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Background: Accurate preoperative diagnosis of intrahepatic cholangiocarcinoma (ICC)
among patients with imagiologically intrahepatic lithiasis (IHL) complicated by mass is crucial
for timely and effective surgical intervention. The aim of the present study was to develop a
nomogram to identify ICC associated with IHL (IHL-ICC).

Patients and methods: Data were obtained from a total of 252 consecutive patients with [HL
complicated by mass. Multivariate logistic regression analysis was conducted to identify the
clinicopathologic and imagiological characteristics that were potentially associated with ICC.
A nomogram was developed based on the results of the multivariate analysis, and the value for
prediction of ICC was assessed.

Results: The study revealed six potential predictors for IHL-ICC, including comprehensive
imagiological diagnosis, biliary tract operation history, fever, ascites, cancer antigen (CA) 19-9,
and carcinoembryonic antigen (CEA). The optimal cutoff value was 3.75 pg/L for serum CEA
and 143.15 U/mL for serum CA 19-9. The accuracy of the nomogram in predicting ICC was
78.5%. The Youden index provided a value of 0.348, corresponding to a cutoff of 95 points,
with an area under the curve of 0.863.

Conclusion: The nomogram holds promise as a novel and accurate tool in identifying IHL-
ICC for hepatectomy, and in the differentiation of benign occupying lesions in IHL patients,
resulting in the avoidance of unnecessary surgical resection.

Keywords: intrahepatic cholangiocarcinoma, intrahepatic lithiasis, benign occupying lesions,
nomogram, CEA, CA 19-9

Introduction

Intrahepatic cholangiocarcinoma (ICC) is the second most common primary cancer
of the liver after hepatocellular carcinoma, which arises from the endothelial cells
of segmental or proximal branches of the bile duct. The incidence of ICC has been
increasing over the last several decades,'™ and the disease is more prevalent in Far
Eastern countries, such as China, Japan, South Korea, and Thailand,’ than in West-
ern countries. Until now, the reason underlying this higher incidence has remained
unclear; however, a contributing factor to this difference appears to be intrahepatic
lithiasis (IHL), which has been reported to be more frequently observed in Southeast
Asia than in Western countries.*” The incidence of IHL in Western countries has
also increased with the continuous influx of Asian immigrants to these countries.
In fact, IHL has been well documented as a high-risk state for ICC.%7 Studies have
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reported that a proportion ranging from 2.3% to 13.0% of
hepatolithiasis patients eventually develop cholangiocarci-
noma.® ! In Taiwan, it has been estimated that 65%—70%
of patients that undergo resection for cholangiocarcinoma
have concomitant hepatolithiasis.'*!> A high incidence of
IHL is one of the major causes of the high incidence of ICC
in China,’ similar to the prevalence of hepatobiliary flukes
that leads to the high incidence of ICC in the northeast of
Thailand.

Although the progression from IHL to ICC is not fully
understood, chronic proliferative cholangitis may play a role
in biliary carcinogenesis.'® Indeed, long-term intrahepatic bile
duct stones and chronic bile duct inflammation can lead to
the formation of an intrahepatic mass. However, it has been
very difficult for clinical surgeons to distinguish between an
inflammatory mass (IM) and a malignant lesion, and thus the
effective and timely surgical intervention is largely limited
by the accuracy of the preoperative diagnosis, mainly due to
its nonspecific clinical presentation or the absence of specific
symptoms. Currently, detection of ICC among patients with
IHL mainly relies on imaging examination, including B-scan
ultrasound (US), computed tomography (CT), and magnetic
resonance imaging (MRI). However, it has proven difficult
to accurately differentiate ICCs from IMs in IHL as well as
to identify strictures, infiltrating types of ICC, massforming
ICCs, and inflammatory pseudotumors, mainly because
lesions with fibrotic, scarring, and inflammatory necrosis
often appear in prolonged affected liver segments.!”!° The
accuracy of preoperative imaging diagnosis for IHL-ICC is
<70%.22 Although tissue biopsies can confirm a histologic
diagnosis, it is not routinely recommended or necessary in
ICC,2 especially in IHL-ICC because a “negative” biopsy
does not exclude ICC given the potential for sampling error.
In fact, the probability of a “negative” biopsy is higher
in IHL-ICC due to concurrent chronic inflammation and
necrosis caused by calculi. The preoperative diagnostic
accuracy of IHL-ICC is low, generally ranging from 20% to
50% diagnosed by combining imaging with biopsy, serum
carcinoembryonic antigen (CEA), and cancer antigen (CA)
19-9 levels.?** Therefore, there is an urgent need to develop a
better noninvasive method to improve the diagnostic accuracy
of ICC in patients with IHL complicated by mass.

The aim of the present study was to analyze data col-
lected from consecutive patients with IHL complicated by
mass, detected through imaging examination, and to develop
a nomogram for preoperative identification of ICC among
these patients.

Patients and methods
Patients and study design

Study subjects were drawn from a total of 5,279 patients
with IHL who underwent hepatectomy at The First Affiliated
Hospital of Wenzhou Medical University between January
2000 and July 2016. Of these patients, 283 showed compli-
cations due to the presence of a mass as displayed by imag-
ing. However, 31 patients were found ineligible, of which
26 individuals underwent surgical resection for the lesions
rather than those originally revealed by imaging, two cases
were pathologically indicative of hepatocellular carcinoma,
and three patients were histologically diagnosed as having
atypical hyperplasia. In all, 252 patients who fulfilled the
following four inclusion criteria were eventually selected
for the current retrospective study: 1) IHL, which is referred
to as intrahepatic bile duct stones confirmed by clinical and
imagiological examinations; 2) undergoing hepatectomy
(irregular hepatectomy, hepalobectomy, or hepatic segmen-
tectomy); 3) mass or other occupying lesions revealed by at
least one of the following imaging assessments: US, CT, or
MRI; and 4) ICC or cholangitis confirmed through pathology
after hepatectomy.

Details of the recruitment and selection of the patients
in this study are displayed in Figure 1. Preoperative com-
prehensive imagiological diagnosis following imaging
(US, CT, or MRI) was performed by two senior board-
certified radiologists, who were not given any information
about the histopathological diagnosis or other clinical
data. Diagnosis was categorized as follows: 1) IM was
diagnosed when imaging exhibited a) typical echogenic
debris, septations, or gas on sonography or b) observation
of hypodense hepatic mass with regular margin compared
with normal liver tissue through the arterial phase to
delayed phase on CT; 2) suspicious cancer or suspicious
lesion was diagnosed when imaging lacked the typical
features of abscess and ICC; and 3) cancer was diagnosed
when imaging demonstrated heterogeneous minor periph-
eral enhancement with gradual enhancement centrally and
irregular margins.

This retrospective study was reviewed and approved by
the Institutional Review Board (IRB) of the First Affiliated
Hospital of Wenzhou Medical University, and a waiver of
written informed consent was granted by the IRB due to the
retrospective nature of this study, in which de-identified data
were used and analyzed. All study procedures were performed
in accordance with the 1964 Helsinki Declaration and its later
amendments or comparable ethical standards.
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between January 2000 and July 2016
N=5,279

Patients with intrahepatic lithiasis underwent hepatectomy

l

N=283

The mass or occupying lesion was diagnosed by imagiological examindation
including at least one of ultrasonography, CT scan, and MRI

After surgical resection, the resected
intrahepatic lesions were not the
preoperative lesions found by image
(n=26)

A4

After surgical resection, the intrahepatic
lesions were not ICC and bile duct

inflammation as confirmed by pathology
(n=5; 2 HCC and 3 atypical hyperplasia)

Patients with intrahepatic lithiasis complicated by
imagiologically diagnosed mass

N=252
The mass caused by bile duct
ICC . .
N=110 inflammation
- N=142

Figure | Flow diagram of the study design.

Notes: The study patients were selected from a large sample of patients with intrahepatic lithiasis (N=5,279) who underwent hepatectomy in our hospital. Of these patients,
283 had masses, as revealed by the imaging examination, 31 patients did not meet the inclusion criteria, and a total of 252 patients were included in this retrospective study.
Abbreviations: CT, computed tomography; MRI, magnetic resonance imaging; HCC, hepatocellular carcinoma; ICC, intrahepatic cholangiocarcinoma.

Development of nomogram

A nomogram was constructed based on the results of the
multivariate analysis to predict the probability of ICC. The
discriminative power of the model was quantified in terms of
discrimination and calibration. The Hosmer—Lemeshow test
was used to assess the fitness of the nomogram (P>0.05 indi-
cating good fit).?® Discrimination was quantified by the area
under the curve (AUC) of the receiver-operating characteristic
(ROC) and 95% CIs were estimated. In all, 1,000 bootstrap
resamples were used for the internal validation of the accu-
racy estimates to reduce overfit bias. Sensitivity, specificity,
positive predictive values (PPV), negative predictive values
(NPV), and their 95% CIs were calculated for various cutoff
points of the calculated risk score.

Statistical analysis
Continuous variables are presented as meantSD or median
(range). Data were compared using standard parametric

and nonparametric methods, where appropriate. Frequency
data are presented as numbers and percentages and were
compared using the chi-squared test or Fisher’s exact test,
where appropriate. The performance of the tumor marker
and imaging were assessed using ROC curve analysis.
The factors predictive of ICC at diagnosis were identified
through univariate and multivariate logistic regression
analyses. OR and 95% CI were calculated to estimate the
strength of the association between individual risk factors
and ICC. Factors found to be significantly associated with
ICC in the univariate analysis (P<0.05) were included
in the multivariate analysis. All statistical analyses were
two-sided and carried out using SPSS (version 18.0; SPSS
Company Inc, Chicago, IL, USA) and R software version
3.22 (http://www.r-project.org). The R package with rms,

pROC, Hmisc, and ggplot2 (available at http://cran.rpro-
ject.org/web/packages/) was used.
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Results

Demographic and clinicopathologic
characteristics

Data were obtained from 252 patients in this study cohort, of
which 110 cases were confirmed to have ICC and 142 were
confirmed to have IM. Demographic characteristics as well
as laboratory and clinical data from the IHL-ICC and IHL-
IM groups are summarized in Table 1. Univariate analysis
demonstrated that the potential risk factors for the develop-
ment of ICC in IHL were age, comprehensive imagiological

Table | Demographic and clinical characteristics of 252 patients

diagnosis, biliary tract operation history, fever, weight loss,
ascites, alkaline phosphatase, and the serum levels of CA
19-9, CEA, and CA125 (all P<0.001; Table 1).

ROC curve analysis of cross-sectional
liver imaging and laboratory diagnostic

tests

Cross-sectional liver imaging

Preoperative imaging with at least one of the cross-sectional
liver imaging techniques was performed for each patient.

IHL-IM (n=142) IHL-ICC (n=110) P-value

Age (years) 59.58+10.44 62.99+9.83 0.008
Sex (F/M) 87/55 70/40 0.7
Time (months) 3 (0.00240) 5 (0.02-50) 0.016
Smoking 23 (16%) 23 (21%) 0.34
Alcohol 19 (13%) 17 (15%) 0.64
Comprehensive imagiological diagnosis 0.001

Inflammatory mass 44 21

Suspicious of cancer 88 55

Cancer 10 34
Location of mass 0.696

Left lobe 99 77

Right lobe 35 30

Left and right lobes 5 2

Lobus caudatus 3 |
Lesion size (cm) 5.5+1.27 5.7£1.32 0.92
Complication

HBV 15 (11%) 14 (13%) 0.59

Diabetes 16 (11%) 10 (9%) 0.57

Cirrhosis 16 (11%) 13 (12%) 0.89

Fat liver 8 (6%) 6 (5%) 0.96
Cholecystectomy 44 (31%) 34 (31%) 0.99
Biliary tract operation history 36 (25%) 52 (47%) <0.001
Symptoms

Abdominal pain 122 (86%) 92 (84%) 0.62

Fever 60 (42%) 29 (26%) 0.009

Jaundice Il (8%) 9 (8%) 0.90

Weight loss 7 (5%) 23 (21%) <0.001

Ascites 4 (3%) 14 (13%) 0.003

Other 21 (15%) 17 (15%) 0.88
Laboratory

Alkaline phosphatase (U/L) 121 (8-1,261) 156.5 (70-1,114) <0.001

Glutamyl transferase (U/L) 110 (15-1,410) 156 (12-1,200) 0.08

Alanine aminotransferase (U/L) 35 (5-651) 28.5 (8-866) 0.31

Lactic dehydrogenase (U/L) 178 (102-805) 186.5 (131-413) 0.42

Total bilirubin (mg/dL) 12 (0.00-159) 11 (0.5-240) 0.45

Albumin (g/dL) 37 (19—49.9) 36.8 (3.3-78.6) 0.90
Personal cancer history 2 (1%) 3 (3%) 0.65
Family cancer history 7 (5%) 6 (5%) 0.85
CA 19-9 (U/mL) 37.6 (0-12,000) 549.7 (0-35,587) <0.001
CEA (pg/L) 1.7 (0.3-8.2) 5.9 (0.7-2,149.9) <0.001
CA 125 (U/mL) 17.3 (2.7-272.7) 47 (4.1-2,149.4) 0.002
AFP (ug/L) 2.65 (0.9-10.49) 2.82 (0.6-24.93) 0.10

Abbreviations: IHL-ICC, intrahepatic cholangiocarcinoma associated with intrahepatic lithiasis; IHL-IM, inflammatory mass associated with intrahepatic lithiasis; AFP, alpha-
fetal protein; HBV, hepatitis B; CEA, carcinoembryonic antigen; CA, cancer antigen.
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US was performed on 153 patients, CT was performed on  according to the cutoff value (3.75 and 5 pg/L), and univariate
220 patients, enhanced CT was performed on 64 patients, analysis was then performed (Table 2). There was a significant
MRI was performed on 89 patients, and enhanced MRI  difference between the two groups (P<0.001).

was performed on 17 patients. As shown in Figure 2A,

AUC comparison demonstrated that the highest discrimina- Serum CA 19-9

tory capacity was achieved through enhanced CT, with an  The level of serum CA 19-9 was preoperatively examined
AUC (95% CI) of 0.793 (0.647-0.940). The discriminatory ~ in 91 patients with IHL-ICC and 108 patients with IHL-IM.
capacity of enhanced CT was significantly greater than that ~ The median levels of serum CA 19-9 in the IHL-ICC patients
of enhanced MRI (P=0.022), for which the AUC (95% CI)  (549.7 U/mL with a range of 0-35,587) were significantly
was 0.700 (0.104—1.000). The results from other imaging  greater than the THL-IM patients (37.6 U/mL with a range of
techniques are as follows: US showed an AUC (95% CI) of ~ 0-12,000; P<0.001). The AUC was calculated by plotting the
0.617 (0.590-0.752), comprehensive imagiological diag-  sensitivity of serum CA 19-9 against 1-specificity for each
nosis displayed an AUC (95% CI) of 0.638 (0.575-0.700),  possible cutoff point, and the calculated value was 0.704. The
nonenhanced MRI exhibited an AUC (95% CI) of 0.595  optimal cutoff value for serum CA 19-9 was 143.15 U/mL,

(0.474-0.717), and nonenhanced CT an AUC (95% CI) of ~ which yielded a sensitivity of 68% and a specificity of 68%
0.584 (0.521-0.648). (Figure 2C). To facilitate the development of a nomogram,

the level of serum CA 19-9 was converted to a categorical
Serum CEA variable according to the cutoff value (37 and 143.15 U/mL),

Preoperative data on the serum CEA levels of 91 patients in and univariate analysis was then performed (Table 2). The

the IHL-ICC group and 108 patients in the IHL-IM group

were obtained and analyzed. The median level of serum Multi ) logisti . lysi
CEA in the IHL-ICC patients was 5.9 nug/L, with a range ultivariate logistic regression analysis

of 0.7-2149.9 pg/L, which was significantly higher than for the selection of independent ICC

the level in the IHL-IM patients (1.7 pg/L with a range of PI”EdiCtOI‘S

0.3-8.2 pg/L; P<0.001). The sensitivity of serum CEA was  Ten candidate predictors, selected from the univariate analy-
plotted against 1—specificity for each possible cutoff point,  sis, were included in the multivariate regression analysis
giving an AUC of 0.811. The optimal cutoff value for serum  model, and six independent predictors for ICC development
CEA was 3.75 pg/L, which yielded a sensitivity of 59% anda  were eventually identified (Table 3). Patients with IHL that
specificity of 92% (Figure 2B). To develop a nomogram, the  had a biliary tract operation history carried a 2.954-fold
level of serum CEA was converted to a categorical variable,  increase in ICC risk (OR=2.954, 95% ClI, 1.312-6.648), and

difference of the two groups was marked (P<0.001).

A B C
1.0 1.0 1.0
0.8 0.8 0.8
143.150 (0.681, 0.684)
> > 206
Z06 206 S
2 2 3.750 (0.917, 0.591) =
2 g g AUC: 0.704
@ 5 AUC: 0.811 I - 0.
@ 0.4 @ 04 95% CI: 0.750-0.873 0.4 95% CI: 0.631-0.778
—— AUC-enhanced CT 0.793
— AUC-enhanced MRI 0.700 0.2
0.2 AUC-ultrasound 0.671 0.2 :
— AUC-image 0.638
AUC-MRI 0.595
0.0 —— AUC-CT 0.584 0.0 0.0
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 04 06 08 10 0.0 0.2 0.4 0.6 0.8 1.0
1-specificity 1-specificity 1-specificity

Figure 2 ROC curve analysis of the cross-sectional liver imaging and serum markers for patients with intrahepatic lithiasis complicated by mass.

Notes: (A) Enhanced CT, enhanced MRI, ultrasonography, comprehensive imagiological diagnosis, nonenhanced MRI, and nonenhanced CT. (B) CEA: the cutoff and the
optimal cutoff values of serum CEA (ug/L) were used to determine the sensitivity and specificity of the ICC diagnosis. (C) CA 19-9: the cutoff and the optimal cutoff values
of serum CA 19-9 (U/mL) were used to determine the sensitivity and specificity of the ICC diagnosis.

Abbreviations: ROC, receiver operating characteristic; CT, computed tomography; MRI, magnetic resonance imaging; ICC, intrahepatic cholangiocarcinoma; CEA, serum
carcinoembryonic antigen; CA, cancer antigen; AUC, area under the curve.
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Table 2 Univariate analysis of CA 19-9 and CEA as a categorical

variable
IHL-IM IHL-ICC P
CA 19-9 <0.001
<37 54 16
~143.15 19 12
>143.15 35 63
CEA <0.001
<3.75 99 38
~5 2 8
>5 7 45
Abbreviations: IHL-ICC, intrahepatic cholangiocarcinoma associated with

intrahepatic lithiasis; IHL-IM, inflammatory mass associated with intrahepatic
lithiasis; CEA, carcinoembryonic antigen; CA, cancer antigen.

Table 3 Multivariate logistic regression analysis of the risk factor
for patients with IHL complicated by mass

P-value OR 95% ClI

Ascites 0.092 4.213 0.790-22.477
Biliary tract operation history 0.009 2.954 1.312-6.648
Fever 0.045 0.436 0.193-0.983
Comprehensive imagiological 0.088 1.725 0.921-3.230
diagnosis
CA 199

<37 U/mL

~143.15 U/mL 0.302 1.804  0.588-5.531

>143.15 U/mL 0.001 4.124 1.740-9.775
CEA

<3.75 pg/L

3.75-5.00 pg/L 0.022 7.185 1.326-38.927

>5.00 pg/L <0.001 9.176 3.210-26.231

Abbreviations: IHL, intrahepatic cholangiocarcinoma; CEA, carcinoembryonic
antigen; CA, cancer antigen.

patients with ascites carried a 4.213-fold increase in ICC risk
(OR=4.213, 95% CI, 0.790-22.477). The comprehensive
imagiological diagnosis of ICC was associated with a high
risk of ICC (OR=1.725,95% CI, 0.921-3.230). IHL patients
with fever were associated with a low risk of developing
ICC (OR=0.436, 95% CI, 0.193-0.983). IHL patients with
a serum CEA level higher than 5.0 pg/L carried a 9.176-fold
increase in ICC risk (OR=9.176, 95% CI, 3.210-26.231),
and patients with a serum CA 19-9 level higher than 143.15
U/mL carried a 4.124-fold increase in ICC risk (OR=4.124,
95% Cl, 1.740-9.775).

The nomogram and its performance

The nomogram was constructed based upon the six indepen-
dent predictors described above (Figure 3). In the nomogram
model, each predictor was ascribed a total point value or a
weighted point total (top scale), which implied the prob-
ability of ICC (bottom scale). The P-value for the Hosmer—
Lemeshow test was 0.989, indicating good fit of the model.

The calibration plot of the nomogram was subsequently
developed. As illustrated in Figure 4, the nomogram was
well calibrated.

As shown in Figure 5, the AUC of the nomogram was
0.863 (95% CI, 0.810-0.916), with a sensitivity, specificity,
NPV, and PPV of 81.3%, 76.4%, 84.5%, and 72.3%, respec-
tively. The Youden-derived cutoff value for the nomogram
was 0.348, corresponding to a total point value of 95. At
this threshold, the nomogram had a sensitivity of 82.4%,
specificity of 75.0%, NPV of 75.0%, PPV of 81.3%, and
accuracy of 78.5%. If the specificity of 90% was set as the
cutoff value, the corresponding probability, total points, and
sensitivity were 0.613, 143, and 59.3%, respectively. At the
cutoff value for the specificity of 95%, the corresponding
probability, total points, and sensitivity were 0.762, 174, and
49.5%, respectively.

Furthermore, the AUC comparison revealed the highest
discriminatory capacity of the nomogram among any com-
bination of two predictors, which was significantly higher
than comprehensive imagiological diagnosis combined
with CEA (P=0.002) with an AUC of 0.784, comprehensive
imagiological diagnosis in conjunction with CA 19-9 with an
AUC 0of 0.754, CEA in combination with an AUC of 0.751,
CA 19-9 combined with an AUC of 0.711, or comprehen-
sive imagiological diagnosis in conjunction with an AUC of
0.637 (Figure 5).

Discussion

The present study on IHL patients with ICC or benign
occupying lesions had the following main novel findings: 1)
potential predictors for IHL-ICC included mass revealed by
imaging, biliary tract operation history, fever, ascites, serum
CA 19-9, and serum CEA; 2) the optimal cutoff values of
serum CEA and CA 19-9 for preoperative diagnosis of ICC
among the IHL patients complicated by an imagiologically
diagnosed mass were determined as 3.75 pg/L and 143.15
U/mL, respectively; 3) for patients with IHL complicated
by an imagiologically diagnosed mass, the Youden-derived
cutoff value for the prediction of ICC has a probability of
0.349, corresponding to the total point value of 95 in the
present nomogram; and 4) the discriminatory ability of the
nomogram model was much improved and significantly
greater than image examination in combination with one of
the other predictors.

Globally, ICC is rare and the pathological mechanisms
that underlie the development and progression of the disease
remain largely unknown. Lines of evidence have shown that
patients with intrahepatic bile duct stones and chronic bile
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0 10 20 30 40 50 60 70 80 90 100
Points
Yes (59)
Ascites
No
Yes (38)
Biltraop
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No (37)
Fever
Yes
1(9)
Image
0 2 (54)
~143.15 (29)
CA19-9
~37 143.15~ (56)
~5(80)
CEA
~3.75 5~ (100)
Total points
0 50 100 150 200 250 300 350
Probability of ICC
0.1 0.2 0.349 0.5 0.613 0.762 0.89 0.95 0.99

Figure 3 Construction of preoperative nomogram to predict intrahepatic cholangiocarcinoma in patients with intrahepatic lithiasis complicated by mass.

Notes: A preoperative nomogram was created based upon six potential independent predictors, as identified by the multivariate logistic regression analysis, including
comprehensive imagiological diagnosis, biliary tract operation history, fever, ascites, and serum levels of CA 19-9 and CEA. Category “0” signifies the presence of an IM,
the category “1” signifies the presence of suspicious cancer, and the category “2” signifies the presence of cancer according to preoperative comprehensive imagiological
diagnosis upon US, CT, or MRI.

Abbreviations: IM, inflammatory mass; CT, computed tomography; MRI, magnetic resonance imaging; US, ultrasound; CEA, serum carcinoembryonic antigen; CA, cancer
antigen; ICC, intrahepatic cholangiocarcinoma.
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0.331 (0.750, 0.813)
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=
§ 0.6 -
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0.2 1 o L coedts AUC image+CEA=0.784
0.2 AUC image+CA 19-9=0.754
0.0 L7 AUC CEA=0.751
O . . . 1 | AUC CA 19-9=0.711
0.0 0.2 0.4 0.6 0.8 1.0 00 AUC image=0.637
Predicted probability of ICC
0.0 0.2 0.4 06 0.8 1.0

Figure 4 Calibration plot of the nomogram for the probability of intrahepatic
cholangiocarcinoma in patients with intrahepatic lithiasis complicated by mass. 1—specificity

Abbreviation: ICC, intrahepatic cholangiocarcinoma.
Figure 5 ROC analysis of the nomogram model, in combination with comprehensive

imagiological diagnosis and CEA, comprehensive imagiological diagnosis and cancer
antigen (CA) 19-9, CEA, CA 19-9, and comprehensive imagiological diagnosis in
patients with intrahepatic lithiasis.

including ICC. Based on our data, ICC and intrahepatic bile Abbreviations: ROC, receiver-operating characteristic; CEA, carcinoembryonic

duct stone were more often located in the left lobe (176/252).  2"8e™ A cancer antigen; AUC, area under the curve.

Additionally, both lesions were found to share the same

location in all of the studied cases. This observation, along  finding that IHL is strongly associated with ICC, and that it
with previous reports from other researchers, supports the is likely an independent, mainly etiological factor in ICC.*

duct inflammation are at high risk of an intrahepatic mass,
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Logistic regression analysis demonstrated that comprehen-
sive imagiological diagnosis, ascites, a history of biliary
surgery, fever, and serum levels of CA 19-9 and CEA are
significantly associated with IHL-ICC. Although chronic
hepatitis B and C have been reported to be independent risk
factors for ICC,*% we did not find significant differences
between the IHL-ICC group and IHC group in the study,
similar to the findings of Liu et al.*

Regarding imagiological evaluation, our results demon-
strated that enhanced CT was the best method through which
to diagnose IHL-ICC, followed by enhanced MRI, US, unen-
hanced MRI, and unenhanced CT. Through ultrasonography,
ICC typically appears as a hypoechoic mass and may be
associated with peripheral ductal dilatation, although these
features are not specific. Through CT imaging, typical ICC
appears as a hypodense hepatic mass with irregular margins
in the unenhanced phase, peripheral rim enhancement in
the arterial phase, and progressive hyperattentuation in the
venous and delayed phases.’! Through MRI imaging, ICC
typically appears to be hypointense on T1-weighted and
hyperintense on T2-weighted images; T2-weighted images
may also show central hypointensity corresponding to areas
of fibrosis.*> However, after long-term chronic inflammation,
liver segments often become fibrotic and scarred.!® Therefore,
it is difficult to differentiate strictures, infiltrating types of
ICC, and benign biliary inflammatory stricture, as well as
massforming ICCs and inflammatory pseudotumors. In the
present study, the comprehensive imagiological diagnosis
for each patient was made by two senior board-certified
radiologists according to imaging examinations that had been
undertaken previously. Because enhanced CT and enhanced
MRI examinations were not performed on all of the studied
patients, data on enhanced CT and enhanced MRI examina-
tion were missing for some patients, and thus overall, the
accuracy of the comprehensive imagiological diagnosis for
all selected cases was still less than through enhanced CT or
enhanced MRI alone, as demonstrated in Figure 2A.

Because imagiological examination alone was limited
for the accurate diagnosis of cholangiocarcinoma, as also
demonstrated in the present study, tumor markers can be of
help in the detection of IHL-ICC. Previously, serum levels
of CEA and CA 19-9 have been reported to be useful for the
diagnosis of cholangiocarcinoma. To discriminate between
IHL-ICC and IHL-IM, the present study showed that the
optimal cutoff value for serum CEA was 3.75 pg/L with
a sensitivity of 59% and a specificity of 92%. The cutoff
value of CEA was lower than the recommended value in the
overall population (5.0 pg/L)* and that reported by Kim et al

(4.2 ng/L).*' The results suggest that we should be alert to
concurrent cholangiocarcinomas when serum CEA is higher
than 3.75 pg/L in IHL patients. The optimal cutoff value for
serum CA 19-9 was 143.15 U/mL with a sensitivity of 68%
and a specificity of 68%, which is higher than the value
reported to distinguish ICC from benign bile duct lesions
by Leelawat et al (100 U/mL).>* However, it is noteworthy
that in the study of Leelawat et al the sample size for ICC
was only 12 patients, which is much smaller than the sample
size of the present study. Additionally, in the previous study
no potentially causative factors for ICC were analyzed.**
Elevated concentrations of serum CA 19-9 have been reported
in cholangiocarcinoma, with a cutoff value of 37 U/mL.*
However, values of serum CA 19-9 >37 U/mL were obtained
from ICC patients® but not the IHL-ICC cases in our study.
It has been reported that the serum CA 19-9 level can be
elevated when the bile duct is obstructed or inflamed and
free from carcinoma.*® Therefore, a cutoff value of serum CA
19-9 of 37 U/mL is unable to confidently predict IHL-ICC.
An additional complication is that ~7% of the population is
Lewis negative and unable to express CA 19-9.%” Along with
the low sensitivity and specificity observed, there are limita-
tions in the use of serum CEA and CA 19-9 measurements
in the prediction of IHL-ICC.

To our knowledge, this is the first study to create a
diagnostic nomogram for predicting IHL-ICC using a large
sample size. By analyzing the clinical, laboratory, and imag-
ing data from 252 patients with IHL complicated by mass
formation, we developed a nomogram that performed well
in the prediction of IHL-ICC. The concise and well-fitted
nomogram contains variables of biliary tract operation his-
tory, fever, ascites, serum levels of CA 19-9 and CEA, and
comprehensive imagiological diagnosis. This would provide
a convenient application for clinicians. Using the method of
calibration plot with bootstrap sampling for internal valida-
tion by AUC and ROC, the nomogram was shown to produce
good fit. Using the nomogram, the AUC for all variables in
predicting IHL-ICC was 0.863 (95% CI, 0.810—0.916). This
is significantly higher than the AUC for the comprehensive
imagiological diagnosis alone, the serum level of CA 19-9
alone, the serum level of CEA alone, comprehensive ima-
giological diagnosis combined with the serum level of CA
19-9, and comprehensive imagiological diagnosis combined
with the serum level of CEA, or the serum level of CA
19-9 combined with the serum level of CEA (all P<0.05).
Liu et al*® reported that smoking, family history of cancer,
and duration of symptoms may be risk factors for ICC in
patients with THL. Kim et al*! reported that the risk factors
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for ICC in patients with IHL include age, weight loss, and
serum alkaline phosphatase. However, in the present study,
the above-mentioned factors were not found to be potential
predictors using our multivariate logistic regression analysis.
The reason for this difference may be due to the fact that
the previous study enrolled only patients with IHL without
complications, whereas in our study, patients with IHL com-
plicated by imagiologically diagnosed mass were enrolled.
Balachandran et al*® have proposed that nomograms could
be an important component of decision-making in modern
medicine, especially in oncology. Our study supports the
diagnostic value of nomograms for patients with IHL com-
plicated by imagiologically diagnosed mass. In the present
nomogram, the sum of the sensitivity and specificity for ICC
diagnosis reaches the maximum at the probability of ICC of
0.349, corresponding to a total point value of 95 using the
Youden-derived cutoff value. Therefore, diagnosis of ICC
can be considered for patients with a total point value >95,
and surgical intervention is highly recommended. However,
for patients with a total point value <95, close observation
and follow-up should be performed, during which the serum
levels of CA 19-9 and CEA, CT images, and the nomogram
total point value should be checked with care. Furthermore,
if patients have a biliary tract infection or liver abscess, phy-
sicians should examine any changes in the imaging results
following an antibiotic treatment. If a specificity of 75% is
not satisfactory, a specificity of 90% or 95% can be used as
cutoff value, corresponding to a total point value of 143 and
sensitivity of 59.3%, or a total point value of 174 and sen-
sitivity of 49.5%. It is worthwhile to note that this carefully
constructed nomogram could meet physicians’ need for more
accurate and simple models to diagnose IHL complicated
by imagiologically diagnosed mass. In addition, it has been
observed in clinical practice that at least 40% of patients are
scheduled for surgery without preoperative definite diagnosis.
Of'these cases, ~90% are seen and confirmed as cancer in the
resected tissues. Therefore, under the condition that the mass
is enduring, surgical procedure is recommended even in cases
where the nomogram may show relatively low risk for cancer.
The current study had some limitations. First, the study
was performed in a single center, which may limit its applica-
bility to a broader sample of patients. An external validation
of the nomogram, with a more large-scale sample size, is
currently underway in a multicenter study. Second, the design
of the study was retrospective and, thus, there were missing
data regarding demographic and clinical factors. Third, the
preoperative nomogram may not apply to patients with ITHL
without imagiologically diagnosed masses. Indeed, from

January 2000, we diagnosed six cases of IHL-ICC, in which
preoperative imagiological examinations did not reveal any
mass, but early stages of ICC were proven by postoperative
pathology. Therefore, attention should also be paid to patients
with IHL in the absence of imagiologically diagnosed masses.

In conclusion, imagiological diagnosis, biliary tract
operation history, fever, ascites, and the serum level of CA
19-9 and CEA are potential independent factors for IHL-
ICC. The optimal cutoff values of serum levels of CEA and
CA 19-9 are 3.75 pg/L and 143.15 U/mL, respectively. The
nomogram holds promise as a novel and accurate tool for
the identification of IHL-ICC, for hepatectomy, and in the
differentiation of benign occupying lesions, to avoid unneces-
sary surgical resection.
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