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Abstract
Objective: To determine the value of serum and bile insulin-like growth factor I (IGF-I), interleukin-6 (Il-6) and 

tumor M2-pyruvate kinase (Tu M2-PK) in distinguishing pancreatobiliary cancers from benign biliary strictures. 

Material and methods: The study was performed prospectively on forty jaundiced patients admitted for biliary 
decompression due to bile duct strictures. Malignant strictures were diagnosed in 22 patients including 15 cases 
of CCA and 7 cases of pancreatic cancer, and benign biliary strictures in 18 cases. IGF-I, Il-6 and Tu M2-PK 
were measured in sera and bile by ELISA and compared to serum levels of carbohydrate antigens (CA) 19-9 and 
carcinoembryonic antigen (CEA).

Results: Serum levels of IGF-I (74.4 vs. 117.0 ng/mL, p=0.03), Il-6 (37.1 vs. 17.0 pg/mL, p=0.04), CA19-9 
(5689 vs. 38.9 U/mL, p<0.001) and CEA (27.5 vs. 1.9 ng/mL, p<0.0001) differed significantly between patients with 
malignant and benign biliary strictures, whereas biliary concentrations of IGF-I and Il-6 and serum and biliary levels 
of Tu M2-PK were comparable. Biliary IGF-I levels were significantly increased in pancreatic cancer as compared 
to cholangiocarcinoma and benign biliary strictures groups (966 vs. 137 ng/mL, p=0.03 and 966 vs. 90.6 ng/mL, 
p=0.01, respectively). The AUC-ROCs for serum IGF-I and serum Il-6 were 0.336 and 0.606, respectively, what 
was worse than that of CA 19-9 (0.855) and CEA (0.794).

Conclusion: Measurement of serum IGF-I and Il-6 may be helpful in differentiation malignant from benign 
biliary strictures and biliary IGF-I seems to be a promising marker for distinguishing pancreatic cancer from 
cholangiocarcinoma and benign biliary occlusions.

Keywords: Insulin-like growth factor I; Interleukin-6; Tumor M2-
pyruvate kinase; Cholangiocarcinoma; Pancreatic cancer; Biliary 
strictures

Introduction
Cholangiocarcinoma (CCA) is an aggressive tumor arising from 

the bile duct epithelium, usually diagnosed at advanced stage, when 
obstructive jaundice, abdominal pain and weight loss dominate clinical 
image. Despite significant advances in radiologic and endoscopic 
approaches, the diagnosis of CCA remains highly challenging. 
Histopathologic confirmation is difficult to obtain as only minority 
of patients are eligible for surgery and endoscopic tissue sampling 
by brush smear or biopsy forceps have limited diagnostic sensitivity, 
generally not exceeding 60% [1,2]. Widely used serum markers, such 
as carbohydrate antigen 19-9 (CA19-9) and carcinoembryonic antigen 
(CEA), are not specific for CCA and have unsatisfactory diagnostic 
sensitivity in early stages of cancer [3,4]. Serum CA19-9 levels are 
elevated in most patients with pancreatobiliary cancer, but its high 
concentrations are also seen in obstructive jaundice of benign origin. 
Moreover, 5-10% of general population with Lewisa-b- phenotype 
cannot synthetize the CA19-9 antigen [5].

Reliable markers able to discriminate between benign and early 
malignant diseases of extrahepatic bile ducts would speed up diagnostic 
work-up of CCA, most likely increasing the percentage of resectable 
tumors. Because bile can be easily accessible during endoscopic 
procedures aimed to decompress biliary ducts in obstructive jaundice, 
there is also interest to search cancer biomarkers in the bile [6-9]. 
Together with others we have shown that neutrophil-gelatinase 
associated lipokalin (NGAL) measured in the bile provided more accurate 
information on nature of biliary stricture than its serum level [7,8]. 

Recently numerous potential biomarkers of pancreatobiliary 
cancer have been disclosed. Insulin-like growth factor I (IGF-I) 
plays an important role in tumorigenesis by promoting growth and 

proliferation of neoplastic cells [10]. High expressions of IGF-I and its 
receptors were found in human CCA cells [10]. Elevated serum levels 
of IGF-1 were associated with increased risk for pancreatic cancer 
[11], while biliary IGF-I levels helped to differentiate CCA from either 
pancreatic cancer or benign biliary strictures [6].

Another potential biomarker is interleukin-6 (Il-6), a major 
mediator of inflammation and recognized mitogen of CCA [12]. 
The relationship between cholestasis and long lasting inflammation 
as trigger mechanisms of cholangiocarcinogenesis has been well 
established [13]. Il-6 may induce aberrant promoter DNA methylation 
resulting in silencing of several tumor suppressor genes [14,15]. 
Overexpression of Il-6 was found in human malignant cholangiocytes 
and was linked to cell survival and tumor progression [12]. Elevated 
serum Il-6 levels were found in CCA discriminating CCA from benign 
biliary diseases [16]. In addition, serum Il-6 levels significantly dropped 
after CCA resection or its photodynamic destruction [17,18].

The putative new biomarker of CCA is the pyruvate kinase 
isoenzyme type M2 (M2-PK). PK is a key enzyme of the final step of 
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value of less than 0.05 was considered significant. Statistica 10 software 
(StatSoft Polska) was used for all statistical analyses.

Results
Patient characteristics

We presented preliminary report of forty patients (17 women, 23 
men) with biliary duct strictures enrolled into the study. ERCP was 
performed in 36 of them and 4 had PTCA. 

Malignant strictures were diagnosed in 22 patients, including 15 
with cholangiocarcinoma and 7 with pancreatic cancer. Tumors were 
located in perihilar region in 10 patients and in the extrahepatic ducts 
in 5 patients. The diagnosis of pancreatobiliary cancer was based on 
the results of endoscopic and radiologic approaches with cytologic or 
histologic confirmation in 6 (27%) cases through ERCP and another 7 
(32%) after surgery (Table 1). After the initial abdominal ultrasound 
most (21) patients had spiral CT (96%), 9 (41%) had MRCP and 1 
(4.6%) had EUS with FNAB. Perihilar CCA were classified as type IV of 
Bismuth classification in 9 cases and IIIa in a one case. None of them was 
operated. Three of five patients with distal cholangiocarcinoma were 
operated, two of them radically, whereas one appeared unresectable 
during surgery. Another two had advanced diseases confirmed by 
histology taking by biopsy forceps during ERCP. Four patients with 
pancreatic cancer were operated and confirmed histologically. From 
the remaining three advanced pancreatic tumors one was confirmed 
by cytology taken during ERCP and another one by EUS+FNA. 
Establishing of the final diagnosis was complex process based on 
endoscopic and radiologic imaging, cytology or histology, surgery and 
confirmed by natural history. 

The benign biliary strictures were diagnosed in 18 cases, including 
5 cases of primary sclerosing cholangitis, 12 cases of iatrogenic 
postoperative stenosis and 1 case of adenoma of the papilla Vater. 
During diagnostic work-up 12 (67%) patients had CT, 9 (50%) had 
MRCP and 1 (6%) had EUS. Brush smear cytology was done in two 
patients during ERCP. Adenoma of papilla of Vater was confirmed 
by EUS+FNA. Surgical treatment was applied to six patients with 
bening biliary strictures, including 3 patients with primary sclerosing 
cholangitis who finally had liver transplantation. 

Groups were comparable in terms of age, gender and BMI (Table 
2). Diagnosis of malignancy was associated with lower hemoglobin 
level (12.1 ± 1 vs. 13.2 ± 2, p=0.03), higher platelet count (323 ± 131 vs. 
213 ± 105, p=0.006), significantly higher transaminases activities (ALT 
150.4 ± 109.6 vs. 44 ± 29.6, p<0.001 and AST 166.5 ± 142.9 vs. 47.8 

glycolysis, for which type M2 isoform is specific for all proliferating 
tissues, including cancer cells. The tetrameric form of M2-PK is 
enzymatically active, but after phosphorylation it shifts to an inactive 
dimeric form typical for tumors (Tu M2-PK). In consequence, 
accumulation of energy-rich metabolites enables cell proliferation, 
irrespective of hypoxic conditions [19]. Tu M2-PK expression was 
specific for CCA cells and correlated with tumor aggressiveness and 
prognosis [20]. The plasma and bile Tu M2-PK levels were found to 
be elevated in patients with CCA and were related to tumor stage and 
poor outcome [20,21].

As far as we know there is only single study concerning the role 
of biliary IGF-I and one concerning Tu M2-PK in evaluation of bile 
ducts occlusions. We have not found any study measuring biliary Il-
6. Therefore the aim of the present study was to determine the value 
of serum and bile concentrations of IGF-I, Il-6 and Tu M2-PK in 
distinguishing pancreatobiliary cancers from benign biliary strictures 
compared to the accuracy of CA 19-9 and CEA. 

Materials and Methods
Patients

The study was prospectively performed in tertiary gastroenterological 
center in patients qualified for endoscopic or percutaneous transhepatic 
biliary decompression due to obstructive jaundice. Forty patients (17 
women, 23 men) with extrahepatic biliary tract strictures demonstrated by 
ultrasonography and confirmed by magnetic resonance cholangiography 
(MRC) or computed tomography (CT) were included. Gall stone disease, 
chronic pancreatitis, malignancy other than pancreatobiliary were 
excluded criteria. All endoscopic retrograde cholangiopancreatography 
(ERCP) examinations were planned as therapeutic procedures to stent 
or dilate biliary duct strictures and were performed by 4 operators aware 
of clinical diagnosis. The study was approved by local ethics committee 
(KNW/0022/KB1/98/10) and informed consent was received from each 
patient. 

Serum and bile samples
Routine blood morphology (Sysmex XT-1800i) and serum 

biochemistry (Olympus AU680) were determined on the day of 
endoscopy procedure. Serum levels of CA19-9 and CEA were measured 
by immunoassay (CMIA Architect i2000SR). Bile was collected 
during ERCP or percutaneous transhepatic cholangiography (PTCA) 
immediately before contrast injection. Serum, EDTA plasma or bile 
were centrifuged for 15 minutes at 1500g and immediately stored in 
small aliquots at -80°C. 

Bile and serum levels of biomarkers were measured using a 
commercially available enzyme-linked immunosorbent assay kits; IGF-I 
by ELISA kit from Mediagnost, Reutlingen, Germany, Il-6 by ELISA kit 
from Gen-Probe Diaclone SAS, Besançon, and Tu M2-PK in EDTA-
plasma and bile by ELISA kit from ScheBo Biotech, Giessen, Germany. 

Statistical analysis

Differences were compared by Mann-Whitney U test or Student’s 
t-test as appropriate. The Kruskal-Wallis analysis of variance was used 
for comparisons of multiple groups. The Pearson Chi-squared test was 
used for comparisons between categorical variables. Receiver operating 
characteristic (ROC) analyses for selected serum and bile biomarkers 
were performed and the area under the ROCs curve (AUROCs) 
were obtained to compare the diagnostic accuracy of these variables 
to differentiate between benign and malignant biliary strictures. 
The optimal cut-off levels, sensitivity, specificity and accuracy were 
estimated from the ROC curve analysis. The Spearman rank test was 
performed for correlation analysis between continuous variables. A P 

Diagnostic procedure 
/treatment/follow-up

Malignant 
stricture

 N=22

PC
N=7

CCA
N=15

Benign 
stricture 

N=18
MRI/MRCP 9 (41%) 3 (43%) 6 (40%) 9 (50%)
Spiral CT 21 (96%) 6 (86%) 15 (100%) 12 (67%)

EUS + FNAB 1 (4.6%) 1 (14%) 0 1 (6%)
Histology/cytology 6 (27%)a 1 (14%) 5 (33%) 2 (12%)
Histology (surgery) 7 (32%) 4 (57%) 3 (20%) 6 (33%)

Radical surgery 3 (18%) 1 (14%) 2 (13% 0
Chemo/radiotherapy 6 (27%)b 0 6 (40%) 0

Death 19 (86%) 6 (86%) 13 (87%) 5 (28%)c

PC – pancreatic cancer, CCA – cholangiocarcinoma, MRI – magnetic resonance 
imaging, MRCP – magnetic resonance cholangiopancreatography, CT – computed 
tomography, EUS – endoscopic ultrasonography, FNAB – fine needle biopsy; 
ERCP – endoscopic retrograde cholangiography, aCCA in 5 cases, bCCA in all 
cases, c2 deaths due to postransplant complications, 2 deaths due to postoperative 
non-transplant complications, 1 death -heart infarction in a 74 years-old man.
Table 1: Diagnostic procedures and follow-up data of patients with malignant and 
benign common bile duct strictures.
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levels were statistically comparable between patients with CCA and 
pancreatic cancer (p=0.07). The IGF-I serum levels were significantly 
different between patients with pancreatobiliary cancer and patients 
with benign biliary strictures (p=0.03). The IGF-I serum levels tended 
to be lower in patients with both malignant tumors in comparison to 
patients with benign diseases but for pancreatic cancer the difference 
was more pronounced than for cholangiocarcinoma (p=0.05 and 
p=0.11, respectively). Patients with CCA and with pancreatic cancer 
had comparable serum levels of IGF-I. Serum Il-6 levels were higher in 
patients with malignant than benign diseases (p=0.04) but differences 
between patients with cholangiocarcinoma, pancreatic cancer and 
benign disease were not significant. Patients with CCA and with 
pancreatic cancer had the same serum Il-6 concentrations. Tu-M2-PK 
concentrations did not show any differences between three groups. 

Bile levels of IGF-I, Il-6 and Tu-M2-PK in patients with 
malignant and with benign biliary strictures: Bile IGF-I levels 
were statistically comparable between patients with malignant and 
with benign strictures (Table 4). Nevertheless bile IGF-I levels were 
significantly higher in pancreatic cancer group than in benign group 
(966.0 vs. 90.6 ng/ml, p=0.01) and in cholangiocarcinoma group (966.0 
vs. 137.1 ng/ml, p=0.03). The difference of biliary IGF-I levels between 
CCA and benign groups were not statistically significant (p=0.29). 

Bile Il-6 levels were comparable between pancreatobiliary and 
benign disease groups as well as between both malignant groups. 
Similar results were calculated for bile Tu M2-PK; no differences were 
detected between malignancy group and benign stricture group and 
between CCA and pancreatic cancer group. 

± 29.4, p<0.001), GGTP level (664 ± 462 vs. 192 ± 203, p<0.001) and 
much more pronounced jaundice (bilirubin level 18.8 ± 12.6 vs. 3.4 ± 
3.8, p<0.0001). Leucocytes counts, CRP level and alkaline phosphatase 
activity were similar in both groups. 

Follow-up data

Follow-up data were collected until September 2013 by reviewing 
medical records of hospitalized patients or telephone contact. The 
mean follow-up was significantly longer for patients with benign 
diseases (17.3 ± 6.5 months) than for patients with malignancies (10.3 
± 8.1 months, p=0.01) due to survival. During follow-up 19 patients 
died because of progression of malignant disease and 5 patients died 
because of complications of benign biliary stricture (p<0.01). All 
10 patients with Klatskin tumor died and none of them was earlier 
operated due to advanced stage of disease. Two of 5 patients with 
extrahepatic cholangiocarcinoma were radically operated and are still 
alive and one patient with distal tumour appeared to be unresectable 
during laparotomy and died of disease progression. Four patients with 
pancreatic cancer were operated, with radical surgery only in one of them 
and only that one is still alive. Palliative radiotherapy and chemotherapy 
were applied both in six patients with cholangiocarcinoma. Till the end 
of the study all patients with malignant strictures except three radically 
operated died of progression of disease.

Two of patients with primary sclerosing cholangitis who underwent 
ortotopic liver transplantation died because of post-transplant 
complications. During the follow-up three patients of the benign group 
died of co-morbidities.

Serum levels of CA 19-9, CEA, IGF-I, Il-6 and Tu M2-PK in 
patients with malignant and benign biliary strictures: Serum levels 
of CA19-9, CEA, IGF-I and Il-6 and plasma level of Tu-M2-PK are 
shown in Table 3. Serum CA19-9 and CEA levels were significantly 
higher in patients with pancreatobiliary cancer than in those with 
benign biliary strictures (p=0.002 and p=0.0001, respectively). Serum 
CA19-9 level was significantly different in both malignant groups – 
cholangiocarcinoma and pancreatic cancer groups in comparison to 
benign group (p=0.04 and p=0.02, respectively). CA19-9 levels were 
similar in patients with CCA and those with pancreatic cancer. The CEA 
concentrations were higher in both malignant groups than in benign 
group and significant difference was notable between patients with 
both tumors: cholangiocarcinoma and pancreatic cancer and patients 
with benign diseases (p=0.002 and p=0.02, respectively). The CEA 

Variable (reference values)
Malignant 
strictures

N=22

Benign 
strictures

N=18
P value

Age (yrs ± SD) 60.9 ± 11.5 58.3 ± 19.5 0.59
Female/male 8/14 9/9 0.38

BMI (kg/m2 ± SD) 24.8 ± 4.9 26.6 ± 5.2 0.27
Hemoglobin (11.5-15.0 g/dL) 12.1 ± 1.4 13.2 ± 1.6 0.03

White blood cells (4.0-10.0 G/L) 8.4 ± 3.1 7.8 ± 4.2 0.61
Platelets (130-400 G/L) 323 ± 131 213 ± 105 0.006

CRP (<5 mg/L) 37.2 ± 45.5 24.4 ± 54.2 0.42
ALT (<34 U/L) 150 ± 110 43.6 ± 29.6 <0.001
AST (<31 U/L) 167 ± 143 47.8 ± 29.4 0.001

Alkaline phosphatase (38-
126U/L) 451 ± 171 291 ± 411 0.10

GGTP (<38 U/L) 664 ± 462 192 ± 204 <0.001
Bilirubin (0.3-1.2 mg/dL) 18.8 ± 12.6 3.4 ± 3.8 <0.001

Parameters presented as frequencies or mean values ± SD; BMI – body mass 
index; CRP- C-reactive protein; ALT- alanine transaminase; AST- aspartate 
transaminase; GGTP- gamma-glutamyltranspeptidase.

Table 2: Characteristics of patients with malignant and benign biliary strictures.

Serum 
biomarker

Malignant 
stricture CCA PC Benign 

stricture

P statistics
Malignant 
vs. Benign 
stricture

CA 19-9 (U/
mL)

5689 ± 
13001

7249 ± 
15405*

1275 ± 
2114* 38.9 ± 75 0.002

CEA 
(ng/mL) 27.5 ± 65 10.5 ± 20* 63.9 ± 108* 1.9 ± 1.0 0.0001

IGF-I 
(ng/mL) 74.4 ± 44 82.3 ± 45 57.4 ± 44* 117 ± 73 0.03

Il-6
(pg/mL) 37.1 ± 48 32.2 ± 43 47.8 ± 59 17 ± 23 0.04

Tu M2-PK 
(U/mL) 102 ± 75 100 ± 100 121 ± 102 114 ± 101 0.67

Data are presented as mean values ± SD; *p<0.05; different from benign 
biliary stricture; CCA – cholangiocarcinoma; PC – pancreatic cancer; CA 
19-9-carbohydrate antigens 19-9; CEA -carcinoembryonic antigen, IGF-I – insulin-
like growth factor I; Il-6 – interleukin 6; Tu M2-PK – tumor M2 pyruvate kinase
Table 3: Biomarkers measured in the serum of patients with malignant and benign 
biliary strictures.

Biliary 
biomarker

(unit)

Malignant 
stricture CCA PC Benign 

stricture

 P statistics
Malignant 
vs. Benign 
stricture

IGF-I 
(ng/mL) 401 ± 873 137 ± 152# 966 ± 1439* 90.6 ± 91.4 0.14

Il-6 
(pg/mL) 81 ± 185 87.1 ± 210 67.8 ± 131 34.6 ± 80.1 0.32

Tu M2-PK 
(U/mL) 118 ± 97.9 116 ± 100 121 ± 102 99.1 ± 101 0.55

Data are presented as mean values ± SD; *p<0.05 between PC and benign 
stricture; # p<0.05 between CCA and PC 
CCA – cholangiocarcinoma; PC – pancreatic cancer; IGF-I – insulin-like growth 
factor I; Il-6 – interleukin 6; Tu M2-PK – tumor M2 pyruvate kinase
Table 4: Biomarkers measured in the bile of patients with malignant and benign 
biliary strictures.
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Correlations between biomarkers: The relationships between 
tumor markers levels which showed significant difference between 
patients with pancreatobiliary cancer and with benign biliary strictures 
are shown in Table 5. The only independent from others tumor marker 
was IGF-I both in serum and in bile. Serum CA19-9 was significantly 
correlated with serum CEA. Serum CEA except CA19-9 was also 
correlated with serum Il-6. However, the correlation coefficients for 
all these parameters were very low (<0.5). In addition serum IGF-I 
correlated with hemoglobin, ALT, AST, AP, GGTP and bilirubin levels 
and serum Il-6 correlated with hemoglobin level, leukocytes count, CRP 
and bilirubin level. But all the correlation coefficients were low (<0.5). 

Diagnostic accuracy of biomarkers in discriminating between 
malignant and benign biliary strictures: Figure 1 shows the ROC 
curve obtained by plotting the True Positive Probability (sensitivity) 
against the False Negative Probability (1-specificity) for the CA19-9, 
CEA, serum and bile IGF-I and serum Il-6 to predict the presence of 
malignancy. The AUC-ROCs for CA19-9, CEA, serum IGF-I, bile IGF-I 
and serum Il-6 were 0.855, 0.794, 0.336, 0.583 and 0.606, respectively 
(Table 5). The estimated cut-off values for CA19-9, CEA, serum IGF-I, 
bile IGF-I and serum Il-6 were 16.4 U/ml, 2.62 ng/ml, 7.18 ng/ml, 
189.9 ng/ml and 2.01 pg/ml, respectively. The sensitivity, specificity 
and accuracy for diagnosis of malignant biliary duct strictures for the 
established cut-off levels are shown in Table 6. Biliary IGF-I level was 
significantly higher in patients with pancreatic cancer than in patients 
with CCA and benign diseases. Then the diagnostic accuracy of biliary 
IGF-I to predict the presence of pancreatic cancer was assessed. The 
AUC-ROC for biliary IGF-I was 0.693 with cut-off point at 3000 ng/
ml, sensitivity of 28.6%, specificity of 100% and accuracy of 87.5%. The 
accuracy of four biomarkers to predict the malignant biliary strictures 
was compared by significance of differences of AUC, which showed 
that performance of CA 19-9 was comparable to that of CEA (0.854 
vs. 0.794, p=0.47), but significantly better than that of serum IGF-I 
(0.854 vs. 0.336, p<0.001), biliary IGF-I (0.854 vs. 0.583, p=0.02) and 
serum Il-6 (0.854 vs. 0.606, p=0.03). The performance of CEA was 
significantly better than that of serum IGF-I (0.794 vs. 0.336, p=0.0001), 
and statistically not different than that of biliary IGF-I (0.794 vs. 0.583, 
p=0.1) and serum Il-6 (0.792 vs. 0.606, p=0.06).

Discussion
The main finding of our preliminary study is that bile 

concentration of IGF-I in patients with extrahepatic biliary duct 

stricture may differentiate pancreatic cancer from either CCA or 
benign biliary disease. IGF-I is a well-recognized stimulator of cancer 
cell proliferation and potent inhibitor of apoptosis [22,23]. Expression 
of IGF-I receptor was detected in samples of resected pancreatic 
cancer and was associated with higher histological grade, tumor 
aggressiveness and poor prognosis [24,25]. It was also shown that 
growth hormone (GH) promotes the proliferation and differentiation 
of bile duct cancer cell via IGF-I axis [26]. Alvaro et al. [6] found 15-
20-fold higher IGF-I biliary concentration in patients with extrahepatic 
CCA than in patients with pancreatic cancer or benign diseases of 
biliary tree. Although results in these two studies are inconsistent and 
finding the most likely explanation is difficult, biliary IGF-I seems to be 
a promising diagnostic biomarker for biliary malignancy. Thus, further 
studies including larger cohorts of patients are needed. 

Surprisingly, serum levels of IGF-I in our patients with malignant 
biliary occlusions were significantly lower than in patients with 
benign biliary stricture. Results of other studies on serum IGF-I in 
pancreatobiliary cancers are contradictory showing increased or 
normal levels [27-29]. Alvaro et al. showed [10] increased expression of 
IGF-I in human intrahepatic CCA, but the serum IGF-I levels were not 
significantly different between patients with pancreatic cancer, CCA 
and inflammatory biliary disease, although when two malignant groups 
have been combined the serum IGF-I was significantly higher than in 
inflammatory group (6). Serum levels of IGF-I may be influenced by 
different factors including age, menopause, diet, physical activity and 
many pathological conditions [30,31]. It should also be noted that in 
most patients with benign biliary stricture the overt cholangitis was 
present, therefore, an influence of bacterial infection on IGF-I cannot 
be excluded. Moreover, patients with pancreatic cancer had lower body 
weight than patients with benign disease (data not shown), while it is 

Biomarkers CEA
CEA x CA 19-9

CA 19-9 0.4980* x sIGF-I
sIGF-I -0.2144 -0.2458 x bIGF-I
bIGF-I 0.0030 0.0716 0.0306 x

Il-6 0.3465* 0.0907 -0.0484 0.0686
*p<0.05; s - serum, b – bile 
Table 5: Relationships (correlation coefficients) of biomarkers in all investigated 
patients.

Biomarker AUC-ROC Cut-off 
values

Sensitivity 
%

Specificity 
%

Accuracy 
%

CA 19-9 0.855 16.4 U/mL 95.5 55.6 77.5
CEA 0.794 2.62 ng/mL 72.7 77.8 75.0

Serum IGF-I 0.336 7.18 ng/mL 100 56.4 57.5
Bile IGF-I 0.583 189.9 ng/mL 45.5 94.4 67.5
Serum Il-6 0.606 2.01 pg/mL 81.8 38.9 62.5

AUC-ROC - area under ROC curve
Table 6: Diagnostic accuracy of biomarkers in differentiating malignant from benign 
biliary strictures.

Figure 1: The ROC curves for CA 19-9, CEA, serum and bile IGF-I and serum Il-6 predicting the 
presence of malignancy of bile ducts.
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Figure 1: The ROC curves for CA 19-9, CEA, serum and bile IGF-I and serum 
Il-6 predicting the presence of malignancy of bile ducts.
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known that body mass index shows inverse correlation with serum 
IGF-I level [31,32]. Low levels of IGF-I were also reported in critically 
ill [33,34] and gastric cancer patients [35-38]. Taking into account 
inconclusive results of different studies, the diagnostic utility of serum 
IGF-I in pancreatobiliary malignancies seems to be limited. 

Il-6 is a multifunctional inflammatory cytokine, which plays a major 
role in the response of biliary and hepatic epithelia to inflammation. The 
relationship between chronic inflammation and cancer has been well 
established [13]. Serum Il-6 was shown to be accurate diagnostic and 
prognostic marker in CCA, able to distinguish CCA from benign biliary 
disease [16]. Elevated serum concentration of Il-6 in patients with CCA 
declined rapidly after neoplasm resection [17] and after photodynamic 
therapy [39]. In our study, serum interleukin 6 levels were significantly 
higher in patients with pancreatobiliary malignancies than in patients 
with benign biliary strictures, but their diagnostic accuracy as shown 
by AUROC was below that of CA 19-9 and CEA. In addition, according 
to expectations Il-6 showed low specificity for cancer in both the serum 
and bile. The difference in opinions on diagnostic yield of Il-6 may be 
due to diverse study populations since Taiwanese cases of CCA are 
mostly induced by parasitic infestations [16]. It would be important to 
prove the usefulness of Il-6 in screening for CCA in primary sclerosing 
cholangitis, which is a well-recognized precancerous state and the early 
diagnosis of CCA in this disease is highly challenging.

CA 19-9 and CEA, commonly used biomarkers of pancreatobiliary 
cancers, showed in our study acceptable sensitivity and specificity in 
detecting malignant bile duct strictures. Both markers differentiated 
the CCA and pancreatic cancer from benign diseases. Although 
biliary cancer is of intestinal type, the CEA seems to better reflect poor 
prognosis in patients with pancreatic cancer than CCA. 

Tumor M2 pyruvate-kinase has been identified as a promising 
marker for CCA, although results of published studies are controversial. 
Li et al. [21] found that plasma level of Tu M2-PK was significantly 
increased in patients with CCA as compared to healthy controls and 
the diagnostic performance of Tu M2-PK was higher than that of CA 
19-9. Dhar et al. [20] reported that Tu M2-PK levels measured in both 
the plasma and bile were significantly higher in patients with biliary 
malignancies then in healthy controls, with better diagnostic accuracy 
of bile levels (sensitivity 90.3%, specificity 84.3%). In both studies 
Tu M2-PK levels correlated either with the tumor stage or clinical 
outcome. In the meta-analysis plasma Tu M2-PK correlated with the 
stage of pancreatic cancer and the pooled sensitivity and specificity for 
diagnosis of this cancer was 60% and 95%, respectively. On the other 
side, Joergensen et al. [37] did not confirm diagnostic utility of Tu 
M2-PK in patients with pancreatic cancer. Similarly, our study failed 
to detect any significant difference in Tu M2-PK measured in bile 
or plasma between patients with pancreatobiliary malignancies and 
benign biliary strictures. There are some circumstances, which impact 
the plasma Tu M2-PK concentration. Tu M2-PK expression was found 
in neutrophils, but not lymphocytes and its levels may be raised by 
inflammatory conditions, responsible for development of systemic 
inflammatory response. In our study the patients with benign biliary 
diseases presented symptoms of cholangitis that might be the cause of 
increased release of Tu M2-PK. 

The major disadvantage of our study in the small sample size, 
which enables comparisons of biomarker levels with different stages of 
malignant diseases. The study was performed in single center and the 
diagnosis was based on many approaches with definite confirmation 
in follow-up history. The lack of histologic examination is common in 
cholangiocarcinoma patients and obtain in the best case in 60% of cases 

as most of them are not suitable for surgery. 

In conclusion, we found that bile IGF-I was relatively specific for 
pancreatic cancer, but more studies with patients at different stages of 
this disease are needed for determination of the diagnostic utility of this 
promising biomarker. Serum IGF-I and Il-6 differentiated malignant 
from benign biliary strictures, however, the discriminating power of 
these variables was inferior to that of CA19-9 and CEA. Therefore, use 
of serum IGF-I and Il-6 may play only an auxiliary role in diagnosis of 
pancreatobiliary cancer. 
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