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OBJECTIVES: Preoperative decision-making for differentiating malignant from benign lesions in the gallbladder

remains challenging. We aimed to create a diagnostic nomogram to identify gallbladder cancer (GBC),

especially for incidental GBC (IGBC), before surgical resection.

METHODS: A total of 587 consecutive patients with pathologically confirmed gallbladder lesions from a hospital

were randomly assigned to a training cohort (70%) and an internal validation cohort (30%), with 287

patients fromother centers as anexternal validation cohort. Radiological featuresweredevelopedby the

least absolute shrinkage and selection operator logistic regression model. Significant radiological

features and independent clinical factors, identified by multivariate analyses, were used to construct

a nomogram.

RESULTS: Adiagnostic nomogramwas established by age, CA19.9, and 6 radiological features. The values of area

under the curve in the internal and external validation cohorts were up to 0.91 and 0.89, respectively.

The calibration curves for probability of GBC showed optimal agreement between nomogram prediction

and actual observation. Comparedwith previousmethods, it demonstrated superior sensitivity (91.5%)

and accuracy (85.1%) in the diagnosis of GBC. The accuracy using the nomogram was significantly

higher in GBC groups compared with that by radiologists in the training cohort (P<0.001) and similarly

in each cohort. Notably, most of the IGBC, which were misdiagnosed as benign lesions, were

successfully identified using this nomogram.

DISCUSSION: A novel nomogram provides a powerful tool for detecting the presence of cancer in gallbladder masses,

with an increase in accuracy and sensitivity. It demonstrates an unprecedented potential for IGBC

identification.

SUPPLEMENTARY MATERIAL accompanies this paper at http://links.lww.com/CTG/A110, http://links.lww.com/CTG/A111, http://links.lww.com/CTG/A112
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INTRODUCTION
Gallbladder mass lesions are detected with an approximate
incidence rate of 5% and 9.9% in Western and eastern coun-
tries (1–3), respectively. They consist of 2 categories, benign
and malignant lesions. The benign gallbladder mass lesions
(BGMLs) include cholesterol or inflammatory, adenomyosis,

and adenomatous polyps, and the most common malignant
gallbladder mass is gallbladder cancer (GBC). Although the
incidence of GBC is low, it is one of the most aggressive
biliary tract diseases with poor prognosis and high mortality
(4–6). The 5-year survival rate of advanced GBC is less than
5% (7).
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Table 1. Demographics and clinical characteristics of training and validation cohorts

Characteristics

Training cohort (N 5 411) Internal validation cohort (N 5 176) External validation cohort (N 5 287)

Benign N, % Malignant N, % P Benign N, % Malignant N, % P Benign N, % Malignant N, % P

Age ,0.001 ,0.001 ,0.001

,50 112, 44.44% 13, 8.18% 48, 43.64% 8, 12.12% 78, 40.41% 10, 10.64%

50–70 124, 49.21% 102, 64.15% 53, 48.18% 41, 62.12% 102, 52.85% 54, 57.45%

.70 16, 6.35% 44, 27.67% 9, 8.18% 17, 25.76% 13, 6.74% 30, 31.91%

Gender ,0.001 ,0.001 ,0.001

Female 127, 50.40% 114, 71.70% 60, 54.55% 43, 65.15% 90, 46.63% 64, 68.09%

Male 125, 49.60% 45, 28.30% 50, 45.45% 23, 34.85% 103, 53.37% 30, 31.91%

BMI, kg/m2 0.323 0.314 0.721

,23.9 132, 53.38% 95, 59.75% 58, 52.73% 32, 48.48% 115, 59.59% 52, 55.32%

24–26.9 100, 39.68% 52, 32.70% 48, 43.64% 28, 42.42% 62, 32.12% 32, 34.04%

.27 20, 7.94% 12, 7.55% 4, 3.64% 6, 9.09% 16, 8.29% 10, 10.64%

Smoking 0.129 0.556 0.920

Yes 141, 55.95% 101, 63.52% 60, 54.55% 35, 53.03% 111, 57.51% 54, 58.45%

No 111, 44.05% 58, 36.48% 50, 45.45% 31, 46.97% 82, 42.49% 40, 42.55%

Diabetesa 0.487 0.359 0.837

Yes 31, 12.30% 16, 10.06% 19, 17.27% 8, 12.12% 25, 12.95% 13, 13.83%

No 221, 87.70% 143.89.94% 91, 82.73% 58, 87.88% 168, 87.05% 81, 86.17%

Jaundicea 0.124 — —

Yes 1, 0.39% 3, 1.89% — 1, 1.52% — —

No 251, 99.61% 156, 98.11% 110, 100% 65, 98.48% 193, 100% 94, 100%

Weight lossa 0.153 0.292 0.190

Yes 5, 1.98% 8, 5.03% 2, 1.82% 3, 4.55% 2, 1.04% 3, 3.19%

No 247, 98.02% 151, 94.97% 108, 98.18% 63, 95.45% 191, 98.96% 91, 96.81%

Family history of GBCa 0.742 — —

Yes 1, 0.39% 1, 0.63% — 1, 1.52% — —

No 251, 99.61% 158, 99.37% 110, 100% 65, 98.48% 193, 100% 94, 100%

Stoneb — — —

Yes 23, 9.13% 71, 44.65% 19, 17.27% 20, 30.30% 40, 20.73% 41, 43.62%

No 229, 90.87% 88, 55.35% 91, 82.73% 46, 69.70% 153, 79.27% 53, 56.38%

Years of stonea ,0.001 ,0.001

,5 20, 7.94% 28, 17.61% 12, 10.91% 7, 10.61% — —

$5 3, 1.19% 43, 27.04% 5, 4.55% 13, 19.70% — —

CA19.9 ,0.001 ,0.001 ,0.001

,37 kU/L 242, 96.03% 101, 63.52% 105, 95.45% 39, 59.09% 174, 90.16% 55, 58.51%

$37 kU/L 10, 3.97% 58, 36.48% 5, 4.55% 27, 40.91% 19, 9.84% 39, 41.49%

CA125 0.317 0.713 0.208

,35 kU/mL 248, 98.41% 154, 96.86% 109, 99.09% 65, 98.48% 192, 99.48% 92, 97.87%

$35 kU/mL 4, 1.59% 5, 3.14% 1, 0.91% 1, 1.52% 1, 0.52% 2, 2.13%

CA15.3 0.952 0.601 0.190

,28 U/mL 249, 98.81% 157, 98.74% 108, 98.18% 64, 96.97% 191, 98.96% 91, 96.81%

$28 U/mL 3, 1.19% 2, 1.26% 2, 1.82% 2, 3.03% 2, 1.04% 3, 3.19%
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At present, resection by surgery is themost effective and only
curative treatment for GBC if diagnosed early. The majority of
the incidental GBC (IGBC) cases are discovered accidentally
during a pathological examination after a simple laparoscopic
cholecystectomy (8–10). Although warning signs, such as the
size of themass and irregularity of the gallbladder wall, may help
diagnose, none of them has been widely accepted for the di-
agnosis of IGBC (11). Patients who are older than 50 years and
whose masses are greater than 10 mm in size are recommended
for surgical management (12). A minimally invasive and simple
laparoscopic cholecystectomy is recommended as a first choice
for benign lesions and tumors limited to the lamina propria
(T1a), and open extended cholecystectomy (cholecystectomy
including a rim of liver tissue) should be performed for T1b
diseases (tumors that invade the muscular layer) and T2 tumors
that invade the perimuscular connective tissue without in-
volvement of the serosa (13–15). As for early GBC, many
patients present the early lymphatic metastases involvement.
Although extensive lymphadenectomy for early GBC remains
major controversy, local lymph dissection and biopsy are rec-
ommended for early GBC, especially for T2 GBC (16,17).
Therefore, it is particularly important and critical for the dif-
ferential diagnosis of mass lesions (benign or malignant) pre-
operatively to avoid an unnecessary second surgery for IGBC
and obtain better outcomes (18,19).

Various methods are used to differentiate GBC from BGML
before surgery. Ultrasonography is a common tool used for the
discovery of gallbladder lesions with low accuracy, which depends
largely on the operator’s skills (20,21). For example, among pol-
ypoid lesions, the gallbladder sludge ball may mimic true gall-
bladder polyps, appearing as immobile mass lesion (22). More
accurate and objective features can be achieved in a computed
tomography (CT) scan. The imaging procedure helps distinguish
the benign from malignant, despite with some limitations in
identifying the cause of gallbladder wall thickening (23). The

imaging features by contrast-enhanced CT demonstrate the pos-
sibility of distinguishing adenomyomatosis from the malignant
tumors in the gallbladder wall thickening (24). MRI and endo-
scopic ultrasonography are othermethods used in practice (25,26).
Compared with CT,MRI ismore expensive and has no advantages
in the sensitivity and specificity of detection (25). In addition, en-
doscopic ultrasonography combined with fine-needle aspiration is
an invasiveprocedure,with the theoretic riskof tumor seeding (23).
In other words, CT is superior in terms of detection accuracy and
has advantages in the differential diagnosis of neoplastic from
nonneoplastic small lesions in the gallbladder.

In this study, we aimed to build a diagnostic tool that in-
corporated the clinical factors and image features of CT for early
identification of BGMLs and GBC (mainly T1-2). This could
provide useful information to clinicians for presurgery and next
treatment decision-making.

METHODS
Study population

A total of 587 patients pathologically diagnosed with gallbladder
mass lesions between January 2008 andApril 2018were identified
and selected from the Sir Run-Run Shaw Hospital as a primary
cohort. Next, based on a random split-sample approach, patients
were randomly assigned to a training cohort (n 5 411) or an
internal validation cohort (n 5 176). In addition, 287 patients
coming from 3 other centers (Jinhua Municipal Central Hospital,
Shaoxing People’s Hospital, and Longyou People’s Hospital) were
regarded as an external cohort. The inclusion criteria for the
patients with gallbladder mass lesions were as follows: (i) patients
underwent surgical treatment and had pathologically confirmed
diagnosis and (ii) examination with ultrasonography and upper
abdominal enhanced CT scan was performed within 1 month
before surgery. The exclusion criteria were: (i) patients who were
younger than 18 years, (ii) those only diagnosed with gallbladder
stones, (iii) with liver metastasis and/or adjacent organ

Table 1. (continued)

Characteristics

Training cohort (N 5 411) Internal validation cohort (N 5 176) External validation cohort (N 5 287)

Benign N, % Malignant N, % P Benign N, % Malignant N, % P Benign N, % Malignant N, % P

CEA ,0.001 0.047 0.013

,5 ng/mL 235, 93.25% 128, 80.50% 102, 92.73% 55, 83.33% 184, 95.34% 82, 87.23%

$5 ng/mL 17, 6.75% 31, 19.50% 8, 7.27% 11, 16.67% 9, 4.66% 12, 12.77%

Subgroup

IGBC — 56, 35.22% — 27, 40.91% — 35, 37.23%

GBC — 103, 64.78% — 39, 59.09% — 59, 62.77%

T-stage

Tis — 1, 0.63% — — — —

T1a — 11, 6.92% — 3, 4.55% — 8, 8.51%

T1b — 18, 11.32% — 4, 6.06% — 15, 15.96%

T2a — 54, 33.96% — 19, 28.79% — 24, 25.53%

T2b — 75, 47.17% — 40, 60.61% — 47, 50.00%

BMI, body mass index; CEA, carcinoembryonic antigen; GBC, gallbladder cancer; IGBC, incidental gallbladder cancer; LASSO, least absolute shrinkage and selection
operator.
aThe percent of number in this subgroup is less than 50%.
bThis variable had been analyzed into radio scores with LASSO.
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involvement or distant metastasis, (iv) comorbid with other can-
cers, (v) comorbid with bile duct abnormalities such as chol-
edochal cyst and gallbladder abnormalities such as porcelain
gallbladder, and (vi) patients who had abdominal surgery history.
A standardized data form was created to collect all relevant in-
formation on the patients’ demographic characteristics such as
age, sex, bodymass index, smoking, years of gallbladder stone, and
tumor markers (CA19.9, CA125, CA15.3, and carcinoembryonic
antigen [CEA]).

Radiological features

All patients received an upper abdominal enhanced CT scan
preoperatively. This included unenhanced, arterial, portal, and
delayed phases, and the images were recorded on picture ar-
chiving and communication system work stations. Radiological
features were evaluated independently by 2 senior radiologists in
abdominal CT-scanning techniques, and they were blinded to
clinical and pathological outcomes. The radiological features
consisted of: (i) mass characteristics: size, location, number, CT
value, and DCT; (ii) gallbladder wall characteristics: mucosal
smoothness, thickness and enhancement of the GB wall, and
layered patterns; and (iii) other characteristics: regional lymph
nodes and gallbladder stone. However, whether it was associated
with gallbladder stones would be confirmed by an ultrasound to
avoid invisible stones. In addition, some radiological features of
the mass, including CT values, could be automatically extracted
using MaZda software (http://eletel.eu/mazda). MaZda is a 2- or
3-dimensional image texture analysis software program that is
widely used for image analysis tasks (27).

Statistical analysis

A pathological diagnosis (benign or malignant) was the primary
prerequisite in this study. To avoid human error, the interoperator
agreement and intraoperator agreement in each radiological fea-
ture were estimated by Cohen’s kappa. The most significant ra-
diological features were identified by the least absolute shrinkage
and selection operator (LASSO) with 10-fold cross-validation
methods.Clinical continuousvariables (age andall tumormarkers)
were transformed into categorical variables based on recognized
cutoff values. Those variables between benign and malignant
gallbladdermass lesionswere estimated and compared using thex2

test or Fisher exact test as appropriate. If those clinical variables
showed statistical significance in the univariate analysis (P, 0.05),
they were taken into multivariate logistic regression analysis with
significant radiological features together. AP value of less than 0.05
was considered as statistical significance. According to the above
statistical analyses, a nomogram was performed using R software
packages (http://www.r-project.org). A final model was selected
using a backward step-down process, which used the Akaike in-
formation criterion as a stopping rule. The performance of the
nomogram was evaluated with the area under the receiver oper-
ating characteristic curve (AUC) and calibration curve. We com-
pared this novel model with previous diagnostic methods
(12,23,24,28–30) using the receiver operating characteristic.

RESULTS

Demographic and clinical characteristics of patients

Demographic and clinical characteristics of the training cohort
and validation cohort are shown in Table 1. Among 411 patients
in the training cohort, the median age was 56 years, ranging from

22 to 88 years; and 241 patients (58.6%) were women. There were
252 benign gallbladder lesions and 159 cases of GBC by patho-
logical examination. The gallbladder stones were present in 9.1%
of benign and 44.7% ofmalignant lesions, respectively.Moreover,
duration (years) of gallbladder stones in GBC was longer than
that in BGML. An elevation of CA19.9 was found in 58/159
(36.5%) of patients with GBC compared with 10/252 (4.0%) of
benign lesions (P , 0.001) and abnormal CEA in 19.5% of
patients with GBC relative to 6.7% in those with benign lesions.
However, the normal level of CA125 and CA15.3 was found in
most of the patients with GBC and benign lesion, respectively.
Overall, similar results were observed in the internal and external
validation cohorts.

Radiological features selection

Radiological features were identified by 2 radiologists with more
than 10 years’ experience in abdominal CT on reviewing the

Table 2. Interoperator and intraoperator agreements in each

radiological feature

Radiological features

Intraoperator

(2measurements)

Interoperator

(2 operators)

Mass characteristics (14)

Sizea 0.97 0.95

Location 0.96 0.91

Number (single/multiple) 0.96 0.95

CT value (gray value)

CT1 in unenhanced phases 0.91 0.85

CT2 in arterial phases 0.80 0.76

CT3 in portal phases 0.81 0.77

CT4 in delayed phases 0.82 0.76

DCTb

CT3-CT4 — —

CT3-CT2 — —

CT3-CT1 — —

CT2-CT1 — —

CT4-CT2 — —

CT4-CT1 — —

Gallbladder wall characteristics (4)

Thicknessc 0.85 0.81

Mucosal smoothness 0.92 0.88

Layered pattern on the PVP 0.89 0.84

Gallbladder wall enhanced 0.93 0.90

Other (3)

Lymph nodes enlarged 0.93 0.91

No. of suspicion lymph nodes 0.91 0.87

Gallbladder stone 0.99 0.98

CT, computed tomography; PVP, portal vein phase.
aSize (diameter) ranges from0.5 cm to 10 cm, step by 0.5 cm, larger than 10cm
is regarded as 10 cm.
bValues were gain automatically into this subgroup.
cThickness ranges from 1 mm to 50 mm, step by 1 mm.
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enhanced CT. The results of the interoperator and intraoperator
agreement in each of the radiological features were listed in
Table 2. Kappa coefficients, which were between 0.76 and 0.97,
were all greater than 0.75. Therefore, these demonstrated good
interoperator and intraoperator agreements. Next, 6 significant
radiological features were identified and selected, according to the
results of the LASSO logistic regression (Figure 1). The 6 most
significant radiological features of training cohorts (mass size,
gallbladder stone, mucosal smoothness, enhanced gallbladder
wall, layered patterns of gallbladder wall on the portal vein phase
[PVP], and DCT value) were summarized in Table S1 (Supple-
mentary Digital Content 1, http://links.lww.com/CTG/A111).

Independent clinical and radiological diagnostic factors

As shown in Table 1, no significant differences were detected
between benign andmalignant cases in body mass index, CA125,
and CA15.3 by the univariate analysis. Despite the significance of
univariate analysis, the duration of the presence of gallbladder
stones was not taken to multivariate analysis owing that there
were less than 50%of patients with gallstones in both training and
validation cohorts. The results of multivariable analyses with
regression models in the training cohort were summarized in
Table 3. Eight factors, including age, CA19.9, size, gallbladder
stone, mucosal smoothness, enhanced gallbladder wall, layered
patterns of gallbladder wall on the PVP, and DCT value, were
identified as the independent diagnostic factors by the multi-
variable analysis.

Establishment and validation of the diagnostic nomogram

A novel model to estimate the possibility of malignancy was
established with the 8 factors (Figure 2). To use this nomogram,
one needs to draw a vertical line over the graph from the top point

row to the bottomof the probabilities row to obtain points of each
variable. Then, it was added up to the total points from each
intersecting point of the vertical line for each of the 8 factors. It
was the total points with the cutoff of 82 that determine the
possibility of benign lesion ormalignancy status. The software on
how to use the nomogram was provided in Figure S1 (Supple-
mentary Digital Content 1, http://links.lww.com/CTG/A110).
The nomogram was validated by the AUC and calibration curve.
Discrimination, as measured by the bootstrap-corrected AUC,
was 0.95 in the training cohort, 0.91 in the internal validation
cohort, and 0.89 in the external validation cohort. The calibration
plots for the probability of the GBC had a good agreement be-
tween the nomogram predicted and actual probability among
cohorts (Figure 3).

Performance of the diagnostic nomogram

Compared to previous methods (see Table S2, Supplementary
Digital Content 1, http://links.lww.com/CTG/A112), our no-
mogram demonstrated better sensitivity (95.6%) and accuracy
(95.2%) in the diagnosis of GBC (probability ofmalignancy, 50%)
in the training cohort. The similar result was obtained in the
validation cohort with an AUC of 0.89. The AUC for radiological
features alone was 0.87, and that for previous methods was 0.76
(clinical factors), 0.65 (DCT value), or 0.82 (combination of
clinical factors and DCT value) (Figure 4). Notably, the accuracy
using the nomogram was significantly higher in GBC groups
compared with that by radiologists in the training cohort
(P, 0.001) and similarly in the internal and external validation
cohorts (Figure 5a–c). Interestingly, most of the IGBC, which
were misdiagnosed as benign lesion by radiologists, were identi-
fied using this nomogram (Figure 5d–f).

Figure 1. Radiological features of computed tomography scan selection using the least absolute shrinkage and selection operator (LASSO) logistic
regression model. (a) Identification of the optimal penalization coefficient lambda in the LASSO model with 10-fold cross-validation. (b) Optimal lambda
resulted in 6 nonzero coefficients. AUC, area under the receiver operating characteristic curve.
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DISCUSSION
The presence of a mass in the gallbladder is one of the most
challenging and common findings in the field of hepatobiliary
surgery. A simple cholecystectomy is routinely performed with
the assumption that most are BGMLs. However, a majority of the
localized GBC are diagnosed incidentally during a pathological
examination after surgery. Unfortunately, this situation renders
patients to undergo completion resection depending on the
cancer stage, except those with T1a, which may be treated by
simple cholecystectomy without surgical reintervention (19).
Thus, preoperative differentiation of patients who are classified as
high-risk group for GBC is critical. This allows the general sur-
geons to consider referral to a team of more specialized hep-
atobiliary surgeons upfront. In addition, this knowledge helps the
surgeons to further define T-stage and status of the cystic duct
margin as well as their decision to perform a partial hepatectomy,
lymphadenectomy, and/or excision of the extrahepatic biliary

tree. Finally, early proper preoperative planning may allow to cut
down the risk of bile spillage, a life-threatening event in the case
of GBC.

There has been an increasing use of nomograms as di-
agnostic and prognostic tools to help guide clinical decision-
making in oncology (31–33). They incorporated multiple
factors with more accuracy given the complex nature and bi-
ological processes of malignancy (34). Recently, nomograms
by CT have been shown to be superior to the traditional
methods (34,35). Unlike a biopsy, a CT scan is noninvasive.
However, its clinical significance was limited because of the
subjective interpretations and qualitative in nature. Leijenaar
et al. (35) developed a signature feature to predict human
papillomavirus status from standard CT imaging. Larue et al.
(36) used pretreatment CT image to predict 3-year overall
survival after chemoradiotherapy of esophageal cancer. In the
present study, we have developed a diagnostic nomogram with

Table 3. Multivariable analysis with logistic regression in the training cohort including clinical and radiological variables

Variable

Multivariable analysis

OR 95% CI Coefficients P

Age 0.006

,50 Reference

50–70 5.523 1.153–26.471 1.709 0.033

.70 43.826 4.293–460.797 3.795 0.001

Gender 0.072

Female Reference

Male 0.355 0.115–1.097 21.035 0.072

CA199 0.003

,37 kU/L Reference

$37 kU/L 18.644 2.770–125.477 2.926 0.003

CEA 0.910

,5 ng/mL Reference

$5 ng/mL 0.857 0.059–12.491 20.154 0.910

Size 3.919 2.011–7.638 1.366 ,0.001

Stone ,0.001

Yes Reference

No 0.074 0.019–0.291 22.610 ,0.001

Mucosal smoothness of the gallbladder wall ,0.001

Smooth Reference

Irregular 15.842 4.812–52.151 2.763 ,0.001

Layered pattern on the PVP of the gallbladder

wall

0.020

Single Reference

Double 0.273 0.091–0.815 21.298 0.020

Gallbladder wall enhanced ,0.001

Yes Reference

No 0.035 0.009–0.141 23.347 ,0.001

DCT value (gray value) 0.867 0.802–0.936 20.143 ,0.001

CEA, carcinoembryonic antigen; CI, confidence interval; CT, computed tomography; OR, odds ratio; PVP, portal vein phase.
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a combination of the multicomponent radiological features
and independent clinical factors. We demonstrated that the
AUC (0.89) was higher than that of the previous method (23).
It helped to rule out some benign diseases such as chronic
granulomatous cholecystitis, adenomyomatosis, and acute and
chronic cholecystitis, which can also cause similar single- or
double-layer patterns on an enhanced CT (37).

In this study, the nomogram was established by 6 radio-
logical features selected by LASSO statistics and 2 clinical fac-
tors. The radiological features such as the size of the mass, with
or without gallbladder stones, mucosal smoothness, and

enhanced gallbladder wall were widely recognized as the di-
agnostic characteristics of GBC. The anatomic layers of the
gallbladder wall are similar to those of the gastrointestinal wall
and, so, are the progression of GBC and that of gastrointestinal
tract adenocarcinoma. The enhancement patterns of diffusing
gastric cancers may be caused mainly by fibrous stroma in
tumors (38). Layered patterns of the gallbladder wall on the
PVPmay also be attributed to intratumoral fibrous stroma (39).
It is worthy to mention that most gallbladder carcinomas are
associated with heterogeneous or indistinguishable signal in-
tensity without layering (single-layer pattern) (31,40). We

Figure 2. Nomogram for estimating the probabilities of gallbladder cancer. PVP, portal vein phase.

Figure 3. Calibration curve demonstrating how predictions from the model to the actual observed probability: (a) training cohort; (b) internal validation
cohort; and (c) external validation cohort.
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speculated that widespread infiltrative tumor cells with the
interstitial fiber components could have contributed to the
feature. Therefore, when the contrast agent passes the in-
terface, it diffuses slower from vessels to the fibrous stroma
than normal (41), showing a single-layer and enhanced gall-
bladder wall. In addition, acute cholecystitis usually has
a mixture of mature fibrosis (abundant collagen fibers com-
bined with scattered vessels and cells) and immature fibrosis
(plenteous neovascularization and fibroblasts) in the gall-
bladder wall so that they are with both weak enhancement and
good enhancement, respectively, on the PVP. Also, the value of
DCT (portal phase 2 delayed phase) is critical to identify
a malignancy. It can reflect the biological processes of tumor
including its formation and accumulation of fibrosis more
intuitively. However, molecular changes that arose from the
progression and intratumoral events are less well detected and
characterized than those in cancer (42). In this study, we
identified 2 significant clinical factors—age and CA19.9 levels
in addition to image factors. The possibility of malignancy
increased with age (high,.70; medium, 50–70; and low,,50)
and higher CA19.9 levels, a widely accepted tumor marker for
GBC. The establishment of nomogram with both clinical and
radiological factors added significant strength for early de-
tection of malignancy in the gallbladder, especially for T1-2
tumors.

In fact, most previous studies (12,23,24,28–30) presented
some main factors, such as “cotton ball sign” and wall thickness
and enhancement. Compared with them, Zhou’s model, based

on the DCT value for GBC, showed a higher sensitivity and
specificity. Therefore, we compared our model with Zhou’s
model, even combined with clinical factors. In addition, to know
whether our model (clinical factors combined with radiological
features) was superior to either of them alone, we compared our
model with each one. Notably, the external validation cohort was
used to compare eachmodel/method, and ourmodel got superior
sensitivity and accuracy.

Patients with T4 disease and/or with liver metastasis can be
staged adequately with routine scanning. However, it is ex-
tremely challenging to diagnose early-stage GBC, usually with
T1/T2 stages, that accounts for more than 40% of GBC mis-
diagnosis (43). Fortunately, our novel nomogram can assist in
distinguishing nearly 60% of misdiagnosed IGBC. According
to the cutoff value of 82 (probability of malignancy, 50%), we
classified the patients into low- and high-risk subgroups. Using
this nomogram, most benign lesions were classified as low-risk
with diagnostic accuracy not inferior to that of radiologists,
and more than 85% of GBC as high risk as a whole. This
indicates that the diagnostic accuracy of GBC had been im-
proved greatly with our model. Interestingly, using the no-
mogram, we enabled to detect malignant gallbladder mass
lesions preoperatively; in other words, we could conduct pre-
operative qualitative analysis of mass lesions (benign or
malignant).

The strengths of this study are as follows. First, this is the first
multicenter study performed to distinguish BGMLs and GBC.
We evaluated and analyzed the layered patterns of the gall-
bladder wall using contrast-enhanced CT and assessed its
significance in the differentiation of benign and malignant
diseases. Besides, our radiological features were extracted from3
parts, which consisted of the mass, gallbladder wall character-
istics, and outside of the gallbladder. By contrast, only the single
parts had been used in previous studies. In addition, we used the
DCT value to evaluate the enhancement of the gallbladder mass
more intuitively.

There are some limitations in the present study. First, it is
a retrospective study, which consisted of a small number of
patient samples, and we have not used liver invasion, bile duct
invasion, and hepatic artery invasion in the model. Therefore,
the model needs to be validated by larger studies with adjacent
organ invasion to some extent. Second, patients with rare dis-
eases such as bile duct abnormalities and gallbladder abnor-
malities were excluded from the study due to the fact that most
patients with few basic diseases diagnosed as gallbladder mass
lesions were referred to ambulatory surgery in our center. With
more patients comorbid with rare diseases in our center, we
would include more patients to improve the diagnostic accu-
racy of the model. Besides, although the value of the AUC
reached to 0.89 and all kappa coefficients were greater than
0.76, some features were not recommended to extracted by CT
scan. To avoid some errors from CT scan, Doppler ultrasound
was used to double check the suspected gallbladder character-
istics, such as the absence of gallbladder stones. Finally, the
detective model constructed by retrospective data should be
validated by prospective randomized clinical trials. Nonethe-
less, it is a useful tool for clinical decision-making given a lack of
randomized controlled trial data.

In conclusion, our study demonstrates a novel diagnostic
nomogram using specific radiological features and clinical
factors. It enables clinicians to obtain an individual probability

Figure 4. Receiver operating characteristic curve for malignancy
detection sensitivity and specificity in the external validation cohort:
(1) ROC curve of clinical factors alone; (2) ROC curve of the DCT value
(Zhou et al. (23)); (3) ROC curve of the DCT value combined with
clinical factors; (4) ROC curve of radiological features; and (5) ROC
curve of radiological features combined with clinical factors (our novel
diagnostic model). AUC, area under the receiver operating character-
istic curve; CT, computed tomography; ROC, receiver operating
characteristic.
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of GBC and may assist clinicians in preoperative decision-
making.
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