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Abstract
Objectives: This study was conducted to investigate whether preoperative or postoperative carcinoembry-

onic antigen (CEA) with a new cut-off value is more optimal for predicting long-term outcomes in patients

with Stage II/III rectal cancer, and to investigate the effectiveness of postoperative adjuvant chemotherapy

(POAC) based on the CEA values.

Methods: Serum CEA levels were measured preoperatively (pre-CEA) and postoperatively (post-CEA). The

area under the receiver operating curve (AUROC) was used to determine a cut-off for CEA. The cut-off for

CEA relative to recurrence-free survival (RFS) was established as that giving the highest AUROC. In com-

parison of superiority between pre- and post- CEA levels, Akaike’s information criterion (AIC) was used in

the Cox proportional-hazard regression model.

Results: The subjects were 323 patients who underwent curative surgical treatment for Stage II/III rectal

cancer. AIC values indicated that RFS was better stratified by a post-CEA level with a cut-off of 2.3 ng/ml

compared with other classifications of pre- or post- CEA. In Stage III or high-risk Stage II cases, there was

no effect of POAC on RFS in those with post-CEA <2.3 ng/ml (p=0.39), but in those with post-CEA �2.3

ng/ml there was a trend for better RFS in patients who received POAC compared to those without POAC

(p=0.06).

Conclusions: Patients with post-CEA �2.3 ng/ml had worse long-term outcomes compared with those with

post-CEA <2.3 ng/ml. Post-CEA with a cut-off of 2.3 ng/ml may be useful in determining the indication

for POAC for in Stage III or high-risk Stage II cases.

Keywords
locally advanced rectal cancer, carcinoembryonic antigen (CEA), minimal residual disease (MRD),

recurrence-free survival, postoperative adjuvant chemotherapy (POAC)

J Anus Rectum Colon 2025; 9(1): 69-78

Introduction

Colorectal cancer is an increasingly common disease and

a leading global cause of death[1,2]. About 30% of colorec-

tal cancers are classified as rectal cancer[1], and these cases

commonly have an aggressive course that results in poor

recurrence-free survival (RFS) and cancer-specific survival

in the long term[3]. Neoadjuvant treatment for locally ad-

vanced rectal cancer (LARC) has improved outcomes after

surgery[4,5]. In Western countries, resectable LARC is often

treated with neoadjuvant treatment followed by total

mesorectal excision (TME)[3,6,7], whereas neoadjuvant

treatment for LARC is not mainstream in Japan[8-10]. Even

with these approaches, LARC has a high rate of local recur-

Corresponding author: Kiichi Sugimoto, ksugimo@juntendo.co.jp

Received: April 25, 2024, Accepted: October 3, 2024

Copyright Ⓒ 2025 The Japan Society of Coloproctology



J Anus Rectum Colon 2025; 9(1): 69-78 dx.doi.org/10.23922/jarc.2024-035

70

rence of 5-10% after radical resection[11-15]. Distant metas-

tases, which occur at a rate of 25-40%, are mainly responsi-

ble for treatment failure in cases of LARC[16,17].

Imaging markers {extramural venous invasion (EMVI),

interrectal fascial involvement}, blood markers {carcinoem-

bryonic antigen (CEA), neutrophil-lymphocyte ratio (NLR)},

pathological and molecular markers {tumor grade, tumor-

infiltrating lymphocytes (TIL), circumferential resection

margin (CRM)} have been reported as prognostic factors in

LARC[18-20]. CEA is a glycoprotein with a molecular

weight of about 200,000 that is related to cell adhesion fac-

tors. It was first extracted from human colon cancer tissue in

1965[21], and has long been used primarily as a marker of

tumor activity, with many benefits to clinicians and patients.

CEA is also used for screening of malignant disease[22,23],

follow-up after surgery[24-26], and evaluation of the effects

of chemotherapy[27,28].

Preoperative CEA (pre-CEA) levels are mainly used in

disease evaluation, but the usefulness of postoperative CEA

(post-CEA) has recently been suggested because a high

post-CEA level may indicate minimal residual disease

(MRD) after curative resection due to the characteristic short

half-life of serum CEA[29]. Furthermore, a more optimal

cut-off for the pre-CEA level (2.35 ng/ml), which is within

the normal range, has been proposed for predicting progno-

sis in Stage I and II colon cancer[30]. Thus, this study was

conducted to investigate whether pre- or post-CEA with a

new cut-off value is more optimal for predicting long-term

outcomes in patients with LARC, and to investigate the ef-

fectiveness of postoperative adjuvant chemotherapy (POAC)

based on the CEA values.

Methods

Patient selection

A retrospective study was performed in patients with pa-

thologically confirmed stage II/III rectal cancer who under-

went surgery with curative intent at Juntendo University

Hospital between January 1999 and March 2018. Patients

with neoadjuvant treatment or with synchronous or recurrent

cancer of other organs were excluded. Data were collected

in a retrospective review of a database and medical records.

The study was conducted in accordance with the Declaration

of Helsinki, and was approved by the institutional review

board of Juntendo University Hospital (No. 19-214). Due to

the retrospective design, the requirement for formal in-

formed consent was waived.

CEA measurements

Serum CEA was measured preoperatively (pre-CEA) and

postoperatively (about four weeks after rectal cancer resec-

tion: post-CEA). CEA was analyzed using an immunoenzy-

matic assay (Elecsys CEA, Roche Diagnostics, Indianapolis,

IN, USA) according to the manufacturer’s instructions.

Surgical strategies for rectal cancer

Resection of rectal cancer with lymph node dissection at

the root of the main vessels (inferior mesenteric arteries and

veins) was performed with curative intent[31]. Radical sur-

gery for rectal cancer is based on the principle of total

mesorectal excision (TME)[32]. In LARC surgery, dissection

is performed at least 2 cm distal to the cancer. A 2-cm mu-

cosal margin above the dentate line makes it possible to pre-

serve the sphincter[33]. Alternatively, abdominoperineal re-

section (APR) is used. Open or laparoscopic surgery was

performed depending on tumor factors (tumor site, progres-

sion) and patient factors (obesity, history of abdominal sur-

gery). There were some changes in these indications over

the study period.

POAC

POAC was recommended for all eligible patients with

Stage III or high-risk Stage II disease. A high-risk Stage II

case was defined as one that met at least one of the follow-

ing criteria: T4, perforation/penetration, poorly differentiated

adenocarcinoma, mucinous carcinoma, and <12 examined

lymph nodes[34]. Patients were considered ineligible if they

had synchronous or metachronous multiple cancers, severe

complications or were advanced in age. All eligible patients

had an Eastern Cooperative Oncology Group performance

status of 0, 1, or 2. All patients were required to provide in-

formed consent. The POAC regimens were not the same

over the study period because this period was relatively

long. Ultimately, the decision regarding this regimen was

made for each case based on discussions between the physi-

cian and the patient. Basically, during the study period, pa-

tients received 5-FU orally or an oxaliplatin-based regimen

intravenously for more than six months, starting 4 to 8

weeks after surgery.

Clinicopathological analysis

Clinicopathological factors of age, gender, presence of

preoperative diabetes mellitus, location (upper rectum,

above / below the peritoneal reflection / lower rectum), sur-

gical method (open / laparoscopic), surgical procedure

(APR / others), main macroscopic type (localized / dif-

fuse)[31], maximum primary tumor diameter, main histo-

logical type of primary tumor (differentiated / undifferenti-

ated), undifferentiated component in primary tumor (pre-

sent / absent), T classification (T1, T2, T3 / T4)[35], N clas-

sification (N0 / N1, N2)[35], radial margin (RM) and sur-

vival were evaluated. An RM (+) case was defined as one in

which the tumor was identified at the radial margin of the

resection plane[31].
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Follow-up

Clinical assessment and measurement of serum CEA

every 3 months, and chest CT and abdominal ultrasonogra-

phy or CT every 3-6 months were performed postopera-

tively. Cases with suspected recurrence underwent abdomi-

nal or pelvic magnetic resonance imaging (MRI) or positron

emission tomography-computed tomography (PET-CT) to

detect the recurrence[32]. Local extraperitoneal tumor recur-

rence, tumor growth in local lymph nodes, intraluminal re-

currence and peritoneal tumor growth below the promontory

were defined as local recurrence[36]. Distant metastases

were defined as recurrences outside the small pelvis, includ-

ing in the lungs, liver, lymph nodes, peritoneum or another

organ[36].

Statistical analysis

The area under the receiver operating curve (AUROC)

was used to determine a cut-off for CEA. The cut-off for

CEA relative to RFS was established as that giving the

highest AUROC. Multivariate analysis was used to evaluate

the effects of variables on RFS (time from surgery for rectal

cancer until initial recurrence). In the multivariate analysis, a

Cox proportional-hazard regression model was used with the

hazard ratio (HR). In comparison of superiority between

pre- and post-CEA levels, Akaike’s information criterion

(AIC) was used in the Cox proportional-hazard regression

model to demonstrate the discriminatory ability of progno-

sis[37]. A lower AIC was regarded to indicate a more desir-

able model with both a better fit and lower complexity. Dis-

crete variables were compared by Fisher exact test. Continu-

ous variables were compared using a Mann-Whitney U-test

for individual comparisons and a Wilcoxon signed rank test

for paired comparisons. Clinicopathological factors for

which there were significant differences in univariate analy-

sis were used as co-variables in multivariate analysis. The

multivariate analysis used a logistic regression model with a

stepwise procedure. The odds ratio (OR) and 95% confi-

dence intervals were calculated as a measure of association.

JMP 14 was used for all analyses, with p<0.05 taken to in-

dicate a significant difference. Data are shown as medians

with the range in parentheses.

Results

RFS based on pre- and post-CEA values

A total of 323 patients were enrolled in the study. The

median observation period was 69.8 months (range: 1.0-

204.5 months) for RFS cases. AUROCs were calculated to

establish cut-offs for pre- and post-CEA relative to RFS. For

pre-CEA, the highest AUROC (0.606) was obtained at a pre-

CEA level of 3.0 ng/ml. To compare this cut-off {pre-CEA

(ob)} with the standard cut-off {5.0 ng/ml, pre-CEA(std)},

the patients were divided into low pre-CEA(ob) (<3.0 ng/ml,

n=124) and high pre-CEA(ob) (�3.0 ng/ml, n=199) catego-

ries, and low pre-CEA(std) (<5.0 ng/ml, n=201) and high

pre-CEA(std) (�5.0 ng/ml, n=122) categories. Similarly, for

post-CEA, the highest AUROC (0.593) was obtained at a

post-CEA level of 2.3 ng/ml, and to compare this cut-off

{post-CEA(ob)} with the standard cut-off {5.0 ng/ml, post-

CEA(std)}, the patients were divided into low post-CEA(ob)

(<2.3 ng/ml, n=197) and high post-CEA(ob) (�2.3 ng/ml, n=

126) categories, and low post-CEA(std) (<5.0 ng/ml, n=302)

and high pre-CEA(std) (�5.0 ng/ml, n=21) categories.

Comparisons of clinicopathological factors according to

pre-CEA(std) are shown in Table 1. In univariate analysis,

surgical approach (open / laparoscopic), maximum primary

tumor diameter and T classification (T1-3 / T4) were signifi-

cantly different between the low pre-CEA(std) (<5.0 ng/ml,

n=201) and high pre-CEA(std) (�5.0 ng/ml, n=122) groups

(Table 1A). Patients in the high pre-CEA(std) (�5.0 ng/ml)

group more frequently had open surgery (p=0.0008), larger

maximum primary tumor diameter (p=0.0003) and a T4 tu-

mor (p=0.0008) compared with those with low pre-CEA(std)

(<5.0 ng/ml) group (Table 1A). No other clinicopathological

factors differed significantly between these groups. In multi-

variate analysis using the significant clinicopathological fac-

tors, excluding those associated with interventions such as

operations because these factors were not the cause of the

elevation or drop in preoperative CEA, the maximum pri-

mary tumor diameter (OR=1.02 (1.00-1.03), p=0.01) and T

classification of T4 (OR=2.13 (1.18-3.84), p=0.01) were

identified as significant independent predictive factors for

high pre-CEA(std) (Table 1A).

Univariate analysis also indicated that patients in the high

pre-CEA(ob) (�3.0 ng/ml) group more frequently had open

surgery (p<0.0001), APR (p=0.03), larger maximum primary

tumor diameter (p=0.0004) and a T4 tumor (p=0.02) com-

pared to the low pre-CEA(ob) (<3.0 ng/ml) group (Table 1

B). In multivariate analysis using these clinicopathological

factors, again excluding those associated with interventions,

the maximum primary tumor diameter (OR=1.01 (1.00-

1.03), p=0.01) was found to be a significant independent

predictive factor for high pre-CEA(ob) (Table 1B).

Comparisons of clinicopathological factors according to

post-CEA values are shown in Table 2. In univariate analy-

sis, POAC differed significantly between the low post-CEA

(std) (<5.0 ng/ml, n=302) and high post-CEA(std) (�5.0 ng/

ml, n=21) groups (Table 2A). Patients in the high post-CEA

(std) (�5.0 ng/ml) group less frequently had POAC (p=

0.046) compared with those in the low pre-CEA(std) (<5.0

ng/ml) group (Table 2A). Since there was no significant fac-

tor other than POAC, multivariate analysis was not per-

formed (Table 2A). Univariate analysis indicated that pa-

tients in the high post-CEA(ob) (�2.3 ng/ml) group were
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Figure　1.　RFS based on preoperative (pre-) and postoperative (post-) CEA values.
RFS was well stratified in all four groups (low pre-CEA (std) (<5.0 ng/ml)/high pre-CEA (std) (≥5.0 ng/ml): HR=1.70 
(1.14-2.53), p=0.01; low pre-CEA (ob) (<3.0 ng/ml)/high pre-CEA (ob) (≥3.0 ng/ml): HR=2.00 (1.26-3.18), p=0.003; low 
post-CEA (std) (<5.0 ng/ml)/high post-CEA (std) (≥5.0 ng/ml): HR=2.68 (1.43-5.03), p=0.002; low post-CEA (ob) (<2.3 
ng/ml)/high post-CEA (ob) (≥2.3 ng/ml): HR=1.93 (1.30-2.89), p=0.001) (A-D). However, AIC (1048.98) was the lowest 
in classifications with post-CEA (ob) of 2.3 ng/ml compared with other classifications of pre- or post-CEA (D).

older (p=0.01) and less frequently had POAC (p<0.0001)

compared with the low post-CEA(ob) (�2.3 ng/ml) group

(Table 2B). No other clinicopathological factors differed sig-

nificantly in the two groups. Since only age, other than

POAC, was significant in univariate analysis, multivariate

analysis was not performed (Table 2B).

RFS was well stratified in all four groups (low pre-CEA

(std) (<5.0 ng/ml) / high pre-CEA(std) (�5.0 ng/ml): HR=

1.70 (1.14-2.53), p=0.01; low pre-CEA(ob) (<3.0 ng/ml) /

high pre-CEA(ob) (�3.0 ng/ml): HR=2.00 (1.26-3.18), p=

0.003; low post-CEA(std) (<5.0 ng/ml) / high post-CEA(std)

(�5.0 ng/ml): HR=2.68 (1.43-5.03), p=0.002; low post-CEA

(ob) (<2.3 ng/ml) / high post-CEA(ob) (�2.3 ng/ml): HR=

1.93 (1.30-2.89), p=0.001) (Figure 1A-D). However, AIC

(1048.98) was the lowest in classifications with post-CEA

(ob) of 2.3 ng/ml compared with other classifications of pre-

or post-CEA (Figure 1D). This indicates that prognostic dis-

crimination using post-CEA with a cut-off of 2.3 ng/ml was

superior to those with other classifications of pre- or post-

CEA, giving both a better fit and lower complexity.

Effectiveness of POAC according to the post-CEA value

Detailed information for POAC was obtained in 293 pa-

tients, and was unknown in 30 patients. Among all Stage III

or high-risk Stage II cases (n=246), 170 patients received

POAC, including 145 (85.3%) with oral 5-FU and 25

(14.7%) with an intravenous oxaliplatin-based regimen.

Among the 145 patients treated with 5-FU, 134 (92.4%) and

11 (7.6%) received 5-FU for >6 and <6 months, respec-

tively. All 25 patients with an oxaliplatin-based regimen re-

ceived this treatment for >6 months. In Stage III or high-

risk Stage II cases, RFS was better in patients with POAC

than without POAC, but the difference was not significant

(HR=0.74 (0.47-1.16), p=0.18) (Figure 2A). There was no

effect of POAC on RFS in those with post-CEA <2.3 ng/ml

(HR=1.42 (0.63-3.19), p=0.39) (Figure 2B), but in those
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Figure　2.　Effectiveness of POAC according to the post-CEA value.
Among all Stage III or high-risk Stage II cases (n=246), RFS was better in patients with POAC than without POAC, but 
the difference was not significant (HR=0.74 (0.47-1.16), p=0.18) (A). In Stage III or high-risk Stage II cases, there was no 
effect of POAC on RFS in those with post-CEA <2.3 ng/ml (HR=1.42 (0.63-3.19), p=0.39) (B), but in those with post-
CEA ≥2.3 ng/ml there was a trend for better RFS in patients who received POAC compared to those without POAC 
(HR=0.55 (0.30-1.02), p=0.06) (C).

with post-CEA �2.3 ng/ml there was a trend for better RFS

in patients who received POAC compared to those without

POAC (HR=0.55 (0.30-1.02), p=0.06) (Figure 2C).

Discussion

Many studies have examined the value of CEA as a tu-

mor marker for colorectal cancer[38-43]. Appropriate risk

assessment can enhance postoperative surveillance and early

detection of recurrence, and CEA has been shown to be par-

ticularly useful as a local recurrence marker[39] and for pre-

diction of the effect of neoadjuvant chemoradiotherapy[38].

Therefore, in most previous reports, the usefulness of pre-

CEA values has been evaluated[30]. However, in the present

study, AIC values indicated that RFS was better stratified by

a post-CEA level with a cut-off of 2.3 ng/ml compared with

other classifications of pre- or post-CEA.

Patients with post-CEA >5 ng/ml have been reported to

have a poor prognosis[41,42,44,45]. Therefore, in most stud-

ies, a post-CEA level of 5 ng/ml has been used as the cut-

off to evaluate long-term outcomes. However, in this study,

determination of the cut-off with recurrence as the endpoint

resulted in a value lower than 5 ng/ml. As a result, risks for

RFS were well stratified, and the difference in RFS in cases

with post-CEA �2.3 ng/ml was especially clear. Patients

with post-CEA �2.3 ng/ml also had worse long-term out-

comes compared with those with post-CEA <2.3 ng/ml, de-

spite CEA of 2.3 ng/ml being within the normal range.

These results suggest that elevated CEA within the normal

range may be correlated with MRD. MRD is defined as mi-

croscopic remaining materials after curative treatment that

are not detectable clinically, and thus, have potential to pre-

dict disease recurrence[46,47]. Post-CEA has been found to

be more sensitive in reflecting MRD and more useful than
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pre-CEA for predicting recurrence in the surveillance period

in metastatic CRC and non-metastatic CRC[43]. Our results

also suggest that post-CEA levels may be associated with

MRD, and AIC values indicated that post-CEA was superior

to pre-CEA for stratification of RFS.

A previous study found that detection of MRD using

post-CEA can be useful in clinical decision-making, such as

for the intensity and duration of POAC and surveillance,

which may improve long-outcomes[41]. Our study also indi-

cates that post-CEA with a cut-off of 2.3 ng/ml may be use-

ful in determining the indication for POAC in Stage III or

high-risk Stage II cases. In particular, T1-T2N1 and T1N2a

cases are classified as Stage IIIA in the TNM classification,

and these Stage IIIA cases have a good prognosis[48].

Therefore, post-CEA with a cut-off of 2.3 ng/ml may be

useful to identify Stage III cases in which POAC is unneces-

sary. In addition, pre-CEA is considered to be a high-risk

factor in Stage II CRC and POAC should be administered

for high-risk Stage II CRC based on ESMO Guidelines[49].

Therefore, in the future, the usefulness of post-CEA with a

cut-off of 2.3 ng/ml should also be investigated for deter-

mining the indication for POAC in high-risk Stage II cases.

A randomized phase III trial comparing S-1 with UFT as

POAC for stage II/III rectal cancer without prior radiother-

apy or chemotherapy (ACTS-RC) has been conducted in Ja-

pan[50]. In this trial, one-year S-1 treatment was superior to

UFT with respect to 5-year RFS (66.4% vs. 61.7%; p=0.02),

and therefore, is now considered to be a standard POAC

regimen for stage II/III rectal cancer following curative re-

section. After the trial, a prospective, multicenter, open-

label, single-arm phase II study was conducted to investigate

the efficacy of POAC with oxaliplatin plus capecitabine

(CAPOX) for curatively resected high-risk stage II and stage

III rectal cancer without preoperative chemoradiation[51]. In

this trial, POAC with CAPOX gave an adequate 3-year

disease-free survival of 70.1%. There has been no direct

comparison of 5-FU and an oxaliplatin-based regimen to

date, but both regimens seem to be effective for stage II/III

rectal cancer without prior treatment, which was similar to

the cohort in the current study. Approximately 90% of the

patients in our cohort received POAC without an oxaliplatin-

based regimen because the study referred to above[51] had

not been published at this time. In this study, therefore, the

usefulness of post-CEA with a cut-off of 2.3 ng/ml was

clarified for determining the indication for POAC in a co-

hort in which almost all patients received POAC without an

oxaliplatin-based regimen. In this context, the usefulness of

post-CEA with a cut-off of 2.3 ng/ml requires clarification

in limited patients who receive POAC with an oxaliplatin-

based regimen. In our study, patients with high post-CEA

(ob) (�2.3 ng/ml) less frequently had POAC compared with

those with low post-CEA(ob) (<2.3 ng/ml). This result was

opposite to our expectation, but might reflect the signifi-

cantly older age of the patients with high post-CEA(ob) (�
2.3 ng/ml) compared to those with low post-CEA(ob) (<2.3

ng/ml). A further prospective investigation is needed in more

cases to obtain conclusive results.

We note that the study has several limitations. First, the

results are based on a small number of cases at a single cen-

ter, and patients who received neoadjuvant treatment were

excluded. Second, the differences in AIC values between the

pre- and post-CEA categories were relatively small. Al-

though AIC can provide a relative evaluation[37], the results

might change for a different cohort. In this respect, a further

study with a different cohort is needed. We also had no data

on smoking status, which can elevate CEA[52].

In conclusion, patients with post-CEA �2.3 ng/ml had

worse long-term outcomes compared with those with post-

CEA <2.3 ng/ml. Post-CEA with a cut-off of 2.3 ng/ml may

be useful in determining the indication for POAC for in

Stage III or high-risk Stage II cases.
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