. DNA amplifi-

cation was performed with PCR primer pools, and unincor-

porated nucleotides were inactivated by shrimp alkaline

phosphatase. A single-base extension reaction was conducted

by using a mixture of dideoxynucleotides and extension pri-

mers, which were promptly hybridized adjacent to the muta-

tions. PCR was performed in 384-well plates in volumes of 5
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lL including 1 pmol of the corresponding primers, 10 ng

tumor DNA, and HotStar Reaction Mix (Qiagen). The PCR

procedure was 94 �C for 15 min followed by 40 cycles at

94 �C (20 s), 56 �C (30 s), and 72 �C (60 s), with the last

extension at 72 �C (3 min). During the primer extension step,

every sample was denatured at 94 �C followed by 40 cycles of

94 �C (5 s), 52 �C (5 s), and 72 �C (5 s). Cation exchange

resin was added for salt removal. Multiplexed PCR was

spotted onto SpectroCHIP II arrays, and DNA fragments were

resolved by using MALDI-TOF on a MassARRAY Analyzer

4 system (Sequenom). Every spectrum was analyzed using

Typer 4.0 software (Sequenom) for mutation. Putative muta-

tions were filtered by manual review.

MSI and EMAST analysis

MSI detection was conducted as previously described [14].

Five reference microsatellite markers (D5S345, D2S123,

BAT25, BAT26, and D17S250) were used according to the

international criteria for MSI determination [15]. Primer

sequences of the genes were acquired from GenBank (https://

blast.ncbi.nlm.nih.gov/Blast.cgi). MSI-H was defined as

instability in C 2 loci of the five markers, whereas MSI-L and

MSS were defined as one loci instability and no evidence of

instability, respectively. EMAST detection was performed

similarly. Five reference microsatellite markers (D20S82,

D20S85, D8S321, D9S242, and MYCL1) were used. Primer

sequences of genes were obtained from GenBank (https://

blast.ncbi.nlm.nih.gov/Blast.cgi). Specimens with at least one

loci instability were EMAST positive. Analysis was per-

formed twice if the results were equivocal.

Statistical analysis

All statistical analyses were conducted using IBM SPSS

Statistics for Windows, version 22 (IBM Corp., Chicago,

IL, USA). Categorical variables were compared using the

Chi-squared test and Fisher’s test, whereas continuous

variables were analyzed using the t-test. Kaplan–Meier

method was used for survival analysis. All relatively sig-

nificant prognostic factors in univariate analysis (P\ 0.2)

were applied to multivariate analysis using Cox regression

with the forward-selection method. P values\ 0.05 were

considered statistically significant.

Results

Patient characteristics

The mean age was 71.7 ± 11 years, and the mean follow-

up time was 66 months (range 1–163); the dropout num-

bers are shown in Fig. 1. Totally, 361 men (70.9%) and

148 women (29.1%) were enrolled. Patients characteristics

are presented in Table 1. Most patients (477, 93.7%) had

pT3 tumors, and 32 (6.3%) had pT4 tumors. Poorly dif-

ferentiated histology was observed in 21 patients (4.1%),

while 487 (95.7%) had mild or moderate differentiation.

Totally, 486 cases (95.5%) had B 50% MC while 21

(4.1%) had[ 50%. In all, 39 (7.7%) patients had LVI and

11 (2.2%) had PNI. Eighty-two (16.1%) patients received

adjuvant chemotherapy, including oral chemotherapy in 35

(6.9%) and FOLFOX treatment in 47 (9.2%).

MSI-H was diagnosed in 68 patients (13.4%), and 65

(12.8%) had EMAST high. Six patients (1.2%), 192

(37.7%), and 23 (4.52%) had AKT1, KRAS, and BRAF

mutations, respectively. Totally, 156 patients (30.65%) had

APC mutations, whereas 160 (31.43%) had TP53 mutation.

Seventy-four patients (14.54%) had PIK3CA mutation.

Nine patients (1.77%) and 59 patients (11.6%) developed

LR and DR, respectively.

Univariate analysis

Many variables were used for univariate analysis of OS,

CSS, DFS, LR, and DR (Table 2). For OS, univariate

analysis demonstrated that older age (P\ 0.001), female

sex (P = 0.039), high postoperative CEA levels

(P = 0.029), MC[ 50% (P = 0.001), and AKT1 mutation

(P = 0.006) were significant prognostic factors. For CSS,

Fig. 1 Five-year overall survival and numbers at risk for all patients
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female sex (P = 0.03), MC[ 50% (P\ 0.001), KRAS

mutation (P = 0.046), HRAS mutation (P = 0.045), and

AKT1 mutation (P = 0.001) were significant for prognosis.

For DFS, preoperative CEA level (P = 0.049), LVI

(P = 0.001), MC[ 50% (P = 0.003), and EMAST-H

(P = 0.039) were significant prognostic factors. There was

no significant risk factor for LR (Table 3). However, sig-

nificant risk factors for DR were LVI (P = 0.002), MC[
50% (P = 0.01), AKT1 mutation (P = 0.037), and TP53

mutation (P = 0.036).

Multivariate analysis

Relatively significant (P\ 0.2) prognostic factors on uni-

variate analysis were used for multivariate analysis

(Table 4). For OS, multivariate analysis confirmed that

older age (P\ 0.001) and MC[ 50% (P = 0.003) were

significant. For CSS, female sex (P = 0.004), MC[ 50%

(P = 0.005), and AKT1 mutation (P = 0.003) were sig-

nificant. For DFS, preoperative CEA C 5 mg/dL

Table 1 Patients clinicopathological features (N = 509)

Characteristic No %

Age 71.7 ± 11 (Year-

old)

Gender

Male 361 70.9

Female 148 29.1

Follow-up time 65.96 ± 36.18

(1–163)

(Months)

Tumor location

Right-side colon (proximal to

splenic flexure)

148 29.1

Left side colon (distal to splenic

flexure)

230 45.2

Rectum 131 25.7

pT stage

pT3 477 93.7

pT4 32 6.3

Preoperative CEA level

\ 5 mg/dl 337 66.2

C 5 mg/dl 160 31.4

NA 12 2.4

Postoperative CEA level

\ 5 mg/dl 252 49.51

C 5 mg/dl 18 3.54

NA 239 46.95

Adjuvant C/T

Nil 427 83.9

Oral C/T (tegafur, capecitabine) 35 6.9

FOLFOX 47 9.2

pT stage versus adjuvant C/T

pT3 without C/T 412 80.9

pT3 with oral C/T 32 6.3

pT3 with FOLFOX 33 6.5

pT4 without C/T 15 2.9

pT4 with oral C/T 3 0.6

pT4 with FOLFOX 14 2.8

Pathological features

Lymphovascular invasion 39 7.7

Perineural invasion 11 2.2

Inflammation around the tumor 95 18.7

Tumor differentiation

Mild ? moderate 487 95.7

Poor 21 4.1

NA 1 0.2

Mucinous component

C 50% 486 95.5

[ 50% 21 4.1

NA 2 0.4

MSI-H 68 13.4

EMAST-H 65 12.8

MSI-H and EMAST-H 41 8.1

Table 1 continued

Characteristic No %

APC pathway 286 56.2

APC 156 30.65

TP53 160 31.43

FBXW7 44 8.64

SMAD4 pathway 41 8.06

SMAD4 19 3.73

TGFbR 23 4.52

PI3K pathway 83 16.31

PIK3CA 74 14.54

PTEN 4 0.79

AKT1 6 1.18

RAS-RAF pathway 229 44.99

BRAFV600E 23 4.52

KRAS 192 37.72

HRAS 11 2.16

NRAS 19 3.73

Total recurrence 66 12.97

Local recurrence 9 1.77

Distant recurrence 59 11.6

Liver recurrence 22 4.32

Lung recurrence 30 5.89

Bone recurrence 1 0.20

Peritoneal recurrence 9 1.77

Other recurrence 6 1.18

CEA serum carcinoembryonic antigen, C/T chemotherapy, FOLFOX

5-fluorouracil/leucovorin/oxaliplatin, MSI microsatellite instability,

EMAST elevated microsatellite alterations at selected tetranucleotides

3210 World J Surg (2019) 43:3207–3215

123



(P = 0.043), LVI (P = 0.001), MC[ 50% (P = 0.001),

and EMAST-H (P = 0.017) were significant. LVI

(P = 0.001), MC[ 50% (P = 0.003), and TP53 mutation

(P = 0.009) were significant for DR.

Discussion

In this retrospective study, multivariate analysis revealed

that MC[ 50% was important for OS and CSS, and

MC[ 50% and LVI were significant poor prognostic

factors for DFS and DR.

Table 2 Univariate analysis of prognostic factors for overall survival, cancer-specific survival, and disease-free survival

Characteristics Overall survival Cancer-specific survival Disease-free survival

HR CI P value HR CI p value HR CI P value

Age ([mean/\mean) 3.985 2.587–6.138 \ 0.001 1.513 0.867–2.641 0.145 0.888 0.547–1.439 0.629

Gender (male/female) 1.544 1.021–2.334 0.039 2.209 1.078–4.526 0.03 0.935 0.557–1.57 0.8

Preoperative CEA (C5 mg/dl/\ 5 mg/

dl)

1.234 0.862–1.765 0.25 1.672 0.958–2.918 0.07 1.661 1.002–2.754 0.049

Postoperative CEA (C5 mg/dl/

\ 5 mg/dl)

2.107 1.079–4.115 0.029 0.485 0.066–3.568 0.477 1.702 0.603–4.807 0.315

Adjuvant C/T

Nil 1 – 0.063 1 – 0.67 1 – 0.354

Oral C/T (tegafur, capecitabine) 0.33 0.105–1.038 0.058 0.547 0.133–2.258 0.404 1.2 0.478–3.0 0.7

FOLFOX 0.638 0.35–1.16 0.141 1.11 0.5–2.47 0.81 1.64 0.83–3.23 0.15

Pathological features

LVI (±) 0.929 0.472–1.831 0.832 0.982 0.354–2.724 0.973 2.781 1.487–5.201 0.001

PNI (±) 0.318 0.044–2.28 0.254 0.818 0.113–5.92 0.842 2.063 0.647–6.575 0.221

Inflammation around the tumor (±) 1.22 0.798–1.865 0.359 1.053 0.529–2.096 0.884 0.963 0.515–1.8 0.906

Mucinous component ([50%/

B 50%)

2.611 1.468–4.644 0.001 4.481 2.108–9.529 \ 0.001 3.274 1.494–7.176 0.003

Tumor differentiation (poor/

well ? moderate)

0.466 0.148–1.468 0.192 0.417 0.058–3.021 0.387 0.744 0.182–3.041 0.681

MSI-H (±) 0.652 0.36–1.184 0.16 0.694 0.276–1.745 0.438 0.654 0.283–1.514 0.322

EMAST-H(±) 0.688 0.388–1.221 0.201 0.659 0.262–1.656 0.375 0.295 0.093–0.939 0.039

MSI-H and EMAST-H(±) 0.679 0.344–1.341 0.265 0.595 0.185–1.913 0.384 0.322 0.079–1.315 0.115

RAS-RAF pathway (involve/else) 1.164 0.825–1.643 0.387 1.684 0.978–2.9 0.06 1.379 0.851–2.235 0.193

KRAS (±) 1.238 0.873–1.757 0.231 1.731 1.01–2.967 0.046 1.395 0.858–2.269 0.18

BRAFV600E (±) 1.218 0.568–2.613 0.613 1.258 0.392–4.037 0.7 1.416 0.515–3.893 0.5

HRAS (±) 1.208 0.492–2.964 0.681 2.853 1.025–7.938 0.045 1.937 0.607–6.182 0.264

NRAS (±) 0.594 0.189–1.867 0.373 0.987 0.24–4.056 0.985 0.825 0.202–3.372 0.789

PI3K-AKT pathway (involve/else) 1.007 0.631–1.607 0.977 1.388 0.715–2.697 0.333 0.827 0.409–1.67 0.596

PIK3CA (±) 0.859 0.516–1.432 0.561 1.044 0.492–2.216 0.91 0.69 0.315–1.51 0.353

PTEN (±) NA NA NA NA NA NA NA NA NA

AKT1 (±) 4.024 1.484–10.912 0.006 6.958 2.166–22.355 0.001 3.997 0.977–16.35 0.054

SMAD pathway (involve/else) 0.96 0.517–1.782 0.896 0.905 0.326–2.51 0.848 0.538 0.169–1.715 0.295

SMAD4 (±) 0.735 0.272–1.99 0.545 0.473 0.065–3.426 0.459 0.381 0.053–2.748 0.339

TGFb (±) 1.013 0.472–2.177 0.973 1.201 0.373–3.86 0.759 1.518 0.929–2.48 0.096

APC pathway (involve/else) 1.119 0.79–1.584 0.527 1.415 0.811–2.47 0.222 1.096 0.672–1.786 0.714

APC (±) 0.967 0.658–1.421 0.863 1.39 0.792–2.44 0.252 0.949 0.556–1.617 0.846

TP53 (±) 0.982 0.676–1.426 0.924 1.034 0.581–1.842 0.909 1.518 0.929–2.48 0.096

FBXW7 (±) 1.501 0.889–2.533 0.128 1.38 0.59–3.227 0.458 0.854 0.343–2.127 0.735

HR hazard ratio, CI confident ratio, LVI lymphovascular invasion, PNI perineural invasion, NA not available, ? mutant type, - wild type, CEA

serum carcinoembryonic antigen, C/T chemotherapy, FOLFOX 5-fluorouracil/leucovorin/oxaliplatin, MSI microsatellite instability, EMAST

elevated microsatellite alterations at selected tetranucleotides
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In our study, 37.7% had KRAS mutation, similar to

previous studies [16, 17]. KRAS mutation is a poor prog-

nostic factor for CSS on univariate analysis (P = 0.046),

but it does significantly influence OS or DFS. The pre-

dictive role of KRAS mutation has been diverse [6, 16, 18].

The conflicting results were owing to different patient

populations. The prevalence rate of BRAF mutation in our

study is 4.52%, but it was not a significant prognostic

factor for oncological outcomes. BRAF mutation causes

2.25 times higher mortality than wild-type BRAF in CRC

[19], and the effect of BRAF mutation has been reported

more than that of KRAS mutation [17]. Hence, the influ-

ence of BRAF mutation is more apparent in stage III or IV

CRC, but not in stage I and II CRC. Accordingly, KRAS

and BRAF mutations were not significant high-risk factors

for stage II CRC.

The PI3K/AKT/mTOR cascade is an alternative path-

way for carcinogenesis, with increasing data implicating its

importance in CRC [20]. AKT1 is a bridge between PI3Ks

and mTORs, but only a few studies have mentioned its

Table 3 Univariate analysis of risk factors for local recurrence and distant recurrence

Characteristics Local recurrence Distant recurrence

HR CI P value HR CI P value

Age (Cmean/\mean) 1.079 0.289–4.028 0.91 0.81 0.486–1.35 0.419

Gender (male/female) 0.555 0.149–2.068 0.38 0.995 0.571–1.731 0.985

Preoperative CEA (C5 mg/dl/\ 5 mg/dl) 1.019 0.254–4.077 0.979 1.663 0.972–2.845 0.064

Postoperative CEA (C5 mg/dl/\ 5 mg/dl) NA NA NA 1.957 0.687–5.57 0.208

Adjuvant C/T

Nil 1 – 0.115 1 – 0.71

Oral C/T (tegafur, capecitabine) 0.5 0.96–25.67 0.056 1.03 0.371–2.86 0.96

FOLFOX 3.0 0.58–15.73 0.188 1.38 0.65–2.92 0.403

Pathological features

LVI (±) 1.493 0.187–11.94 0.706 2.869 1.489–5.528 0.002

PNI (±) NA NA NA 2.329 0.728–7.451 0.154

Inflammation around tumor (±) 1.284 0.267–6.182 0.755 0.994 0.516–1.914 0.985

Mucinous ([50%/ B 50%) 3.255 0.406–26.078 0.266 3.051 1.31–7.105 0.01

Tumor differentiation (poor/well ? moderate) NA NA NA 0.837 0.204–3.431 0.805

MSI-H (±) 0.85 0.106–6.805 0.878 0.604 0.242–1.511 0.281

EMAST-H (±) NA NA NA 0.334 0.104–1.066 0.064

MSI-H and EMAST-H (±) NA NA NA 0.362 0.088–1.484 0.158

RAS-RAF pathway (involve/else) 1.029 0.276–3.835 0.965 1.54 0.922–2.57 0.099

KRAS (±) 1.414 0.38–5.269 0.605 1.502 0.9–2.508 0.119

BRAFV600E (±) NA NA NA 1.604 0.581–4.429 0.361

HRAS (±) NA NA NA 2.172 0.678–6.957 0.192

NRAS (±) NA NA NA 0.928 0.227–3.805 0.918

PI3K-AKT pathway (involve/else) 1.502 0.312–7.237 0.612 0.699 0.318–1.54 0.375

PIK3CA (±) 1.685 0.35–8.114 0.515 0.533 0.213–1.332 0.178

PTEN (±) NA NA NA NA NA NA

AKT1 (±) NA NA NA 4.507 1.099–18.486 0.037

SMAD pathway (involve/else) NA NA NA 0.606 0.19–1.937 0.398

SMAD4 (±) NA NA NA 0.426 0.059–3.080 0.398

TGFb (±) NA NA NA 0.736 0.18–3.015 0.67

APC pathway (involve/else) 0.231 0.048–1.116 0.068 1.373 0.81–2.329 0.24

APC (±) 0.297 0.037–2.38 0.253 1.127 0.625–1.946 0.669

TP53 (±) 0.617 0.128–2.971 0.547 1.735 1.038–2.902 0.036

FBXW7 (±) NA NA NA 0.97 0.388–2.426 0.949

HR hazard ratio, CI confident ratio, LVI lymphovascular invasion, PNI perineural invasion, NA not available, ? mutant type, - wild type, CEA

serum carcinoembryonic antigen, C/T chemotherapy, FOLFOX 5-fluorouracil/leucovorin/oxaliplatin, MSI microsatellite instability, EMAST

elevated microsatellite alterations at selected tetranucleotides
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predictive role in CRC owing to its low prevalence [21]. In

our study, only six patients had AKT1 mutation, and four

of them died of CRC. Although AKT1 mutation was a

significantly poor prognostic factor, the number of cases

was small. Nevertheless, more studies are needed to

investigate the importance of AKT1 in CRC, although

several clinical trials of AKT inhibitors for CRC are

ongoing [22].

Characteristics of patients with MSI-H include right-

side colon predominance, young age, poor differentiation,

mucinous cell type, and better prognosis [14, 23]. Patients

with MSI-H stage II CRC do not benefit from adjuvant

5-FU chemotherapy [24]. In our study, MSI-H did not

influence any oncological outcomes in stage II CRC. As the

prevalence rate of CRC (13.36%) was similar to that in

other studies, the significance of MSI-H is probably

regional (stage III) or systemic (stage IV). EMAST in our

study was not a significant prognostic factor, even when

combining analysis with MSI status. The result differs from

previous results [25, 26], mainly considering the preva-

lence. In Western countries, EMAST-H was observed in

23–50% of CRC [27], whereas about 37% of patients with

CRC presented EMAST-H in Japan [28]. However, only

13% of patients had EMAST-H in this study, probably

owing to racial differences or different populations. In

summary, the predictive role of EMAST in stage II disease

is still controversial, and further investigation is needed.

MC[ 50% is mucinous adenocarcinoma, a subtype of

adenocarcinoma. MC[ 50% is observed in advanced

stage disease and associated with poor survival [29, 30].

However, a previous large cohort study with[ 1000

patients revealed that MC was an insignificant prognostic

factor for stage II and III CRC after curative surgery [31].

In our study, for localized CRC, MC was a poor prognostic

factor for OS, CSS, and DFS and risk factor for DR, similar

to another large cohort study [32]. Adjuvant chemotherapy

or close follow-up should be performed for stage II CRC

patients with MC[ 50%. Additionally, LVI has known

prognostic significance [33–35], and our study confirmed

this finding. CRC with LVI is associated with a higher risk

of recurrence, so adjuvant chemotherapy should be per-

formed for stage II CRC [36]. In our hospital, this concept

is acceptable for most doctors.

In addition to molecular patterns, there are other possi-

ble biomarkers for predicting oncological outcomes of

stage II CRC. Circulating tumor DNA is used for screening

and diagnosis [37], treatment, and post-treatment moni-

toring [38]. However, the extraction procedure and cutoff

value are not standardized. Besides, high Ki-67 expression

was also associated with low pT, pN stage of CRC [39] but

the good prognostic effect of Ki-67 was more significant in

stage IV rather than in stage I, and II CRC [40]. Micro-

RNAs are biomarkers for CRC, but their clinical applica-

tion is still not conclusive [41]. Blood miR141 and tissue

miR21, mRi181a, miR224, and miR226 were significant

prognostic factors for CRC [42]. Moreover, tumor-infil-

trating lymphocytes were good prognostic factors for CRC

and predictor of the immunotherapy effect [43, 44].

However, we did not examine the above biomarkers, and

these biomarkers have possible interactions with genes in

the current study. Hence, further investigations are needed.

It was histopathological finding rather than most mutant

genes that influence the prognosis of localized CRC in our

study. With increased rates of screening colonoscopy, early

CRC is more frequently found. After radical resection,

histopathological results remain important references for

treatment, even in the era of molecular oncology.

This study has some strengths. We evaluated many

genes, the MSI/EMAST status, histopathology, and clinical

data in a relatively large number of patients. Despite being

a retrospective study, real-world data are presented. How-

ever, some limitations should be considered. We could not

avoid retrospective bias. Only observational data were

provided, but the effects of adjuvant chemotherapies were

Table 4 Multivariate analysis of risk factors for overall survival, cancer-specific survival, disease-free survival, and distant recurrence

Characteristics Overall survival Cancer-specific survival Disease-free survival Distant recurrence

HR CI P value HR CI P value HR CI P value HR CI P value

Age (CM/\M) 3.049 1.812–5.131 \ 0.001

Gender (M/F) 3.855 1.545–9.617 0.004

Preoperative CEA

(C5 mg/dl/\ 5 mg/

dl)

1.688 1.016–2.804 0.043

LVI (±) 3.219 1.661–6.24 0.001 3.166 1.589–6.312 0.001

Mucinous component

([50%/ B 50%)

2.76 1.412–5.396 0.003 3.227 1.428–7.29 0.005 4.014 1.812–8.892 0.001 3.639 1.55–8.547 0.003

EMAST-H (±) 0.241 0.075–0.777 0.017

AKT1 (±) 8.848 2.143–36.53 0.003

TP53 (±) 2.048 1.196–3.507 0.009

HR hazard ratio, CI confident ratio, LVI lymphovascular invasion, ? : mutant type, - wild type

World J Surg (2019) 43:3207–3215 3213

123



not excluded. We also did not conduct multivariate anal-

ysis for LR, because no variables reached significance on

univariate analysis. Furthermore, some data were lack,

including CpG island methylator phenotype, comorbidities,

performance status, leakage, and postoperative infection.

In conclusion, MSI, EMAST, and KRAS and BRAF

mutations did not influence OS, CSS, and DFS of patients

with stage II CRC. LVI and MC were significant prog-

nostic factors for DFS and DR, while MC was significant

for OS and CSS. Thus, histopathology, rather than genes,

plays a major role in the prognosis of patients with stage II

CRC.
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