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Background. The preoperative serum carcinoembryonic antigen (s-CEA)
level has been proposed as a laboratory stage by The American Joint
Committee on Cancer. The ratio of metastatic nodes to all examined lymph
nodes (LNR) is another prognostic factor for stage III colorectal cancer.
We assessed the combination of LNR and s-CEA for predicting the prog-
nosis of stage III colon cancer.

Methods. Data of our cohort (N = 2205) that received a diagnosis of stage
III colonic adenocarcinoma were collected from Chang Gung Memorial

Hospital between 1995 and 2016. The s-CEA � 5 ng/mL was defined as
abnormal level. Based on the LNR, patients were divided into three sub-
groups: LNR1 (0.3-1.0), LNR2 (0.1-0.29), and LNR3 (< 0.1). We com-
bined LNR and s-CEA level as a category to establish the six following

groups: G1 (LNR1 with s-CEA � 5.0), G2 (LNR1 with s-CEA < 5.0), G3

(LNR2 with s-CEA � 5.0), G4 (LNR2 with s-CEA < 5.0), G5 (LNR3 with

s-CEA � 5.0), and G6 (LNR3 with s-CEA < 5.0).The Cox proportional
hazard models and Kaplan-Meier analyses were used to investigate the in-
dependent factors associated with survival, including 5-year overall sur-
vival (OS) and 5-year relapse-free survival (RFS).

Results. G1 exhibited the worst OS and RFS, but G6 had the best survival.
The G2 had significantly better RFS than G3 (60.0% vs. 48.4%, p = .010)
although G2 had a significantly higher LNR, more poorly differentiated
histology, and more stage IIIC colon cancer than G3. Both G2 and G5 with
different LNR and s-CEA exhibited no difference in RFS and OS. In the
multivariate Cox regression for survival, G3 like G1, male gender, stage
IIIB and IIIC colon cancer, and no adjuvant chemotherapy were independ-
ent factors for poor prognosis.

Conclusions. Combination of s-CEA and the LNR may comprehensively
predict the prognosis of stage III colon cancer and risk stratification, espe-
cially in stage IIIB and IIIC. When stage III colon cancer was in the same
LNR group, the s-CEA level played a decisive role in RFS.
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Colorectal cancer is one of the most common can-

cers in Taiwan and globally.1,2 For colorectal

cancer treatment, en bloc resection involves removing

the main tumor with a clear resection margin and ade-

quately harvesting the lymph nodes associated with

possible tumor drainage. The American Joint Com-

mittee on Cancer (AJCC) recommends properly har-

vesting and examining at least 12 lymph nodes to min-

imize the understaging risk.3,4 In practice, even when

achieving the lowest limit of the lymph node yield re-

quirement, the total number of harvested lymph nodes

still varies greatly and may depend on patient’s age,

the tumor locations, and surgical procedures. There-

fore, given the effects of metastatic lymph nodes and

the total lymph node yield, the ratio of metastatic to all

examined lymph nodes (LNR) has been recommended

as a factor for predicting the prognosis of stage III

colorectal cancer. The LNR can be a key prognostic

factor for colon cancer.5,6 This finding usually implies

a more advanced stage of colorectal cancer and worse

prognosis.

In addition to metastatic lymph nodes, the preop-

erative serum carcinoembryonic antigen (s-CEA) le-

vel is a tumor marker secreted by many solid tumors.

The s-CEA examination has mostly been used before

cancer resection or in follow-up for colorectal cancer,

lung cancer, and ovary cancer.7-9 Elevated preoperative

s-CEA level is a worse independent prognostic factor

for colorectal cancer, either in overall survival (OS) or

in relapse-free survival (RFS).10-12 Some clinical re-

searchers investigated whether the prognostic effect

of elevated preoperative s-CEA levels similarly influ-

ences survival in the early and advanced stages of co-

lorectal cancer. In 2011, Thirunavukarasu et al. re-

ported a s-CEA–stage concept.13,14 Lower OS was

noted in stage I colon cancer with high preoperative

s-CEA levels. The survival in stage IIIB colon cancer

with normal s-CEA levels was also better than that in

stage IIB or IIC with high s-CEA levels. Therefore,

thes-CEA level may indicate more severe or potential

risk of systemic organ involvement.

After reviewing these studies, we hypothesized

that high LNR and high preoperative s-CEA levels

can determine the potential extent or the severity of

colorectal cancer. The combination of the preopera-

tive s-CEA level and metastatic LNR may reflect the

true involvement range of colorectal cancers. In this

study, we investigated the s-CEA-LNR combination

for predicting survival prognosis in stage III colon

cancer. We were especially interesting to the prognos-

tic role of this combination in stage IIIB and IIIC co-

lon cancer.

Materials and Methods

Data collection

The inclusion criteria were stage III colon cancer

after elective curative cancer resection; the exclusion

criteria were emergent operation and no CEA data.

Data for this study were initially obtained from 3034

patients with pathologic stage III colon cancer who

underwent cancer surgery at Chang Gung Memorial

Hospital between 1995 and 2016. The curative sur-

gery was defined as that surgeon removed cancer with

a safe margin and en bloc resection of tumor spread-

ing route from body. We excluded 790 patients who

received emergent surgery for cancer obstruction or

perforation and 39 patients who did not have preoper-

ative s-CEA data. We excluded rectosigmoid colon,

since some of these patients receiving preoperative

neoadjuvant therapy before cancer resection. Finally,

we analyzed the data of 2205 patients for verifying

our hypothesis. The data were collected prospectively

and retrieved from the tumor registry of the colon and

rectal surgery division. Follow-up data for survival

were collected retrospectively from medical records

and interviews. The last date of follow-up was Febru-

ary 28, 2020.

The pathological data of each patient comprised

the cancer type, grade, and the tumor, node, and meta-

stasis (TNM) stage and they were restaged according

to the AJCC Cancer Staging Manual, 8th Edition. How-

ever, tumor deposit report was not obligatory included

in pathology report before AJCC 7th edition (2010-

2017), we excluded all tumor deposit data, and the

N1c stage.

The T means depth of tumor penetration as the

following descriptions: T1: into (but not through) sub-
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mucosa; T2: into (but not through) muscularis pro-

pria; T3: through muscularis propria into subserosa;

T4a: penetration of the visceral peritoneal layer; T4b:

penetration or adhesion to adjacent organs. The N

means lymph node status as the following conditions:

N1a: involvement of one regional node; N1b: invol-

vement of 2-3 regional nodes; N2a: involvement of

4-6 nodes; N2b: involvement of � 7 nodes. Stage III

colon cancer means that colon cancer with lymph no-

dal involvement regardless of the depth (T1-4) of tu-

mor penetration. The substage of stage III colon can-

cer are divided into IIIA (T1/2 with N1 or T1N2a),

IIIB (T3-4a/N1; T2-3/N2a; T1-2/N2b) and IIIC (T4a/

N2a; T3-4a/N2b; T4b/N1-2). All blood samples were

obtained on admission to surgery.

Definitions for high CEA and high LNR

A high preoperative s-CEA level is associated with

poor prognosis.15 Defining a high s-CEA level and

high metastatic LNR was essential for this study. An

elevated s-CEA level of > 5 ng/mL at the new diagno-

sis of colorectal cancer is widely accepted. Some in-

terfering factors, including hepatic and biliary dys-

function, tumor differentiation in colorectal cancer,

and smoking, can influence s-CEA serum data.16,17

Fukuda reported that s-CEA levels were significantly

higher among smokers (3.11 � 1.8 ng/mL) than among

non-smokers (2.14 � 1.8 ng/mL). In the present study,

we considered a s-CEA level of > 5 ng/mL as abnor-

mal data.

As opposed to s-CEA levels, no recognized stan-

dard definition exists for a “high” LNR. Increased

LNR is associated with decreased OS and DFS. The

cut-off value for defining LNRs are quite different in

previous studies, and stratified methods are not con-

sistent (such as Mean, Medium, Quartiles, ROC curve

analysis, Log rank analysis). In addition, the cut-off

values vary in different studies or populations even

under similar stratified method. Lymph node ratios

from 0.1 to 0.4 are effective predictors of 5-year OS &

DFS.18,19 In one meta-analysis study, cut-off of less

than 0.2 is examined in a single cut-off stratifying sys-

tem with significant statistical power with little heter-

ogeneity.20 Also in the same study, the two cut-off va-

lues studies subdividing the patients into low risk,

moderate risk, and high-risk LNR groups, have the

highest pooled HR of 3.27 on OS and DFS.

Not only there is no unanimously agreed cut-off

value for Lymph node ratio, but also there is no con-

clusion on how many cut-off values to take; there is

one study that directly take four cut-off values from 0

to 1 and divide them into five equal parts, such as (Ng,

2009) (0-0.19, 0.2-0.39, 0.4-0.59, 0.6-0.79, 0.8-1);43

another one divided the research sample into four equal

quartiles (Hong, 2011) (< 0.037; 0.037-0.0723;

0.0723-0.1638; > 0.1638).44 However, studies with

many cut-off value groups may not necessarily have

significant differences between each group.

According to (Lee, 2012) research,19 they took a

single cut-off value (0.05, 0.1, 0.15, 0.2, 0.25, 0.3,

0.35, 0.4) and conducted separate analyzes with over-

all survival (OS) or disease free survival (DFS). It

showed any one from 0.1 to 0.4 will have significant

significance as the cut off value, but 0.05; at the same

time, in order to balance the number of people in each

group, this article finally take two cut-off value, 0.15

and 0.3 (the number of people in the three groups was

80:44:30), and there are still significant difference in

the correlation between OS and DFS under multiple

variables; in addition, an interesting finding was ob-

tained that patients with rectal cancer received neo-

adjuvant therapy, the OS and DFS of the ypN1 + LNR

> 0.3 group were approximately equal to or slightly

worse than those of the ypN2 + LNR 0.16-0.3 group.

For further balance the case number between three

groups, we choose two cut off values of 0.1 and 0.3

(the number of people in the three groups is 1080:

830:295).

Finally, we combined preoperative s-CEA levels

and LNR groups to divide six subgroups with stage III

colon cancer: G1 (LNR1 [0.3-1.0] with s-CEA � 5),

G2 (LNR1 [0.3-1.0] with s-CEA < 5), G3 (LNR2

[0.1-0.29] with s-CEA � 5), G4 (LNR2 [0.1-0.29]

with s-CEA < 5), G5 (LNR3 [< 0.1] with s-CEA � 5),

and G6 (LNR3 [< 0.1] with s-CEA < 5).

Statistical analysis

Bivariate associations between categorical vari-
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ables were assessed using Pearson’s chi-squared test.

Significant risk factors associated with cancer relapse

event were determined using logistic regression. Dif-

ferences in OS were estimated using the Kaplan-Meier

method, and a comparison was performed using a

log-rank test. The primary outcome was the difference

in 5-year OS between the six subgroups, and the sec-

ondary outcome was 5-year RFS. OS was defined as

the interval between the date of cancer diagnosis and

the time of death from any cause. The RFS was the

length of time after curative surgery ended that the pa-

tient survived without any cancer relapse. The Cox re-

gression model was used for multivariate analysis to

compensate for confounding factors. All statistical

analyses were performed using SPSS version 19 (SPSS,

Chicago, IL, USA). All p values were two-tailed, and

p < 0.05 was considered statistically significant.

Results

Patient demographics

Among the 2205 patients, 869 patients (39.4%)

had proximal colon cancer (cecum, ascending colon,

liver flexure, and transverse colon), and 1336 patients

(60.6%) had distal colon cancer (splenic flexure, de-

scending colon and sigmoid colon). The mean follow-

up period of the study patients was 64.5 months, and

the maximal follow-up was 154 months. Adenocar-

cinoma was the most common histology type (91.1%).

The mean age was 62.7 years (range: 22-99 years,

standard deviation: 13.4). Approximately 29% of pa-

tients had abnormal preoperative s-CEA levels, and

the mean s-CEA level of the cohort was 9.8 ng/mL

(range: 0.5-270.0, standard deviation: 21.7). More-

over, 90% of patients had a yield of at least 12 lymph

nodes, and the mean number of lymph nodes exam-

ined was 29.4 (range: 2-102, standard deviation: 16.6).

The mean metastatic LNR of all patients was 0.15

(range: 0.01-1.0). Other categorical variables and their

relative 5-year OS and RFS are displayed in Table 1.

In the log-rank test, statistical survival differences

were list for sex, age, cancer differentiation, pretreat-

ment s-CEA level, the subgroup of stage III colon can-

cer, LNR, and postoperative adjuvant chemotherapy.

Both s-CEA level and three different LNR groups

were components for our target factor, and they were

significantly associated with patient’s survival. In lo-

gistic regression analysis, s-CEA level, LNR level and

their combinations all were significantly associated

with the event in colon cancer relapse (Table 2).

Survival

In the present study, the LNR and s-CEA combi-

nations were possible to reflect the severity of stage

III colon cancer. In a survival analysis using the Ka-

plan-Meier method, G1 demonstrated the worst 5-

year OS and 5-year RFS, and G6 demonstrated the

best 5-year OS and 5-year RFS (Fig. 1 and Fig. 2).

However, G2 had significantly better 5-year RFS even

their LNR was higher than G3 (60.0% vs. 48.4%, p =

.010; Fig. 2). G2 exhibited a trend to better 5-year OS

than G3 (63.3% vs. 57.0%, p = .144; Fig. 1). Similar

statistical differences in survival were also observed

between G4 and G5 for both OS (76.6% vs. 69.8%, p

= .006; Fig. 1) and RFS (72.1% vs. 64.3%, p = .016;

Fig. 2). Moreover, G2 and G5 with very different LNR

demonstrated no differences in either RFS (p = .339,

Fig. 2) or OS (p = .113, Fig. 1).

According to the best and the worst survival find-

ings in G6 and G1, we further analyzed the differ-

ences in continuous variables between G2 and G3 and

between G4 and G5. The mean s-CEA level and mean

number of examined lymph node were significantly

higher in G3 and G5 than those in G2 and G4 (p <

.001). The mean number of metastatic lymph nodes

and mean LNR were higher in G2 and G4 than those

in G3 and G5 (p < .001) (Table 3). Regarding the can-

cer stage of the four subgroups, G2 and G4 had more

cases of stage IIIC colon cancers (70.4% and 24%)

than G3 and G5 (35.3% and 6.2%), respectively (Ta-

ble 4). The percentage of colon cancer with poorly

differentiated tumors was significantly higher in G2

than in G3 (17.6% vs. 9.2%, p = .036). However, the

percentage of adjuvant chemotherapy was also higher

in G2 than in G3 (84.5% vs. 75.7%, p = .025) and was

likely a confounder for better RFS and OS in G2.

Because many confounders were present in the
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cohort, a multivariate Cox regression model was used

to identify independent factors for OS and RFS, such

as sex, age at diagnosis, tumor location, histology, and

grade, examined lymph node, substages of stage III
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Table 1. Clinicopathological characteristics and log-rank test results for influence of categorical variables on survival

Variables Patients (n = 2205, %) 5-y OS (%) p-value 5-y RFS (%) p-value

Sex < 0.012 < 0.036

Female 1093, 49.6%0 75.4% 70.7%

Male 1112, 50.4%0 71.9% 66.0%

Age < 0.001 < 0.001

< 50 y/o 356, 16.4% 80.0% 72.1%

50-64 y/o 816, 36.9% 80.0% 70.1%

65-79 y/o 816, 36.9% 70.9% 67.6%

� 80 y/o 217, 9.9%0 48.4% 57.4%

Tumor locations < 0.028 < 0.076

Proximal colon 869, 39.4% 69.7% 66.1%

Cecum 133, 6.0%0

Ascending 423, 19.2%

Transverse 313,14.2%

Distal colon 1336, 60.6%0 76.1% 69.8%

Splenic flexure 53, 2.4%

Descending 234, 10.6%

Sigmoid 1049, 47.6%0

HT < 0.033 < 0.283

Adenocarcinoma 2008, 91.1%0 74.3% 68.7%

SR cell 26, 1.2% 51.0% 52.1%

Mucinous 171, 7.8%0 69.0% 65.0%

HG, differentiation < 0.004 < 0.001

Well 178, 8.1%0 80.5% 77.6%

Moderate 1788, 81.1%0 73.7% 68.2%

Poorly 239, 10.8% 67.0% 61.6%

s-CEA < 0.001 < 0.001

� 5 ng/mL 639, 29.0% 62.1% 53.5%

< 5 ng/mL 1566, 71.0%0 78.3% 74.3%

ELN < 0.012 < 0.115

� 12 nodes 1988, 90.2%0 74.1% 69.0%

< 12 nodes 217, 9.8%0 69.5% 62.8%

Pathology stage < 0.001 < 0.001

Stage IIIA 192, 8.7%0 91.3% 89.7%

Stage IIIB 1522, 69.0%0 75.8% 71.3%

Stage IIIC 491, 22.3% 60.0% 50.8%

LNR < 0.001 < 0.001

LNR1: 0.3-1.0 295, 13.4% 58.8% 51.3%

LNR2: 0.1-0.29 830, 37.6% 71.2% 65.3%

LNR3: < 0.1 1080, 49.0%0 79.6% 75.4%

Adjuvant therapy* < 0.001 < 0.001

ADT 1702, 77.2%0 77.5% 70.2%

OBS 410, 18.6% 57.3% 60.4%

*: missing data, 93 patients (4.2%).

OS: overall survival; RFS: relapse-free survival; HT: histology type; SR cell: Signet ring cell carcinoma; HG: histology grade; s-

CEA: serum carcinoembryonic antigen; ELN: examined lymph node; LNR: the ratio of metastatic nodes to all examined lymph

nodes; ADT: adjuvant therapy after surgery; OBS: observation after surgery.



colon cancer, and G1-G6 groups (Table 5). Several

clinicopathological characteristics were identified as

independent prognostic factors in the analysis. For

OS, these independent, positive prognostic factors in-

cluded female gender; age younger than 65 years; dis-

tal colon cancer; non-signet ring cell type; stage IIIA

colon cancer; administration of adjuvant chemother-

apy; and subgroups G2, G4, G5, and G6. For RFS, the

independent negative prognostic factors were male

gender; stage IIIB and IIIC colon cancer; no adminis-

tration of adjuvant chemotherapy; and subgroups G1

and G3.

Discussion

In the TNM cancer staging system, the major dif-

ference between stages I/II and III colorectal cancer is

the presence of lymph node metastasis in stage III.

When lymph node metastasis occurs, colorectal can-

cer is usually considered more severe and advanced

status. Generally, the pathological stage is a strong

predictor for colorectal cancer patient survival. In ad-

dition to stage IV, stages IIIC which is defined as high-
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Fig. 1. In OS analysis, G1 had the worst survival and G6
had the best survival; G2 had a trend to better OS
than G3 even G2 had more poor prognostic factors;
G4 also had significant better OS than G5 even G5
had lower LNR than G4. The G2 and G5 with very
different LNR level demonstrated no differences in
their OS. G1: LNR1 (0.3-1.0) and CEA (� 5) (Blue
line); G2: LNR1 (0.3-1.0) and CEA (< 5) (Green
line); G3: LNR2 (0.1-0.29) and CEA (� 5) (Grey
line); G4: LNR2 (0.1-0.29) and CEA (< 5) (Purple
line); G5: LNR3 (< 0.1) and CEA (� 5) (Yellow
line); G6: LNR3 (< 0.1) and CEA (< 5) (Red line).

Fig. 2. In RFS analysis, G1 had the highest relapse risk and
G6 had the lowest relapse risk; G2 had better RFS
than G3 even G2 had more poorly prognostic fac-
tors; G4 also had significant better RFS than G5
even G5 had lower LNR than G4. Moreover, G2
and G5 with very different LNR level demonstrated
no differences in their RFS.

Table 2. The association between s-CEA and relapse risk/LNR

and relapse risk/LNR plus s-CEA and relapse risk

from logistic regression analysis

Target factor OR (95% CI) p value

s-CEA

� 5 ng/mL 1

< 5 ng/mL 0.402 (0.331-0.489) < 0.001

LNR

LNR 1 1

LNR 2 0.588 (0.447-0.774) < 0.001

LNR 3 0.333 (0.254-0.438) < 0.001

LNR plus s-CEA Subgroups

G1 1

G2 0.306 (0.182-0.512) < 0.001

G3 0.520 (0.315-0.858) < 0.011

G4 0.189 (0.119-0.302) < 0.001

G5 0.246 (0.150-0.402) < 0.001

G6 0.118 (0.074-0.188) < 0.001

OR (95% CI): odds ratio 95% confidence interval; s-CEA: serum

carcinoembryonic; RFS: relapse-free survival; LNR: the ratio of

metastatic nodes to all examined lymph nodes; LNR 1: 0.3-1.0;

LNR 2: 0.1-0.29; LNR 3: < 0.1; G1: LNR 1 (0.3-1.0) + s-CEA (�

5); G2: LNR 1 (0.3-1.0) + s-CEA (< 5); G3: LNR 2 (0.1-0.29) +

s-CEA (� 5); G4: LNR 2 (0.1-0.29) + s-CEA (< 5); G5: LNR 3 (<

0.1) + s-CEA (� 5); G6: LNR 3 (< 0.1) + s-CEA (< 5).



Vol. 36, No. 3 Prognostic factor � CEA & LNR, in pStage III Colon Cancer 169

Table 3. Analysis of variance results on different combinations of LNR and s-CEA levels

ELN (Mean/SD) p PLN (Mean/SD) p LNR (Mean/SD) p

G1, n = 96 19.7/11.9 9.5/5.9 0.50/0.17

G2, n = 199 20.1/11.7 < 0.001 9.2/5.8 < 0.001 0.48/0.17 < 0.001

G3, n = 238 27.2/15.6 4.4/2.5 0.17/0.06

G4, n = 592 24.4/13.6 < 0.001 3.9/2.4 < 0.001 0.16/0.05 < 0.001

G5, n = 305 34.9/17.3 1.6/1.0 0.05/0.02

G6, n = 775 35.3/17.2 1.6/0.9 0.05/0.02

Age (Mean/SD) p s-CEA (Mean/SD) p

G1, n = 96 64.8/13.0 32.4/41.3

G2, n = 199 63.4/13.8 < 0.605 2.8/1.6 < 0.001

G3, n = 238 63.2/14.2 28.3/38.2

G4, n = 592 62.1/13.5 < 0.439 2.7/1.5 < 0.001

G5, n = 305 64.4/12.9 25.1/28.3

G6, n = 775 61.9/13.2 2.5/1.5

s-CEA: serum carcinoembryonic antigen; ELN: examined lymph node; LNR: the ratio of metastatic to examined lymph nodes; PLN:

metastatic lymph node; SD: standard deviation.

G1: LNR1 (0.3-1.0) and s-CEA (� 5) (Blue line in figure). G2: LNR1 (0.3-1.0) and s-CEA (< 5) (Green line in figure).

G3: LNR2 (0.1-0.29) and s-CEA (� 5) (Grey line in figure). G4: LNR2 (0.1-0.29) and s-CEA (< 5) (Purple line in figure).

G5: LNR3 (< 0.1) and s-CEA (� 5) (Yellow line in figure). G6: LNR3 (< 0.1) and s-CEA (< 5) (Red line in figure).

Table 4. Statistical differences between combinations of LNR and CEA levels

Stage IIIA

(n = 192)

Stage IIIB

(n = 1522)

Stage IIIC

(n = 491)
p-value

ELN � 12

(n = 1988)

ELN < 12

(n = 217)
p-value

G1, n = 96 0 19 77 69 27

% 0.0% 19.8% 80.2% 71.9% 28.1%

G2, n = 199 2 57 140 < 0.001 145 54 < 0.001

% 1.0% 28.6% 70.4% 72.9% 27.1%

G3, n = 238 3 151 84 207 31

% 1.3% 63.4% 35.3% 87.0% 13.0%

G4, n = 592 57 393 142 < 0.001 502 90 < 0.001

% 9.6% 66.4% 24.0% 84.8% 15.2%

G5, n = 305 15 271 19 301 4

% 4.9% 88.9% 6.2% 98.7% 1.3%

G6, n = 775 115 631 29 764 11

% 14.8% 81.4% 3.7% 98.6% 1.4%

HG 1

(n = 178)

HG 2

(n = 1788)

HG 3

(n = 239)
p-value

ADT

(n = 1702)

OBS

(n = 410)
p-value

G1, n = 96 2 75 19 78 15

% 2.1% 78.1% 19.8% 83.9% 16.1%

G2, n = 199 11 153 35 0.036 163 30 0.025

% 5.5% 76.9% 17.6% 84.5% 15.5%

G3, n = 238 14 202 22 174 56

% 5.9% 84.9% 9.2% 75.7% 24.3%

G4, n = 592 48 481 61 0.997 460 109 0.626

% 8.1% 81.5% 10.3% 80.8% 19.2%

G5, n = 305 25 248 32 228 59

% 8.2% 81.3% 10.5% 79.4% 20.6%

G6, n = 775 78 626 70 608 132

% 10.1% 80.9% 9.0% 82.2% 17.8%

LNR: the ratio of metastatic nodes to examined lymph nodes; ELN: examined lymph node; ADT: adjuvant therapy after surgery;

OBS: observation after surgery; HG 1: well-differentiated; HG 2: moderate differentiated; HG 3: poorly differentiated.

G1: LNR1 (0.3-1.0) and s-CEA (�5) (Blue line in figure). G2: LNR1 (0.3-1.0) and s-CEA (< 5) (Green line in figure).

G3: LNR2 (0.1-0.29) and s-CEA (� 5)(Grey line in figure). G4: LNR2 (0.1-0.29) and s-CEA (< 5) (Purple line in figure).

G5: LNR3 (< 0.1) and s-CEA (� 5) (Yellow line in figure). G6: LNR3 (< 0.1) and s-CEA (< 5) (Red line in figure).



risk stage III colon cancer have the worst survival

rates of 37%.21 The stage IIIC colon cancer is com-

posed of a greater number of metastatic lymph nodes

and its’ high LNR is partially associated with apical

lymph node metastasis which was an independent fac-

tor for OS and RFS. However, the apical lymph node

metastasis only accounted 8.6% of stage IIIC colon

cancer in Ishii’s report.22 Therefore, we considered

s-CEA, another factor for combination in the present

study, to evaluate prognosis of stage III colon cancer,

especially for stage IIIB and IIIC disease. In 2006, a

similar study focused on prognosis of stage IIIB and

IIIC colon cancer was reported by Johnson et al. They

supported the findings regarding the relationship of
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Table 5. Multivariate Cox regression for OS and RFS of stage III colon cancer

Variables HR (95% CI) for OS p value HR (95% CI) for RFS p value

Sex

Female 1 1

Male 1.258 (1.089-1.453) 0.002 1.226 (1.054-1.426) 0.008

Age

< 50 y/o 1 1

50-64 y/o 1.144 (0.889-1.471) 0.295 1.170 (0.923-1.483) 0.194

65-79 y/o 1.759 (1.385-2.233) < 0.001 < 1.237 (0.979-1.565) 0.075

� 80 y/o 3.016 (2.281-3.988) < 0.001 < 1.389 (1.023-1.885) 0.035

Tumor locations

Proximal colon 1 1

Distal colon 0.846 (0.725-0.988) 0.034 0.876 (0.745-1.030) 0.108

Histology type

Adenocarcinoma 1

SR cell 2.130 (1.215-3.734) 0.008 1.275 (0.693-2.346) 0.435

Mucinous 1.020 (0.771-1.349) 0.889 1.027 (0.773-1.364) 0.856

HG, differentiation

Well 1

Moderate 1.159 (0.864-1.555) 0.325 1.294 (0.933-1.793) 0.122

Poorly 1.265 (0.878-1.823) 0.206 1.428 (0.965-2.113) 0.075

ELN

� 12 nodes 1 1

< 12 nodes 1.089 (0.860-1.380) 0.479 1.133 (0.877-1.463) 0.338

Pathology stage

Stage IIIA 1 1

Stage IIIB 1.736 (1.208-2.494) 0.003 2.784 (1.725-4.493) < 0.001 <

Stage IIIC 2.410 (1.603-3.623) < 0.001 < 4.404 (2.637-7.355) < 0.001 <

LNR with CEA

G1 1 1

G2 0.591 (0.427-0.819) 0.002 0.449 (0.322-0.627) < 0.001 <

G3 0.799 (0.579-1.103) 0.173 0.777 (0.563-1.072) 0.124

G4 0.431 (0.315-0.589) < 0.001 < 0.384 (0.281-0.526) < 0.001 <

G5 0.592 (0.416-0.842) 0.004 0.560 (0.390-0.803) 0.002

G6 0.359 (0.255-0.505) < 0.001 < 0.324 (0.229-0.459) < 0.001 <

Post operation

ADT 1 1

OBS 1.997 (1.686-2.365) < 0.001 < 1.489 (1.230-1.803) < 0.001 <

HR (95% CI): hazard ratio and 95% confidence interval; OS: overall survival; RFS: relapse-free survival; HT: histology type; SR

cell: Signet ring cell carcinoma; HG: histology grade; ELN: examined lymph node; LNR: the ratio of metastatic nodes to all

examined lymph nodes; ADT: adjuvant therapy after surgery; OBS: observation after surgery.

G1: LNR1 (0.3-1.0) + s-CEA (� 5). G2: LNR1 (0.3-1.0) + s-CEA (< 5). G3: LNR2 (0.1-0.29) + s-CEA (� 5).

G4: LNR2 (0.1-0.29) + s-CEA (< 5). G5: LNR3 (< 0.1) + s-CEA (� 5); G6: LNR3 (< 0.1) + s-CEA (< 5).



number of negative lymph nodes and survival in stage

III colon cancer.23 Both number of negative lymph

nodes and number of positive lymph nodes demon-

strated an independent effect in patients with stage

IIIB and IIIC colon cancer. As the number of negative

lymph nodes identified increased, patient’s survival

also improved. However, in their study, the stage IIIA

colon cancer still had the best prognosis, and no asso-

ciation was noted between their target-prognostic fac-

tor and survival.

Furthermore, the LNR is the combination of posi-

tive number and total number of examined lymph

nodes. In many studies, the LNR is considered more

reliable and superior to the TNM node (TNM-N) stage

as a prognostic factor for stage III colorectal can-

cer.24-27 In one meta-analysis, the reported cut off va-

lues for the LNR varied widely between 5% and 25%

(mean: 13.2%, median: 11.5%), and a higher LNR re-

sulted in worse survival.28 During surgical resection,

the metastatic lymph nodes are removed; the nodes

can be removed more easily when they are closer to

the colon cancer location. Therefore, the distribution

of metastatic lymph nodes is critical for the prognosis

of colon cancer. However, the TNM-N stage is de-

pendent on the number of metastatic nodes. The LNR

is also based on the number of metastatic nodes and

the total yield of lymph nodes. In the Japanese Gen-

eral Rules for Clinical and Pathologic Studies on Can-

cer of the Colon, Rectum, and Anus, node metastases

are classified into four grades based on their distribu-

tion: n (�), n1-pericolic nodes (+), n2-intermediate

nodes (+), and n3-nodes at the root of major vessels

(+).29 Kobayashi et al. reported that metastatic lymph

nodes on major vessels or at the root of major vessels

are poor prognostic factors that are independent of the

TNM-N2 stage.30 Lymph node metastasis at the apical

site poses a risk to patients with stage III colon cancer

because patients with node metastasis along the infe-

rior mesenteric artery exhibit a high incidence of tu-

mor relapse. Such different location of node meta-

stases may not really reflect in LNR. These distribu-

tions of metastatic lymph nodes probably interfered

and caused the differences in RFS and OS between G2

and G3 or might have led to the similarities in RFS be-

tween G2 and G5.

The G1 and G6 in the present study had extreme

LNRs, and the significant differences in RFS or OS

were equally extreme. Regarding the high LNR asso-

ciated with poor prognosis, the trend of survival para-

dox was found between G2 and G3; it was also pre-

sent between G4 and G5. G2 had a high LNR like G1,

but RFS and OS in G2 were better than those in G1

and G3. G2 also demonstrated many negative factors,

such as a lower lymph node yield, inadequate lymph

node harvests (< 12 lymph nodes), more metastatic

lymph nodes, poorly differentiated adenocarcinoma,

and more cases of stage IIIC colon cancer. The lower

mean s-CEA level and higher administration rate of

postoperative adjuvant chemotherapy were the only

two positive factors in G2. To this extent, is the sur-

vival impact from LNR and s-CEA level equal for

stage III colon cancer? Another interesting finding

was that the RFS of G2 and G5 did not significantly

differ. Compared with G5, G2 was exhibited more poor

prognostic factors. Therefore, the preoperative s-CEA

level was probably a key predictor of prognostic dif-

ferences between G2 and G3 and between G2 and G5.

The s-CEA is secreted by many solid tumors, in-

cluding 90% of colorectal cancers.7 In many publi-

shed reports, regarding biological functions, s-CEA is

involved in colon cancer cell adhesion, innate immu-

nity, tumor cell attachment to metastatic organ, and

disease progression.31-33 The s-CEA level probably in-

creased with the CEA expression in proliferative colo-

rectal cancer. A high preoperative s-CEA level related

to the tumor burden and the biological behavior of tu-

mors has been identified as an independent prognostic

factor for OS and disease-free survival in both stage II

and III colorectal cancer. According to the early days

studies for stage III colorectal cancer, the argument

for different prognostic determinant was the associa-

tion between abnormal s-CEA level and number of

metastatic lymph nodes. A study by the Gastrointesti-

nal Tumor Study Group concluded that s-CEA > 5 ng/

mL was associated with cancer relapse risk for colo-

rectal cancer with one to four metastatic lymph nodes.34

Moertal, et al. studied 272 patients with curative sur-

gery for colorectal cancer at Mayo clinic. The s-CEA

level showed an independent prognostic determinant

only in patients with four or more metastatic lymph
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nodes.35 In 2011, Thirunavukarasu et al. proposed in-

cluding C-stage colon cancer in the conventional

TNM staging system.13 They observed that stage I co-

lon cancer with abnormal s-CEA levels had a worse

prognosis than stage IIIA colon cancer with normal

s-CEA levels. Similarly, patients with TNM-N1 can-

cer stage (1-3 lymph node metastases) with abnormal

s-CEA levels had a higher risk of overall mortality

than those with TNM-N2a cancer stage (4-6 meta-

static lymph nodes) with normal s-CEA levels. Ab-

normal s-CEA level was a stronger factor for poor

prognosis than the TNM-N1 and N2a stages (except

for the N2b stage in their study).

Our result like Thirunavukarasu’s observation

showed that G2 and G4 respectively had better OS

than G3 and G5 (G2 and G4 had higher LNRs but nor-

mal s-CEA levels; by contrast, G3 and G5 had lower

LNRs and abnormal s-CEA level). Regarding RFS,

G2 and G5 had very different LNRs and s-CEA levels

but had a similar survival curve. Zhang et al. ever sug-

gested the optimal minimal number of examined lymph

nodes for colon cancer patients with abnormal s-CEA

level.36 The 18-node standard could be regarded as an

alternative to 12-node standard recommended by the

ASCO and NCCN guidelines. In our study, 98.7% of

G5 patients who had abnormal s-CEA reached the

12-node standard recommended by the ASCO and

NCCN guidelines. However, 85.2% of G5 patients still

met the 18-node standard recommended by Zhang’s

report and this percentage was higher than Zhang’s

data base. The high s-CEA levels of G5 probably neu-

tralize the survival benefit resulting from a lower

LNR because the preoperative high s-CEA level is

partially related to the tumor burden and possible oc-

cult metastasis. The abnormal CEA level was a deci-

sive survival factor in all six subgroups in our analysis.

In our cohort, 90.2% of patients had lymph node

yields of � 12, and 77.2% of them received postopera-

tive 5-fluorouracil-based adjuvant chemotherapy. The

percentage of adequate lymph node yield and the ad-

ministration of adjuvant chemotherapy were compa-

rable to contemporary data from specialist centers and

were also not lower than those reports from national

cohorts, including the Surveillance, Epidemiology,

and End Results program or Medicare-linked data-

bases.37-39 The reasonable rates of adequate lymph

node yield and adjuvant chemotherapy administration

could decrease the confounding effects in our study.

However, in the study, 22.8% of patients (18.6% with-

out adjuvant chemotherapy and 4.2% were missing

data) had no data to prove the administration of ad-

juvant chemotherapy. In fact, it still was a deviation

from standardized guidelines. Therefore, we further

analyzed the RFS between the six subgroups with and

without postoperative adjuvant chemotherapy. In pair-

wise comparison for RFS between G1-G6 with or

without adjuvant chemotherapy, the significant RFS

differences between G1-G6 were noted in those with

adjuvant chemotherapy. However, the survival differ-

ence was neutralized when patients did not receive

adjuvant chemotherapy (Table 6).

Findings of our research present eminent signifi-
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Table 6. Pairwise comparison for RFS between G1-G6 with adjuvant chemotherapy

Groups/p value G1 G2 G3 G4 G5 G6

G1 < 0.000 < 0.026 < 0.000 < < 0.000 < < 0.000
G2 < 0.000 0.016 0.004 0.456 < 0.000
G3 < 0.026 0.016 < 0.000 < 0.001 < 0.000
G4 < 0.000 0.004 < 0.000 < 0.029 < 0.007
G5 < 0.000 0.456 0.001 0.029 < 0.000
G6 < 0.000 < 0.000 < < 0.000 < 0.007 < 0.000 <

Pairwise comparison for RFS between G1-G6 without adjuvant chemotherapy

Groups/p value G1 G2 G3 G4 G5 G6

G1 0.003 0.006 < 0.000 < 0.001 < 0.000
G2 < 0.003 0.411 0.135 0.815 < 0.037
G3 < 0.006 0.411 0.002 0.231 < 0.000
G4 < 0.000 0.135 0.002 0.131 < 0.409
G5 < 0.001 0.815 0.231 0.131 < 0.024
G6 < 0.000 0.037 < 0.000 < 0.409 0.024



cance in our clinical practice. After the LNR and s-

CEA combination with six subgroups formation for

stage III colon cancer, except G1, the other five

groups all included stage IIIA, IIIB and IIIC disease.

Our results demonstrated the remarkable value from

the combination of s-CEA and LNR to predict prog-

nosis of stage III colon cancer, especially for stage

IIIB and IIIC colon cancer. Of the 2205 colon cancer

patients enrolled, only 29% had elevated s-CEA, and

the most patients had s-CEA < 5 ng/mL, including pa-

tients with poor tumor biology, patients with a high

rate of positive lymph nodes, and patients with poor

prognosis. In fact, nearly 70% of normal s-CEA pa-

tients still rely on the lymph node ratio to determine

prognosis. However, in either the pairwise compari-

son for RFS between G2 and G3 or pairwise compari-

son for RFS between G2 and G5, we confirmed that

the high s-CEA level had worse prognosis than the

different LNR.

This study has some limitations. First, our study

had a small sample size, used a retrospective study

design, and collected data from a single center. Fur-

thermore, the total of 2205 patients enrolled in the

study spans a near period of 30 years. The level of di-

agnosis and treatment of colon cancer, especially in

clinical diagnosis and treatment, has developed sig-

nificantly, including advances in the level of clinico-

pathologic evaluation. For example, in the new era of

complete mesocolon excision (CME), it may not be

appropriate to mix colectomies performed over a pe-

riod of more than 20 years. Postoperative adjuvant

therapy for colon cancer has also made remarkable

progress since 1995, and the adjuvant therapy strat-

egy has also improved greatly after 30 years. We

can’t avoid the bias of patient selection within the

exceedingly long-time span and a retrospective de-

sign. Second, no data were available for microsatel-

lite instability high (MSI/dMMR) status, which is a

key variable of stage II colorectal cancer. However,

the lack of data was acceptable because the prognos-

tic effect of MSI/dMMR status is controversial for

patients with stage III colon cancer who have received

postoperative adjuvant chemotherapy.40-42 Third, tu-

mor deposit data was not included in our study. Tu-

mor deposit is a poor prognosis factor that N1c is iso-

lated since AJCC 7th edition, but it could not be cal-

culated into lymph node ratio according to the defi-

nition. Recently, there is new concept that the num-

ber of tumor deposit should be included into number

of lymph node metastases, to improve the prognostic

accuracy.45 It is involving not only N1c, but all I-III

stage with tumor deposits — just like other poor prog-

nostic factor such as perineural invasion, or lympho-

vascular invasion, and further study is indicated. Fi-

nally, the treatment in this study was limited to surgi-

cal resection treatment; more detail surgical types,

including CME concept, laparotomy, laparoscopy-

assisted surgery, or robotic surgery, were not clear

due to data resource limitations.

Conclusions

Based on the observations in our study, we recom-

mended that the combination of s-CEA and the LNR

comprehensively predicted the prognosis of stage III

colon cancer. When the LNR was equal in stage III co-

lon cancer, the preoperative s-CEA level played a de-

cisive role in 5-year RFS and 5-year OS.

Ethics Statement

Appropriate approval for this observational study

was obtained from the Institutional Review Board of

the Chang Gung Medical Foundation (201701456B0).

Consent for Publication

Owing to retrospective nature of study design, the

requirement for informed consent was waived by the

board.

Data Availability Statement

Our raw data for the analysis of this study will be

made available after anonymous information and all

authors’ agreement.

Vol. 36, No. 3 Prognostic factor � CEA & LNR, in pStage III Colon Cancer 173



Competing Interests

The authors declare that they have no competing

interests.

Funding

No funding for this retrospective study.

Author Contribution

Ho and Hung have full access to all data of this

study and take responsibility for the data integrity and

analysis accuracy. Study concept and design: Kuo.

Acquisition, analysis, and interpretation of data: Hung,

You, Chin, and Kuo. Drafting of this manuscript: Chin,

Hung, and Kuo. Critical revision of this manuscript:

Chin and You. Statistical analysis: Chin and Kuo.

Study supervision: Kuo. All authors contributed to the

article and approved this submitted version.

Acknowledgments

We thank the Chang Gung Medical Foundation of

Linkou for assisting with data collection through their

Cancer Registry. This manuscript was edited by Wal-

lace Academic Editing.

References

1. Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C,

Rebelo M, et al. Cancer incidence and mortality worldwide:

sources, methods, and major patterns in GLOBOCAN 2012.

Int J Cancer 2015;136(5):E359-86.

2. The Cancer Registry Report in Taiwan in 2014. Health Pro-

motion Administration. https://www.hpa.gov.tw/EngPages/

Detail.aspx?nodeid=1061&pid=6069

3. American Joint Committee on Cancer. AJCC Cancer Staging

Manual (7th edn). Springer: New York, 2010.

4. Schmoll HJ, Van Cutsem E, Stein A, Valentini V, Glimelius

B, Haustermans K, et al. ESMO Consensus Guidelines for

management of patients with colon and rectal cancer. A per-

sonalized approach to clinical decision making. Ann Oncol

2012;23(10):2479-516.

5. Ridder MD, Vinh-Hung V, Van Nieuwenhove Y, Hoorens A,

Sermeus A, Storme G. Prognostic value of the lymph node ra-

tio in node positive colon cancer. Gut 2006;55(11):1681.

6. Berger AC, Sigurdson ER, LeVoyer T, Hanlon A, Mayer RJ,

Macdonald JS, et al. Colon cancer survival is associated with

decreasing ratio of metastatic to examined lymph nodes. J

Clin Oncol 2005;23(34):8706-12.

7. Goldstein MJ, Mitchell EP. Carcinoembryonic antigen in the

staging and follow-up of patients with colorectal cancer. Can-

cer Invest 2005;23(4):338-51.

8. Grunnet M, Sorensen JB. Carcinoembryonic antigen (CEA) as

tumor marker in lung cancer. Lung Cancer 2012;76(2):138-43.

9. Bozkurt M, Yumru AE, Aral I. Evaluation of the importance

of the serum levels of CA-125, CA15-3, CA-19-9, carcino-

embryonic antigen and alpha fetoprotein for distinguishing

benign and malignant adnexal masses and contribution of dif-

ferent test combinations to diagnostic accuracy. Eur J Gy-

naecol Oncol 2013;34(6):540-4.

10. Takagawa R, Fujii S, Ohta M, Nagano Y, Kunisaki C, Yamagishi

S, et al. Preoperative serum carcinoembryonic antigen level

as a predictive factor of recurrence after curative resection of

colorectal cancer. Ann Surg Oncol 2008;15(12):3433-9.

11. Wiratkapun S, Kraemer M, Seow-Choen F, Ho YH, Eu KW.

High preoperative serum carcinoembryonic antigen predicts

metastatic recurrence in potentially curative colonic cancer: re-

sults of a five-year study. Dis Colon Rectum 2001;44(2):231-5.

12. Wang WS, Lin JK, Chiou TJ, Liu JH, Fan FS, Yen CC, et al.

Preoperative carcinoembryonic antigen level as an independ-

ent prognostic factor in colorectal cancer: Taiwan experience.

Jap J Clin Oncol 2000;30(1):12-6.

13. Thirunavukarasu P, Sukumar S, Sathaiah M, Mahan M, Praga-

theeshwar KD, Pingpank JF, et al. C-stage in colon cancer: impli-

cations of carcinoembryonic antigen biomarker in staging, prog-

nosis, and management. J Natl Cancer Inst 2011;103(8):689-97.

14. Thirunavukarasu P, Talati C, Munjal S, Attwood K, Edge SB,

Francescutti V. Effect of incorporation of pretreatment serum

carcinoembryonic antigen levels into AJCC staging for colon

cancer on 5-year survival. JAMA Surg 2015;150(8):747-55.

15. Konishi T, Shimada Y, Hsu M, Tufts L, Jimenez-Rodriguez

R, Cercek A, et al. Association of preoperative and postoper-

ative serum carcinoembryonic antigen and colon cancer out-

come. JAMA Oncol 2018;4(3):309-15.

16. Alexander JC, Silverman NA, Chretien PB. Effect of age and

cigarette smoking on carcinoembryonic antigen levels. JAMA

1976;235(18):1975-9.

17. Fukuda I, Yamakado M, Kiyose H. Influence of smoking on

serum carcinoembryonic antigen levels in subjects who un-

derwent multiphasic health testing and services. J Med Syst

1998;22(2):89-93.

18. Ichhpuniani S, McKechnie T, Lee J, et al. Lymph node ratio

as a predictor of survival for colon cancer: a systematic re-

view and meta-analysis. The American Surgeon 2023. doi:

10.1177/00031348231209532

19. Lee SD, Kim TH, Kim DY, Baek JY, Kim SY, Chang HJ, Park

174 Kuan-Chu Ho, et al. J Soc Colon Rectal Surgeon (Taiwan) September 2025



SC, Park JW, Oh JH, Jung KH. Lymph node ratio is an inde-

pendent prognostic factor in patients with rectal cancer treated

with preoperative chemoradiotherapy and curative resection.

2012;38(6):0-483. doi:10.1016/j.ejso.2012.03.002

20. Karjol U, Jonnada P, Chandranath A, Cherukuru S. Lymph node

ratio as a prognostic marker in rectal cancer survival: a systematic

review and meta-analysis. Cureus 2020;12(5):e8047. doi: 10.

7759/cureus.8047. PMID: 32399378; PMCID: PMC7216312.

21. Oh HS, Chung HJ, Kim HK, Choi JS. Differences in overall

survival when colorectal cancer patients are stratified into new

TNM staging strategy. Cancer Res Treat 2007;39(2):61-4.

22. Ishii K, Watanabe J, Goto K, Suwa Y, Nakagawa K, Suwa H,

et al. The prognostic significance of apical lymph node me-

tastasis in patients with high-risk stage III colon cancer. Sci

Rep 2022;12(1):2059.

23. Johnson PM, Porter GA, Ricciardi R, Baxter NN. Increasing

negative lymph node count is independently associated with

improved long-term survival in stage IIIB and IIIC colon can-

cer. J Clin Oncol 2006;24(22):3570-5.

24. Leonard D, Remue C, Abbes Orabi N, van Maanen A, Danse

E, Dragean A, et al. Lymph node ratio and surgical quality are

strong prognostic factors of rectal cancer: results from a sin-

gle referral center. Colorectal Dis 2016;18(6):O175-84.

25. Moug SJ, Saldanha JD, McGregor JR, Balsitis M, Diament

RH. Positive lymph node retrieval ratio optimises patient stag-

ing in colorectal cancer. Br J Cancer 2009;100(10):1530-3.

26. Wang J, Hassett JM, Dayton MT, Kulaylat MN. Lymph node

ratio: role in the staging of node-positive colon cancer. Ann

Surg Oncol 2008;15(6):1600-8.

27. Jiang KW, Zhu Y, Liu Y, Ye YJ, Xie QW, Yang XD, Wang S.

Lymph node ratio as an independent prognostic indicator in

stage III colorectal cancer: especially for fewer than 12 lymph

nodes examined. Tumour Biol 2014;35(11):11685-90.

28. Ceelen W, Van Nieuwenhove Y, Pattyn P. Prognostic value of

the lymph node ratio in stage III colorectal cancer: a system-

atic review. Ann Surg Oncol 2010;17(11):2847-55.

29. Hida J, Okuno K, Yasutomi M, Yoshifuji T, Matsuzaki T,

Uchida T, et al. Number versus distribution in classifying re-

gional lymph node metastases from colon cancer. J Am Coll

Surg 2005;201(2):217-22.

30. Kobayashi H, Ueno H, Hashiguchi Y, Mochizuki H. Distribu-

tion of lymph node metastasis is a prognostic index in patients

with stage III colon cancer. Surgery 2006;139(4):516-22.

31. Beauchemin N, Arabzadeh A. Carcinoembryonic antigen-re-

lated celladhesion molecules (CEACAMs) in cancer progres-

sion and metastasis. Cancer Metastasis Rev 2013;32:643-71.

32. Arabzadeh A, Chan C, Nouvion AL, Breton V, Benlolo S,

DeMarte L, et al. Host-related carcinoembryonic antigen cell

adhesion molecule 1 promotes metastasis of colorectal can-

cer. Oncogene 2013;32:849-60.

33. Cai Z, Xiao J, He X, Ke J, Zou Y, Chen Y, et al. Accessing new

prognostic significance of preoperative carcinoembryonic an-

tigen in colorectal cancer receiving tumor resection: more than

positive and negative. Cancer Biomark 2017;19(2):161-8.

34. Steele G Jr, Ellenberg S, Ramming K, O'Connell M, Moertel

C, Lessner H, et al. CEA monitoring among patients in multi-

institutional adjuvant G.I. therapy protocols. Ann Surg 1982;

196(2):162-9.

35. Moertel CG, O'Fallon JR, Go VL, O'Connell MJ, Thynne GS.

The preoperative carcinoembryonic antigen test in the diag-

nosis, staging, and prognosis of colorectal cancer. Cancer

1986;58(3):603-10.

36. Zhang H, Wang C, Liu Y, Hu H, Tang Q, Huang R, et al. The

optimal minimum lymph node count for carcinoembryonic

antigen elevated colon cancer: a population-based study in

the SEER set and external set. BMC Cancer 2023;23(1):100.

37. Dent OF, Newland RC, Chan C, Bokey L, Chapuis PH. Trends

in pathology and long-term outcomes after resection of colo-

rectal cancer: 1971-2013. ANZ J Surg 2017;87(1-2):34-8.

38. Lykke J, Rosenberg J, Jess P, Roikjaer O; Danish Colorectal

Cancer Group. Lymph node yield and tumour subsite are as-

sociated with survival in stage I-III colon cancer: results from

a national cohort study. World J Surg Oncol 2019;17(1):62.

39. Gao P, Huang XZ, Song YX, Sun JX, Chen XW, Sun Y, et al.

Impact of timing of adjuvant chemotherapy on survival in

stage III colon cancer: a population-based study. BMC Can-

cer 2018;18(1):234.

40. Ribic CM, Sargent DJ, Moore MJ, Thibodeau SN, French AJ,

Goldberg RM, et al. Tumor microsatellite-instability status as

a predictor of benefit from fluorouracil-based adjuvant che-

motherapy for colon cancer. N Engl J Med 2003;349:247-57.

41. Sargent DJ, Marsoni S, Monges G, Thibodeau SN, Labianca R,

Hamiltonet SR, et al. Defective mismatch repair as a predictive

marker for lack of efficacy of fluorouracil-based adjuvant ther-

apy in colon cancer. J Clin Oncol 2010;28(20):3219-26.

42. Samowitz WS, Curtin K, Ma KN, Schaffer D, Coleman LW,

Leppert M, Slattery ML. Microsatellite instability in sporadic

colon cancer is associated with an improved prognosis at the

population level. Cancer Epidemiol Biomarkers Prev 2001;

10:917-23.

43. Ng M, Roy-Chowdhury S, Lum SS, Morgan JW, Wong JH.

The impact of the ratio of positive to total lymph nodes exam-

ined and outcome in colorectal cancer. Am Surg 2009;75(10):

873-6. PMID: 19886125.

44. Hong KD, Lee SI, Moon HY. Lymph node ratio as deter-

mined by the 7th edition of the American Joint Committee on

Cancer staging system predicts survival in stage III colon

cancer. J Surg Oncol 2011;103(5):406-10. doi: 10.1002/jso.

21830. Epub 2010 Dec 22. PMID: 21400524.

45. Cohen R, Shi Q, Meyers J, Jin Z, Svrcek M, Fuchs C, Couture F,

Kuebler P, Ciombor KK, Bendell J, De Jesus-Acosta A, Kumar P,

Lewis D, Tan B, Bertagnolli MM, Philip P, Blanke C, O'Reilly

EM, Shields A, Meyerhardt JA. Combining tumor deposits with

the number of lymph node metastases to improve the prognostic

accuracy in stage III colon cancer: a post hoc analysis of the

CALGB/SWOG 80702 phase III study (Alliance)*. Ann Oncol

2021;32(10):1267-75. doi: 10.1016/j.annonc.2021.07.009. Epub

2021 Jul 20. PMID: 34293461; PMCID: PMC8719434.

Vol. 36, No. 3 Prognostic factor � CEA & LNR, in pStage III Colon Cancer 175



176 何寬助等 J Soc Colon Rectal Surgeon (Taiwan) 2025;36:163-176

原    著

綜合轉移淋巴結比率與癌胚抗原指數與

第三期結腸癌根治性手術預後的相關性

何寬助 1  洪欣園 2  靳志堅 1,4  游正府 3  郭益宏 1,4

1嘉義長庚紀念醫院  大腸直腸外科

2新北市立土城醫院  大腸直腸外科

3林口長庚紀念醫院  大腸直腸外科

4長庚大學  臨床醫學研究所

目的  癌胚抗原指數 (CEA) 對結腸癌病患預後有影響，而轉移淋巴結比率 (LNR) 對
結腸癌第三期病人手術預後也有顯著影響；透過分組比較找出預後較差病患，可提供臨

床治療決策的參考。

方法  回溯性研究分析於 1995 年 1 月至 2016 年 12 月間，於長庚紀念醫院接受根治性
手術病診斷第三期之結腸癌病人，共 2205 人。依照 CEA 及 LNR 分為六組，分析比較
五年存活率 (OS) 及五年無復發存活率 (RFS)。

結果  六組裡，G1的存活率 (OS & RFS) 最差，而 G6最好；雖然 G2相較 G3有較高
的 LNR、較不好的組織分化、較多的 IIIc期病患，但 RFS顯著較好。而 G2與 G5比較，
雖然 CEA與 LNR完全不同，但 OS或 RFS並沒有顯著差異。綜合分析下，男性、IIIb and
IIIc、沒有接受輔助化療、及高 CEA的 G1 & G3組都是預後不好的獨立因子。

結論  綜合 CEA及 LNR可以更完整將第三期病患分組，得到更準確的預後；而其中若
LNR相近，CEA對於 RFS更關鍵。

關鍵詞  第三期大腸癌、癌胚抗原指數、轉移淋巴結比率、存活率、無復發存活率。


