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SUMMARY

Purpose: This study aims to establish predictive laboratory 
tests, which could confidently assist for an initial clinical dis-
crimination of choledocholithiasis from biliopancreatic ma-
lignancy, before an invasive endoscopic or surgical diagno-
sis. Results: A total of 174 patients, who underwent ERCP 
were analyzed. Patients with final diagnosis of choledocho-
lithiasis (137 patients) and biliopancreatic adenocarcinoma 
(37 patients) had their biochemistry parameters compared 
using Mann-Whittney test. Cut-off values for each param-
eter were defined. The cut-off values that provided the best 
trade-off between sensitivity and specificity were: 8.65 mg/
dL for total bilirubin, 276 U/L for serum alkaline phospha-
tase and 306 IU/ml for CA19-9. A patient most probably 
(96%) suffers from cancer, if he has high incriminating val-
ues in all these three parameters. Conclusions: A simple, re-
producible, easy-to-obtain predictive model with laborato-
ry tests, successfully differentiates choledocholithiasis from 
malignant biliopancreatic diseases and could be useful for a 
more cost-effective investigation and treatment of patients 
with such pathology.

Key words: pancreatic cancer; cholangiocarcinoma; choledo-
cholithiasis; biochemistry tests; endoscopic retrograde cholan-
giopancreatography; CA19-9.

INTRODUCTION 

Differential diagnosis between malignant and benign 
biliopancreatic diseases is not always easy, even with in-
vasive diagnostic tools, such as endoscopic retrograde 
cholangiopancreatography (ERCP), endoscopic ultraso-
nography with fine needle aspiration or laparoscopic sur-
gery. In some cases the clinical presentation of pancreat-
ic carcinoma is similar to that of several benign diseases.1 
Therefore it is highly important to be able to accurately 
differentiate extrahepatic cholestasis due to biliopancreatic 
malignancy from that caused by benign diseases such as 
common bile duct stones (CBDS) by using cost and time-
saving means. These conditions deserve subsequent man-
agement including the need for therapeutic ERCP and/or 
surgical techniques, which require specific skills and ma-
terials. Patients could benefit from an optimal combina-
tion of currently available therapeutic means.

There are several published studies2,3 concerning the use 
of noninvasive (routine laboratory) tests in predicting the 
presence of CBDS and the use of tumor markers in malig-
nant obstructive jaundice.1,4 Numerous efforts have been 
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made in the past to define predictive criteria as well as pre-
dictive scores for choledocholithiasis, but no straightfor-
ward conclusions were evident5. In addition, elevated serum 
tumor markers {carcinoembryonic antigen (CEA), carbo-
hydrate antigen 19-9 (CA19-9), carbohydrate antigen 125, 
a-fetoprotein} were observed in both benign and malignant 
biliopancreatic diseases with obstructive jaundice. 1,4

For these reasons this study aims to establish pre-
dictive factors based on non-invasive, widespread, 
inexpensive and rapidly available tests which could 
assist physicians to make confidently an initial differ-
entiation of CBDS from malignancy. 

METHODS 

Patients selection and diagnosis
A total of 410 consecutive Caucasian patients were 

studied prospectively. They were consider to suffer from 
biliopancreatic disease judging from their clinical presen-
tation. The following elements were studied on admis-
sion: age, sex, clinical symptoms and signs (pain, fever, 
jaundice), routine blood and urine laboratory tests [com-
plete blood count, aspartate aminotransferase (AST), ala-
nine aminotransferase (ALT), serum alkaline phosphatase 
(SAP), γ-glutamyl transferase (γGT), total/direct bilirubin 
(tB/dB), serum and urine amylase, tumor markers: CEA, 
CA19-9, a-fetoprotein], as well as ultrasonography (US) 
of the upper abdomen. All demographic, medical history, 
clinical and laboratory information were prospectively 
entered in a registry database. Blood and urine laborato-
ry parameters were studied as potential predictive factors 
for the discrimination of choledocholithiasis from bilio-
pancreatic malignancy. 

Two hundred thirty six patients were excluded because 
of the following exclusion criteria: liver (hepatocellular) 
malignancy (primary or metastatic), chronic or concurrent 
liver disease, biliary injury or stricture, primary scleros-
ing cholangitis, choledochocele, congenital hepatobiliary 
abnormalities, chronic pancreatitis, Billroth II gastrecto-
my, previous endoscopic sphincterotomy or stent place-
ment, sphincter of Oddi adenoma or carcinoma, sphinc-
ter of Oddi dyskinesia (known or subsequently proved) 
and HIV infection. 

Finally, 174 patients were eligible to enter the study 
according to the following inclusion criteria: presence of 
symptoms (biliary pain syndrome with or without fever, 
jaundice), and/or abnormal laboratory tests (at least one 
of the above mentioned blood and urine tests over the up-
per limits of normal) together with an abnormal US (man-

datory). The latter was considered abnormal if it includ-
ed findings such as the presence of an hyperechoic image 
in the bile duct lumen (i.e. stone), a dilated common bile 
duct (CBD) (measured in its mid portion > 6mm in diam-
eter with the gallbladder in situ or >9mm with previous 
cholecystectomy) 3,6 and a mass-lesion revealed in the bil-
iopancreatic region. 

ERCP was performed with a standard side viewing 
duedenoscope (Olympus Optical Co., Tokyo, Japan) by 
four experienced Consultant Gastroenterologists. An in-
formed written consent was obtained from all patients pri-
or to ERCP in accordance with our institutional Review 
Board. The average time span between laboratory tests 
and ERCP was 3 days. Spiral computed tomography was 
performed within 48 hours from admission in all patients 
with suspected malignancy in the biliopancreatic region 
(presented with painless jaundice, excessive weight loss 
and/or a pathologic lesion or mass revealed in physical 
examination or US) or suspected but not proved choledo-
cholithiasis. Computed tomography was not performed in 
cases of evident lithiasis of the common bile duct without 
any other lesion shown in the ultrasound.

The final diagnosis was achieved by examining the 
cholangiopancreatography films by two blinded gastro-
enterologists experienced in ERCP, the endoscopist clin-
ical opinion when needed (e.g. the visible extraction of 
stones or sludge) and the positive histology or cytology 
result for malignancy. In cases in which, despite the clini-
cal and imaging suspicion, the results of cytology or his-
tology were negative or undetermined, an endoscopic US 
with fine needle aspiration was performed.

Patients were divided in two groups according to the fi-
nal diagnosis: Group A comprised 137 patients with CBDS 
or luminal sludge. Group B comprised 28 patients with 
pancreatic adenocarcinoma and 9 patients with cholan-
giocarcinoma both verified either by histological or cyto-
logical examination. 

All patients were followed-up for up to 6 months 
in order to confirm the diagnosis. 

Statistical Analysis
The distribution of the clinical presentation of the pa-

tients among the two study groups was investigated with 
the χ2 test. The biochemistry markers of the two groups 
were compared with the Mann-Whitney test. Parameters, 
which were found to be significantly different between the 
two groups, were further investigated using receiver operat-
ing characteristics curves (ROC), which allow for the cal-
culation of their discrimination ability. The methodology 
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provides the means to estimate the cut-off value for each 
parameter that yields the best trade-off between sensitivity 
and specificity.7,8 On the basis of the optimal cut-off values 
new variables are formed, which follow the binary distri-
bution, i.e. they indicate whether each subject’s value for 
the specific parameter is either above or below the cut-off 
point. The 2X2 contingency tables formed by the frequency 
distribution of these new variables across the two groups 
allow the estimation of a number of useful measures (sen-
sitivity and specificity, positive and negative likelihood ra-
tios and predictive values, as well as the risk and odds ra-
tios with their 95% confidence intervals). Finally, in search 
for the combination of parameters that provides the best 
diagnostic test discriminating the cancer group from the 
lithiasis group, a stepwise logistic regression method and 
a simple agglomerative model were employed. 

RESULTS

Of the 174 patients in this study, 113 (65%) were wom-
en. The mean age was 67.9±14.2 years (range 24-92 years) 
and 84 (48%) of the patients were older than 70 years. The 
lithiasis group was 137/174 patients (79%) and the can-
cer group 37/174 patients (21%). Of the 137 patients with 
lithiasis, 96 (70%) had CBDS < 1cm and 41 (30%) had 
CBDS > 1cm in diameter. The symptoms and other rele-
vant parameters of patients’ clinical presentation are de-
picted in Table 1. 

It is quite clear from table 1 that the clinical presen-
tation of the two groups is quite distinct (χ2=126, d.f.=6, 
p<0.001). The majority of the patients, who were later di-
agnosed with biliopancreatic cancer, were admitted to the 
hospital with painless jaundice.

Table 2 shows the median values and the interquartile 
ranges of the two groups for the biochemistry markers un-
der investigation. The Mann-Whitney test confirmed sta-
tistically significant differences between the groups for 
total and direct bilirubin, SAP, CA19-9, γGT and white 
blood cells at the 0.01 level and for hematocrit and AST 
at the 0.05 level. 

For all the above parameters ROC curves were con-
structed in order to evaluate their discrimination abili-
ty. It was found that for total and direct bilirubin, SAP, 
CA19-9 the discrimination ability was above 0.800, 
which is expressed in this case by the area under the curve 
(Figure 1). This means that these four parameters discrim-
inate the two groups fairly well. 

For each parameter the cut-off value that provides 
the best trade-off between sensitivity and specificity was 
found. These values are 8.65 mg/dL for total bilirubin (8.6 
fold the normal), 3.85 mg/dL for direct bilirubin (7.5 fold 
the normal), 276 U/L for SAP (2.2 fold the normal) and 
306 IU/ml for CA19-9 (8.3 fold the normal). The corre-
sponding sensitivities, specificities, positive and negative 
likelihood ratios and predictive values, risk and odds ra-
tios and total percentages of correctly classified cases are 
depicted in Table 3. 

The above cut-off values were used to create four new 
variables, corresponding to the four parameters under con-
sideration, but with a binary distribution. These four new 
binary variables were entered as the independent vari-
ables in a stepwise binary logistic regression model with 
the two subgroups of lithiasis and cancer being the bina-
ry dependent variable. 

Two points are notable: firstly that direct bilirubin does 

Table 1 Clinical characteristics and presentation of study patients.
Final Diagnosis 
CBD 
Lithiasis

Biliopancreatic
Cancer

No of patients 137 37
Male/female ratio (patients) 49/88 12/25
Median age-yrs (interquartile range) 70 (15) 71(20)
Biliary colic 53 (38.7%) 0 (0%)
Cholangitis 38 (27.5%) 0 (0%)
Painful jaundice 26 (19.0%) 6 (16.2%)
Painless jaundice 2 (1.5%) 29 (78.4%)
Acute pancreatitis 13 (9.5%) 0 (0%)
Asymptomatic / Increase of LFT’s* 4 (2.9%) 2 (5.4%)
Asymptomatic / Normal LFT’s 1 (0.7%) 0 (0%)

* LFT’s: liver function tests
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not meet the criteria to enter the regression equation. This 
is not indicative against its discrimination ability, but rath-
er of its strong correlation with total bilirubin (r=0.783). 
All the discrimination information inherent in direct bili-
rubin was already provided by total bilirubin. The results 
of the regression model are shown in table 4.

Secondly, the entrance of the other three parameters in 
the regression equation indicates that each parameter pro-
vides complementary diagnostic information. This is also 
confirmed by the fact that total bilirubin, SAP and CA19-
9 do not have high Pearson’s correlation coefficients be-

tween each other. These correlation coefficients are 0.342 
for total bilirubin and SAP, 0.531 for total bilirubin and 
CA19-9 and 0.130 for SAP and CA19-9.

The above results can be better understood and, what 
is more important, better employed in practice, by the fre-
quency distribution shown in Table 5. If we take the three 
risk factors under consideration (tB, SAP and CA19-9) in 
their binary form with the given cut-off values, then each 
patient can be characterized by a risk value (score) rang-
ing from 0 to 3. A risk value of 0 means that the patient’s 
values for the three parameters are below the correspond-
ing cut-off values. At the other end a risk value of 3 means 
that all three of the patient’s values are above the cut-off 
points. It was found that 121 patients from a total of 127 
patients with score <1 suffered from choledocholithiasis 
(96%). Similarly, 23 patients from 24 patients with score 3 
were finally diagnosed with biliopancreatic cancer (96%). 
Using score 1 as the discrimination limit, 126 patients were 
found with score <1 and most probably suffered from li-
thiasis and 48 were found with score >1 and probably suf-
fered from cancer. Taking this limit under consideration, 
the discrimination ability of the model was 88% (153/174 
patients). Statistically, the regression model was able to 
correctly classify 91.4% of the cases. 

DISCUSSION 

The invention and development of new medical tech-
nologies, concerning the biliopancreatic diseases, (ther-

Table 2 Descriptive statistics of biochemistry markers [median (interquartile range)] and their comparisons between the two groups 
with the Mann-Whitney test.

CBD 
Lithiasis

Biliopancreatic
Cancer

p-value

t-Bilirubin (mg/dL) 2.6 (4.3) 13.1 (9.3) <0.001
d-Bilirubin (mg/dL) 1.4 (3.0) 8.2 (6.3) <0.001
SAP (U/L) 193 (187) 509 (463) <0.001
CA19-9 (U/mL) 41 (186) 424 (1202) <0.001
γGT (U/L) 356 (417) 636 (580) <0.001
AST (IU/L) 91 (157) 135 (132) <0.027
ALT (IU/L) 155 (259) 188 (327) 0.115
AFP a (U/mL) 4.1 (3.0) 2.8 (2.3) 0.287
CEA (ng/mL) 2.2 (2.4) 4.9 (12.8) 0.142
HEMATOCRIT (%) 40.0 (5.6) 37.5 (6.9) 0.014
HEMOGLOBIN (g/dL) 13.0 (2.0) 12.5 (2.8) 0.074
WBC b (103/μL) 7600 (3816) 6950 (1498) <0.001
AMYLASE SERUM (U/mL) 56 (62) 50 (56) 0.186
AMYLASE URINE (U/mL) 478 (1627) 219 (1349) 0.345

a a-fetoprotein, b White Blood Cells 

Figure 1 ROC curves for total and direct Bilirubin, SAP and 
CA19-9.



	 123Clinical discrimination between choledocholithiasis and biliopancreatic malignancy based on a new biochemical model

apeutic ERCP, endoscopic US, laparoscopic extraction 
of CBDS, etc.) offers new and expensive diagnostic and 
therapeutic options for these diseases. These options of-
ten coexist with an increasing cut down of financial re-
sources from health insurance systems. The optimal dis-
tribution of these scarce resources in a rational way means 
that expensive technologies should be used for diagnosis 
and treatment only to improve patient’s care in a cost-ef-
fective way. This problem strengthens the interest in low-
cost, non-invasive, rapidly available diagnostic tests for 
biliopancreatic diseases. Some authors have already ad-
dress this issue, as recently by Nathan T. et al in which 
a model was developed for the prediction of performing 

Table 3 Discrimination ability and best cut-off values for the four biochemistry markers derived from the ROC curves. Statistical 
measures derived from the resulting 2X2 contingency tables of positive and negative values of the markers against the appearance 
of cancer or lithiasis.
Statistical measure t-Bilirubin d-Bilirubin SAP CA19-9
Discrimination ability 0.885 0.863 0.838 0.868
95% confidence interval 0.814-0.956 0.789-0.937 0.769-0.907 0.762-0.934
Cut-off value 8.65 mg/dL 3.85 mg/dL 276 U/L 306 U/mL
TP 31 32 33 27
FP 15 25 48 15
TN 122 112 89 122
FN 6 5 4 10
Sensitivity 0.838 0.865 0.892 0.730
Specificity 0.891 0.818 0.650 0.891
LR+ 7.65 4.74 2.55 6.66
LR- 0.18 0.17 0.17 0.30
Positive PV 0.67 0.56 0.41 0.64
Negative PV 0.95 0.96 0.96 0.92
Risk ratio 14.4 13.1 9.5 8.5
95% confidence interval 6.0-34.5 5.4-31.9 3.5-25.6 4.5-16.0
Odds ratio 42 28.7 15.3 22
95% confidence interval 15.1-117.2 10.2-80.9 5.1-45.7 8.9-54.1
% correctly classified 0.879 0.828 0.701 0.856

TP: True Positive, FP: False Positive, TN: True Negative, FN: False Negative,  
LR+: Positive Likelihood Ratio, LR-: Negative Likelihood Ratio, PV: Predictive Value

Table 4 Results of the stepwise logistic regression model with 
group (lithiasis and cancer) as the dependent variable and the 
three parameters (total bilirubin, SAP and CA19-9) in their bi-
nary form as the predictors.

Steps
Variables in 
the equation

Exp(B) 95.0% C.I.
(Odds ratio) Lower Upper

1 t-bilirubin 42.0 15.1 117.2

2 t-bilirubin 36.1 11.7 111.8
SAP 12.4 3.4 45.3

3 t-bilirubin 13.7 3.8 48.9
SAP 19.8 4.5 87.4
CA19-9 7.5 2.0 28.7

Table 5 Differential diagnosis of choledocholithiasis vs malignant disease using total Bilirubin, SAP and CA19-9.

Number of risk factors present (score) Total (patients)

0 1 2 3  

 Lithiasis (patients) 76 45 15 1 137

 Cancer (patients) 1 4 9 23 37

 Total (patients) 77 49 24 24 174

Discrimination ability 96% (lithiasis) 92% (lithiasis) 37% (cancer) 96% (cancer)
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therapeutic ERCP, based on age, gender, serum amylase, 
serum liver tests and US.9,10 

Differential diagnosis of benign biliopancreatic dis-
eases (such as choledocholithiasis) vs. malignancy (pan-
creatic cancer and cholangiocarcinoma) is in several cases 
difficult and this may be due to the overlap of symptoms. 
More complicated cases, such as the presence of repeat-
ed normal serum liver enzymes together with CBDS, are 
very uncommon (0-5%).11-14 In this cohort only one pa-
tient (0.7%) suffering from CBDS was found with nor-
mal liver enzymes. 

There are many studies in the literature that discuss 
predictive biochemistry markers for the diagnosis of the 
presence of CBDS2,3,5,9,10,15,16 or the pancreatic and biliary 
malignancy.1,4,17-28 However, these studies have separately 
examined the predictive factors for the respective diseases. 
Moreover, their results are extremely variable and conflict-
ing without any consensus.1-3 In the present study, patients 
were selected and analyzed by means of the common med-
ical practice offering an algorithm for the early differential 
diagnosis between choledocholithiasis and malignant bil-
iopancreatic diseases. The sensitivity (73%) and specific-
ity (89%) of serum CA19-9 in detecting pancreatic cancer 
that was presently found (Table 3), were within the limits of 
variation reported previously (68-92% and 44-97% respec-
tively).1,4 Similarly, sensitivity (84%), specificity (89%), 
positive predictive value (67%), negative predictive value 
(95%), positive likelihood ratio (7.65) and negative likeli-
hood ratio (0.18) of total bilirubin in detecting lithiasis of 
CBD of the current study (Table 3) were comparable with 
the limits of variation reported previously (69–74%, 48–
92%, 31–57%, 66–99%, 4.8 and 0.54 respectively).5,6,9,29,30 
The study has demonstrated three parameters (tB, SAP and 
CA19-9) able to discriminate correctly the majority (88%) 
of the cases concerning choledocholithiasis vs. malignan-
cy. Furthermore, the present findings demonstrate that no 
single predictive factor is completely accurate in differen-
tiating CBDS from biliopancreatic cancer and are in ac-
cordance with previous studies.15-17 Each of the three risk 
factors provides complementary information on the differ-
ential diagnosis. Based on the classification of patients (Ta-
ble 4), there are three significant observations to be stated. 
Firstly, a patient most probably (96%) has a cancer if he has 
high incriminating values in all three parameters {tB (8.6 
fold the normal), SAP (2.2 fold the normal) and CA19-9 
(8.3 fold the normal)} under consideration. Secondly, it is 
highly unlikely (4%) that a patient with lithiasis (CBDS) 
will have values above the cut-off point in all three param-
eters. Finally, it is likewise unlikely that a patient with can-
cer will not be characterized by at least one predictive fac-

tor above the cut-off value. In practice, patients with score 
0 or 1 and score 3, most probably (96%) may have a cor-
rect clinical diagnosis using this model (table 5).

The study’s objective was to create a model of labora-
tory tests (tB – SAP – CA19-9) that is easy to use, based 
on universally, not costly and rapidly available data, dif-
ferentiating choledocholithiasis from cancer in the bilio-
pancreatic region, and in this way helpful to patients’ man-
agement schedules.

Hyperamylasemia was not a significant predictor of 
CBDS and biliopancreatic cancer.4 This finding is con-
cordant with other studies, where hyperamylasemia may 
be best used as a predictor of recurrent pancreatitis rather 
than as a predictor of CBDS or cancer discovery. More-
over increased serum amylase may lower the predictive 
accuracy of other tests.4,31,32 

Management strategies, especially in the primary and 
secondary health care level, may be enriched by diagnos-
tic algorithms based on predictive clinical and laboratory 
information. This model may help for the initial discrim-
ination of choledocholithiasis from cancer in the bilio-
pancreatic region. If the three predictors (tB, SAP and 
CA19-9) are present (above their cut-off limits–score=3), 
a therapeutic strategy could readily be adopted towards 
biliopancreatic malignancy (a fully surgical treatment, 
operable or not cancer and therapeutic ERCP). On the 
other hand, the absence of the three predictors (score=0) 
is strongly suggestive for CBDS and the patient could be 
transferred to a hospital which provides access to thera-
peutic techniques and experienced practitioners for apply-
ing endoscopic US and endoscopic sphincterotomy. The 
model can not be applied in patients with negative Lewis 
blood type who are unable to express CA19-9 (approxi-
mately 10% of Caucasians).18 Also, in intermediate cases 
(score 2) a thorough search for the exclusion of malignan-
cy should be followed. Advanced imaging studies (spiral 
computed tomography or magnetic resonance) and an ac-
curate but minimally invasive diagnostic method, such as 
endoscopic US (with or without fine needle aspiration), 
could be applied. It has been shown that performing en-
doscopic US prior to therapy had no significant impact on 
cost-effectiveness in patients with high risk of CBDS33 but 
was strongly cost-effective in patients with an intermedi-
ate risk.34 Endoscopic US is helpful in the investigation of 
the biliopancreatic diseases, but an advanced endoscopical 
technology, specialization and experience is needed and it 
is not available in any hospital. 

In conclusion, this study shows that a simple screening 
of patients at risk for biliopancreatic malignancy or cho-
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ledocholithiasis could be achieved with three non-inva-
sive, widespread, inexpensive and rapidly available labora-
tory predictive criteria (tests), irrespective to the patient’s 
age. Thus, this model should be prospectively evaluat-
ed in a primary or secondary care level where it may be 
more applicable. It is obvious that in this case hospital 
and financial resources can be allocated more expedient-
ly. Moreover, the patient can be diagnosed and treated in 
a more cost-effective and safe way, achieving lower com-
plications rate.
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