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Abstract
Gallbladder occupying lesions are common diseases of biliary system. Among them, gallbladder cancer is difficult to diagnose due to
the indistinguishable early symptoms, thus posing a great risk to the population. This study aims to establish a computed tomography
(CT) prediction model for distinguishing benign and malignant lesions of gallbladder occupying lesions.
The study included 211 patients with benign or malignant gallbladder occupying lesions who have taken resection in the Nanjing

Drum Tower Hospital from January 2009 to December 2017. Clinical data collected includes age and sex; CT data includes tumor
location, tumor maximum diameter, tumor form, venous phase portal venous CT value, abdominal aortic CT value, plain phase CT
value, arterial phase CT value, venous phase CT value, delayed phase CT value, DCT1, DCT2, DCT3, DCT4, DCT5, DCT6, and DCT7.
Calculation of odds ratio between benign and malignant gallbladder occupying lesions using single factor screening variables and
multivariate logistic regression was done to establish a model and calculate the areas under receiver operating characteristic curves
of the model.
Multivariate logistic regression analysis showed that age, tumor maximum diameter, tumor form, venous phase portal venous CT

value, DCT2, DCT4, and DCT6 are the main characteristic index for differential diagnosis of benign and malignant risk of gallbladder
occupying lesions.
Patients’ age, tumor maximum diameter, tumor form, venous phase portal venous CT value, DCT2, DCT4, and DCT6 are

independent risk factors for judging the benign and malignant of gallbladder occupying lesions. The model established exhibited a
potential diagnostic value for distinguishing the malignant properties of gallbladder occupying lesions.

Abbreviations: AUC = area under curve, CT = computed tomography, DCT1 = arterial phase CT value minus plain phase CT
value, DCT2 = venous phase CT value minus plain phase CT value, DCT3 = delayed phase CT value minus arterial phase CT value,
DCT4 = venous phase portal venous CT value minus delayed phase CT value, DCT5 = plain phase CT value minus arterial phase CT
value, DCT6 = plain phase CT value minus delayed phase CT value, DCT7 = venous phase CT value minus venous phase portal
venous CT value, OR = odds ratio, ROC = receiver operating characteristic.
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1. Introduction

Gallbladder occupying lesions mainly include gallbladder
polyps, cholecystitis, gallbladder adenomyosis, gallbladder
cancer, etc; among them, gallbladder cancer has a high
mortality rate, a poor prognosis, and ranks fourth in the
incidence of malignant gastrointestinal cancer in China.[1,2]

Besides, the early symptoms of gallbladder cancer are
unspecific, and patients with liver metastases are often
diagnosed at the initial diagnosis.[3,4] Studies have shown
that early surgery for gallbladder cancer would achieve a 5-year
survival rate more than 80%.[5–7] However, early gallbladder
cancer has no obvious clinical signs and symptoms. Most
patients have been in advanced stage at the time of treatment,
while local or distant metastasis significantly reduced the
chance of surgical resection. The prognosis of patients
with advanced gallbladder cancer is poor with a survival
rate of only 13%.[8] Therefore, early identification and
diagnosis of benign and malignant gallbladder occupying
lesions is of great importance to improve the prognosis of
patients.
Nowadays, abdominal ultrasound is still the first-line

examination method for patients with gallbladder occupying
lesions. With the development of science and technology, a large
number of advanced diagnostic methods have been appearing,
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such as the contrast-enhanced ultrasound, endoscopic ultra-
sound, computed tomography (CT), magnetic resonance
imaging, and positron emission tomography/CT.[9] However,
these modern imaging techniques cannot reliably identify the
benign and malignant properties of tumors.[2,10,11] Ultrasound
is the first choice for the diagnosis of gallbladder disease with
the correct rate of diagnosis at 70% to 82%, while the detection
rate for gallbladder cancer is only 23%.[12] It is difficult for the
traditional CT examination to identify gallbladder occupying
lesions less than 10mm.[13] And now, the application of multi-
slice spiral CT has remarkably improved the accuracy of CT in
the diagnosis of gallbladder occupying lesions. What is more,
CT-enhanced scan can show the morphology, hemodynamic
changes, surrounding tissue structure, and tumor metastasis of
gallbladder carcinoma, so as to evaluate the lesion stage.[14]

Recently, some scholars have reported that triphasic dynamic
contrast-enhanced CT can predict the benign and malignant
risk of gallbladder occupying lesions.[2] However, previous
studies evaluated the benign and malignant of gallbladder
occupying lesions via a single-factor model, and the effects of
other factors on the model were not considered. Therefore, a
more objective and simple method for predicting gallbladder
occupying lesions is urgently needed. The purpose of this study
was to establish a simple and accurate risk model that can
predict the benign and malignant of gallbladder occupying
lesions by preoperative CT examination and thus provide
assistance for subsequent surgery.

2. Materials and methods

2.1. General information

This study retrospectively analyzed 211 cases of patients with
gallbladder occupying lesions who underwent general surgical
resection and clear pathological diagnosis in the Nanjing Drum
Tower Hospital from January 2009 to December 2017. The
consent was obtained from the Ethics Committee of Nanjing
Drum Tower Hospital. According to the pathological results of
cholecystectomy, all the subjects were divided into the malignant
of gallbladder occupying lesions and the benign of gallbladder
occupying lesions.

2.2. Imaging techniques and analysis

All patients underwent a supine position multi-slice helical CT
(Lightspeed, VCT, or Discovery HD750, GE Healthcare,
Milwaukee, WI) non-contrast scan and enhanced scan. The
scan range was from the septum to the pubic union level.
Scanning parameters were as follows: slice thickness, 5mm; slice
interval, 5mm; reconstructed slice thickness, 1.25mm; tube
voltage, 120kVp; tube current, 240mA; helical pitch, 1.375.
After CT non-contrast scan, 3-phase dynamic contrast scan was
performed. Non-ionic contrast agent (Omnipaque 350mg I/mL,
GE Healthcare, Milwaukee, WI) was injected into elbow vein
with high-pressure syringe (MedradStellant, Indianola, PA) at an
injection rate of 3.0 Indianola mL/S and an injection dose of 80
mL, followed by 20mL saline at the same rate. After injection, the
arterial phase was achieved with a delay time of 30seconds and
portal venous phase with 70seconds, delayed phase with 3
minutes. Two senior experienced radiologists and 1 senior
general surgeon who did not inform the pathologic results
interpreted the CT images independently. If there was inconsis-
tency, consensus was achieved through discussion with a third
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chief radiologist. All the examination items were as follows: the
location of the lesion, the maximum diameter of the lesion (for
patients with more than 1 lesion, the largest lesion was measured,
and the maximum diameter of the lesion was between 0.5 and 6.0
cm.), and the shape of the lesion. Quantitative analysis was also
performed. The region of interestwas placed in the solid part of the
lesion that showed themost remarkable enhancement and avoided
the area of necrosis. The measurement parameters included:
arterial phase CT value (measured value minus simultaneous
abdominal arterial phase CT value), venous phase CT value
(measured value minus simultaneous abdominal arterial phase CT
value), delayed phase CT value (measured value minus simulta-
neous abdominal arterial phase CT value), venous phase portal
venousCTvalue,DCT1 (arterial phaseCTvalueminus plain phase
CT value), DCT2 (venous phase CT value minus plain phase CT
value), DCT3 (delayed phase CT value minus arterial phase CT
value),DCT4 (venous phase portal venousCT valueminus delayed
phase CT value),DCT5 (plain phase CT value minus arterial phase
CT value), DCT6 (plain phase CT value minus delayed phase CT
value), and DCT7 (venous phase CT value minus venous phase
portal venous CT value). Three regions of interest were selected by
each observer, and the average value was taken. The average value
calculated by the 2 radiologists and 1 senior general surgeon is the
final result.The typicalCT imageofbenignandmalignant lesions is
shown below.
2.3. Statistical analysis

Statistical analysis was performed using R-3.6.0, the count data
were described by percentage, and the measurement data were
presented as mean ± standard deviation. The difference was
statistically significant at P< .05. Univariate logistic regression
analysis was used for all variables, and the results of univariate
analysis (P< .2) were included in multivariate logistic regression
analysis. The model with the smallest AIC (Akaike information
criterion) index was selected by backward stepwise regression
method to screen for pathological benign and malignant related
independent risk factors.

3. Results

3.1. General information and baseline characteristics

Among the 211 cases included in the study, 98 cases (46.4%)were
confirmed by postoperative pathology as malignant of gallbladder
occupying lesions, and 113 cases (53.6%) were confirmed as
benign of gallbladder occupying lesions. The complete clinical and
CT data of these patients included 119 females and 92 males aged
from 22 to 90 (58±11.91, mean ± SD) years. Among the patients
with malignant of gallbladder occupying lesions, 39 (18.48%)
weremale and 59 (27.96%)were female. Themean agewas 55.57
±12.41 years for patients with benign gallbladder occupying
lesions and 61.77±10.40 (mean ± SD) years for the patients with
malignant gallbladder occupying lesions with a significant
difference (P< .001). However, no significant difference of sex
was observed between the 2 groups (Table 1).

3.2. Imaging features of the benign and malignant of
gallbladder occupying lesions

Abdominal CT image of a benign gallbladder lesion of a 49-year-
old woman was shown (Figure 1A). The lesion is located in the
body of the gallbladder; the maximum lesion diameter was 1.5



Table 1

Baseline characteristics and univariate logistic regression analysis of total points in the malignant of gallbladder occupying lesions.

Characteristic Benign (n=113) Malignant (n=98) P value

Age, yr, mean ± SD 55.57±12.41 61.77±10.40 <.001
∗

Sex, n (%) .29
Male 53 (25.12%) 39 (18.48%)
Female 60 (28.44%) 59 (27.96%)

Tumor maximum diameter, cm, mean ± SD 1.3±0.76 2.35±1.21 <.001
∗

Tumor form, n (%) .061
Mass type 86 (40.76%) 63 (29.86%)
Non-mass type 27 (12.80%) 35 (16.58%)

Plain phase CT value, HU, mean ± SD �14.08±10.42 �4.5±8.88 <.001
∗

Arterial phase CT value, HU, mean ± SD 55.50±20.67 66.19±21.00 <.001
∗

Venous phase CT value, HU, mean ± SD �71.91±22.20 �73.74±27.88 .59
Venous phase portal venous CT value, HU, mean ± SD 158.33±40.42 168.39±42.45 .081
Delayed phase CT value, HU, mean ± SD �42.41±22.78 �34.96±18.51 .012

∗

DCT1, HU, mean ± SD �227.86±77.75 �246.99±69.90 .064
DCT2, HU, mean ± SD �57.82±22.53 �69.24±30.82 .0034

∗

DCT3, HU, mean ± SD 199.54±73.14 216.52±62.87 .076
DCT4, HU, mean ± SD 87.06±27.16 83.85±29.86 .4
DCT5, HU, mean ± SD �25.90±17.66 �27.97±20.69 .432
DCT6, HU, mean ± SD �41.66±22.85 �46.31±23.14 .14
DCT7, HU, mean ± SD 4.69±13.95 1.04±14.02 .062

CT, computed tomography, DCT1 = arterial phase CT value minus plain phase CT value, DCT2 = venous phase CT value minus plain phase CT value, DCT3 = delayed phase CT value minus arterial phase CT
value, DCT4 = venous phase portal venous CT value minus delayed phase CT value, DCT5 = plain phase CT value minus arterial phase CT value, DCT6 = plain phase CT value minus delayed phase CT value,
DCT7 = venous phase CT value minus venous phase portal venous CT value, SD = standard deviation.
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cm. Postoperative pathologic slices showed tubular adenoma
with low grade dysplasia. Abdominal CT image of a malignant
gallbladder lesion of a 46-year-old woman was also displayed
(Figure 1B). The lesion is located in the bottom of the gallbladder,
and the maximum lesion diameter was 2.9cm. Postoperative
pathologic slices showed papillary adenocarcinoma.
Figure 1. Comparison of CT images between benign andmalignant of gallbladder
maximum lesion diameter was 1.5cm. Postoperative pathologic slices showed tu
scan, arterial phase, venous phase, and delayed phase were -12HU, -323HU, -81H
DCT1was -311HU,DCT2was -69HU,DCT3 was 242HU,DCT4 was 358HU,DCT5
the bottom of the gallbladder, and the maximum lesion diameter was 2.9cm. Posto
the lesions in plain scan, arterial phase, venous phase, and delayed phase were -4H
phase was 168HU,DCT1 was -248HU,DCT2 was 188HU,DCT3 was 209HU,DCT4
computed tomography, DCT1 = arterial phase CT value minus plain phase CT valu
phase CT value minus arterial phase CT value, DCT4 = venous phase portal venou
arterial phase CT value, DCT6 = plain phase CT value minus delayed phase CT valu

3

3.3. Univariate correlation analysis and multivariate
logistic regression analysis
The single factor analysis of imaging parameters showed that the
maximum diameter of the tumor in the malignant group was
significantly higher than that in the benign group (P< .001). The
plain phase CT value, the arterial phase CT value, the delayed
occupying lesions. (A) The lesion is located in the body of the gallbladder and the
bular adenoma with low grade dysplasia. The CT values of the lesions in plain
U, and -81HU, respectively. Portal vein CT value in venous phase was 277HU,

was 311HU,DCT6 was 69HU, andDCT7 was 358HU. (B) The lesion is located in
perative pathologic slices showed papillary adenocarcinoma. The CT values of
U, -252HU, -64HU, and -43HU, respectively. Portal venous CT value in venous
was 211HU,DCT5was 248HU,DCT6 was 39HU, andDCT7 was 232HU. CT=

e, DCT2 = venous phase CT value minus plain phase CT value, DCT3 = delayed
s CT value minus delayed phase CT value, DCT5 = plain phase CT value minus
e, DCT7 = venous phase CT value minus venous phase portal venous CT value.
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phase CT value, and the DCT2 value between the 2 groups were
significantly different (P< .05). No marked difference of the
tumor form, venous phase CT value, venous phase portal venous
CT value, DCT1, DCT3, DCT4, DCT5, and DCT6 was observed
between the 2 groups (P> .05) (Table 1). Subsequently, we
included age, sex, tumor maximum diameter, tumor form,
venous phase portal venous CT value, DCT1, DCT2, DCT3,
DCT4, DCT5, and DCT6 into a multivariate logistic regression
analysis. The results were as follows: age (odds ratio [OR]=
1.049), sex (OR=0.784), tumor maximum diameter (OR=
4.151), tumor form (OR=0.149), venous phase portal venous
CT value (OR=1.057),DCT1 (OR=0.997), DCT2 (OR=0.974),
DCT3 (OR=0.998), DCT4 (OR=0.925), DCT5 (OR=0.978),
and DCT6 (OR=1.061). Age, tumor maximum diameter, tumor
form, venous phase portal venous CT value, DCT2, DCT4, and
DCT6 of the above results were independent risk factors for
predicting the malignant of gallbladder occupying lesions
(P< .05) (Table 2).
Figure 2. ROC curve of multivariate logistic analysis model in predicting the
malignant lesion of the gallbladder occupying lesion shows the AUC of 0.875.
AUC = area under curve, ROC = receiver operating characteristic curve.
3.4. Logistic regression multivariate analysis diagnostic
model boundary value and area under receiver operating
characteristic (ROC curve)

Diagnostic model was established by several independent risk
factors including age, maximum tumor, tumor form, venous
phase portal vein CT value, DCT2, DCT4, and DCT6. Logistic
regression equation: ln ( P

1�P)=�6.61+0.047�Age–0.24�Sex
+1.42 � Tumor maximum diameter – 1.9 � Tumor form –

0.0029 � DCT1–0.0025 � DCT2 + 0.055 � Venous phase portal
venous CT value – 0.0017 � DCT3–0.077�DCT4–

0.022�DCT5+0.059�DCT6. The ROC curve was drawn
according to the above logistic regression equation. The area
under curve (AUC) was 0.875, the accuracy of the logistic
regression model for the benign and malignant of gallbladder
occupying lesions was 80.5% (170/211), the sensitivity was
86.7% (85/98), the specificity was 75.2% (85/113), the positive
predictive value was 75.2% (85/113), the negative predictive
value was 86.7% (85/98), and the predicted cutoff value was
0.428 (Figure 2).

3.5. Construction of a nomogram model

Including all the independent risk factors related to benign and
malignant lesions of gallbladder occupying lesions obtained from
Table 2

Multivariate logistic regression analysis of possible variables in pred

Characteristic Beta

Age 0.047
Sex �0.24
Tumor maximum diameter (cm) 1.42
Tumor form �1.9
Venous phase portal venous CT value 0.055
DCT1 �0.0029
DCT2 �0.025
DCT3 �0.0017
DCT4 �0.077
DCT5 �0.022
DCT6 0.059

CT, computed tomography, DCT1 = arterial phase CT value minus plain phase CT value, DCT2 = venous
value, DCT4 = venous phase portal venous CT value minus delayed phase CT value, DCT5 = plain phase
DCT7 = venous phase CT value minus venous phase portal venous CT value, OR = odds ratio.
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above the multivariate analysis, we used R-software to establish a
predictive nomogram model (Figure 3). In practice, the clinician
can add scores corresponding to various risk factors to obtain a
total score, and thereby know the probability of a malignant
lesion of the gallbladder occupying lesion to determine the next
treatment. The value on each scale of the forecast indicator
corresponds to the score of the points. The scores of all the
indicators are added to obtain the total score and the total score
corresponds to the risk prediction value.

4. Discussion

At present, surgical treatment is still the only way to cure
gallbladder cancer. Although adjuvant chemotherapy has been
paidmore andmore attention in recent years, the curative effect is
still inaccurate. Because the clinical symptoms of gallbladder
cancer are not typical, the patients are often accompanied by
icting the malignant of gallbladder occupying lesions.

P value OR (95% CI)

<.001
∗

1.049 (0.012, 0.085)
.59 0.784 (�1.14, 0.652)

<.001
∗

4.151 (0.931, 1.993)
<.001

∗
0.149 (�2.927, �0.959)

.011
∗

1.057 (0.013, 0.099)
.84 0.997 (�0.032, 0.026)
.046

∗
0.974 (�0.05, -0.0009)

.91 0.998 (�0.031, 0.028)
<.001

∗
0.925 (�0.124, -0.033)

.07 0.978 (�0.046, 0.001)
.010

∗
1.061 (0.014, 0.106)

phase CT value minus plain phase CT value, DCT3 = delayed phase CT value minus arterial phase CT
CT value minus arterial phase CT value, DCT6 = plain phase CT value minus delayed phase CT value,



Figure 3. Predictive nomogram for the probability of gallbladder cancer in the gallbladder occupying lesion of patients.
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lymph node metastasis and distant metastasis. Data have shown
that only 10%of patientsmeet the indication for surgical resection
at the time of diagnosis.[15,16] Due to the insidious onset of
gallbladder cancer, the diagnostic accuracy of early gallbladder
cancer was only 23%, which is mainly attributed to the non-
specific tumormarkers, imaging examinations, and other methods
widely used in the clinical diagnosis difference between the early
malignant and benign of the gallbladder. Recently, the incidence of
gallbladder cancer has significantly increased in younger popula-
tion and is more common in women. Studies have indicated that
gallstones and chronic cholecystitis are important risk factors for
gallbladder cancer, and more than 85% of patients with
gallbladder cancer have gallstones.[17,18] Nowadays, with the
advancement of technology, tumor markers, imaging examina-
tions, and other methods are widely used in clinical diagnosis;
however, these were still not enough to accurately confirm the
nature of gallbladder occupying lesions before surgery.[9,19]

Clinically, triphasic dynamic contrast-enhanced CT scans are
often used to examine the vital organs of the abdomen, such as the
liver, gallbladder, pancreas, and spleen. Previous studies have
attempted to predict the benign and malignant gallbladder
occupying lesions by preoperative use of clinical data and triphasic
dynamic contrast-enhanced CT scans data.[2,20]

Studies have reported single-factor model to assess the benign
andmalignant of gallbladder occupying lesions.[2] However, these
studies are 1-sided and limited because they often do not consider
the influence of other factors on themodel.Our researchmodel has
obvious advantages over previous research. First, there are many
specific signs of gallbladder occupying lesions, and themulti-factor
analysis model can make up for the defects of single factor
diagnosis. Secondly, the simple and objective quantitative scoring
methodof this system is convenient for clinical application, and the
imaging doctors can score the specific signs according to the
5

objective scores to judge the malignant risk of gallbladder
occupying lesions rather than just providing descriptive con-
clusionsof themodel. Specifically,wefirstused single factor logistic
regression to screen out the variables with P-value less than .2 and
included them inmulti-factor logistic analysis. Then, the backward
stepwise regression was used to establish a research model to
calculate the OR value of each variable. We have come to a
conclusion that the age (OR=1.049), tumor maximum diameter
(OR=4.151), tumor form (OR=0.149), venous phase portal
venous CT value (OR=1.057), DCT2 (OR=0.974), DCT4 (OR=
0.925), andDCT6 (OR=1.061)were themain characteristic index
for differential diagnosis of benign and malignant risk of
gallbladder occupying lesions. It is indicated that the 11
characteristic indexes mentioned above have more important
significance in distinguishing the benign andmalignant gallbladder
occupying lesions. Besides, according to the OR value of these
indicators, the weight of the gallbladder occupying lesions should
be emphasized in clinical diagnosis. Combined with clinical and
other imaging features, our model will have a higher accuracy in
determining the benign andmalignant of the benign andmalignant
gallbladder occupying lesions.
The ROC curve is a comprehensive indicator of continuous

variables of the sensitivity and specificity, and the area under the
ROC curve quantitatively indicates the accuracy of the diagnosis.
The AUC of this prediction model is as high as 0.875, and the
sensitivity, specificity, and the prediction accuracy are 86.7%,
75.2%, and 80.5% respectively. The cutoff value is 0.428, which
means the diagnosis may be considered malignant if the risk
probability of predicting malignancy is greater than 42.8%. Our
results showed that the curve has a satisfactory goodness of fit
and predictive effect, and has a high application value in the
differential diagnosis of benign and malignant lesions of
gallbladder space.

http://www.md-journal.com
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There are also some limitations in this study. The study is a
single-center study. Because of the information bias and selection
bias in retrospective studies, the multi-center integration research
is warranted in future studies. In addition, prospective double-
blind case-control studies and increased sample size are also
going to be adapted to reduce bias in subsequent studies.
5. Conclusion

The present study demonstrated that the patient’s age, maximum
tumor, tumor form, venous phase portal venous CT value, DCT2,
DCT4, and DCT6 were independent risk factors for judging the
benign and malignant of gallbladder occupying lesions. The
model established in this study has a good diagnostic effect,
which could help clinicians to distinguish the benign and
malignant properties of gallbladder occupying lesions and
provide assistance for subsequent surgical treatment.
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