
Abstract. Cholangiocarcinoma is a malignant tumor of the
liver arising from the bile duct epithelium, accounting for 10-
25% of all primary hepatic cancers. The clinical presentation
of this tumor is not specific and the diagnosis of early
cholangiocarcinoma is difficult, especially in patients with
other biliary diseases. Measurement of serum carbohydrate
antigen (CA) 19-9 and carcinoembryonic antigen (CEA) are
commonly used to monitor response to therapy, but are also
useful for confirming the presence of a cholangiocarcinoma.
In this setting, other biomarkers have been previously tested,
including cytokeratin-19 fragment (CYFRA 21-1) and the
matrix metalloproteinase-7 (MMP7). The purpose of this
retrospective study was to determine the clinical usefulness of
the assay of serum CEA, CA 19-9, CYFRA 21-1 and MMP7,
individually and together, as tumor markers for the diagnosis
of cholangiocarcinoma. Twenty-four patients (14 men, 10
women, 62.6±8.2 years of age) with histologically-confirmed
cholangiocarcinoma (cases) and 25 age- and sex-matched
patients with benign liver disease (controls) underwent
measurement of these biomarkers. The mean values of all

serum markers of patients with cholangiocarcinoma were
significantly higher (p<0.01) than that of the controls. No
correlation was found between serum tumor markers and total
bilirubin, aspartate aminotransferase (AST) and alkaline
phosphatase (ALP). The sensitivity, specificity and accuracy
were: CEA: 52%, 55%, and 58%; CA 19-9: 74%, 82% and
78%; CYFRA 21-1: 76%, 79% and 78%; MMP7: 78%, 77%
and 80%, respectively. The combination of all serum markers
afforded 92.0% sensitivity and 96% specificity in detecting
cholangiocarcinoma, showing the highest diagnostic accuracy
(94%). In conclusion, our preliminary results suggest that the
measurement of all four biomarkers together can help in the
early detection of cholangiocarcinoma.

Cholangiocarcinoma is a malignant tumor of the liver arising
from the bile duct epithelium (1). It is the most common type
of biliary cancer and the second most common type of primary
liver cancer after hepatocellular carcinoma, accounting for 10-
25% of primary malignancies of the liver (2). According to the
anatomic location, 50% are perihilar, 42% distal and 8%
intrahepatic cholangiocarcinomas (3). Currently, the incidence
of this cancer in Western countries is estimated to be
approximately 2 per 100,000 persons per year (4). 

The diagnosis of early cholangiocarcinoma is difficult,
especially in patients with other biliary diseases, such as
sclerosing cholangitis or biliary cirrhosis. Serum levels of
carbohydrate antigen (CA) 19-9 and carcinoembryonic
antigen (CEA) are commonly used to monitor the response
to therapy, but also to confirm the presence of a
cholangiocarcinoma. In this setting, other biomarkers have
been tested, including cytokeratin-19 fragment (CYFRA 21-
1) and the matrix metalloproteinase-7 (MMP7, also named
matrilysin). Unfortunately, the sensitivity and specificity of
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each marker varies widely and usually does not exceed 60-
70% (5-8). The purpose of this retrospective study was to
determine the clinical usefulness of the assay of serum CEA,
CA 19-9, CYFRA 21-1 and MMP7, individually and
together, as tumor markers for the diagnosis of
cholangiocarcinoma. 

Patients and Methods

Twenty-four patients (14 men, 10 women; median age=61 years,
range=50-76 years) with histologically confirmed cholangiocarcinoma
(cases), and 25 age- and sex-matched patients (10 men, 15 women;
median age=59 years, range=49-71 years) with benign liver disease
and no jaundice (controls) underwent baseline measurement of serum
CEA, CA 19-9, CYFRA, and MMP7 the day before operation.
Written informed consent was obtained from all the participants.
Clinical information was obtained by a thorough review of all the 49
medical records. 

Serum markers were measured by commercially available
immunoassays. CEA by automated homogeneous chemiluminescent
immunoassay (luminescent oxygen channeling immunoassay -
LOCI), that uses a dyoxetan derivative as luminescence substrate
(Dimension Vista, Siemens Healthcare Diagnostics, Newark, NJ,
USA). CA 19-9 and CYFRA 21-1 by automated heterogeneous
chemiluminescent immunoassays (CLIA) that use N-(aminobutyl)-
N-(ethylisoluminol) as luminescence substrate (Maglumi, Shenzen
New Industries Biomedical Engineering, SNIBE, Shenzen, China).
MMP-7 by manual heterogeneous enzyme-linked immunosorbent
assay (ELISA) (R&D Systems, Minneapolis, MN, USA). The limit
of detection (LoD) and limit of quantification (LoQ) of the
immunoassay methods employed were: 0.2 and 0.5 ng/ml for CEA,
1.0 and 1.5 U/ml for CA 19-9 0.1 and 0.2 ng/ml for CYFRA 21-1,
and 0.1 and 0.3 ng/ml for MMP-7, respectively. All measurements
were performed in twice. The coefficient of variation of test samples
at different dilutions was used to determine the interassay precision,
as previously reported (10). The obtained optimal cut-off values
were 5 ng/ml, 37 U/ml, 2.7 ng/ml, and 7.5 ng/ml for CEA, CA 19-
9, CYFRA 21-1, and MMP7, respectively. Total bilirubin, aspartate
aminotransferase (AST) and alkaline phosphatase (ALP) were
measured by routine methods.

Numerical data are presented as the mean±standard deviation
(SD) or as the median with range. Sensitivity was defined as true-
positives (TP)/TP + false-negatives (FN); specificity as true-
negatives (TN)/TN + false-positives (FP); positive predictive value
(PPV) as TP/(TP+FP); negative predictive value (NPV) as
TN/(TN+FN). Diagnostic accuracy was calculated as the proportion
of patients with (true-positive) or without (true-negative)
cholangiocarcinomas correctly classified. Likelihood ratio for
positive and negative result, pre-test probability (prevalence), pre-
and post-test odds, and the TP/FN ratio were also measured.

Intergroup comparisons were performed with the Student’s t-test
and the chi-square (χ2) test. Relationships between biochemical
markers were assessed using the Pearson’s correlation coefficient
(R) calculation. Where appropriate, 95% confidence interval (95%
CI) are also presented. Diagnostic accuracy for the most reliable
single marker was evaluated by receiving operating characteristic
(ROC) curve analysis to test sensitivity versus FP rate (1-specificity)
and the area under the curve (AUC) was obtained. p-Values less
than 0.01 were considered statistically significant. 

Results

The main characteristics of the two groups are reported in
Table I. The mean±SD values of all serum markers of
patients with cholangiocarcinoma were significantly higher
(p<0.01) than those of the controls. No significant
correlations were found (the R-value ranged from 0.08 to
0.19)  between serum tumor markers and total bilirubin, AST
or ALP, and thus elevation of any marker could not be
attributed to hepatocellular injury or cholestasis, as observed
in previous studies (5, 11). The diagnostic utility of the
tested serum markers is shown in Table II. CEA was the least
sensitive (51.9% vs. 74.1%, χ2=10.56, p=0.0011) and
specific (54.6% vs. 76.9%, χ2=53.11, p<0.0001) biomarker.
Its diagnostic accuracy was lower (53.1% vs. 77.6%,
χ2=132.5, p<0.0001) than that of other markers. 

The combination of CEA, CA 19-9, CYFRA 21-1 and
MMP7 afforded a high sensitivity of 92.0% (χ2=70.73,
p<0.0001) and a high specificity of 95.8% (χ2=98.54,
p<0.0001) in detecting cholangiocarcinoma, showing the
highest diagnostic accuracy (93.9%; χ2=103.84, p<0.0001).
The PPV reached 95.8% (95% CI=79.7-99.3) and the TP/FN
ratio was 11.50. The AUC for CA 19-9 was 0.64 (95%
CI=0.46-0.73). Figure 1 shows the respective ROC curve. 

Discussion

Cholangiocarcinoma accounts for 3% of all gastrointestinal
tumors and its overall incidence has increased in the past two
decades (12). According to the European Association for the
Study of the Liver 2014 recommendations, this tumor should
be classified as distal, perihilar or intrahepatic, the latter
having similar risk factors to hepatocellular carcinoma (i.e.
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Table I. Main characteristics of the two groups and respective p-values
(data are the mean±standard deviation). 

Characteristics Cases Controls p-Value

No. of patients 24 25 -
Gender (M/F) 14/10 10/15 0.1989
Age (years) 62.6±8.2 58.8±7.3 0.0929
Total bilirubin (mmol/l) 39.5±4.3 14.4±3.2 0.0001
AST (U/l) 82.3±34.6 121±57.2 0.0065
ALP (U/l) 410.5±121.4 212.8±78.3 0.0001
CEA (ng/ml) 9.4±8.5 3.2±3.6 0.0016
CA 19-9 (U/ml) 170.5±216.3 46.3±21.4 0.0063
CYFRA 21-1 (ng/ml) 6.8±3.2 2.1±1.3 0.0001
MMP7 (ng/ml) 8.1±5.5 4.7±2.4 0.0069

M, Male; F, female; AST, aspartate aminotransferase; ALP, alkaline
phosphatase; CEA, carcinoembryonic antigen; CA 19-9, carbohydrate
antigen 19-9; CYFRA 21-1, cytokeratin-19 fragment; MMP7, matrix
metalloproteinase-7. 



cirrhosis, viral hepatitis, alcohol abuse), likely due to a
common pathobiological pathway (13). The clinical
presentation of a cholangiocarcinoma is not specific and in
contrast to other liver malignancies, it does not typically
present with symptoms of biliary obstruction (14). 

Unfortunately, both imaging studies and invasive diagnostic
approach are required to confirm the presence of a
cholangiocarcinoma and the tissue diagnosis is difficult
because of tumor location next to the liver hilum and its
desmoplastic characteristics (15, 16). However, certain factors
and conditions are associated with the risk of developing
perihilar cholangiocarcinoma, including primary sclerosing
cholangitis, hepatolithiasis and biliary malformations (17). In
certain studies, fluorescent in situ hybridization in cytological
samples from biliary tissue and chromosomal analysis showed
high specificity (up to 95%) for detection of
cholangiocarcinoma (18). Laboratory analysis is mostly non-
specific, but several serum tumor markers, in particular serum
CA 19-9, can be helpful in the differential diagnosis of patients
with indeterminate biliary strictures (17). Preoperative serum
CA 19-9 level is also a predictor for lymph node metastasis and
disease outcome in patients with cholangiocarcinoma and is
independently associated with risk of recurrence after surgery
(19, 20). In some studies, combined detection of alpha-
fetoprotein (AFP) and CA 242 can improve the specificity and
accuracy of diagnosing cholangiocarcinoma (21). Morris et al.,
using a cut-off value for serum CA19-9 of 20 U/ml, found that
the sensitivity, specificity, PPV and HPV were 78%, 67%, 23%
and 96%, respectively (22). We obtained similar sensitivity
(74.1%) and better specificity (81.8%) using a cut-off of 
37 U/ml. In malignant epithelial cells, activated protease
increases the degradation of cytokeratin, resulting in releasing

of cytokeratin fragments in the bloodstream (23). The
CYFRA 21-1 assay was developed to measure a soluble
fragment of cytokeratin 19 in serum, especially in patients
with non-small-cell lung cancer, gastrointestinal cancer and
cervical carcinoma (24). In patients with cholangiocarcinoma,
the serum CYFRA 21-1 levels are related to tumor stage, and
using a cut-off of 2.7 ng/ml the sensitivity of serum CYFRA
21-1 may reach 75% and 92%, respectively (25). In our
series, we found the same sensitivity (76%) but with a lower
specificity (79.2%). MMP proteins are involved in several
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Figure 1. Receiver operating characteristic (ROC) curve to test
sensitivity versus false-positive rate (1-specificity) for serum
carbohydrate antigen (CA) 19-9 in detecting cholangiocarcinoma and
the area under the curve (AUC).

Table II. Diagnostic utility of the tested serum biomarkers.  

Parameter CEA CA 19-9 CYFRA 21-1 MMP7 Combined biomarkers

Cut-off value 5 ng/ml 37 U/ml 2.7 ng/ml 7.5 ng/ml -
Sensitivity 51.9% 74.1% 76.0% 78.3% 92.0%
Specificity 54.6% 81.8% 79.2% 76.9% 95.8%
Likelihood ratio for positive test result 1.1407 4.0741 3.6480 3.3913 22.0800
Likelihood ratio for negative test result 0.8827 0.3169 0.3032 0.2826 0.0835
Positive predictive value (95% CI) 58.3 83.3% 79.2% 75.0% 95.8% 

(38.8-75.5%) (64.1-93.3%) (59.5-90.7%) (55.1-88.0%) (79.7-99.3%)
Negative predictive value (95% CI) 48.0% 72.0% 76.0% 80.0% 92.0% 

(30.0-66.5%) (52.4-85.7%) (56.6-88.5%) (60.9-91.1%) (75.0-97.8%)
Diagnostic accuracy 53.1% 77.6% 77.6% 77.6% 93.9%
Pre-test probability (prevalence) 55.1% 55.1% 51.0% 46.9% 51.0%
Pre-test odds 1.23 1.23 1.04 0.88 1.04
Post-test odds 1.40 5.00 3.80 3.00 23.00
TP/FN ratio 1.08 2.86 3.17 3.60 11.50

CEA, Carcinoembryonic antigen; CA 19-9, carbohydrate antigen 19-9; CYFRA 21-1, cytokeratin-19 fragment; MMP7, matrix metalloproteinase-7;
95% CI, 95% confidence interval; TP/FN, true positive/false negative. 



physiological and pathological processes and can degrade
various components of the extracellular matrix, and their
functional genetic polymorphism may be associated with
cancer development (26). Cholangiocarcinoma specimens
frequently express MMP7(27). Serum MMP7 and CA19-9
measurement in combination has been shown to be useful in
differentiating cholangiocarcinoma from benign biliary tract
obstructive diseases (28). In a study comparing the accuracy
of CEA, CA 19-9 and MMP7 in detecting Cholangio-
carcinoma the AUC of the ROC curve was 0.63 (95%CI=0.50-
0.76), 0.59 (95%CI=0.45-0.72) and 0.73 (95%CI=0.61-0.84),
respectively (29). 

Conclusion
A number of 9 serum markers have been tested in patients
with cholangiocarcinoma, including CA 125, total sialic acid,
C-reactive protein, transforming growth factor β,
chromogranin A, pyruvate kinase M2, mucins and serotonin
(30-32). The markers tested in the present study are more
reliable than those of other studies (22, 25, 29). Our
preliminary results suggest that the measurement of all four
biomarkers together can help in detecting cholangiocarcinoma
early. However, further and more extensive studies are
required to confirm these findings. 
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