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Abstract
The aim of the study was to assess apical lymph nodes (APNs) for predicting distant metastases in patients with stage
III colorectal cancer (CRC) curatively treated with FOLFOX adjuvant chemotherapy and adequate lymph node re-
trieval. We investigated the correlation between APN metastasis and clinical outcomes. This retrospective study
examined 97 patients. All patients were followed until death, loss to follow-up, or May 2017. Clinicopathological
variables, including the APN status, were assessed. Multivariate logistic regression model was used to identify the
independent risk factors for APN and distant metastases, and Cox proportional regression model was used to evaluate
the association between APN metastasis and oncologic outcomes. Multivariate analyses revealed the N2 stage as an
independent predictor of APN metastasis [P = 0.036; odds ratio (OR): 3.016; 95% confidence interval (CI): 1.076–
8.499], while APN metastasis was an independent risk factor for distant metastases (P < 0.001; OR: 13.876; 95% CI:
3.815–50.475). Furthermore, APN metastasis was an independent risk factor for poorer disease-free survival (DFS) and
overall survival (OS) (P < 0.001 and P = 0.005, respectively). The liver (31.6%) was the most common site of distant
metastases in patients with APN metastases. APN metastasis is an important prognostic factor for node-positive CRC;
it enhanced the distant metastases in patients with stage III CRC curatively treated with adequate lymph node retrieval
following FOLFOX adjuvant chemotherapy. Therefore, for patients with stage III CRC involving APN metastasis,
prospectively randomized trials are mandatory to investigate different therapeutic strategies in addition to conventional
FOLFOX adjuvant chemotherapy.
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Introduction

The tumor, node, metastasis (TNM) classification is typically
used for making treatment decisions and determining the prog-
nosis of colorectal cancer; it is the most commonly used staging
system worldwide [1]. Following distant metastasis, lymph node
metastasis is the secondmost important factor for poor prognosis
in CRC [2, 3]. A minimum of 12 lymph nodes is presently
accepted as an indicator of adequate resection considering the
associations among node yield, staging, and outcomes [4, 5].

The anatomical distribution of nodes is important, and api-
cal lymph nodes (APNs), in particular, were reported to pro-
vide prognostic information [6]. The APN can be defined as
any node within 1 cm of the main vascular pedicle ligation [6].
In the United Kingdom, the Royal College of Pathologists
recommends routine APN examination as well as detailed
examination of all lymph nodes in the tumor specimen [7].

Many studies have supported that the location of the met-
astatic lymph node has a prognostic value [8–10]. For exam-
ple, the inferior mesenteric artery lymph node metastasis in
patients with sigmoid colon or rectal cancer was used to pre-
dict para-aortic nodal recurrence [8]. Furthermore, the distri-
bution of lymph node metastasis has been reported to be an
independent predictor of overall survival (OS) in sigmoid co-
lon or rectal cancer [9, 10].

The number of positive lymph nodes is widely recognized
to be important for the prognosis of stage III CRC [11]. APN
metastasis has high potential as a prognostic factor for further
systematic metastasis and subsequent death. However, it re-
mains unclear whether APN metastasis has a prognostic value
in patients with curatively resected stage III CRC with ade-
quate lymph node retrieval after FOLFOX adjuvant chemo-
therapy. Therefore, the present study investigated the factors
that might influence APN metastasis and the role of APN
metastasis in distant metastases and prognostic significance
in the aforementioned patients.

Material and Methods

Patient Selection

This retrospective, single-institution study included a total of 106
patients with stage III CRC in whom at least 12 lymph nodes
were retrieved between June 2013 and May 2016; patients who
died because of surgery (2 patients) and who were lost to follow-
up postoperatively (7 patients) were excluded. Finally, we en-
rolled 97 patients with stage III CRC. Patients were included in
this study if they had (1) pathologically proven stage III CRC, (2)
undergone curative resection and retrieval of at least 12 lymph
nodes, (3) not received preoperative therapy, (4) undergone op-
eration by a single surgeon, and (5) received FOLFOX adjuvant
chemotherapy. The study patients underwent comprehensive

examinations, namely laboratory and chemical data analyses,
colonoscopy, and imaging studies (i.e., abdominal computed to-
mography [CT], chest X-ray, and magnetic resonance imaging)
preoperatively. All patients were followed until death, loss to
follow up, or May 2017. All clinical data were obtained with
informed consent from each patient, and the study protocol was
approved by the institutional review committee [KMUHIRB-
2012-03-02(II)].

Surgery Types

The patients selected either of the following treatments: open,
laparoscopy-assisted, or robotic (rectal cancer only) surgery.
Any gross residual tumor that did not remain in the surgical
bed is called radical (R0) resection, and the surgical resection
margin is pathologically negative for tumor invasion. All pa-
tients with middle and lower rectal tumors underwent total
mesorectal excision, and a distal clearance of at least 2 cm
from the tumor edge was performed. Adjuvant FOLFOX che-
motherapy was administered according to the cancer center
guidelines of our institution. Each FOLFOX cycle comprised
oxaliplatin (85 mg/m2) as a 2-h infusion on day 1, folinic acid
(400mg/m2) as a 2-h infusion concurrently with oxaliplatin on
day 1, and a 46-h infusion of fluorouracil (2800 mg/m2) re-
peated every 2 weeks.

Definitions of APNs and APN Metastases

During CRC resection, the lymphovascular pedicle was ligat-
ed at its origin. The ligation and division of the inferior mes-
enteric artery were flush with the aorta and above the left colic
artery for the patients with left colon, sigmoid, or rectal cancer.
For right-sided colon cancer surgery, the ligation and division
of the proximal colonic vessels were flush with the superior
mesenteric artery at the border of the duodenum and pancreas.
APNs are the lymph nodes within 1 cm from the origin of the
feeding vessels to the tumor [11]. APNmetastasis was defined
as metastasis in the highest nodes, which was identified by
slicing the mesentery serially and distally from the main vas-
cular tie [12].

Detection of Preoperative and Postoperative
Carcinoembryonic Antigen

Peripheral blood sample (3 mL) was obtained from the pa-
tients at less than 1 week preoperatively (preoperative
carcinoembryonic antigen [CEA]) and 4 weeks postoperative-
ly (postoperative CEA) [13]. An enzyme immunoassay test kit
(Beckman Coulter, Inc., Fullerton, CA, USA) was used for
determining serum CEA levels; an upper limit of 5 ng/mL
was defined as normal, according to the manufacturer’s
instructions.
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Clinicopathological Features, Postoperative
Surveillance, and Distant Metastases

The following clinicopathological features of patients were
analyzed in this study: sex; age; tumor location, size (largest
diameter), histology, grade, and stage; operative methods; in-
vasion depth (T stage); N stage; lymphovascular and perineu-
ral invasion; APN metastases status; and preoperative and
postoperative CEA levels. By lymphovascular invasion, we
mean spread of cancer cells through blood vessels including
venous or small vessels and/or lymphatics.

Right-sided cancers were defined as tumors located from
the cecum to the splenic flexure, and those located from the
splenic flexure to the sigmoid colon were defined as left-sided
cancers. Rectal cancers included tumors originating from the
rectosigmoid junction or rectum. The seven edition of the
TNM classification was used to determine the tumor stage
[14]. The guidelines of the World Health Organization was
followed for the tumor grading [15].

Postoperative surveillance involvedmedical history taking,
physical examination, and laboratory studies. Moreover, se-
rum CEA levels were determined every 3 months, abdominal
ultrasonography was performed every 6 months, and chest
radiography and abdominal or chest CTwere performed once
annually or as indicated by each patient’s clinical condition.
All patients were followed at 3-month intervals for the initial
2 years and thereafter at 6-month intervals until 5 years.
Distant metastases were defined as hematogenous or lymphat-
ic metastases to the distant organs, diffuse peritoneal seeding
or metastases in all other nonregional lymph nodes (e.g.,
interaortocaval and external iliac lymph nodes).

Statistical Analysis

Continuous variables are presented as mean ± standard devia-
tion (SD), and dichotomous variables as numbers and percent-
ages. All statistical analyses were performed using the
Statistical Package for Sciences, Version 19.0 (SPSS, Inc.,
Chicago, IL, USA). The clinicopathological characteristics
of the two groups, including four subgroups (APN metastasis
and no metastasis subgroups and distant and no distant metas-
tasis subgroups), were compared using Pearson’s chi-squared
test. Logistic regression coefficients were used to estimate the
odds ratios (OR) for each independent variable in the model.
Disease-free survival (DFS) was defined as the time from the
date of primary treatment to that of diagnosis for recurrence or
metastatic disease or the last follow-up. OS was defined as the
time from the date of primary treatment to that of death from
any cause or the last follow-up. DFS and OS were evaluated
using the Kaplan–Meier method, and the log-rank test was
used to compare time-to-event distributions. P < 0.05 was
considered statistically significant.

Results

Demographics of the Enrolled Patients

Table 1 summarizes the clinicopathological data of the
study patients (45 men, 46.4% and 52 women, 53.6%).
The median age of the patients was 64 years (11–86 years),

Table 1 The clinicopathologic characteristics of 97 stage III colorectal
cancer patients following radical resection and adequate lymph node
retrieval

Variables Number (%)

Gender

Male/Female 45 (46.4) / 52 (53.6)

Age (y/o)

≧65/<65 44 (45.4) / 53 (54.6)

Tumor location

R’t colon/L’t colon/Rectuma 24 (24.7) / 51 (52.6) / 22 (22.7)

Maximum size (cm)

≧5/<5 31 (32.0) / 66 (68.0)

T stage

T1/T2/T3/T4 5 (5.2) / 12 (12.4) / 69 (71.1) / 11 (11.3)

N stage

N1/N2 66 (68.0) / 31 (32.0)

Lymphovascular invasion

Yes/No 73 (75.3) / 24 (24.7)

Perineural invasion

Yes/No 40 (41.2) / 57 (58.8)

Histology

A/Mb 91 (93.8) / 6 (6.2)

Tumor grade

WD/MD/PDc 3 (3.1) / 80 (82.5) / 14 (14.4)

Tumor stage

IIIA/IIIB/IIIC 16 (16.5) / 57 (58.8) / 24 (24.7)

Apical L.Nd metastases

Yes/No 19 (19.6) / 78 (80.4)

Preoperative CEAe (ng/ml)

≧5/<5 32 (33.0) / 65 (67.0)

Postoperative CEAe (ng/ml)

≧5/<5 8 (8.2) / 89 (91.8)

Distant metastases

Yes/No 23 (23.7%) / 74 (76.3%)

a R’t colon: Right-sided colon was defined as cecum to splenic flexure; L’t
colon: Left-sided colon was defined as splenic flexure to sigmoid colon
bA: Adenocarcinoma; M: Mucinous carcinoma
cWD: Well differentiated; MD: Moderately differentiated; PD: Poorly
differentiated
d L.N: Lymph node
e CEA: Carcinoembryonic antigen
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and the median number of retrieved lymph nodes was 17
(12–61 lymph nodes). Moreover, 24 patients had right-
sided colon cancer (24.7%), 51 had left-sided colon cancer
(52.6%), and 22 had rectal cancer (22.7%); 73 (75.3%) and
40 (41.2%) patients had lymphovascular and perineural
invasion, respectively. Regarding tumor differentiation
grades, 3 were well-differentiated carcinomas (3.1%), 80
were moderately differentiated carcinomas (82.5%), and
14 were poorly differentiated carcinomas (14.4%).
Furthermore, 19 (19.6%) and 23 (23.7%) patients were
found to have APN metastases and postoperative distant
metastases, respectively. We followed all patients until

May 2017, with a median follow-up period of 22 months
(12–46 months).

Correlations Between Clinicopathological Features
and APN Metastases and Postoperative Distant
Metastases

Univariate analysis performed for determining the correla-
tions between the APN metastasis status and clinicopatho-
logical features of the patients revealed that only the N2
stage was significant (P = 0.031). Multivariate logistic re-
gression analysis showed that APN metastasis was

Table 2 Univariate analysis and multivariate logistic regression analysis correlations between the APN1 metastasis group and APNa non-metastasis
group among 97 stage III colorectal cancer patients with radical resection and adequate lymph node retrieval

Variables APNa metastasis APNa non-metastasis Univariate analysis Logistic analysis P-value
(n=19) (%) (n=78) (%) P-value ORb (95% CIc)

Gender

Male/Female 9(47.4)/10(52.6) 36(46.2)/42(53.8) 0.924 — —

Age (y/o)

≧65/<65 8(42.1)/11(57.9) 36(46.2)/42(53.8) 0.751 — —

Tumor location

R’t colon/L’t colon/Rectumd 4(21.1)/12(63.2)/3(15.7) 20(25.6)/39(50.0)/19(24.4) 0.569 — —

Tumor size (cm)

≧5/<5 4(21.1)/15(78.9) 27(34.6)/51(65.4) 0.256 — —

Depth of invasion

T3+T4/T1+T2 16(84.2)/3(15.8) 64(82.1)/14(17.9) 0.824 — —

N stage

N2/N1 10(52.6)/9(47.4) 21(26.9)/57(73.1) 0.031 3.016(1.076-8.499) 0.036

Lymphovascular invasion

Yes/No 16(84.2)/3(15.8) 57(73.1)/21(26.9) 0.313 — —

Perineural invasion

Yes/No 9(47.4)/10(52.6) 31(39.7)/47(60.3) 0.545 — —

Histology

M/Ae 1(5.3)/18(94.7) 5(6.4)/73(93.6) 0.852 — —

Tumor grade

PD/WD+MDf 2(10.5)/17(89.5) 12(15.4)/66(84.6) 0.589 — —

Tumor stage

IIIA/IIIB/IIIC 2(8.7)/13(56.5)/8(34.8) 14(18.9)/44(59.5)/16(21.6) 0.141 — —

Preoperative CEAg (ng/ml)

≧5/<5 5(26.3)/14(73.7) 27(34.6)/51(65.4) 0.490 — —

Postoperative CEAg (ng/ml)

≧5/<5 1(5.3)/18(94.7) 7(9.0)/71(91.0) 0.598 — —

a APN: Apical lymph node
bOR: odds ratio
c 95% CI: 95% Confidence interval
d R’t colon: Right-sided colon was defined as cecum to splenic flexure; L’t colon: Left-sided colon was defined as splenic flexure to sigmoid colon
e A: Adenocarcinoma, M: Mucinous carcinoma
fWD: Well differentiated; MD: Moderately differentiated; PD: Poorly differentiated
g CEA: Carcinoembryonic antigen
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statistically predominant in patients with N2 stage (P =
0.036, odds ratio [OR]: 3.016, 95% confidence interval
[CI]: 1.076–8.499; Table 2). As shown in Table 3, APN
metastasis (P < 0.001) was correlated to the distant metas-
tases, as observed through univariate analysis, and was also
an independent factor for distant metastases, as observed
through multivariate analysis (OR: 13.876, 95% CI:
3.815–50.475, P < 0.001). Table 4 shows the combined ef-
fect of APN and regional lymph node metastases as pre-
dictors of distant metastases; APN metastasis was

significantly more important for distant metastases than
for regional lymph node metastasis (P < 0.001).

Correlations Between APN Metastasis Status
and Stage III CRC and Metastatic Sites

As shown in Table 5, APN metastasis was not signifi-
cantly related with tumor stages in patients with stage III
CRC with adequate lymph node retrieval (P = 0.141).
The liver was the most common site of distant

Table 3 Univariate analysis and multivariate logistic regression analysis correlations between the distant metastases group and non-distant metastases
group among 97 stage III colorectal cancer patients with radical resection and adequate lymph node retrieval

Variables Distant metastases Non-distant metastases Univariate analysis Logistic analysis P-value
(n=23) (%) (n=74) (%) P-value ORa (95% CIb)

Gender

Male/Female 14(60.9)/9(39.1) 31(41.9)/43(58.1) 0.111 — —

Age (y/o)

≧65/<65 10(43.5)/13(56.5) 34(45.9)/40(54.1) 0.836 — —

Tumor location

R’t colon/L’t colon/Rectumc 6(26.1)/12(52.2)/5(21.7) 18(24.3)/39(52.7)/17(23.0) 0.983 — —

Tumor size (cm)

≧5/<5 7(30.4)/16(69.6) 24(32.4)/50(67.6) 0.858 — —

Depth of invasion

T3+T4/T1+T2 19(82.6)/4(17.4) 61(82.4)/13(17.6) 0.985 — —

N stage

N2/N1 9(39.1)/14(60.9) 22(29.7)/52(70.3) 0.398 — —

Lymphovascular invasion

Yes/No 19(82.6)/4(17.4) 54(72.9)/20(27.1) 0.350 — —

Perineural invasion

Yes/No 11(47.8)/12(52.2) 29(39.2)/45(60.8) 0.462 — —

Histology

M/Ad 1(4.3)/22(95.7) 5(6.8)/69(93.2) 0.675 — —

Tumor grade

PD/WD+MDe 2(8.7)/21(91.3) 12(16.2)/62(83.8) 0.370 — —

Tumor stage

IIIA/IIIB/IIIC 2(8.7)/13(56.5)/8(34.8) 14(18.9)/44(59.5)/16(21.6) 0.306 — —

Apical L.Nf metastases

Yes/No 12(52.2)/11(47.8) 7(9.5)/67(90.5) < 0.001 13.876(3.815-50.475) < 0.001

Preoperative CEAg (ng/ml)

≧5/<5 7(30.4)/16(69.6) 25(33.8)/49(66.2) 0.765 — —

Postoperative CEAg (ng/ml)

≧5/<5 4(17.4)/19(82.6) 4(5.4)/70(94.6) 0.068 — —

a OR: odds ratio
b 95% CI: 95% Confidence interval
c R’t colon: Right-sided colon was defined as cecum to splenic flexure; L’t colon: Left-sided colon was defined as splenic flexure to sigmoid colon
dA: Adenocarcinoma, M: Mucinous carcinoma
eWD: Well differentiated; MD: Moderately differentiated; PD: Poorly differentiated
f LN: Lymph node
g CEA: Carcinoembryonic antigen
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metastases in patients with APN metastasis receiving
FOLFOX adjuvant treatment (31.6%).

DFS and OS of APN Metastases

We further validated the clinical significance of APN metas-
tasis in DFS and OS in patients with stage III CRC. DFS
(Fig. 1) and OS (Fig. 2) were shorter in the APN metastasis
group than in the APN no metastasis group (DFS: 20.54 ±
3.82 months versus 38.97 ± 1.56 months, hazard ratio [HR]:
6.615, 95% CI: 2.930–14.934, P < 0.001 and OS: 34.32 ±
3.16 months versus 43.83 ± 0.80 months, HR: 10.563, 95%
CI: 2.044–54.588, P = 0.005).

Discussion

The present study revealed APN metastasis as a strong inde-
pendent predictor of distant metastases with a 13.9-times high
risk, and the identification of APNmetastasis through anatom-
ical classification may provide additional prognostic informa-
tion for the risk stratification of DFS and OS in patients with
stage III CRC following standard treatments. Notably, APN
metastasis was significantly more important than regional
lymph node metastasis considering distant metastases in pa-
tients with stage III CRC.

In the 1987 version of the American Joint Committee on
Cancer (AJCC) staging system, the APN status was an indi-
cator of the N3 category [16]. However, the revised version of
the TNM classification excludes this N3 category because
some clinicians found no difference in the survival of patients
with N2 and N3 tumors [17]. The number of positive nodes,
but not the topography of nodes, is considered a significant
prognostic factor [18]. Our study suggests, for stage III CRC
at least, that APN metastasis is a crucial factor in the AJCC
staging guidelines. In the current study, only the N2 stage
influenced the APN metastasis. Contrastingly, Chen et al. re-
ported a significant association of T3 and T4 stages and poor
differentiation with APN metastasis in 578 consecutive pa-
tients with CRC [19]. The difference might be that we only
focused on patients with curatively treated and adequate
lymph node-retrieved stage III CRC with subsequent
FOLFOX adjuvant chemotherapy, which is the treatment
strategy in clinical practice.

The incidence of APN metastasis in this study (19.6%) is
similar to that in a previous study [12]. Although the specific
role and prognostic value of the APN status in CRC remains
debatable [8, 20–24], most studies have reported that APN me-
tastasis is significantly associated with poor prognosis [7, 8]. Our
results indicate that APNmetastasis is an independent prognostic
factor for poor oncological outcomes in patients with stage III
CRC; however, this is not consistent with the findings of Yi et al.

Table 4 correlations between the
apical lymph nodes, regional
lymph nodes and distant
metastases among the 97 stage III
colorectal cancer patients with
radical resection and adequate
lymph node retrieval

Event Apical LN(+) /
Regional LN(+)a

Apical LN(+) /
Regional LN(-)b

Apical LN(-) /
Regional LN(+)c

P-value

(n=16) (%) (n=3) (%) (n=78) (%)

Distant metastases < 0.001

Yes / No 10 (62.5) / 6 (37.5) 2 (66.7) / 1 (33.3) 11 (14.1) / 67 (85.9)

a Apical LN(+) + Regional LN(+): Apical lymph node metastases and regional lymph node metastases
b Apical LN(+) + Regional LN(-): Apical lymph node metastases and regional lymph node no-metastases
c Apical LN(-) + Regional LN(+): Apical lymph node no-metastases and regional lymph node metastases

Table 5 Correlations between the
apical lymph nodes metastases
and tumor stage. The common
sites of distant metastases in
adequate retrieved lymph nodes
and FOLFOX adjuvant treated
stage III colorectal cancer patients
with APNsa metastases

Event Apical lymph node
metastases (+)

Apical lymph node
metastases (-)

P-value

(n=19) (%) (n=78) (%)

Stage III 0.141

IIIA 2 (10.5) 14 (18.0)

IIIB 9 (47.4) 48 (61.5)

IIIC 8 (42.1) 16 (20.5)

Distant metastatic sites

Liver 6 (31.6) 4 (5.2)

Peritoneum 3 (15.7) 3 (3.7)

Lung 1 (5.3) 4 (5.2)

Lung + Peritoneum 1 (5.3) 0 (0)

Para-aortic lymph node 1 (5.3) 0 (0)

a APNs: Apical lymph nodes
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Fig. 2 Cumulative overall survival (OS) rates for the APN metastasis
group (dotted line) and APN no metastasis group (solid line) were
analyzed using the Kaplan–Meier method, with differences compared

using the log-rank test. The APN metastasis group had a lower OS rate
than did the APN no metastasis group (HR: 10.563, 95% CI: 2.044–
54.588, P = 0.005)

Fig. 1 Cumulative disease-free survival (DFS) rates for the APN
metastasis group (dotted line) and APN no metastasis group (solid line)
were analyzed using the Kaplan–Meier method, with differences

compared using the log-rank test. The APN metastasis group had a
poorer DFS rate than did the APN no metastasis group (HR: 6.615;
95% CI: 2.930–14.934, P < 0.001)



[24]. Two reasons must be considered. First, our study included
stage III right- and left-sided colon and rectal cancers, but Yi et al.
only described stage III sigmoid colon or rectal cancer. Second,
compared with patients in Yi et al.’s study, our patients had
adequate lymph node retrieval with standard FOLFOX adjuvant
chemotherapy. According to our review of relevant literature, the
influence of APN metastasis on the distant metastases of cura-
tively resected stage III CRCwith adequate lymph node retrieval
and FOLFOX adjuvant chemotherapy has not been reported
previously. However, our results revealed a higher association
between tumors with APN metastasis and postoperative distant
metastases. Furthermore, APN metastasis was observed to be
more important than regional lymph node metastasis in the dis-
tant metastases of stage III CRC with adequate lymph node
retrieval and FOLFOX adjuvant treatment. The liver remained
the most common site of distant metastasis in patients with APN
metastasis.

Skip metastasis is an important concern that should be con-
sidered in lymph node evaluation. The location of metastatic
lymph nodes has been widely evaluated in Asia according to
the Japanese general rules for clinical and pathological studies
on cancer of the colon, rectum, and anus [25]. Skip metastases
were common in CRC specimens, with an incidence of 3.7%–
18.2% [26]. In our study, 3 (3.1%) of the 97 patients had
positive APNs without metastasis in the regional lymph
nodes. Although APN-related skip metastasis has been found
to be rare in most studies [26–28], reporting the APN status
may still be important for a more accurate staging of patients.

We acknowledge that our study involved a relatively small
number of patients. Despite this limitation, we provide valu-
able evidence for the clinical practice of oncology regarding
the importance of APN as a negative independent prognostic
factor for survival and distant metastasis. This highlights the
importance of harvesting the APN and evaluating its patholo-
gy in CRC surgery. We also revealed that patients with APN
metastasis had a poorer DFS and OS despite receiving stan-
dard FOLFOX adjuvant chemotherapy.

In conclusion, APN metastasis appears to be a strong inde-
pendent, negative prognostic factor in patients with stage III
CRC following FOLFOX adjuvant chemotherapy. High-tie
surgery and thorough extensive lymphadenectomy should be
routinely performed in surgery for patients with CRC to in-
corporate APNs for accurate staging.

Acknowledgements This study was supported by the Excellence for
Cancer Research Center Grant; Ministry of Science and Technology
(MOST105-2325-B-037-001); Ministry of Health and Welfare
(MOHW106-TDU-B-212-144007); health and welfare surcharge on to-
bacco products in Taiwan, Republic of China; and Kaohsiung Medical
University Hospital (KMUH105-5R26, KMUHS10601, KMUHS10608,
KMUHA10664). The study was also supported by the Kaohsiung
Medical University BAim for the Top 500 Universities Grant^ [KMU-
TP105C01, KMU-TP105C11, KMU-TP105A14,KMU-DK106005, and
SH000113 (Give2Asia)] and the Grant of Biosignature in Colorectal
Cancers, Academia Sinica, Taiwan.

Compliance with Ethical Standards

Conflicts of Interest The authors declare that they have no conflicts of
interest.

References

1. Kawada H, Kurita N, Nakamura F, Kawamura J, Hasegawa S,
Kotake K, Sugihara K, Fukuhara S, Sakai Y (2014) Incorporation
of apical lymph status into the seventh edition of the TNM classi-
fication improves prediction of prognosis in stage III colorectal
cancer. Br J Surg 101:1143–1152

2. Chapuis PH, Dent OF, Fisher R, Newland RC, PheilsMT, Smyth E,
Colquhoun K (1985) A multivariate analysis of clinical and patho-
logical variables in prognosis after resection of large bowel cancer.
Br J Surg 72:698–702

3. Gabriel WB, Dukes C, Busset HJR (1935) Lymphatic spread in
cancer of the rectum. Br J Surg 23:395–413

4. Malassagne B, Valleur P, Serra J, Sarnacki S, Galian A, Hoang C,
Hautefeuille P (1993) Relationship of apical lymph node involve-
ment to survival in resected colon carcinoma. Dis Colon Rectum
36:645–653

5. Cserni G, Vinh-Hung V, Burzykowski T (2002) Is there a minimum
number of lymph nodes that should be histologically assessed for a
reliable nodal staging of T3N0M0 colorectal carcinomas? J Surg
Oncol 81:63–69

6. Chafai N, Chan CLH, Bokey EL, Dent OF, Sinclair G, Chapuis PH
(2005) What factors influence survival in patients with unresected
synchronous liver metastases after resection of colorectal cancer?
Color Dis 7:176–181

7. Williams GT, Quirke P, Shepherd NA (2007) 2nd edition Standards
and datasets for reporting cancers: Dataset for colorectal cancer.
The Royal College of Pathologists, London

8. Kang J, Hur H, Min BS, Kim NK, Lee KY (2011) Prognostic
impact of inferior mesenteric artery lymph node metastasis in colo-
rectal cancer. Ann Surg Oncol 18:704–710

9. Huh JW, Kim YJ, Kim HR (2012) Distribution of lymph node
metastases is an independent predictor of survival for sigmoid colon
and rectal cancer. Ann Surg 255:70–78

10. Kobayashi H, Ueno H, Hashiguchi Y, Mochizuki H (2006)
Distribution of lymph node metastasis is a prognostic index in
patients with stage III colon cancer. Surgery 139:516–522

11. Gundara JS, Gill AJ, Hugh TJ, Samra JS (2013) Redefining the
apical lymph node at right hemicolectomy. Eur J Surg Oncol 39:
662–665

12. Green FL, Stewart AK, Norton HJ (2002) A new TNM staging
strategy for node-positive (stage III) colon cancer: an analysis of
50,042 patients. Ann Surg 236:416–421

13. Ang CW, Tweedle M, Campbell F (2011) Apical node metastasis
independently predicts poor survival in Dukes’ C colorectal cancer.
Color Dis 13:526–531

14. Sobin LH, Gospodarowicz MK, Wittekind C (2009) TNM classifi-
cation of malignant tumors, 7th edn.Wiley, New York, pp 100–105

15. Hamilton SR, Vogelstein B, Kudo S, Riboli E, Nakamura S,
Hainaut P, Rubio CA, Sobin LH, Fogt F, Winawer SJ, Goldgar
DE, Jass JR (2000) Carcinoma of the colon and rectum. In:
Hamilton SR, Aaltonen LA (eds) World Health Organization
Classification of Tumors, Pathology and Genetics of Tumors of
the Digestive System, Lyon, pp105–119

16. Sobin LH, Hermanek P, Hutter RV (1988) TNM classification of
malignant tumors. A comparison between the new (1987) and the
old edition. Cancer 61:2310–2314

912 H.-L. Tsai et al.



17. Tang R, Wang JY, Chen JS, Chang-Chien CR, Tang S, Lin SE, You
YT, Hsu KC, Ho YS, Fan HA (1995) Survival impact of lymph
node metastasis in TNM stage III carcinoma of the colon and rec-
tum. J Am Coll Surg 180:705–712

18. Suzuki O, Sekishita Y, Shiono T, Ono K, Fujimori M, Kondo S
(2006) Number of lymph node metastases is better predictor of
prognosis than level of lymph node metastasis in patients with
node-positive colon cancer. J Am Coll Surg 202:732–736

19. Chen H, Wang Y, Liu H, Hu Y, Zhao L, Li G, Chi P (2015)
Factors influencing apical node metastasis in colorectal can-
cer patients treated with laparoscopic radical resection with
D3 lymphadenectomy: results from two centers in China.
Surg Today 45:569–575

20. Vaccaro CA, Bonadeo FA, BenatiML, Quintana GM, Rubinstein F,
Mullen E, Telenta M, Lastiri JM (2004) Colorectal cancer staging:
reappraisal of N/PN classification. Dis Colon Rectum 47:66–69

21. Kim JC, Lee KH, CS Y, Kim HC, Kim JR, Chang HM, Kim JH,
Kim JS, Kim TW (2004) The clinicopathological significance of
inferior mesenteric lymph node metastasis in colorectal cancer. Eur
J Surg Oncol 30:271–279

22. Gunderson LL, Jessup JM, Sargent DJ, Greene FL, Stewart A
(2010) Revised tumor and node categorization for rectal cancer
based on surveillance, epidemiology, and end results and rectal
pooled analysis outcomes. J Clin Oncol 28:256–263

23. Jessup J, Gunderson L, Greene F (2011) 2010 Staging System for
Colon and Rectal Carcinoma. Ann Surg Oncol 18:1513–1517

24. Yi JW, Lee TG, Lee HS, Heo SC, Jeong SY, Park KJ, Kang SB
(2012) Apical-node metastasis in sigmoid colon or rectal cancer: is
it a factor that indicates a poor prognosis after high ligation? Int J
Color Dis 27:81–87

25. Japanese Society for Cancer of the Colon and Rectum (1998)
General Rules for Clinical and Pathologic Studies on Cancer of
the Colon, Rectum and Anus, 6th edn. Kanchara, Tokyo, pp 18–29

26. Liang JT, Huang KC, Lai HS, Lee PH, Sun CT (2007) Oncologic
results of laparoscopic D3 lymphadenectomy for male sigmoid and
upper rectal cancer with clinically positive lymph nodes. Ann Surg
Oncol 14:1980–1990

27. Duben J, Dudesek B, Hnatek L, Vazan P, Bakala J, Gatek J (2010)
Lymphaticmapping and biopsy of sentinel lymph nodes using com-
bined methodology of in vivo application of patent blue and radio-
nuclide and ex vivo detection of metastatic affection of lymph
nodes in colorectal carcinoma. Rozhl Chir 89:695–701

28. ShiozawaM, AkikeM, Yamada R, Godai T, Yamamoto N, Saito H,
Sugimasa Y, Takemiya S, Rino Y, Imada T (2007)
Clinicopathological features of skip metastasis in colorectal cancer.
Hepato-Gastroenterology 54:81–84

Apical Lymph Nodes in the Distant Metastases and Prognosis of Patients with Stage III Colorectal Cancer... 913


	Apical...
	Abstract
	Introduction
	Material and Methods
	Patient Selection
	Surgery Types
	Definitions of APNs and APN Metastases
	Detection of Preoperative and Postoperative Carcinoembryonic Antigen
	Clinicopathological Features, Postoperative Surveillance, and Distant Metastases
	Statistical Analysis

	Results
	Demographics of the Enrolled Patients
	Correlations Between Clinicopathological Features and APN Metastases and Postoperative Distant Metastases
	Correlations Between APN Metastasis Status and Stage III CRC and Metastatic Sites
	DFS and OS of APN Metastases

	Discussion
	References


