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Purpose: The accurate differentiation between benign and malignant biliary stricture is sig-
nificant but challenging. Tissue diagnosis of biliary stricture by endoscopy sampling can provide
excellent specificity but insufficient sensitivity. For patients with suspected malignant biliary
stricture (MBS) but non-malignant was reported in endoscopy tissue samples, we constructed
a nomogram to predict malignancy and improve the overall diagnostic performance.

Patients and Methods: 232 patients with suspected MBS and underwent endoscopy tissue
sampling from January 2017 to December 2019 were included, among which 123 patients’
endoscopy tissue samples were classified as non-malignant (including atypical, negative for
malignancy, and nondiagnostic). Demographics, serum markers, radiological and sampling
results of these 123 patients were collected to construct a nomogram using multivariate
analysis.

Results: The nomogram was developed based on bilirubin, CA19-9, radiological result, and
atypical sampling results and provided an AUC of 0.863 (95% CI 0.795-0.930) for predict-
ing MBS. The specificity, sensitivity, and accuracy of endoscopy tissue diagnosis were
100.00%, 59.90%, and 68.53%, respectively. With the nomogram added, the overall diag-
nosis specificity, sensitivity, and accuracy were 95.24%, 89.20%, and 90.23%, respectively.
Conclusion: The nomogram can predict malignancy in patients whose endoscopy tissue
diagnoses were non-malignant. The overall diagnostic performance was improved with the
nomogram added.

Keywords: malignant biliary stricture, endoscopic tissue sampling, bilirubin, CA19-9,
radiology

Introduction

Biliary stricture, a critical clinical condition, is frequently presented as a diagnostic
dilemma and can cause serious severe symptoms and complications.'> A biliary
stricture can be caused by either benign or malignant etiologies, with malignant
biliary stricture (MBS) accounting for approximately 70% of instances. The accu-
rate distinguishing between benign and malignant biliary stricture is critical to
guide appropriate treatment.

Tissue sampling is critical for differentiating the cause of biliary stricture adequately,
which can be accomplished by endoscopic retrograde cholangiopancreatography
(ERCP)-based tissue sampling and endoscopic ultrasound-guided fine needle aspiration
(EUS-FNA). Endoscopy tissue samples are commonly classified as positive for malig-
nancy, suspicious for malignancy, atypical, negative for malignancy, or nondiagnostic.
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Strictures with tissue samples classified as positive or suspi-
cious for malignancy are usually considered as MBS. The
specificity of endoscopy tissue sampling can be approximately
100% under this criterion, but the sensitivity is insufficient.*
Among the non-malignant results, atypical results are compli-
cated to interpret since they can be caused by heterogeneous
causes, including paracancerous or low cellularity specimens
from MBS cases, or reactive alterations due to inflammatory
conditions or procedural artifacts.” Previous studies have
found that 36.5-70.7% of patients with atypical results turned
out to have malignancy later.® '! Therefore, the significance of
an atypical result in the prediction of malignancy warrants
further exploration.
Furthermore, diagnosing MBS often requires
a combination of different diagnostic modalities. The
elderly had a higher incidence of malignancy in suspected
MBS patients. The levels of serum total bilirubin, alkaline
phosphatase (ALP), and gamma-glutamyltransferase (y-
GT) are higher in malignant biliary stricture than in benign
biliary stricture, with bilirubin being the most important
discriminator for malignancy.'*'® A markedly elevated
bilirubin level has a high positive predictive value for the
existence of malignancy.'* Serum tumor markers carbohy-
drate antigen 19-9 (CA19-9) and carcinoma embryonic
antigen (CEA) are elevated in several gastrointestinal can-
cers, and CA19-9 is the most significant and widely uti-
lized biomarker in pancreaticobiliary cancer.'> Various
cross-sectional radiological images have been reported to
be useful in identifying biliary stricture, such as computed
tomography (CT) and magnetic resonance imaging (MRI)/
magnetic resonance
(MRCP).'%!7

In a previous study, Lindberg et a

cholangiopancreatography
1'® discussed the
limitations of four separate methods (brush cytology,
DNA analysis, serum CA19-9, and serum CEA) used at
the time of ERCP to diagnose MBS and reported a higher
sensitivity when the four methods were combined. Hence,
a prediction model that integrates endoscopy non-
malignant tissue sampling results and these noninvasive
parameters may assist in predicting malignancy in biliary
stricture. In this study, we analyzed the correlations
between demographics, serum markers, radiological ima-
ging, and endoscopy sampling results with MBS for
patients whose endoscopic tissue samples were categor-
ized as non-malignant, and developed a prediction model
in the form of a nomogram. The improvement in diagnos-
tic performance when the nomogram prediction data were
included was evaluated.

Methods

Patients

A total of 246 patients with suspected MBS underwent
ERCP-based tissue sampling and/or EUS-FNA at Peking
Union Medical College Hospital between January 2017
and December 2019.

Inclusion Criteria

1. the presence of biliary stricture identified by cross-
sectional radiological imaging;

2. obstructive jaundice, and/or elevated levels of liver
tests in a cholestatic pattern, and/or cholangitis;

3. assessment of bilirubin, CA19-9, and CEA before
biliary drainage and/or tissue sampling;

4. a final malignant/benign diagnosis based on endo-
scopic/surgical histology or a follow-up longer than
12 months.

Exclusion Criteria
1. received tumor-related chemoradiotherapy or tar-
geted therapy within 1 month before tissue
acquisition;
2. known
carcinoma;

history of primary pancreato-biliary

3. altered gastrointestinal anatomy or duodenal

obstruction.

Finally, a total of 232 patients were recruited in this study.
The study was conducted in accordance with the
Declaration of Helsinki, and was approved by the ethical
committee of Peking Union Medical College Hospital
(Ethical Number: S-K1706).

Data Collection and Definitions
The medical records of selected patients were reviewed,
including clinical, laboratory, radiological, endoscopic,
and pathological data and follow-up results.

Laboratory tests, such as bilirubin, CA19-9 and CEA,
were assessed before biliary drainage. Two specialist radi-
ologists assessed cross-sectional radiological images,
including MRCP contrast-enhanced CT/MRI.
Irregular strictures, a simultaneous pancreatic duct stric-

and

ture (“double duct sign”), an abnormally enhanced mass
lesion, and secondary signs of malignancy (such as vas-
cular infiltration and evidence of metastases) were all used
to identify malignant from benign strictures.

Endoscopic tissue samples were classified into the fol-

lowing categories: (1) positive for malignancy, (2)
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suspicious for malignancy, (3) atypical, (4) negative for
malignancy, and (5) nondiagnostic. Samples classified as
positive or suspicious for malignancy were categorized as
malignant, whereas samples classified as atypical, negative
for malignancy, and nondiagnostic were categorized as
non-malignant.

The final diagnosis was based on the following criteria
in decreasing priority: (1) surgical pathology, (2) endo-
scopic cytology or histology, and (3) clinical diagnosis
by long-term follow-up of more than 12 months.

Endoscopic Procedures

Endoscopic procedures were achieved using standardized
protocols by five senior endoscopists. All endoscopists
were highly experienced and currently perform 400
ERCP/EUS cases per year. Written informed consent was
obtained from each patient before the procedure.

ERCP was performed with JF or TJF-260V (Olympus,
Tokyo, Japan). Initial cannulation and cholangiography
were performed to observe the morphology and location
of the stricture. Brush cytology was performed by passing
a brush into the biliary tree over a guidewire under fluoro-
scopy. The brush was moved to and fro across the stricture
more than 10 times. Biliary forceps biopsies were per-
formed in cases evaluated to be safe and feasible, yielding
1 to 6 specimens.

EUS-FNA was performed using the linear-array
echoendoscope GF-UCT240 (Olympus, Tokyo, Japan).
Doppler examination was performed before FNA to ensure
the absence of intervening vascular structures along the
anticipated needle path. EUS-FNA was attempted with
a standard 19-, 22-, or 25-gauge needle or a 20-gauge
biopsy needle as directed by the endoscopist’s preference,
characteristics, and location of the lesion. After puncturing
each lesion, the stroke was carefully performed 10-20
times. Rapid on-site evaluation (ROSE) was not routinely
available. The puncture procedure was repeated until the
whitish material became visible macroscopically. Often 1—-
4 passes were performed.

Biliary brush and FNA samples were expressed onto
glass slides, then fixed with 95% ethanol for subsequent
Papanicolaou staining. Additional material was submitted
for the ThinPrep cytologic test. Biliary biopsy and visible
core specimens were placed in formalin for histological
analysis. All samples were sent to the pathology depart-
ment for interpretation by expert pathologists and cyto-
pathologists dedicated to biliopancreatic diseases.

Model Construction and Validation

The prediction model was built based on multivariate logistic
regression analysis. Before construction, multicollinearity ana-
lysis was performed by calculating the variance inflation factor
(VIF) among the features; a VIF value > 10 was considered to
indicate multicollinearity. The corresponding variables were
excluded from the model. A backward stepwise variable selec-
tion procedure was used in multivariate models for model
selection based on the Akaike information criterion (AIC).
The final model was tested for predictive power using internal
validation, which was performed using the bootstrap resam-
pling method by randomly drawing 1000 samples from the
primary dataset to avoid overoptimism.

Statistical Analysis
Statistical analysis was performed using R (http://www.

R-project.org) X&Y
Solutions). Continuous variables are expressed as medians

and EmpowerStats software

with interquartile ranges (IQRs), and are compared using
the Mann—Whitney U-test.
expressed as frequencies and percentages, and are com-

Categorical variables are

pared using the Pearson chi-squared test. A P value < 0.05
was considered statistically significant. The Hmisc pack-
age was used to plot the nomogram. The pROC package
was used to plot the ROC curves and measure the AUCs.
The diagnostic performance was evaluated by calculating
sensitivity, specificity, positive likelihood ratio, negative
likelihood ratio, positive predictive value, and negative
predictive value. Receiver operating curves (ROC) and
the corresponding area under the curve (AUC) values
were used to assess the discrimination ability of the model.

Results
Clinicopathological Characteristics of the

Study Patients

Among the study cohort, 182 patients were diagnosed as
malignant biliary stricture, and 50 patients were diagnosed
as benign biliary stricture. Table 1 shows the baseline char-
acteristics and endoscopy tissue sampling results of the study
patients. The final diagnoses are presented in Table 2.
Patients with MBS were older and had a higher level of
bilirubin, CA19-9, and CEA. A total of 109 MBS patients
were diagnosed after endoscopy tissue sampling with
a positive or suspicious for malignancy sampling result.
The remaining 123 patients were brought into the next step
of model construction. In the MBS, cholangiocarcinoma and
pancreatic cancer are the two most common etiologies.
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Table | Baseline Characteristics and Endoscopy Sampling Results of the Study Patients

Variables Malignant(n=182) Benign(n=50) P-value
Age, year, median (IQR) 65.00(58.00, 71.75) 59.00(49.25, 65.75) 0.004
Sex, n (%) 0.131
Male 106(58.24%) 35(70.00%)
Female 76(41.76%) 15(30.00%)
Bilirubin, umol/L, median (IQR) 191.95 (108.25, 288.30) 73.10 (25.10, 192.00) <0.001
CAI19-9, U/mL, median (IQR) 209.85 (56.08, 779.80) 55.80 (13.55, 147.85) <0.001
CEA, ng/mL, median (IQR) 3.11 (2.20, 5.07) 2.60 (1.40, 3.45) 0.002
Radiological diagnosis, n (%) <0.001
Malignant 145(79.67%) 19(38.00%)
Benign 37(20.33%) 31(62.00%)
Endoscopy sampling results, n (%) <0.001
Positive or suspicious for malignancy 109(59.89%) 0(0.00%)
Atypical 44(24.18%) 8(16.00%)
Negative for malignancy or nondiagnostic 29(15.93%) 42(84.00%)

Abbreviation: IQR, interquartile range.

Table 2 Final Diagnoses of the Study Patients

Final Diagnoses n (%)

Malignant 182
Cholangiocarcinoma 90(49.45%)
Pancreatic cancer 72(39.56%)
Ampulla cancer 6(3.29%)
Gallbladder cancer 4(2.19%)
Neuroendocrine tumor 3(1.66%)
Metastatic cancer 7(3.85%)

Benign 50
1gG4-SC 17(34.00%)
Cholelithiasis 17(34.00%)
Inflammatory stricture 13(26.00%)
PSC 2(4.00%)
Chronic pancreatitis 1(2.00%)

Abbreviations: IgG4-SC, immunoglobulin G4-related sclerosing cholangitis; PSC,
primary sclerosing cholangitis.

Logistic Regression Analysis and the

Nomogram Construction

After the initial endoscopy tissue sampling, 109 patients were
diagnosed with MBS. A logistic regression analysis was car-
ried out on the remaining 123 patients. As shown in Table 3,
age, bilirubin, CA 19-9, CEA, radiological diagnosis, and
atypical endoscopy sampling are related to MBS in univariate
logistic regression analysis. After the stepwise variable selec-
tion procedure, bilirubin, CA19-9, radiological diagnosis, and

atypical endoscopy sampling showed independent correlation
with MBS. The best diagnostic performance of bilirubin was
100umol/L  with
a specificity of 57.14% and a sensitivity of 76.06%. When
bilirubin>400umol/L, the specificity was 98.00%. The best
diagnostic performance of CA19-9 was reached when the cut-
off value was 217U/mL, with a specificity of 86.05% and
a sensitivity of 48.48%. When CA19-9>500U/mL, the speci-
ficity was 95.35%. Therefore, bilirubin, CA19-9, radiological
diagnosis, and atypical sampling result were incorporated into

reached when the cut-off value was

the final nomogram, and the upper threshold of bilirubin and
CA19-9 were 400umol/L and 500U/mL, respectively. The
nomogram is presented in Figure 1.

Diagnostic Performance of the

Nomogram

As shown in Figure 2, the AUC of the nomogram was 0.863
(95% CI 0.795-0.930), which was higher than bilirubin
(AUC=0.707 (95% CI 0.604-0.809, P-value=0.001),
CA19-9 (AUC=0.684 (95% CI  0.584-0.784),
P-value<0.001), radiological diagnosis (AUC=0.715 (95%
CI 0.611-0.818, P-value<0.001), atypical sampling result
(AUC=0.706 (95% CI 0.608-0.805), P-value<0.001) as
a separate method. The diagnostic performance of the
nomogram was presented in Table 4, with a specificity and
a sensitivity of 95.24% and 70.31%, respectively.

7738

Dove!

Cancer Management and Research 2021:13


https://www.dovepress.com
https://www.dovepress.com

Dove

Zhang et al

Table 3 Univariate and Multivariate Logistic Regression Analysis in Patients with a Non-Malignant Endoscopy Sampling Result

Variables Univariate Analyses Multivariate Analyses
OR (95% CI) P-value OR (95% CI) P-value
Age, year 1.035 (1.004, 1.067) 0.026
Sex 0.517
Male |
Female 1.291 (0.597, 2.792)
Bilirubin, umol/L 1.005 (1.002, 1.008) 0.004 1.005 (1.000, 1.010) 0.031
CAI19-9, U/mL 1.002 (1.001, 1.004) 0.010 1.002 (1.000, 1.004) 0.029
CEA, ng/mL 1.300 (1.026, 1.648) 0.030
Radiological diagnosis <0.001 <0.001
Benign | |
Malignant 8.294 (3.573, 19.253) 7.941 (2.578, 24.462)
Endoscopy sampling results <0.001 <0.001
Negative for malignancy or | |
nondiagnostic
Atypical 7.966 (3.272, 19.390) 7.428 (2.264, 24.368)

Abbreviations: OR, odds ratio; 95% Cl, 95% confidence interval.

Improvement of Diagnostic Performance

with the Combination of Nomogram

As presented in Table 5, The specificity, sensitivity and
accuracy of initial endoscopy tissue diagnosis were
100.00%, 59.90% and 68.53% respectively. After the nomo-
gram was added for the patients whose initial endoscopy
tissue sampling was non-malignant, the overall diagnostic
performance was improved with a specificity of 95.24%,
a sensitivity of 89.02%, and an accuracy of 90.23%.

Discussion
We enrolled 232 patients with suspected MBS in this
study, with 109 of them being diagnosed as MBS via
endoscopic tissue sampling. A multivariate logistic
regression analysis was performed on the remaining
123 patients, and bilirubin, CA19-9, radiological diag-
nosis, and atypical sampling result showed independent
correlations with MBS. A prediction model was con-
structed using these parameters in the form of
a nomogram. The nomogram can distinguish between
malignant and benign biliary strictures with an AUC of
0.863 (95% CI 0.795-0.930). When the endoscopic tis-
sue diagnosis is combined with the nomogram, the over-
all diagnostic performance improves.

The differentiation between benign and malignant bili-
ary strictures can be difficult, but is of great significance

regarding prognosis and planning optimal therapy. ERCP-
based tissue sampling and EUS-FNA are two commonly
utilized endoscopic methods for obtaining tissue samples.

ERCP-based tissue sampling, including brush cytology
and intraductal forceps biopsy, is widely considered to be
the first-line sampling method for suspected MBS.'® Brush
cytology is routinely done to diagnose malignant biliary
strictures because it is simple to perform, associated with
fewer adverse events, but is restricted by its low sensitivity
ranging from 30% to 81%.% %" If adequate samples were
acquired, intraductal forceps biopsy can provide informa-
tion about the tissue structure and tissue invasion.
However, it is associated with increased worries regarding
perforation and bleeding. A meta-analysis®' reported that
the sensitivity of intraductal forceps biopsy for the detec-
tion of malignancy did not differ much from that of brush
cytology. The suboptimal sensitivity of ERCP-based tissue
sampling was attributed to the difficulty of obtaining suffi-
cient tissue samples in the obstructed bile duct, the des-
moplastic nature of tumors, the submucosal spread of
neoplasia and extrinsic compression leading to the stric-
ture. In our institution, brush cytology is routinely con-
ducted, and intraductal forceps biopsy was decided to
perform after the evaluation of safety and feasibility
based on pre-procedure cross-sectional radiological ima-
ging and cholangiography.
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Figure | The nomogram to predict malignancy in biliary stricture patients with a non-malignant endoscopy sampling result.

EUS-FNA of ductal lesions shows moderate to high
sensitivity and fewer complications, and is recommended
as an alternative after a negative ERCP-based sampling,'’
or as a first-line sampling method.®?*> ROSE has been
shown to boost EUS-FNA diagnostic yield in various
investigations.”>** However, ROSE requires considerable
expertise and its availability is limited due to additional

25,26 and

time and cost. Also, randomized controlled trials
meta-analysis®’ present a noninferiority to forgoing it.
Recent data suggests EUS-guided fine needle biopsy
(EUS-FNB), which can preserve tissue and sample integ-
rity, is as effective as EUS-FNA with ROSE.***° EUS-
FNA of small lesions presenting as biliary wall thickening
is technically difficult, so it is generally limited to cases in
which a well-defined mass is present.*

ERCP-based sampling and EUS-FNA have different
characteristics. Initial sampling methods can be decided
depending on the level of obstructive jaundice, the combi-
nation of cholangitis, as well as the location and nature of
the stricture.

Apart from endoscopic methods, tissue samples can be
obtained through percutaneous transhepatic cholangiography-
(PTC), which was reported to have relative higher risk of

adverse event’! and tumor seeding.** Besides, external drains

need more additional post-operative medical care.
Nevertheless, Fohlen et al reported transhepatic forceps biopsy
has higher sensitivity for lesions located at the upper part of the
biliary tree (hilum or intrahepatic bile duct).*® Therefore, PTC-
based tissue sampling is an alternative in patients not suitable
for endoscopic strategies. Advanced endoscopic tissue sam-
pling, such as peroral cholangioscopy (POC)-guided sam-
pling, is another option,>'? but with an increased risk of
complications and costs.

It was reported that an ERCP procedure with brush
cytology, a DNA analysis, combined with serum analysis
of CA 19-9 and CEA, can increase the possibility of
distinguishing between malignant and benign biliary
strictures.'® Therefore, combining different methods can
help MBS diagnosis in a less invasive and economical
way. Our prediction model, which was based on bilirubin,
CA19-9, radiological diagnosis, and atypical sampling
results, showed an AUC of 0.863 (95% CI 0.795-0.930)
to distinguish MBS in patients whose endoscopic sampling
was non-malignant, providing additional information for
assessment and clinical decision making. For those

patients with positive results provided by the prediction

https:
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Figure 2 Receiver Operating Characteristic (ROC) curves of the nomogram, bilirubin, CA19-9, radiological diagnosis, and atypical sample result. *Compared with the AUC

of nomogram.

model, more intensive strategies might be taken into con-
sideration by clinicians, including additional surgery, or
advanced tissue sampling. For patients with negative
results, a close follow-up is an option after explaining
the possible risk to the patients. In this way, the prediction
model can benefit from better tailoring of disease manage-
ment for the patients, thus improving the prognosis and
life quality of the patients.

It is difficult to interpret pancreaticobiliary cytologic
and histologic specimens, especially if stenting or

Table 4 Diagnostic Performance of the Nomogram

Diagnostic Performance Nomogram
Specificity 95.24%
Sensitivity 70.31%
Accuracy 80.19%
Positive likelihood ratio 14.766
Negative likelihood ratio 0.312
Positive predictive value 0.957
Negative predictive value 0.678

surgical procedures have been undertaken recently.
When cells exhibit cytoplasmic, nuclear, or architectural
traits that are inconsistent with normal or reactive cellular
changes, but are insufficient to designate the cells as
a neoplasm or suspicious for a high-grade malignancy,
they are classified as atypical. This is a diverse category.
This category includes individuals with reactive altera-
tions, low cellularity specimens, premalignant changes
(dysplasia), and patients who were assigned to this cate-
gory due to pathologist caution in diagnosis.’
Malignancy, pronounced inflammation, and a history of
recent surgical intervention, including stenting, can all
lead to an atypical diagnosis.** As a result, the manage-
ment of atypical results is dilemmatic and complicated.
The prevalence of an atypical sampling result in different
series ranged from 10% to 31%,%%'%2%3% and malig-
nancy was identified in 37-71% of patients with an
atypical result.* ''**3> In our study, MBS was identified
in 85% of patients with an atypical result. It is slightly
higher than in other research, which may result from

pathologists’ caution.
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Table 5 Diagnostic Performance of the Initial Endoscopy Sampling and the Combination of Endoscopy Sampling with the Nomogram

Diagnostic Performance Endoscopy Sampling Endoscopy Sampling + Nomogram
Specificity 100.00% 95.24%
Sensitivity 59.90% 89.02%
Accuracy 68.53% 90.23%
Positive likelihood ratio 18.701
Negative likelihood ratio 0.401 0.115
Positive predictive value 1.000 0.987
Negative predictive value 0.407 0.678

Cytologic preparation can influence the specimen interpre-
tation. The ThinPrep method has advantages over the direct
smear in the elimination of air-drying artifacts and blood-
clotting artifacts, and decreased overlap of epithelial cells.*®
The combination of ThinPrep and direct smears, which are
routinely performed in our institution, was reported to have
better diagnostic performance.® The inter-observer variability
and experience of cytopathological diagnoses is a concern, and
cytopathologists dedicated to biliopancreatic diseases are sig-
nificant for accurate interpretation of specimens.’’ In this
study, expert cytopathologists made diagnosis of these sam-
ples who are highly experienced in pathology and cytopathol-
ogy, which helped minimize the impact from inter-observer
variability of cytologic results.

Bilirubin levels can help predict malignancy in biliary
obstruction patients, with cut-off values ranging from 75—
145umol/L."*'**® Among 1026 obstructive jaundice patients,
Garcea et al found that a bilirubin level > 100umol/l had the
best sensitivity and specificity of 72% and 87% for predicting
malignancy, respectively, and that the specificity increased to
100% when the cut-off value was > 400umol/L.'* The level of
bilirubin was generally higher in MBS due to the inexorable
progression of the malignancy, and a markedly elevated bilir-
ubin level has an important positive predictive value for
malignancy. In our study, the best diagnostic performance of
bilirubin was also obtained at a cut-off value of 100umol/L,
and when > 400umol/L, the specificity was 98.0%.
Considering bilirubin higher than 400umol/L will make little
difference in diagnostic performance, the upper threshold of
bilirubin brought into the nomogram was set as 400umol/L to
reduce the adverse effect of extreme values of continuous
variables.

CA19-9 is a carbohydrate antigen expressed by several
epithelial cancers as well as in normal pancreatic and
biliary ductal epithelial cells, and can be used to diagnose
pancreatic cancer and cholangiocarcinoma.'® The utility of
CA19-9 has several confounding limitations, and the

specificity for diagnosing MBS was suboptimal, ranging
from 39-70% using the regular cut-off value.***° In MBS,
the elevated CA19-9 was from the additional synthesis by
proliferating malignant cells. But patients with genotypi-
cally negative Lewis blood group antigen do not synthe-
size CA19-9. More importantly, biliary obstruction and
inflammation, which can lead to an increase in secretion,
accumulation, and subsequent leak into the bloodstream of
CA19-9, often cause a false positive result of CA19-9. As
a result, 100U/mL and 129U/mL were recommended as
cut-off values in two different clinical approaches for
MBS diagnosis.>® Although, extremely high levels of
CA19-9 were reported in benign cases occasionally,*'
CA19-9>500U/mL was more often used to evaluate stage
and resectability.'> When CA19-9>500U/mL, the specifi-
city was 95.35%, so, the upper threshold of CA19-9
brought into the nomogram was set as 500U/mL based
on the same considerations as before. There is often a fall
of CA19-9 in benign diseases after biliary drainage, so the
CA19-9 after biliary drainage is significant for MBS
diagnosis.*> To minimize the disturbance of biliary
obstruction, Liu et al evaluated the diagnostic performance
of the ratio of CA19-9 to bilirubin, and found it was better
than CA19-9.* C-reactive protein (CRP), one of the
acute-phase proteins, could increase under an inflamma-
tory response to tumor invasion. Greca et al reported that it
was a more appropriate adjusting factor for CA19-9 com-
pared with bilirubin.**

Cross-sectional radiological imaging has been widely
used as a noninvasive technique to evaluate biliary stric-
tures, and can offer a relatively detailed view of the biliary
system to identify the presence and location of the
stricture.’ Irregular strictures, a concomitant pancreatic
duct stricture (“double duct sign”), a mass lesion with
delayed enhancement, secondary signs of malignancy
(such as vascular infiltration and evidence of metastases)
are signs of MBS.'®**¢ The presence of a mass and
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delayed enhancement were reported to differentiate the
MBS independently.*>*® The sensitivity and specificity
of cross-sectional radiological imaging for diagnosing
MBS were reported to be 67-85% and 63-82%,
respectively.'®'” 18F-FDG PET-CT, combining functional
and anatomic imaging, plays an important role in malig-
nancy diagnosis. Wang et al reported that 18F-FDG PET-
CT is of great value in differentiating malignant from
benign origins of obstructive jaundice, with the sensitivity
and specificity of 86% and 74%, respectively, and is
a useful adjuvant to conventional imaging.*’ Malignant
cases with low FDG uptake®® and the concealed tumor
image by diffuse FDG uptake due to secondary pancreati-
tis may lead to false-negative results. Benign inflammatory
diseases, such as autoimmune pancreatitis, may also accu-
mulate FDG and result in false-positive results.*’

There were several limitations in our research. First, this
was a retrospective, single-center study, selection bias was
inevitable Because the lack of prospective design, laboratory
test and radiological imaging examinations varied in differ-
ent patients, more specific research about diagnostic perfor-
mance of different radiological images, PET-CT, CA19-9
after drainage, and the CRP-adjusted CA19-9 could not be
evaluated. Second, the sample size is relatively modest.
Adding data from other medical centers could help improve
the model’s clinical efficacy even more.

Conclusion

In this study, we constructed a nomogram based on bilir-
ubin, CA19-9, radiological diagnosis, and the atypical
sample result for suspected MBS patients whose endo-
scopic tissue diagnoses were non-malignant. The combi-
nation of the endoscopic tissue diagnosis and the
nomogram improved overall diagnostic performance.
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