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Abstract
Purpose Recently, several reports have suggested that tumor location serves as a prognostic biomarker in advanced colorectal
cancer. However, the prognostic implication of tumor location in patients with early-stage colorectal cancer remains unclear. This
study was aimed to examine the prognostic implication of tumor location in patients with early-stage colorectal cancer.
Methods Patients with stage I and low-risk stage II colorectal cancer, treated with radical surgery in a hospital setting between
May 2003 and September 2014, were retrospectively reviewed. Patients who underwent (neo) adjuvant chemotherapy and/or
radiotherapy and whose microsatellite instability (MSI) status was lacked were excluded. Distal colon cancer was defined as
tumors located from the splenic flexure colon to the sigmoid colon.
Results A total of 712 patients were included in this study. Of these patients, 23 (3.2%) had a recurrence at a median follow-up
time of 46 months. The tumor recurrence rate was significantly low in patients with proximal colon cancer. In the multivariate
analysis, tumors located in the distal colon or rectum (distal colon, hazard ratio [HR] 9.213, P = 0.035; rectum, HR 15.366, P =
0.009) and T3 tumors (HR 4.590, P = 0.017) were related to tumor recurrence. A higher prevalence of tumor recurrence was
found in patients with two recurrence factors than those who had only one factor or none (P < 0.001).
Conclusions Tumor location, as well as T stage, had prognostic implication in patients with early-stage colorectal cancer.
Validation of our results is needed in a large cohort with genetic characterization.
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Introduction

The incidence of colorectal cancer (CRC) has been rapidly
increasing in several Asian countries, including Korea,
China, Japan, and Singapore [1–3]. In Korea especially, the
age-adjusted CRC incidence ranked the highest among other
Asian countries, with CRC being the second most common
cancer in males and the third most common cancer in females
presently in this country [1]. Despite this sharply increasing
trend of CRC incidence, the survival rate of CRC patients in

Korea has increased from 50% before 2000 to 70% between
2004 and 2008 [4]. This increase in survival might be due to
the high rates of screening and early detection by the nation-
wide CRC screening and detection program, as well as the
development of more advanced therapeutic chemo-agents.

Surgical R0 resection is the only curative treatment for
early-stage (I–II) CRC, althoughmultimodal treatment includ-
ing surgery, chemotherapy, and radiotherapy is the main ther-
apeutic choice for advanced CRC. The 5-year overall survival
rate has been reported to be as high as 90% after R0 resection
of the primary tumor in patients with localized CRC [5].
However, tumor recurrence can occur after curative resection.
The cumulative local recurrence rate in patients with early-
stage CRC was reported to be up to 11% and the cumulative
rate of distant metastasis was as high as 21% [6]. Several
guidelines recommend adjuvant chemotherapy for reducing
tumor recurrence after curative surgery when patients have
stage II CRC with well-known poor prognostic factors such
as a T4 tumor, poorly differentiated histology, lymphatic/
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vascular/perineural invasion, obstruction, perforation, and
suboptimal lymph node sampling [7, 8]. However, there is
no level I evidence regarding the use of adjuvant therapy for
stage II CRC patients with these clinicopathologic risk factors.
In addition, other factors associated with prognosis in patients
with early-stage CRC remain unclear.

Recently, several reports suggested that tumor location,
analyzed from the different embryological origins, may serve
as a prognostic biomarker [9–13]. However, these studies
mainly investigated patients with advanced stage CRC and
there is paucity in the literature on the prognostic implications
of tumor location in patients with early-stage CRC. In this
study, we aimed to investigate primary tumor location as a
prognostic factor in patients with early-stage CRC andwithout
the clinicopathologic risk factors commonly associated with
tumor recurrence.

Patients and methods

Patients

We retrospectively reviewed the records of consecutive pa-
tients who underwent curative resection for final stage I–II
CRC between May 2003 and September 2014 at Seoul
National University Bundang Hospital, a tertiary-referral hos-
pital in Korea. The inclusion criteria for this study were as
follows: (i) patients who underwent radical surgery including
D2 or D3 lymphadenectomy for CRC and (ii) the tumor was
pathologically confirmed as adenocarcinoma with stage I, or
stage II with no risk factors for recurrence according to the
National Cancer Comprehensive Network (NCCN) guidelines
[7]. Patients who underwent (neo) adjuvant chemotherapy
and/or radiotherapy, as well as those without a clear microsat-
ellite instability (MSI) status, were excluded. Surgery for CRC
was performed with curative intent by qualified, experienced
colorectal surgeons (D-W Kim, H-K Oh, and S-B Kang).

Clinicopathologic data

Tumor recurrence was determined by histologic or radiologic
findings. Recurrence-free survival was determined from the
date of radical surgery to the date of detection of the local
recurrence or distant metastasis, the last follow-up, or death.
All patients were routinely followed up according to our post-
operative surveillance protocol for CRC, which was described
in one of our previous reports [14].

Patients were classified into three groups according to
the embryological origin of the tumor location, based on
previous reports [9, 11]. Proximal colon cancer (PCC)
was defined as the tumor located from the cecum to the
transverse colon, and distal colon cancer (DCC) was de-
fined as tumors located from the splenic flexure colon to

the sigmoid colon. Rectal cancer was defined as tumors
located within 15 cm from the anal verge.

The MSI status was determined from tumor specimens
after surgical resection with five markers (BAT 25, BAT 26,
D2S123, D5s346, and D17S250), which were recommended
by a National Cancer Institute workshop on MSI [15]. MSI-
high was determined as whenMSI was present in two or more
of the five markers, whereas MSI-low was only if one marker
showed instability. Microsatellite status-stable (MSS) was de-
termined if no marker showed evidence of MSI.

Statistics

Categorical variables were analyzed using either the chi-
square test or Fisher’s exact test. Continuous and non-
normally distributed data are presented as the median values
(with the interquartile range, IQR) and were analyzed using
the Mann-Whitney U test. Analysis of the variables affecting
tumor recurrence was conducted using both univariate and
multivariate Cox proportional-hazard regression analysis.
Recurrence-free survival was compared using the Kaplan-
Meier survival curve and the log-rank test. A P value less than
0.05 was considered indicating a statistically significant dif-
ference. Statistical analyses were performed using SPSS soft-
ware (ver. 21.0) for Windows (IBM Corporation, Armonk,
NY, USA). This retrospective study was approved by the
Ethics Review Board at our institution (SNUBH IRB No.
B-1709-420-110).

Results

Baseline characteristics

A total of 3809 patients were confirmed as having colorectal
adenocarcinoma between May 2003 and September 2014 at
Seoul National University Bundang Hospital. Of those, 1685
patients were confirmed as having adenocarcinoma with path-
ologic stage I or II after radical surgery. Among these patients,
712 were included in this study after excluding patients who
underwent preoperative chemoradiotherapy (n = 757), those
who had stage II cancer with one or more risk factors (n =
53), and those who lacked a defined MSI status (n = 163).

The rate of tumor recurrence was 3.2% (23/712) with a
median follow-up time of 46 months (interquartile range,
28–74 months). Among the study patients, 29.8% (n = 212)
had PCC, 33.7% (n = 240) had DCC, and 36.5% (n = 260) had
rectal cancer (Table 1). The median tumor size was larger in
the recurrence group than in the non-recurrence group (2.9 cm
[IQR 2.0–4.5 cm] vs. 4.0 cm [2.5–6.0 cm], P = 0.026). Tumor
recurrence occurred in 2.4 and 5.4% of patients with stages I
and II, respectively, but there was no statistically significance
in this difference (P = 0.056). There was no colonic
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obstruction, perforation, or insufficient lymph nodes found in
patients with stage I cancer.

Factors associated with tumor recurrence

In the univariate Cox regression analysis, distal colon cancer,
rectal cancer, and T3 stage were associated with tumor recur-
rence. In the multivariate Cox regression analysis using fac-
tors with P values ≤ 0.1 from the univariate analysis, tumor
location (DCC, hazard ratio [HR] = 9.213, 95% confidence
interval [CI] = 1.167–72.995, P = 0.035; rectal cancer, HR =
15.366, 95% CI = 1.960–120.473, P = 0.009), as well as T3
stage (HR = 4.590, 95% CI = 1.409–14.954, P = 0.017), was
independently associated with tumor recurrence (Table 2).

Recurrence-free survival was significantly longer in patients
with PCC than in those with either DCC or rectal cancer (log-
rank, P = 0.026). T3 tumor status had a significantly higher
tumor recurrence rate than T1 and T2 tumors (log-rank, P =
0.044) (Fig. 1). Moreover, patients with two recurrence-
associated factors had more frequent tumor recurrence than
those who had only one or no factor (P < 0.001) (Fig. 2).
Patients with PCC and either T1 or T2 cancer had no tumor
recurrence, in contrast to patients with one risk factor such as
DCC, rectal cancer, or T3 tumor having tumor recurrence rates
of 2.7% (13/461), as well as patients with two risk factors,
who had a tumor recurrence rate of 8.8% (10/104).

MSI status of the study patients revealed MSS in 592
patients (83.1%), MSI-low in 54 patients (7.6%), and

Table 1 Patient baseline
characteristics No recurrence

(n = 689)

Recurrence

(n = 23)

P value

Age, median (IQR), year 67 (58–74) 64 (51–74) 0.396

Sex 0.084

Men 410 (95.8) 18 (4.2)

Women 279 (98.2) 5 (1.8)

BMI, median (IQR), kg/m2 23.5 (21.8–25.5) 23.9 (21.8–26.5) 0.292

Preoperative CEA, ng/dL 0.677

≤ 5 640 (96.8) 21 (3.2)

> 5 49 (96.1) 2 (3.9)

Preoperative EMR 0.402

No 637 (96.5) 23 (3.5)

Yes 52 (100) 0 (0)

Tumor location 0.019

Proximal colon (A–T) 211 (99.5) 1 (0.5)

Distal colon (SF–S) 231 (96.3) 9 (3.8)

Rectum 247 (95.0) 13 (5.0)

Operation method 0.293

Laparoscopy 548 (97.2) 16 (2.8)

Open 141 (95.3) 7 (4.7)

Tumor size, median (IQR), cm 2.9 (2.0–4.5) 4.0 (2.5–6.0) 0.026

Stage 0.056

1 498 (97.6) 12 (2.4)

2 191 (94.6) 11 (5.4)

T stage 0.069

1 275 (98.2) 5 (1.8)

2 223 (97.0) 7 (3.0)

3 191 (94.6) 11 (5.4)

MSI status 0.156

MSS/MSI-low 623 (96.4) 23 (3.6)

MSI-high 66 (100) 0 (0)

Continuous variables presented as median (IQR) and analyzed by means of Mann-Whitney U test. Categorical
variables presented as number (%) and analyzed by means of Chi-square test or Fisher’s exact test

A, ascending colon; BMI, body mass index; CEA, carcinoembryonic antigen; EMR, endoscopic mucosal resec-
tion; IQR, interquartile range; MSI, microsatellite instability; MSS, microsatellite stable; T, tumor; S, sigmoid
colon; SF, splenic flexure colon; SD, standard deviation
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MSI-high in 66 patients (9.3%). PCC had a significantly
higher rate of MSI-high tumors (PCC vs. DCC vs. rectal
cancer; 22.6 vs. 4.2 vs. 3.1%, respectively, P < 0.001). All
patients with MSI-high did not have tumor recurrence, in
contrast to a tumor recurrence rate of 3.6% (23/647) in
patients with MSI-low/MSS tumor, although this differ-
ence was not statistically significant (P = 0.156).

Characteristics and clinical course of the patients who
had tumor recurrence

All recurrences were distant metastases, except for one male
patient, who experienced local tumor recurrence after lower

anterior laparoscopic resection for rectal cancer, located 4 cm
from the anal verge (Table 3). In this patient, pathologic ex-
amination of the surgical specimen showed pT2N0 stage, with
moderate differentiated histology, and no lymphatic/perineu-
ral/vascular invasion. Resection margin was clear (distal re-
section margin 8 mm, circumferential resection margin
2 mm). Recurrence in a pelvic lateral lymph node was found
17 months post-surgery on abdomen and pelvis computed
tomography, without elevation of carcinoembryonic antigen
(CEA) levels. This patient underwent surgery for the metasta-
tic pelvic nodule and was administered postoperative chemo-
radiotherapy, followed by adjuvant chemotherapy. He has
been recurrence-free for 58 months after adjuvant

Table 2 Univariate and multivariate Cox regression analyses of the study patients for tumor recurrence factors after curative resection

Univariate Multivariate
HR (95% CI) P value HR (95% CI) P value

Age, year < 70 Ref. 0.603

≥ 70 1.245 (0.545–2.840)

Sex Women Ref. 0.089 Ref. 0.115

Men 2.363 (0.877–6.365) 2.242 (0.823–6.109)

BMI, kg/m2 < 25 Ref. 0.618

≥ 25 1.244 (0.527–2.937)

Preoperative CEA, ng/dL < 5 Ref. 0.698

≥ 5 1.332 (0.312–5.687)

Tumor size, cm < 3 Ref. 0.080 Ref. 0.690

≥ 3 2.211 (0.910–5.376) 1.216 (0.466–3.174)

Tumor location Proximal colon (A–T) Ref. 0.084 Ref. 0.028

Distal colon (SF–S) 8.238 (1.044–65.028) 0.045 9.213 (1.167–72.995) 0.035

Rectum 10.077 (1.317–77.094) 0.026 15.366 (1.960–120.473) 0.009

T stage 1 Ref. 0.055 Ref. 0.035

2 1.751 (0.556–5.518) 0.339 1.820 (0.572–5.784) 0.310

3 3.454 (1.199–9.951) 0.022 4.590 (1.409–14.954) 0.017

MSI status MSI-high Ref. 0.317

MSS/MSI-low 23.349 (0.049–11,129.116)

Factors with a P value of 0.1 or less in the univariate analysis were included in the multivariate analysis

A, ascending colon; BMI, body mass index; CEA, carcinoembryonic antigen; MSI, microsatellite instability; MSS, microsatellite stable; T, tumor; S,
sigmoid colon; SF, splenic flexure colon

Fig. 1 Recurrence-free survival
curve according to tumor location
(a) and T stage (b). RFS,
recurrence-free survival; PCC,
proximal colon cancer; DCC,
distal colon cancer
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chemotherapy. For patients with distant tumor recurrence, the
main recurring site was the lung, followed by the liver. Of the
22 patients with distant tumor recurrence, 13 patients (59.1%)
were eligible for treatment with surgical resection.

Discussion

Tumor location has recently been investigated as a marker
of treatment response and prognosis among patients with
CRC [16]. PCCs have been more frequent in older people
and women, with the initial diagnosis typically occurring
at a more advanced disease stage when compared to DCC
[9, 17–19]. PCC arises from the midgut, in contrast with
DCC, and rectal cancer arises from the hindgut [9, 11].
These differences result in a discrepancy of molecular
biology and genetic patterns of the tumor. Therefore, tu-
mor location may represent the differences in tumor char-
acteristics, such as etiology, embryology, molecular biol-
ogy, and genetic patterns between PCC and DCC.

However, conflicting results regarding tumor location and
prognosis have been reported in the literature. Sasaki et al.
[12] reported that right-sided colon cancer has longer
relapse-free survival in patients with colorectal liver metasta-
sis, which contrasts with Benedix et al. [9], who reported that
right-sided colon cancer has a worse prognosis. Lee et al. [20]
reported that the prognosis of rectal cancer was not worse than
that of colon cancer. A recent propensity-matched study by
Ishihara et al. [10] reported that the proximal tumor location of
non-metastatic colon cancer had a good prognosis in terms of
tumor recurrence, but had low cancer-specific survival if there
was a tumor recurrence, when compared with left-sided colon
cancer. Other previous studies have reported conflicting re-
sults about survival and prognosis according to tumor location

[11, 21, 22]. These previous studies were very heterogenous
among study populations such as tumor stage, treatment mo-
dality, and other oncologic risk factors. To overcome these
limitations in the present study, we included patients with
early-stage CRC without clinicopathologic risk factors that
may affect oncologic prognosis, as well as showed that tumor
location and Tstage affected prognosis; patients with PCC and
T1 or T2 cancer had no tumor recurrence. To the best of our
knowledge, this is the first study to show tumor location as a
prognostic marker for stage I and low-risk stage II CRC.

In addition, we collected and analyzed patientMSI status to
investigate if this was a possible risk factor of tumor recur-
rence. MSI status is a representative genomic carcinogenic
pathway, which differs between PCC and DCC, with many
previous studies revealing that MSI status is associated with
tumor recurrence, overall survival, and treatment response for
adjuvant chemotherapy in patients with advanced CRC
[23–25]. However, the prognostic impact of MSI status in
patients with early-stage CRC was not previously investigat-
ed. A previous study reported that lymph node metastasis was
not detected in patients with T1 CRC and MSI-high although
the association of MSI status and lymph node metastasis was
not statistically significant because of small sample size [26].
Tumor recurrence also did not occur in our patients with MSI-
high cancer, although there was no statistical difference be-
tween MSI-high cancer and MSS/MSI-low cancer. This find-
ing suggests that MSI-high status may serve as a good prog-
nostic factor, even in patients with early-stage CRC and with
no risk factors after curative resection.

The lung was the most common tumor recurrence site
followed by the liver in this study. It might be due to that the
rectum was the most common primary tumor site in patients
who had tumor recurrence (13/23, 56.3%). Advanced rectal
cancers have more chance to metastasize to the lung than
colon cancers because of the inferior rectal vein; venous drain-
age among the trimodal potential spreading systems drains
into systemic venous circulation via the inferior vena cava
rather than portal circulation [27, 28]. Our result revealed that
patients with early-stage rectal cancer also had more chance to
metastasize to the lung same as in patients with advanced
staged rectal cancer.

This study had certain limitations. First, the retrospective
design of the study could have led to some selection bias.
Second, only a small portion of this cohort had tumor recur-
rence since this study was limited to patients with early-stage
CRC. For this reason, we could not compare the overall and
cancer-specific survival in the study population. Third, other
molecular and genetic characteristics of tumors, which may
affect prognosis, were not available for analysis.

The survival benefit of adjuvant chemotherapy for stage II
patients with one or more risk factors is no more than 5% [7].
Therefore, the controversy whether to require adjuvant thera-
py in these patients is still under debate, with consideration for

Fig. 2 Recurrence-free survival curve according to the number of patient-
associated risk factors
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side effects and toxicity of the chemotherapeutic agents. The
results of the present study should not change the current
treatment strategy, since tumor recurrence rates are too low
in early-stage CRC patients. However, it is important to iden-
tify factors for recurrence in these patients who had been
regarded as contraindicated for adjuvant chemotherapy.
Well-designed, large-scale prospective future studies with tu-
mor molecular and genetic characteristics are required to clar-
ify the possibility of tumor location as a prognostic biomarker
in patients with early-stage CRC.

In conclusion, tumor location, as well as T stage, shows
prognostic implications for patients with early-stage CRC af-
ter curative resection. PCC had a better prognosis in terms of
tumor recurrence compared with DCC and rectal cancer. MSI-
high status may also be a favorable factor in patients with
early-stage and low-risk CRC.
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