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Clinical significance of carcinoembryonic antigen in
peritoneal fluid detected during operation in stage I-1II
colorectal cancer patients
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Background/Aims: Early diagnosis of peritoneal metastases in patients with colorectal cancer (CRC) can influence patient
prognosis. The aim of this study was to identify the clinical significance of carcinoembryonic antigen (CEA) in peritoneal fluid
detected during operation in stage I-III CRC patients. Methods: Between April 2009 and April 2015, we reviewed medical
records from a total of 60 stage I-III CRC patients who had peritoneal fluid collected during operation. Patients who had posi-
tive cytology in the assessment of peritoneal fluid were excluded. We evaluated the values of CEA in peritoneal fluid (pCEA) to
predict the long-term outcomes of these patients using Kaplan-Meier curves and Cox regression models. Results: The median
follow-up duration was 37 months (interquartile range, 21-50 months). On receiver operating characteristic analysis, pCEA
had the largest area under the curve (0.793; 95% confidence interval, 0.635-0.950; P=0.001) with an optimal cutoff value of 26.84
(sensitivity, 80.0%; specificity, 76.6%) for predicting recurrence. The recurrence rate was 8.1% in patients with low pCEA (<26.84
ng/mlL, n=37), and 52.2% in patients with high pCEA (226.84 ng/mL, n=23). In multivariate Cox regression analysis, high pCEA
(=26.84 ng/mL) was a risk factor for poor cancer-free survival (CFS) in stage I-1II patients. Conclusions: In this study, we de-
termined that high pCEA (>26.84 ng/mL) detected during operation was helpful for the prediction of poor CFS in patients with
stage I-11I CRC. (Intest Res 2018;16:467-474)
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INTRODUCTION

Colorectal cancer (CRC) is the third most common cause
of cancer-related death in the world,"” with development
of peritoneal carcinomatosis in 10% to 30% of patients.”" In
Eastern Asia, CRC occurs in more than 37.0 per 100,000 in-
dividuals per year and accounts for approximately 207,700
annual deaths.” Although the recent development of new
drugs including biologic agents has caused an increase in
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the overall survival rate of CRC, the median overall survival
of patients with metastatic CRC is less than 30 months.*’
Especially, CRC patients with peritoneal metastasis have a
poor prognosis with a median survival of 6 to 8 months.”
Therefore, early diagnosis and management of peritoneal
metastasis in patients with CRC are important in clinical
practice.

Peritoneal fluid is a sign of peritoneal metastasis, which
suggests the presence of malignant cells in the peritoneal
cavity. Malignant ascites accounts for approximately 10% of
all peritoneal fluid causes."’ The formation of peritoneal fluid
from cancer is a complex and multifactorial process. The
mechanism of the accumulation of fluid in the intraperito-
neal space associated with cancer appears to be secondary
to a combination of increased vascular permeability and
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impaired lymphatic drainage."’ The patients with stage IV
CRC who have peritoneal metastasis are most likely to have
peritoneal fluid, whereas the patients with stage I-IIl CRC are
rarely likely to have peritoneal fluid. However, a little perito-
neal fluid is occasionally observed during the operation of
patients with stage I-1II CRC, and to date, there are few data
on the peritoneal fluid detected during operation of these
patients.

CEA is a glycoprotein normally produced in gastrointes-
tinal tissue during fetal development, and the production
of CEA ceases after birth."” Therefore, the level of CEA is
very low in the blood of healthy adults and is a useful tumor
marker for gastrointestinal cancer."” Several studies have
reported that the assessment of CEA in peritoneal fluid
(pCEA) has a diagnostic value for patients who have perito-
neal fluid."”" Further, the levels of pCEA and positive cytol-
ogy in peritoneal fluid have prognostic significance for CRC
patients.'*"*

In this study, we aimed to identify the clinical significance
of pCEA detected during operation in patients with stage I-
I CRC.

METHODS
1. Patients

Between April 2009 and April 2015, the medical records
from a total of 60 patients with stage I-IIl CRC who had
peritoneal fluid assessed during operation were retrospec-
tively reviewed. Patients who were histologically confirmed
to have CRC were included, and patients who had positive
cytology in the assessment of peritoneal fluid or had distant
metastasis on preoperative imaging studies including ab-
dominal CT and chest CT were excluded. Detailed clinical
data including age, gender, tumor location, histopathology,
tumor stage, nodal stage, and use of chemotherapy were
collected. All blood samples were taken at the time of admis-
sion for initial diagnosis. This study was approved by the In-
stitutional Review Board of Kosin University Gospel Hospital
(IRB No. 2017-06-022) and informed consent was waived.

2. Collection and Assessment of Peritoneal Fluid

At the time of operation, any present peritoneal fluid was
aspirated by 50 mL syringe. The amount and color of aspi-
rated peritoneal fluid was recorded, and the collected peri-
toneal fluid was analyzed for cytology and tumor markers.
For cytologic examination, the collected peritoneal fluid was
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centrifuged and smeared on slides and fixed with cytospray,
and Papanicolaou and Giemsa staining were performed.
The levels of pCEA and CEA in serum (sCEA) were mea-
sured by electrochemiluminescent immunoassay (ECLIA)
on a Cobas e-601 analyzer (Roche Diagnostics, Mannheim,
Germany).

3. Statistical Analysis

Statistical analyses were performed using IBM SPSS ver-
sion 23.0 (IBM Corp., Armonk, NY, USA). Cutoff values, sen-
sitivity, and specificity of pCEA for prediction of recurrence
were evaluated using receiver operating characteristic (ROC)
curves. We divided the included patients into 2 groups ac-
cording to the optimal cutoff value of pCEA to predict recur-
rence and compared the clinical parameters of the 2 groups.
Student ¢-test and the chi-square test were performed for
continuous and categorical variables, as appropriate. Pear-
son’s correlation analysis was used to evaluate the relation-
ship between pCEA and sCEA. Cancer-free survival (CFS)
was measured from the date of CRC diagnosis to the date of
recurrence or final follow-up. The recurrence of CRC was di-
agnosed with radiological and endoscopic histopathological
data. Kaplan-Meier curves were used to construct survival
curves based on cumulative incidences and compared us-
ing the log-rank test. A Cox proportional hazards regression
model was used to assess factors affecting elevated pCEA
level and poor CFS. P-values less than 0.05 were considered
statistically significant.
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Fig. 1. Receiver operating characteristics curves for predicting recur-
rence of stage I-Ill colorectal cancer.
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RESULTS
1. Baseline Characteristics

A total of 60 patients between April 2009 and April 2015
were included. Their median age was 64 years (range, 35-84
years), and 34 patients (56.7%) were male. The median fol-
low-up duration was 37 months (interquartile range, 21-50
months). On ROC analysis, the pCEA had the largest area

Table 1. Baseline Clinical Characteristics According to pCEA Level
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under the curve (0.793; 95% CI, 0.635-0.950; P=0.001) with
an optimal cutoff value of 26.84 (sensitivity, 80.0%; specific-
ity, 76.6%) for predicting recurrence (Fig. 1). Patients were
classified into 2 groups based on the optimal cutoff value of
the pCEA: high pCEA group (>26.84, n=23) and low pCEA
group (<26.84, n=37). Baseline clinical characteristics and
baseline laboratory findings according to optimal pCEA level
are summarized in Tables 1 and 2, respectively.

Table 2. Baseline Laboratory Characteristics According to pCEA Level

pCEA pCEA
Characteristic <26.84 ng/mL 226.84 ng/mL P-value Characteristic <26.84 ng/mL  226.84 ng/mL P-value
(n=37) (n=23) (n=37) (n=23)
Age (yr) 65 (35-84) 63 (42-84) 0.648 White blood cells (x10°/L) 7.26+2.21 8314330 0.146
Sex 0.580 Hemoglobin (g/dL) 1202+2.04 11.61+2.45 0481
Male 22 (59.5) 12(52.2) Platelets (x10°/) 266.03+90.56 32087+126.70 0.056
Female 15 (40.5) 11 (47.8) Glucose (mg/dL) 103.74+23.80 89.38+24.64 0089
Location 0.060 Albumin (g/dL) 396+0.55 4014031 0623
Colon 24 (64.9) 20 (87.0) ESR (mm/hr) 31.56+27.76 3207+24.41 0957
Rectum 13 (35.1) 3(13.0) hs-CRP (mg/dL) 1.09+1.95 1.81+£2.60 0394
Histology 0516 Total cholesterol (mg/dl) ~ 171.53+30.81 167.65+37.48 0691
Well differentiated 6(16.2) 4(17.4) LDL (mg/dL) 914941932 1032942676 0173
Moderate differentiated 28 (75.7) 17 (73.9) HDL (mg/dl) 50.30+14.11 42.45+12.09 0047
Poorly differentiated 2 (5.4) 0 Triglycerides (mg/dL) 93.83+50.44 98.30+38.49 0738
Mucinous type 1(2.7) 2(8.7) Serum CEA (ng/mL) 433+650 1681+17.62 0003
Stage (pathologic) 0.040 Values are presented as mean+SD.
| 5(135) 1(43) pCEA, CEA in peritoneal fluid; hs-CRP, high sensitivity CRP.
Il 17 (45.9) 5(21.7)
1l 15 (40.5) 17 (73.9)
Tstage 0.254
L 0 0 Table 3. Correlation between pCEA Level and Recurrence Rate
2 6(16.2) 1(4.3) According to CRC Stage
3 29 (78.4) 19 (82.6) Stage | and Il Stage llI P-value
4 2 (5.4) 3(13.0) pCEA <26.84 ng/mL 0.059
N stage 0015 No recurrence 22 (100.0) 12 (80.0)
0 22 (59.5) 6 (26.1) Recurrence 0 3(20.0)
1 9 (24.3) 6(26.1) pCEA >26.84 ng/mL 0.005
2 6(16.2) 11 (47.8) No recurrence 6 (100.0) 5(29.4)
Chemotherapy 0.027 Recurrence 0 12 (70.6)
No 13 (35.1) 2(8.7) Values are presented as number (%).
Yes 24 (649) 21(913) pCEA, CEA in peritoneal fluid; CRC, colorectal cancer.
Values are presented as median (range) or number (9%).
pCEA, CEA in peritoneal fluid.
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2. Recurrence Rate According to pCEA Level and
Pathologic Stage

A total of 15 patients experienced CRC recurrence. The re-
currence rates were 8.1% in the low pCEA group and 52.2%
in the high pCEA group. Patients with recurrence of CRC
were all stage III CRC, and patients with stage I or I CRC
did not have recurrence of CRC (Table 3). In the low pCEA
group, patients with stage I or II CRC did not have recur-
rence of CRC, whereas patients with stage III had a 20.0%
recurrence rate. In the high pCEA group, patients with stage
Ior II CRC did not have recurrence of CRC, whereas patients
with stage III had a recurrence rate of 70.6% (Fig. 2).

3. Factors Affecting Elevated pCEA Level

Logistic regression analysis was performed to assess the
factors affecting elevated pCEA level (Table 4). In the univar-

Table 4. Factors Affecting Elevated pCEA Level
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Fig. 2. Recurrence rates of stage Ill colorectal cancer according to CEA
in peritoneal fluid (pCEA).

Univariate analysis

Multivariate analysis

Predictor
OR (95% CI) P-value OR (95% ClI) P-value
Age 0.99 (0.95-1.04) 0.639 - -
Sex 0.580 - -
Female 1
Male 1.34 (0.47-3.84)
Histopathology 0936 - -
Well/moderate 1
Poorly/mucinous 1.08 (0.17-7.01)
Lymphatic invasion 6.67 (2.06-21.56) 0.002 5.64 (1.17-27.34) 0.032
Vascular invasion 5.40 (0.53-55.40) 0.156 - -
Perinerual invasion 3.41(0.95-12.21) 0.059 - -
Tumor Location 0.070 - -
Colon 3.61(0.90-14.48)
Rectum 1
T stage 0.194 - -
T1-2 1
13-4 426 (0.48-37.91)
N stage 0.0m 0.083
NO-1 1 1
N2 474 (1.43-15.68) 4.33(0.83-22.70)
sCEA (ng/mL) <0.001 0.001
<5 1 1
>5 10.27 (3.04-34.65) 15.76 (3.31-75.08)

pCEA, CEA in peritoneal fluid; sCEA, CEA in serum.
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Fig. 3. Correlation between CEA in peritoneal fluid (pCEA) and CEA in

serum (sCEA).

Table 5. Factors Affecting Poor Cancer-Free Survival
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Fig. 4. Kaplan-Meier curves shows the cancer-free survival for patients
with stage I-lIl colorectal cancer according to the level of (CEA in peri-
toneal fluid) pCEA.

Univariate analysis

Multivariate analysis

Predictor
HR (95% Cl) P-value HR (95% Cl) P-value
Age 1.03 (0.98-1.08) 0.266 - -
Sex 0938 - -
Female 1
Male 1.04 (0.37-2.93)
Histologic type 0.025 0.083
Well/moderate 1 1
Poorly/mucinous 456 (1.22-17.14) 408 (0.83-19.97)
Lymphatic invasion 223 (0.79-6.31) 0.131 = S
Vascular invasion 1.55 (0.35-6.93) 0.567 - -
Perineural invasion 1.51 (0.48-4.76) 0.479 = =
Tumor Location 0.365 - -
Colon 1
Rectum 0.56 (0.16-1.98)
T stage 0.347 - -
T1-2 1
13-4 24.74 (0.03-19,691.13)
N stage <0.001 0.003
NO-1 1 1
N2 8.21(2.60-25.91) 6.26 (1.85-21.16)
sCEA (ng/mL) 0.173 = =
<5 1
>5 2.05 (0.73-5.78)
pCEA (ng/mL) 0.006 0.028
<26.84 1 1
>26.84 5.82 (1.64-20.63) 462 (1.18-18.11)
HR, hazard ratio; SCEA CEA in serum; pCEA, CEA in peritoneal fluid.
www.irjournal.org 471
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iate analysis, lymphatic invasion, N stage and sCEA were sig-
nificant factors affecting elevated pCEA level. In multivariate
analysis, lymphatic invasion (OR, 5.64; 95% CI, 1.17-27.34;
P=0.032) and sCEA (OR, 15.76; 95% CI, 3.31-75.08; P=0.001)
were significantly associated with elevated pCEA level.

Pearson’s correlation analysis was also performed to eval-
uate the correlation between pCEA and sCEA. The levels of
pCEA and sCEA were converted to log values and analyzed,
because the original levels of pCEA and sCEA were too high
to analyze the correlation. As shown in Fig. 3, pCEA and
sCEA had a positive correlation (r=0.656, P<0.001) in this
study.

4. Comparison of Long-Term Outcomes According to
pCEA

Fig. 4 shows the Kaplan-Meier curve of the CFS for pa-
tients according to pCEA. The CFS of the low pCEA group
was better than that of the high pCEA group (P=0.002), and
the 5-year CFS rates of the low pCEA group and high pCEA
group at 5 years were 77.4% and 44.6%, respectively.

Univariate and multivariate analysis using Cox propor-
tional hazards regression model were performed to iden-
tify the factors affecting poor CFS. As shown in Table 5, in
multivariate analysis, N2 stage (hazard ratio [HR], 6.26; 95%
CI, 1.85-21.16; P=0.003) and high pCEA (HR, 4.62; 95% CI,
1.18-18.11; P=0.028) were associated with poor CFS.

DISCUSSION

In this study, we evaluated the clinical significance of
pCEA in stage I-III CRC patients who had peritoneal fluid
collected during operation, but had negative cytology.
Compared with previous studies that evaluated the effects
of pCEA on CRC patient outcomes, our study showed the
long-term outcomes of pCEA in stage I-IIl CRC patients with
incidentally detected peritoneal fluid during operation. We
determined that stage I-III CRC patients with high pCEA had
poor CFS. According to the results of this study, high pCEA
could be helpful to predict poor prognosis in patients with
stage I-III CRC.

Peritoneal carcinomatosis is one of the most frequent
metastatic patterns in patients with advanced CRC." Peri-
toneal fluid is commonly present in patients with stage IV
CRC who have peritoneal metastasis, because the peritoneal
metastasis of cancer cells could cause the formation of peri-
toneal fluid. However, there is little data from the peritoneal
fluid that is occasionally found during the operation of the
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patients with stage I-1II CRC. In this study, we hypothesized
that peritoneal fluid detected during the operation of stage
-III CRC patients might be a significant predictor of recur-
rence. Between April 2009 and April 2015, we collected data
from a total of 60 patients and found that the optimal cutoff
value of pCEA for predicting recurrence was 26.84 (sensitivi-
ty, 80.0%; specificity, 76.6%). The recurrence rate was 8.1% in
the low pCEA group and 52.2% in the high pCEA group (Fig.
2). Interestingly, the recurrence occurred only in patients
with stage III CRC, regardless of the level of pCEA (Table 3).
These results suggest that the level of pCEA in patients with
stage I-III CRC could be an important clue to predict recur-
rence, and the pCEA of stage I or II CRC patients might have
low clinical significance. In this study, eleven patients in the
high pCEA group had no recurrence during the follow-up
period. Although a longer follow-up period is needed, the pa-
tients with high pCEA might not always develop recurrence.

As shown in Table 2, the level of sSCEA was higher in the
high pCEA group than in the low pCEA group. The relation-
ship of pCEA and sCEA had a positive correlation (Fig. 3),
and sCEA was a significant factor to affect the elevated pCEA
level (Table 4). However, sSCEA was not a significant factor af-
fecting poor cancer-free survival (Table 5). These results in-
dicate that sSCEA and pCEA might be closely related, but the
clinical significance of sCEA affecting long-term outcomes
in patients with stage I-III CRC where peritoneal fluid was
detected during operation might be lower than that of pCEA.

Previous studies have reported that high pCEA and posi-
tive cytology are significantly predictive of poor prognosis in
CRC patients."**”*' Especially, the presence of positive cytol-
ogy is an important factor for predicting poor outcomes in
CRC patients.'*'"*** In this study, we included patients with
stage I-1II CRC who had peritoneal fluid collected during op-
eration that was negative on cytology, and we demonstrated
that N2 stage and high pCEA were significant factors pre-
dicting poor prognosis. Until now, there has been little data
on pCEA with negative cytology, and our results suggest that
high pCEA has a clinical significance for predicting progno-
sis in stage I-IIT CRC patients with negative cytology.

This study had some limitations. First, this study was retro-
spectively performed in a single center. Therefore, we could
not avoid selection bias when collecting information on
patients with stage I-III CRC. However, we tried to minimize
any bias by repeatedly reviewing the medical records. Sec-
ond, pathologic stage was significantly different between the
low pCEA and high pCEA groups. The number of patients
with stage 1T and III CRC in the high pCEA group was higher
than that in the low pCEA group; therefore, this study could

www.irjournal.org



INTESTINAL RESEARCH

not exclude partial effects related to cancer stage. Third, the
follow-up duration and the number of patients in this study
might be insufficient to assess the presence of recurrence in
the enrolled patients. To overcome these limitations, further
well-designed prospective studies are needed.

In conclusion, our study showed that high pCEA was
helpful in predicting poor CFS in stage I-1II CRC patients
who had peritoneal fluid detected during operation and had
negative cytology. Based on the results of this study, we sug-
gest that the assessment of pCEA in stage I-III CRC patients
with peritoneal fluid is important for predicting long-term
outcomes.
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