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INTRODUCTION

Colorectal cancer (CRC) is the third most common cancer in 
men and the second most common in women, making it the 
fourth most common leading cause of cancer-related deaths 

worldwide.1 Its incidence is rapidly increasing, especially in 
Asia.2-4 There is a growing body of evidence supporting the use 
of novel biomarkers for early detection of CRC.5 Several serum 
biomarkers have been found to be useful in the management 
of patients with cancer.6 Tumor markers, such as carcinoem-
bryonic antigen (CEA) and carbohydrate antigen 19-9 (CA 19-
9), have been extensively evaluated for their efficacy in the di-
agnosis and management of CRC.6 CEA is the most widely 
used tumor marker for CRC, because it is expressed at low 
levels in normal intestinal epithelia but markedly upregulated 
in most CRC.6,7 CEA affects tumorigenesis by enhancing tu-
mor cell survival and inducing tumor angiogenesis.8 Serum 
CEA is recommended as a prognostic biomarker for monitor-
ing recurrence of CRC following curative resection, and it can 
be ordered preoperatively for assistance in staging, surgical 
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planning, and predicting prognosis.9 However, CEA is not rec-
ommended as a screening test for CRC.9

CA 19-9 is an antigen defined by monoclonal antibody bind-
ing to CA 19-9, the tumor surface marker, Sialyl-Lewis A.10 Se-
rum CA 19-9 is known to be elevated in subjects with various 
gastrointestinal cancers, such as pancreatic, gastric, hepatic, 
and biliary tract carcinomas, and it has also been used as a tu-
mor marker of CRC in clinical practice, usually accompanied 
by CEA.11 Several previous studies have shown that significant-
ly higher concentrations of CEA or CA 19-9 are found in ade-
noma tissue (which is a precursor of CRC), as well as CRC tissue, 
in comparison to normal mucosa.12-14 A few studies have also 
investigated the associations between circulating serum CEA 
or CA 19-9 concentrations and colorectal adenoma.15,16 How-
ever, these studies included very small sample sizes of fewer 
than 200 subjects (e.g., n=46–151) and have shown contradic-
tory results.15-17 Therefore, the current study aimed to evaluate 
whether elevated serum CEA and CA 19-9 levels are associated 
with the presence of colorectal neoplasia (CRN) and whether 
the levels of these antigens differ according to the severity of 
CRN in a very large sample of asymptomatic subjects.

MATERIALS AND METHODS

Study population 
We retrospectively analyzed data obtained from a prospectively 
established cohort. The study population consisted of asymp-
tomatic subjects who had undergone colonoscopy and serum 
CEA/CA 19-9 as part of a comprehensive health screening pro-
gram at Kangbuk Samsung Hospital, Seoul, Korea, from 2010 
to 2014 (n=172960). In Korea, the Industrial Safety and Health 
Law requires employees to participate in annual or biennial 
health examinations. About 80% of the participants were em-
ployees of various companies and local governmental organi-
zations and their spouses, with the remaining participants reg-
istering individually for the program. Serum CEA and CA 19-9 
have not been recommended as screening tests for CRC be-
cause the sensitivities of serum CEA and CA 19-9 for detecting 
CRC are very low. However, as part of their welfare policy, com-
panies often subsidize comprehensive health exams including 
tumor markers, such as CEA and CA 19-9, regardless of current 
guidelines. Before subjects underwent colonoscopy, interviews 
were conducted by general practitioners to ensure that all par-
ticipants were asymptomatic (i.e., no lower abdominal pain or 
hematochezia). Individuals with intestinal symptoms were urged 
to seek medical care.

For this analysis, the exclusion criteria were as follows: re-
peated data from subjects who underwent more than two colo-
noscopies (n=17923); poor bowel preparation (n=14088); lack 
of an adequate biopsy (n=229); history of CRC or colorectal sur-
gery (n=428); history of other malignancy, including gastric can-
cer, liver cancer, lung cancer, thyroid cancer, prostate cancer, 

breast cancer, and cervix cancer, which could affect serum CEA 
and CA 19-9 levels (n=2198); history of inflammatory bowel 
disease (n=229); and missing data on serum CEA (n=13356) or 
serum CA 19-9 (n=22032). Finally, the total numbers of sub-
jects eligible for the study were 124509 with measured serum 
CEA and 115833 with measured serum CA 19-9 (Fig. 1). Poor 
bowel preparation was defined as “large amounts of solid fecal 
matter found, precluding a satisfactory study; unacceptable 
preparation; <90% of mucosa seen.”18

This study was approved by the Institutional Review Board 
of Kangbuk Samsung Hospital.

Measurements and definitions
Data on medical history and health-related behaviors were col-
lected through a self-administered questionnaire, while phys-
ical measurements, such as height and weight, were obtained 
by trained staff members. Smoking status was categorized as 
never, formerly, or currently, and family history of CRC was de-
fined as CRC in one or more first-degree relatives at any age. Self-
reported use of nonsteroidal anti-inflammatory drugs (NSAIDs) 
(regular use over the previous month) was also assessed. His-
tory of colorectal polyps was defined as a self-reported experi-
ence in which subjects had undergone removal of one or more 
colorectal polyps. 

Hypertension was defined as systolic blood pressure ≥140 
mm Hg, diastolic blood pressure ≥90 mm Hg, or current use 
of antihypertensive medication. Diabetes mellitus was defined 
as fasting blood glucose ≥126 mg/dL, hemoglobin A1c ≥6.5%, 
or current use of insulin or antidiabetic mediations. Obesity 
was defined as a body mass index (BMI) ≥25 kg/m2, which is the 
proposed cut-off for the diagnosis of obesity in Asians.19 BMI 
was calculated by dividing the measured weight (kg) by the square 
of the height (m2).

The presence or absence of fatty liver was examined through 
abdominal ultrasonography (US). A diagnosis of fatty liver was 
made on the basis of four known criteria: hepatorenal echo-
genic contrast, liver brightness, deep attenuation, and vascular 
blurring.20 Abdominal US was performed using a 3.5-MHz trans-
ducer (Logiq 9; GE Healthcare, Madison, WI, USA) by experi-
enced radiologists who were unaware of the study aims and 
blinded to clinical information. 

The serum CEA and CA 19-9 levels were determined using 
an electrochemiluminescence immunoassay (Modulator E170; 
Roche Diagnostics, Tokyo, Japan). Abnormal (elevated) serum 
CEA and CA 19-9 levels were defined as levels above 4.7 ng/mL 
and 26.6 U/mL, respectively.

Colonoscopy and histologic examination
Colonoscopy was performed by experienced gastroenterolo-
gists, who had performed at least 1000 colonoscopies, using 
an EVIS LUCERA CV-260 colonoscope (Olympus Medical Sys-
tems, Tokyo, Japan). All participants took 4 L of polyethylene 
glycol solution for bowel preparation. 
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All specimens obtained from biopsy, polypectomy, or endo-
scopic mucosal resection were evaluated by experienced gas-
trointestinal pathologists via histopathological examination. 
Advanced adenoma was defined as the presence of one of the 
following features: >10 mm diameter, tubulovillous or villous 
structure, or high-grade dysplasia (HGD).21 High-risk adenoma 
was defined as advanced adenoma or three or more adeno-
mas.21 Advanced CRN (ACRN) was defined as a cancer or ad-
vanced adenoma, and overall CRN was defined as a cancer or 
any adenoma. 

Statistical analysis		
Data are expressed as a mean±standard or frequency (%). Com-
parison of the prevalence of colorectal lesions between subjects 
with normal and abnormal ranges of serum CEA and CA 19-9 
was performed using chi-squared analysis. 

To evaluate whether abnormal levels of serum CEA and CA 
19-9 were independently associated with a higher risk of ACRN 
and overall CRN, multivariate logistic regression analysis was 
performed. We estimated the adjusted odds ratio (AOR) with 
95% confidence intervals (CIs) for the association of abnormal 
levels of serum CEA and CA 19-9 with the presence of ACRN 
and overall CRN after adjusting for potential confounding vari-
ables, including age, sex, smoking status, family history of CRC, 
use of NSAIDs, obesity, fatty liver, hypertension, and diabetes 
mellitus. 

The sensitivity, specificity, positive predictive value, negative 
predictive value, and corresponding 95% CIs of abnormal levels 
of serum CEA and CA 19-9 in predicting ACRN and cancer were 
calculated. The area under the receiver operating characteris-
tic curve (AUROC) of abnormal levels of serum CEA and CA 
19-9 for detecting ACRN and cancer was also calculated. 

All of the reported p-values are two-tailed, and p values <0.05 
were considered statistically significant. SPSS Version 21 (IBM 
Corp., Armonk, NY, USA) was used for statistical analyses.

RESULTS

Baseline characteristics and colonoscopic/histologic 
findings of the study population according to serum 
CEA/CA 19-9 concentrations
Among 124509 participants with measured serum CEA levels, 
a total of 90 CRCs (0.1%) and 2282 ACRNs (1.8%), as well as 
19932 overall CRNs (16.0%), were detected. Among 115833 
participants with measured serum CA 19-9 levels, a total of 78 
CRCs (0.1%) and 2027 ACRNs (1.7%), as well as 18233 overall 
CRNs (15.7%), were detected. 

Comparisons of baseline characteristics and colonoscopic/
histologic findings of the study population according to serum 
CEA and CA 19-9 concentrations are summarized in Table 1. 
The mean age was significantly higher in subjects with serum 

Participants who underwent a colonoscopy for health checkup at Kangbuk Samsung Hospital from 2010 to 2014 (n=172960)

Exclusion (n=17923)
- Repeated data of participants who underwent more than 2 colonoscopies

Potential participants (n=155037)

Exclusion (n=14317)
- Poor bowel preparation (n=14088)
- Failure of an adequate biopsy (n=229)

Exclusion (n=2855)
- A history of colorectal cancer or colorectal surgery (n=428)
- ‌�A history of other malignancy including gastric cancer, liver cancer, lung cancer, thyroid cancer,  

prostate cancer, breast cancer, and cervical cancer (n=2198)
- A history of inflammatory bowel disease (n=229) 

Potential participants (n=140720)

Potential participants (n=137865)

Missing data on serum CEA (n=13356)

Potential participants with serum CEA (n=124509)

Missing data on serum CA 19-9 (n=22032)

Potential participants with serum CA 19-9 (n=115833)

Fig. 1. Flow diagram illustrating the selection of study subjects. CEA, carcinoembryonic antigen; CA 19-9, carbohydrate antigen 19-9.
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CEA in the abnormal range (>4.7 ng/mL) than in those with 
serum CEA in the normal range (≤4.7 ng/mL). The proportion 
of participants with male sex, status as a current or ex-smoker, 
and a history of colon polyps, obesity, fatty liver, hypertension, 
or diabetes mellitus was higher in subjects with serum CEA in 
the abnormal range than in those with serum CEA in the nor-
mal range.

For CA 19-9, mean age was higher in subjects with serum CA 
19-9 in the abnormal range (>26.6 U/mL) than in those with se-
rum CA 19-9 in the normal range (≤26.6 U/mL). The proportion 
of participants with NSAID use, hypertension, and diabetes 
mellitus was significantly higher in subjects with serum CA 
19-9 in the abnormal range, whereas the proportion of partici-
pants with male sex, status as a current or ex-smoker, obesity, 
and fatty liver was higher in subjects with serum CA 19-9 in 
the normal range.

The prevalence of any adenoma (30.4% vs. 15.7%, p<0.001), 
low-grade dysplasia (LGD; 29.9% vs. 15.3%, p<0.001), HGD 
(0.2% vs. 0.1%, p=0.024), adenoma larger than 10 mm (4.4% vs. 
1.7%, p<0.001), advanced adenoma (4.5% vs. 1.7%, p<0.001), 
high-risk adenoma (8.2% vs. 2.6%, p<0.001), cancer (0.4%, vs. 
0.1%, p<0.001), ACRN (4.8% vs. 1.8%, p<0.001), and overall CRN 
(30.6% vs. 15.7%, p<0.001) was significantly increased in sub-

jects with CEA in the abnormal range, compared to those with 
CEA in the normal range. In addition, the prevalence of HGD 
(0.2% vs. 0.1%, p=0.031), adenoma larger than 10 mm (2.5% vs. 
1.6%, p=0.001), advanced adenoma (2.5% vs. 1.7%, p=0.001), 
high-risk adenoma (3.7% vs. 2.6%, p<0.001), cancer (0.2% vs. 
0.1%, p=0.001), and ACRN (2.6% vs. 1.7%, p<0.001) was signif-
icantly increased in subjects with CA 19-9 in the abnormal 
range, compared to those with CA 19-9 in the normal range 
(Table 1). 

Risk of colorectal neoplasm according to presence 
of abnormal serum CEA/CA 19-9 concentrations
We further performed multivariate logistic regression analysis 
to identify whether abnormal serum CEA/CA 19-9 concentra-
tions were independently associated with the risk of CRN. In 
multivariate analysis adjusted for age, sex, smoking status, 
family history of CRC, NSAID use, obesity, fatty liver, hyper-
tension, and diabetes mellitus, abnormal CEA concentration 
was identified as an independent predictor of both ACRN 
(AOR, 1.46; 95% CI, 1.18–1.80; p=0.001) and overall CRN (AOR, 
1.31; 95% CI, 1.18–1.44; p<0.001). In addition, abnormal CA 
19-9 concentration was identified as an independent predic-
tor of ACRN (AOR, 1.33; 95% CI, 1.01–1.75; p=0.045) (Table 2). 

 Table 1. Baseline Characteristics and Prevalence of Colorectal Lesions According to Levels of Serum CEA and CA 19-9 

CEA CA 19-9
Total 

(n=124509)
Abnormal 
(n=2458)

Normal 
(n=122051)

p value
Total 

(n=115833)
Abnormal 
(n=2571)

Normal 
(n=113262)

p value

Mean age (yr) 41.2±9.1 47.4±10.7 41.1±9.0 <0.001 41.0±8.9 42.7±10.4 41.0±8.8 <0.001
Male sex 68.2 88.3 67.8 <0.001 67.7 35.3 68.5 <0.001
Current or ex-smoker 49.3 75.7 48.8 <0.001 48.8 30.0 49.2 <0.001
Family history of CRC   4.2   4.0 4.3   0.583   4.3   4.4   4.3   0.676
Use of NSAIDs   3.8   4.4 3.8   0.153   3.9   5.3   3.8 <0.001
Colon polyp history   5.8 10.1 5.7 <0.001   5.7   5.5   5.7   0.709
Obesity (BMI ≥25.0 kg/m2) 32.6 37.7 32.5 <0.001 32.4 23.5 32.6 <0.001
Fatty liver 33.6 39.1 33.5 <0.001 33.4 25.7 33.6 <0.001
Hypertension 14.1 24.3 13.9 <0.001 13.8 16.4 13.7 <0.001
Diabetes mellitus   5.0 16.0 4.8 <0.001   4.9 11.7   4.8 <0.001
Any adenoma 16.0 30.4 15.7 <0.001 15.7 16.7 15.7   0.155

LGD 15.6 29.9 15.3 <0.001 15.3 16.3 15.3   0.175
HGD   0.1   0.2 0.1   0.024   0.1   0.2   0.1   0.031
TVA or VA   0.1   0.1 0.1   0.962   0.1     0.04   0.1   0.475
Size ≥10 mm   1.7   4.4 1.7 <0.001   1.6   2.5   1.6   0.001
Serrated adenoma   0.3   0.4 0.3   0.333   0.3   0.4   0.3   0.673

Advanced adenoma   1.8   4.5 1.7 <0.001   1.7   2.5   1.7   0.001
High-risk adenoma   2.7   8.2 2.6 <0.001   2.6   3.7   2.6 <0.001
Cancer   0.1   0.4 0.1 <0.001   0.1   0.2   0.1   0.001 
ACRN   1.8   4.8 1.8 <0.001   1.7   2.6   1.7 <0.001
Overall CRN 16.0 30.6 15.7 <0.001 15.7 16.8 15.7   0.121
CEA, carcinoembryonic antigen; CA 19-9, carbohydrate antigen 19-9; CRC, colorectal cancer; NSAIDs, nonsteroidal anti-inflammatory drugs; BMI, body mass in-
dex; LGD, low-grade dysplasia; HGD, high-grade dysplasia; TVA, tubulovillous adenoma; VA, villous adenoma; ACRN, advanced colorectal neoplasia; CRN, 
colorectal neoplasia.
Values are presented as a mean±standard deviation or proportion (%). Abnormal serum CEA and CA 19-9 levels were defined as above 4.7 ng/mL and 26.6 U/mL, 
respectively.
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Table 3. Subgroup Analysis According to Colorectal Neoplasia Severity among Patients with Colorectal Neoplasia

CEA (ng/mL) CA 19-9 (U/mL)
Abnormal (n=751) p value Abnormal (n=433) p value

≥10 mm vs. <10 mm 107/2145 (5.0) vs. 644/17787 (3.6)   0.002 64/1904 (3.4) vs. 369/16329 (2.3) 0.003
HGD vs. LGD       6/126 (4.8) vs. 729/19376 (3.7)   0.557     6/116 (5.2) vs. 415/17712 (2.3) 0.045
≥3 vs. 1 or 2 adenomas 138/1618 (8.5) vs. 622/18314 (3.3) <0.001 49/1438 (3.4) vs. 384/16795 (2.3) 0.007
ACRN vs. non-ACRN 117/2282 (5.1) vs. 634/17650 (3.6) <0.001 68/2027 (3.4) vs. 365/16206 (2.3) 0.002
CEA, carcinoembryonic antigen; CA 19-9, carbohydrate antigen 19-9; HGD, high-grade dysplasia; LGD, low-grade dysplasia; ACRN, advanced colorectal neoplasia.
Values are presented as a median (interquartile range) or number (%). Abnormal serum CEA and CA 19-9 levels were defined as above 4.7 ng/mL and 26.6 U/mL, re-
spectively.

To reduce errors in interpreting statistically significant re-
sults in this very large sampled data, we further performed a 
1:1 case-control study (2457 subjects with abnormal CEA vs. 
2457 subjects normal CEA and 2657 subjects with abnormal 
CA 19-9 vs. 2657 subjects normal CA 19-9), which matched sex 
and age (Supplementary Table 1 and 2, only online). The re-
sults were similar to those in the analysis of all participants.

We calculated the diagnostic performance and AUROC of 
CEA, CA 19-9, and combination of CEA and CA 19-9 for de-
tecting ACRN and CRC. The sensitivities of CEA, CA 19-9, and 
combination of CEA and CA 19-9 for detecting ACRN were 5.1, 
3.4 and 7.7%, respectively, and those for detecting CRC were 
11.1, 7.7, and 19.5%, respectively (Supplementary Table 3, only 
online). The AUROCs of CEA for ACRN and CRC were 51.6 
(95% CI, 50.4–52.8) and 54.6 (95% CI, 48.2–61.0), respectively. 
The AUROCs of CA 19-9 for ACRN and CRC were 50.6 (95% 
CI, 49.3–51.9) and 52.7 (95% CI, 46.0–59.4), respectively. The 
AUROCs of combined CEA and CA 19-9 for ACRN and CRC 
were 51.9 (95% CI, 50.6–53.3) and 57.9 (95% CI, 50.7–65.0), re-
spectively.

Subgroup analysis according to severity of colorectal 
neoplasia among patients with colorectal neoplasia 
We performed subgroup analysis according to severity of CRN 

among patients with CRN (Table 3). The proportions of ab-
normal serum CEA concentrations in patients with adenoma 
larger than 10 mm, three or more adenomas, and ACRN were 
significantly higher than in those with adenoma less than 10 
mm, one or two adenomas, and non-ACRN, respectively. In 
addition, patients with adenoma larger than 10 mm, HGD, 
three or more adenomas, and ACRN had a higher proportion 
of abnormal CA 19-9 concentrations than those with adeno-
ma less than 10 mm, LGD, one or two adenomas, and non-
ACRN, respectively. 

DISCUSSION

This large-scale study including 124509 and 115833 asymp-
tomatic screened subjects investigated the association between 
serum CEA/CA 19-9 concentrations and the presence of CRN. 
We found that elevated serum CEA concentrations were asso-
ciated with a higher rate of any adenoma, advanced adenoma, 
high-risk adenoma, ACRN, and overall CRN, as well as CRC. 
Additionally, we found that elevated serum CA 19-9 concen-
trations were associated with a higher rate of advanced adeno-
ma, high-risk adenoma, and ACRN, as well as CRC. Further, 
elevated CEA and CA 19-9 levels were identified as indepen-

Table 2. Multivariate Logistic Regression Analysis of Risk Factors for ACRN and Overall CRN

ACRN Overall CRN
AOR 95% CI p value AOR 95% CI p value

Abnormal CEA (ng/mL) 1.46 1.18–1.80   0.001 1.31 1.18–1.44 <0.001
Abnormal CA 19-9 (U/mL) 1.33 1.01–1.75   0.045 1.11 0.98–1.25   0.093
Age (yr) 1.08 1.07–1.08 <0.001 1.07 1.07–1.08 <0.001
Male sex 1.16 1.01–1.34   0.031 1.71 1.63–1.80 <0.001
Current or ex-smoker 1.55 1.38–1.74 <0.001 1.32 1.27–1.38 <0.001
Family history of CRC 1.44 1.20–1.73 <0.001 1.29 1.20–1.40 <0.001
Use of NSAIDs 0.97 0.77–1.21   0.757 0.86 0.79–0.94   0.001
Obesity (BMI ≥25.0 kg/m2) 1.25 1.13–1.38 <0.001 1.21 1.16–1.25 <0.001
Fatty liver 1.00 0.90–1.11   0.987 1.13 1.09–1.17 <0.001
Hypertension 1.12 1.00–1.25   0.056 1.08 1.03–1.13   0.001
Diabetes mellitus 1.18 1.01–1.37   0.033 1.15 1.08–1.23 <0.001
ACRN, advanced colorectal neoplasia; CRN, colorectal neoplasia; AOR, adjusted odds ratio; CI, confidence interval; CEA, carcinoembryonic antigen; CA 19-9, 
carbohydrate antigen 19-9; CRC, colorectal cancer; NSAIDs, nonsteroidal anti-inflammatory drugs; BMI, body mass index.
Data are presented as AORs and 95% CIs. Abnormal serum CEA and CA 19-9 levels were defined as above 4.7 ng/mL and 26.6 U/mL, respectively. Data are ad-
justed for age, sex, smoking status, family history of CRC, use of NSAIDs, obesity, fatty liver, hypertension, and diabetes mellitus.
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dent predictors of ACRN, and elevated CEA was identified as 
an independent predictor of overall CRN. More importantly, 
subgroup analysis among patients with CRN showed that the 
proportions of elevated CEA and CA 19-9 concentrations were 
significantly higher in patients with ACRN than in those with 
non-ACRN. Both elevated serum CEA and CA 19-9 levels were 
correlated with larger lesion size and multiplicity of adeno-
mas. In other words, serum CEA and CA 19-9 levels reflected 
the severity of CRN.

Serum CEA and CA 19-9 are elevated in patients with CRC, 
and they have been used as tumor markers for CRC.6,7,17 In ad-
dition, a few studies have attempted to identify the association 
between serum CEA, CA 19-9, and colorectal adenoma, which 
is a precursor of CRC.15,16 A German study including 32 patients 
with colorectal adenoma and 119 healthy subjects showed that 
neither the size of colorectal adenomas nor their histologic se-
verity influences serum CEA concentration.15 However, a Cro-
atian study including 46 patients with colorectal adenoma re-
ported that elevated serum CEA concentrations were associated 
with larger adenomas, although they were not associated with 
multiplicity or degree of dysplasia.12 An Israeli study involving 
93 patients with colorectal adenoma also demonstrated an in-
creased association of elevated serum CEA with larger tumor 
size (>2.3 cm in diameter) and adenoma with villous compo-
nent, but not with severe dysplasia or carcinoma in situ.16 How-
ever, the aforementioned previous studies included very small 
numbers of study participants (n<200). Hence, these studies 
showed inconsistent results and are limited in terms of the defi-
nite conclusions that can be drawn from them. The present 
study, which included a very large number of subjects, may 
provide more reliable results than these previous studies. In 
our study, both elevated serum CEA and CA 19-9 levels were 
significantly associated with larger lesion size and multiplicity 
of adenomas. 

The underlying biologic mechanisms for increased CEA and 
CA 19-9 in colorectal adenoma are not fully understood. Fis-
chbach and Mössner13 revealed an increase in tissue concen-
trations of CEA and CA 19-9 progressing from normal colonic 
mucosa through colorectal adenomas to carcinomas. They also 
showed that, in the adenoma group, CEA concentrations in-
crease with increasing villous component and with the extent 
of cellular atypia present, reflecting their special position in 
the adenoma-carcinoma sequence. These results supported 
the biological significance of CEA and CA 19-9 in carcinogen-
esis of CRC and its precursors. Previous studies have suggest-
ed that release of tumor antigens out of tumor tissue may be as-
sociated with tumor vascularity, extent of tumor necrosis, the 
activity of tumor cells as measured by the number of mitotic 
figures, or tumor differentiation.13 Increases in vascularity, the 
extent of necrosis, and the degree of cellular atypia in malig-
nant transformation process may explain the noted increases 
in serum CEA and CA 19-9 in colorectal adenoma. Given that 
the risk of malignant transformation is associated with size, 

the extent of villous component, and the degree of cellular atyp-
ia of adenoma,22 serum CEA and CA 19-9 levels may be also 
associated with these factors. Indeed, our study showed that 
both elevated serum CEA and CA 19-9 levels were correlated 
with larger lesion size and multiplicity of adenoma.

CEA and CA 19-9 have not been recommended as screen-
ing tests for CRC.9,23-25 The main reason is that the sensitivities 
of serum CEA and CA 19-9 for detecting CRC are very low.11,24-26 
In the present study, the sensitivities of CEA, CA 19-9, and 
combination of CEA and CA 19-9 for CRC and ACRN were very 
low, with results comparable to those in previous studies.11,24-27 
Additionally, the AUROCs of CEA, CA 19-9, and combination of 
CEA and CA 19-9 for CRC and ACRN were low. These results 
support that CEA and CA 19-9 should not be recommended as 
screening tests for CRC. Although serum CEA and CA 19-9 
have not been recommended as screening tests for CRC,9 se-
rum CEA and CA 19-9 testing is frequently conducted as part 
of a health screening program in Korea. In fact, upon complet-
ing the screening program, it is not uncommon for asymp-
tomatic subjects with elevated serum CEA and CA 19-9 levels 
to be referred to tertiary hospitals for further evaluation, and 
in this clinical situation, clinicians agonize about whether they 
should recommend confirmatory colonoscopy for these indi-
viduals. Given that the probabilities of ACRN in patients with 
elevated serum CEA and CA 19-9 levels were only 5.1% (117/ 
2282) and 3.4% (68/2027), respectively, it may be unreasonable 
to recommend confirmatory colonoscopy for all patients with 
elevated serum CEA or CA 19-9 concentrations. However, the 
present study showed that elevated serum CEA and CA 19-9 
levels were independent predictors of ACRN. Although CEA 
alone or CA 19-9 alone is inappropriate as screening tests for 
CRC, they may be useful as an adjunct to other screening meth-
ods, such as fecal immunochemical test or clinical risk scor-
ing. Further studies are needed to determine whether serum 
CEA and/or CA 19-9 are useful as an adjunct to cancer or ACRN 
detection.

In our study, the average age of the subjects was 41 years, and 
a relatively large group of young subjects were included. Giv-
en that the incidence of CRC is increasing in younger individ-
uals aged <50 years,28,29 who have been found to reports con-
cerns for primary screening with colonoscopy and its low cost-
effectiveness, tumor markers such as CEA or CA 19-9 may be 
useful as an adjunct to CRC screening for some young adults 
at high risk for ACRN.

In the current study, patients with elevated CA 19-9 concen-
trations had a significantly higher rate of ACRN, but not overall 
CRN. Meanwhile, patients with elevated CEA concentrations 
had a significantly higher rate of both ACRN and overall CRN. 
These results suggest that serum CEA better reflects the pres-
ence of overall CRN, compared with serum CA 19-9.

There are several limitations in the present study. First, this 
was a retrospective study with a corresponding potential bias in 
design. However, we think that there may be minimal selec-
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tion bias, because our cohort was established prospectively. 
Second, our cohort was recruited at two medical examination 
centers in Korea. Therefore, there was likely some degree of 
selection bias.

In conclusion, both elevated serum CEA and CA 19-9 levels 
were associated with the presence of ACRN, as well as CRC. 
Elevated CEA levels were also associated with the presence of 
overall CRN. Elevated serum CEA and CA 19-9 levels were 
significantly correlated with larger lesion size and multiplicity 
of adenomas. 

REFERENCES

1.	 Ferlay J, Shin HR, Bray F, Forman D, Mathers C, Parkin DM. Esti-
mates of worldwide burden of cancer in 2008: GLOBOCAN 2008. 
Int J Cancer 2010;127:2893-917.

2.	 Sung JJ, Lau JY, Goh KL, Leung WK; Asia Pacific Working Group 
on Colorectal Cancer. Increasing incidence of colorectal cancer in 
Asia: implications for screening. Lancet Oncol 2005;6:871-6.

3.	 Kim YH, Noh R, Cho SY, Park SJ, Jeon SM, Shin HD, et al. Inhibitory 
effect of metformin therapy on the incidence of colorectal ad-
vanced adenomas in patients with diabetes. Intest Res 2015;13: 
145-52. 

4.	 Kwon MJ, Kim YS, Bae SI, Park YI, Lee KJ, Min JH, et al. Risk factors 
for delayed post-polypectomy bleeding. Intest Res 2015;13:160-5. 

5.	 Vatandoost N, Ghanbari J, Mojaver M, Avan A, Ghayour-Mobarhan 
M, Nedaeinia R, et al. Early detection of colorectal cancer: from 
conventional methods to novel biomarkers. J Cancer Res Clin On-
col 2016;142:341-51.

6.	 Wang YR, Yan JX, Wang LN. The diagnostic value of serum carcino-
embryonic antigen, alpha fetoprotein and carbohydrate antigen 
19-9 for colorectal cancer. J Cancer Res Ther 2014;10 Suppl:307-9.

7.	 Scurr MJ, Brown CM, Costa Bento DF, Betts GJ, Rees BI, Hills RK, 
et al. Assessing the prognostic value of preoperative carcinoem-
bryonic antigen-specific T-cell responses in colorectal cancer. J 
Natl Cancer Inst 2015;107:djv001.

8.	 Prager GW, Braemswig KH, Martel A, Unseld M, Heinze G, Brodo-
wicz T, et al. Baseline carcinoembryonic antigen (CEA) serum 
levels predict bevacizumab-based treatment response in metastat-
ic colorectal cancer. Cancer Sci 2014;105:996-1001. 

9.	 Locker GY, Hamilton S, Harris J, Jessup JM, Kemeny N, Macdonald 
JS, et al. ASCO 2006 update of recommendations for the use of tu-
mor markers in gastrointestinal cancer. J Clin Oncol 2006;24:5313-
27. 

10.	 Magnani JL. The discovery, biology, and drug development of si-
alyl Lea and sialyl Lex. Arch Biochem Biophys 2004;426:122-31.

11.	 Bagaria B, Sood S, Sharma R, Lalwani S. Comparative study of 
CEA and CA19-9 in esophageal, gastric and colon cancers individ-
ually and in combination (ROC curve analysis). Cancer Biol Med 
2013;10:148-57. 
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