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Abstract
Introduction: A preoperative scoring system to predict car-
cinoma in patients with gallbladder polyps (GBPs). Methods: 
Preoperative parameters of patients with GBPs who under-
went cholecystectomies were used to construct a scoring 
system to ascertain the risk of malignancy (reference group). 
The scoring system developed from this approach was ap-
plied to the validation group. Results: In the reference group, 
11.5% of patients had carcinomas, in whom the median age 
was 68 years and the polyp size was 16.9 mm. According to 
the univariate analysis, the significant factors for carcinoma 
were age ≥65 years, the presence of gallstones, polyp 
size ≥13 mm, solitary polyp, and sessile polyp. Age ≥65 years 
and polyp size ≥13 mm were significant factors according to 
the multivariate analysis. From these results, we developed 
a preoperative scoring system to predict carcinoma. The pa-
tients were divided into 1 of 2 groups: low-risk and high-risk 
and their malignancy rates were 4.1 and 61.1% respectively 
(p < 0.001). In the validation group, the malignancy rate was 
higher for those in the high-risk group (p = 0.016). Conclu-

sions: The proposed preoperative scoring system based on 
simple clinical variables appears to be useful for predicting 
malignancy in patients with GBPs. © 2019 S. Karger AG, Basel

Introduction

The prevalence of gallbladder polyps (GBPs) is approx-
imately 5% in the adult population [1–3]. Patients with 
GBPs are typically asymptomatic; however, the detection 
of GBPs has been increasing due to the increased usage of 
abdominal imaging. The differential diagnosis of GBPs is 
difficult, particularly in terms of discerning whether the 
polyp is benign or malignant, using imaging modalities 
such as ultrasonography, computed tomography (CT), 
magnetic resonance imaging, and endoscopic ultrasonog-
raphy (EUS). The biological nature of GBPs is difficult to 
define before surgery, and the lack of randomized con-
trolled trials make the surgeon’s decision to perform sur-
gery a challenge. Thus, there has not yet been a univer-
sally accepted consensus regarding an indication for sur-
gery. Previous studies have reported that the clinical 
factors that predict malignant GBPs include size, number, 
polyp shape, and patient age [4–11]. Clinical practice 
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guidelines in Japan for the management of biliary tract 
cancers comprising sessile GBPs with a diameter equal to 
or greater than 10 mm with rapid growth indicate chole-
cystectomy for prophylactic treatment; and for patients 
with a high likelihood of gallbladder cancer, open chole-
cystectomy (OC) is recommended [12]. However, the in-
cidence of carcinoma is not high in the patients who un-
dergo cholecystectomy according to the guidelines; thus, 
the patients with GBPs at low-risk for malignancy can 
safely undergo laparoscopic cholecystectomy (LC). It is, 
therefore, necessary to develop a scoring system that can 
accurately predict the possibility of malignancy among 
patients with GBPs who undergo cholecystectomy.

This study was designed to assess the predictive values 
of clinical features and ultrasound findings in making dif-
ferential diagnoses of polypoid lesions of the gallbladder 
and to construct a scoring system to predict carcinoma.

Materials and Methods

Patients and Methods
We retrospectively analyzed consecutive patients who were pre-

operatively diagnosed with GBPs and who underwent cholecystec-
tomies at the Jikei University Hospital from May 2009 to November 
2014 (reference group). The study protocol was approved by the 
Ethics Committee of the Jikei University School of Medicine (27-
177[8062]). Our surgical indications for GBPs were based primar-
ily on the 2007 guidelines for the management of biliary tract can-
cers, as follows: polyp with a size larger than 10 mm; polyp with a 
rapid increase of size; and sessile polyp. In addition to the guide-
lines, the presence of a color signal in the polyp as determined by 
Doppler ultrasound was also included. Clinical and laboratory pa-
rameters were collected from each patient retrospectively from their 
medical records, including age, sex, body mass index, and the pres-
ence of diabetes mellitus, hypertension, and dyslipidemia.

Preoperative abdominal ultrasonography was performed for all 
patients to evaluate the size of the polyps, the complications from gall-
stones, and the texture of the liver, as well as the presence of a color 
signal in the polyp by Doppler ultrasonography. EUS was performed 
to analyze the following findings: polyp size, echo level, internal echo 
pattern, number and shape of polyps, and surface pattern. In patients 
with multiple polyps, the size of the largest polyp was measured.

In patients who underwent both ultrasonography and EUS, the 
size of the polyp was obtained from the ultrasonography. The num-
ber of polyps was categorized as either solitary or multiple, and the 
shape of the polyp was classified as pedunculated or sessile. Size in-
crease of polyp was defined as diameter increase ≥2 mm by ultra-
sonography for at least 3 months of follow-up. Contrast-enhanced 
CT was performed to evaluate the tumor enhancement, and mag-
netic resonance imaging or drip infusion cholangiography CT was 
performed for preoperative evaluation of the biliary anatomy.

All patients were informed about the guidelines, which recom-
mend OC for polypoid lesions highly suspicious for malignancy of 
the gallbladder, and of the possible risks of laparoscopic surgery. 
LC or OC was performed after informing all the patients about risks 

associated with laparoscopy and written informed consent was ob-
tained from each patient. These surgeries were carefully performed 
to prevent perforation of the gallbladder. Intraoperative perfora-
tion of the gallbladder was confirmed by surgical notes or videos, 
and the incidence of gallbladder perforation and its outcome was 
evaluated. The pathological diagnosis was classified as carcinoma, 
adenoma, cholesterol polyp, hyperplastic polyp, fibrous polyp, or 
cholesterolosis. Patients diagnosed with early-stage carcinoma, de-
fined as T1 or less, without lymph node metastasis were followed 
up by clinical examination, tumor markers, and imaging studies, 
whereas those patients with pathologically proven advanced carci-
noma underwent additional curative surgery and chemotherapy.

The preoperative clinical data and EUS findings were com-
pared between patients with gallbladder carcinoma and those with 
benign polyps.

Validation
According to the results of the univariate and multivariate anal-

yses from the reference group, we developed a preoperative scor-
ing system to predict carcinoma in patients with GBPs. We con-
structed a scoring system that the significant parameters from uni-
variate analysis were assigned 1 point and the significant 
parameters from multivariate analysis were weighted assigned 2 
points to each. The total scores were calculated by the sum of the 
assigned points. The patients were categorized into one of the fol-
lowing 2 risk groups according to their risk scores: low-risk and 
high-risk. The cut-off value was determined from the receiver op-
erating characteristic (ROC) curve. The malignancy rates of the 
low-risk and high-risk groups were compared.

The established scoring system was then applied to another co-
hort composed of 72 patients with GBPs who underwent cholecys-
tectomies from 2 hospitals of the Jikei University School of Medicine: 
41 consecutive patients from the Jikei University Hospital from 
December 2014 to October 2017, and 31 consecutive patients from 
the Jikei University Daisan Hospital from January 2014 to October 
2017.

Statistical Analysis
The continuous variables are presented as the mean ± SD or as 

medians with ranges, and the categorical variables are summarized 
as frequencies and percentages. The univariate analysis was per-
formed using Fisher’s exact test or Welch’s t test, as appropriate. A 
multivariate analysis was performed to identify significant predic-
tive variables. An ROC curve analysis was performed for the cor-
relation analysis. The results were considered statistically signifi-
cant when p values were < 0.05. The statistical analyses were per-
formed using SPSS version 20 (IBM Co., Armonk, NY, USA).

Results

Patients’ Clinical and Imaging Characteristics
We performed 141 cholecystectomies for patients who 

were preoperatively diagnosed with GBPs at the Jikei Uni-
versity Hospital from May 2009 to November 2014. Two 
patients were excluded from this study because of incom-
plete data and the remaining 139 patients were included in 
this study (reference group). Patients included in this study 
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were aged 16–88 years (median 51 years), 55 of whom were 
women. In the reference group, the pathological diagnosis 
consisted of carcinoma in 16 (11.5%; T1-stage was in 11 
and T2-stage was in 5 patients), adenoma in 11 (7.9%), 
cholesterol polyp in 91 (65.5%), hyperplastic polyp in 12 
(8.6%), cholesterolosis in 2 (1.4%), and fibrous polyp in 1 
(0.7%). Three patients had both a cholesterol polyp and a 
hyperplastic polyp (2.2%). Another 3 patients had mucosa 
hyperplasia, fatty tissue, and benign unclassified mucosal 
polyp. The mean polyp size was 11.2 ± 4.25 mm.

LC was performed for 130 patients (94%), one of 
whom was converted to open procedure due to severe ad-
hesion. Primary OC was performed on 9 patients (6%).

The comparisons of clinical and laboratory features be-
tween the carcinoma group and the benign group are 
shown in Table 1; the comparison of the EUS findings is 
shown in Table 2. In the univariate analysis, significant 
predictive clinical and imaging variables for malignant 

Table 1. Comparison of the demographic, laboratory, and imaging findings between benign polyp group and malignant polyp group

Malignant (n = 16) Benign (n = 123) p value

Age, years, median (range) 68 (35–88) 50 (16–81) 0.003
Age ≥65 years, n (%) 9 (56.3) 16 (13.0) <0.001
Gender, male, n (%) 9 (56.3) 75 (61.0) 0.789
BMI, kg/m2, mean ± SD 24.5±2.80 23.2±3.80 0.114
Hypertension, n (%) 7 (43.8) 31 (25.2) 0.139
Diabetes mellitus, n (%) 3 (18.8) 9 (7.3) 0.144
Total cholesterol, mg/dL, mean ± SD 198±34.5 208±36.1 0.303
LDL-cholesterol, mg/dL, mean ± SD 109±28.3 122±31.3 0.176
Triglyceride, mg/dL, mean ± SD 191±170 137±87.0 0.228
Cholinesterase, IU/L, mean ± SD 363±82.8 342±78.8 0.353
Gallstones, n (%) 7 (43.8) 23 (18.7) 0.046
Fatty liver, n (%)

Yes 7 (43.8) 40 (32.5) 0.393
No 8 (50.0) 78 (63.4)
Unevaluated 1 (6.3) 5 (4.1)

Polyp size, mm, mean ± SD 16.9±7.47 10.4±4.23 0.004
Polyp size, mm, n (%)

1–9 2 (12.5) 37 (30.1) 0.235
10–14 6 (37.5) 78 (63.4) 0.059

≥15 8 (50.0) 8 (6.5) <0.001
Size increase of polyp, n (%) 4/5 (80.0) 76/78 (97.4) 0.172
US Doppler positive, n (%)

Yes 6 (37.5) 48 (39.0) 1.000
No 8 (50.0) 60 (48.8)
Unevaluated 2 (12.5) 15 (12.2)

CT enhancement, n (%)
Yes 8 (50.0) 45 (36.6) 1.000
No 0 5 (4.1)
Unevaluated 8 (50.0) 73 (59.3)

Solitary polyp, n (%) 9 (56.3) 31 (25.2) 0.017
Sessile polyp, n (%) 6 (37.5) 17 (13.8) 0.028

BMI, body mass index; LDL, low-density lipoprotein; CT, computed tomography.

Table 2. Comparison of EUS findings between benign group and 
malignant group

Benign
(n = 31)

Malignant
(n = 6)

p value

Polyp size, mm, mean ± SD 9.9±2.87 17.7±7.06 0.043
Echo level, n (%)

Hyperechoic 16 (51.6) 2 (33.3) 0.660
Hypo or isoechoic 15 (48.4) 4 (66.7)

Internal echo pattern, n (%)
Homogeneous 23 (74.2) 4 (66.7) 0.653
Heterogeneous 8 (25.8) 2 (33.3)

Surface, n (%)
Smooth 5 (16.1) 1 (16.7) 1.000
Lobulated 26 (83.9) 5 (83.3)
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polyps consisted of age (median 68 vs. 50 years; p = 0.003), 
age older than 65 years (p < 0.001), the presence of gall-
stones (p = 0.046), polyp size by ultrasonography (mean 
16.9 ± 7.47 vs. 10.4 ± 4.23 mm; p = 0.004), solitary polyp 
(p = 0.017), and sessile polyp (p = 0.028; Table 1). ROC 
curve analysis identified the following cut-off values as 
significant predictors of malignancy: 65 years of age (sen-
sitivity = 56%; specificity = 87%; area under the ROC curve 
[AUC] 0.758; p < 0.001); 13 mm for polyp diameter (sen-
sitivity = 56%; specificity = 82%; AUC 0.777; p < 0.001; 
Fig. 1). In the multivariate analysis, significant predictive 
variables for malignant polyps were age older than 65 years 
(p = 0.005) and polyp size over 13 mm (p = 0.032, Table 3).

Preoperative Predictive Scoring System
According to the results of the univariate and multi-

variate analyses, we developed a preoperative scoring 
system to predict the presence of gallbladder cancer in 

patients with GBPs. The total scores could easily be 
calculated by the sum of the following 5 variables: total 
score = (age older than 65 years: 2) + (polyp size over 
13 mm: 2) + (presence of gallstones: 1) + (solitary polyp: 
1) + (sessile polyp: 1). Thus, the theoretical minimum 
and maximum total scores were 0 and 7 respectively. The 
patients were categorized into one of the following 2 risk 
groups according to their risk scores: low-risk (score 0–3; 
n = 121) and high-risk (score 4–7; n = 18). According to 
the ROC curve analysis, we defined the optimal cut-off 
value of the total score 4 (sensitivity = 69%; specificity = 
94%; AUC 0.777; p < 0.001; Fig. 2). The malignancy rates 
of the low-risk and high-risk groups were 4.1 and 61.1%, 
respectively, and were statistically significant (p < 0.001, 
Table 4).

Application of the Scoring System to the Validation 
Group
Of the 72 patients in the validation group, 6 had carci-

noma (8.3%). According to the reference study, of these 
72 patients, 64 had been classified as low risk (score 0–3) 
and 8 had been classified as high risk (score 4–7). The 
malignancy rates of the low-risk and high-risk groups 
were 4.7 and 37.5%, respectively, and were statistically 
significant (p = 0.016, Table 4).

Intraoperative Perforation of the Gallbladder
In the reference group, an intraoperative perforation 

of the gallbladder was observed in 14 of 130 (11%) LC pa-
tients, including 11 of 119 (9%) with benign polyps and 3 
of 11 (27%) with malignant polyps, compared with 1 of 9 

Table 3. Results of the multivariate analysis for the factors that 
were significantly associated with carcinoma of the gallbladder on 
univariate analysis

OR 95% CI p value

Carcinoma
Age ≥65 years 5.98 1.73–20.7 0.005
Polyp size ≥13 mm 4.21 1.14–15.6 0.032
Solitary polyp 1.99 0.54–7.26 0.300
Gallstones 3.22 0.89–11.6 0.075
Sessile polyp 2.90 0.75–11.3 0.124
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a b

Fig. 1. ROC analysis for predicting gallbladder carcinoma. a Age; (b) polyp size. AUC, area under the ROC curve.
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(11%) OC patients consisting of 1 of 4 (25%) with benign 
polyps and none of the 5 with malignant polyps. One of 
the 3 patients with malignant lesions who had undergone 
LC developed peritoneal recurrence after 15 months, de-
spite vigorous intraoperative saline and water irrigation. 

The intraoperative gallbladder perforation rate was not 
significantly different between the LC and OC patients 
(p = 1.000).

Discussion

We have shown that older age, the presence of gall-
stones, large polyp size, solitary polyp, and sessile polyp 
were significant predictive factors for gallbladder carci-
noma, and we developed a scoring system based on these 
5 parameters. This scoring system is novel and simple to 
understand and easy to preoperatively calculate for clini-
cal practice and can help determine the strategy for treat-
ing GBPs, including operative approaches. For low-risk 
patients, LC might be selected, and for high-risk patients, 
OC or radical cholecystectomy should be considered. 
Furthermore, unnecessary examinations for low-risk pa-
tients, such as EUS and enhanced CT, could be reduced.

In the current study, age ≥65 years and polyp size larger 
than 13 mm were the significant predictive variables for ma-
lignancy according to the multivariate analysis; however, 
many other studies have reported several predictive values 
for gallbladder malignancy, such as older age, large size, sol-
itary lesion, sessile lesion, and presence of gallstones [4–11].

Many studies have found that older age is a significant 
predictive factor that increases the likelihood of malignan-
cy [4, 5, 9, 11], particularly an age older than 50–65 years. 
In a systematic review, specific data examining polyp size 
and malignancy were found in 20 studies, in which malig-
nant GBPs ≥1 cm, < 1 cm, and < 5 mm constituted 8.5, 1.2, 
and 0% of GBPs, respectively [13]. The majority of studies 
advocated that GBP size larger than 10 mm might be the 
most reliable predictor of malignant neoplasm [4, 5, 10]. 
Results of the current study revealed a larger size criterion 
than the previously advocated 10 mm because most polyp 
sizes in this study were larger than 10 mm. On the other 
hand, another study reported an incidence of adenomas/
carcinomas in polyp sizes < 5 mm [14]; thus, smaller pol-
yps do not rule out the possibility of carcinoma.

We believe that it is not enough to predict the risk of 
malignancy with just the 2 parameters of patient age and 
polyp size. Therefore, we constructed a scoring system that 
included all 5 parameters based on the results of the uni-
variate analysis. In addition, because older age and larger 
polyp size are the most powerful predictors for malignan-
cy, age older than 65 years and polyp size larger than 13 mm 
were weighted double in the scoring system by assigning 2 
points to each. Our study showed that the sensitivity and 
specificity of the scoring system were higher than that of 
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Table 4. Comparison between the 2 risk groups of the incidence 
and relative risk of carcinoma

Risk score Reference group Validation group

number of
patients

carcinoma,
n (%)

number of
patients

carcinoma,
n (%)

Low risk (0–3) 121 5 (4.1) 64 3 (4.7)
0 54 4 25 1
1 30 0 14 0
2 21 1 16 2
3 16 0 9 0

High risk (4–7) 18 11 (61.1) 8 3 (37.5)
4 9 3 6 1
5 5 4 1 1
6 4 4 1 1
7 0 0 0 0

Total risk score = (over 65 years old = 2) + (polyp size over 13 mm = 
2) + (presence of gallstone = 1) + (solitary polyp = 1) + (sessile polyp = 
1).

Fig. 2. ROC analysis for the risk scores for predicting gallbladder 
carcinoma. AUC, area under the ROC curve.
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the polyp size. The proposed scoring system provides use-
ful information to predict gallbladder cancer risk, and sim-
ilar results were obtained in the validation study.

It is not always necessary to differentiate adenoma from 
adenocarcinoma preoperatively because adenomas have 
been shown to have malignant potential and both of these 
lesions should be resected. The theory of an adenoma-car-
cinoma sequence of gallbladder cancer has been support-
ed by a histological observation [15], in which 1,605 cho-
lecystectomy specimens were reviewed, of which, 18 ade-
nomas and 79 adenocarcinomas were found with evidence 
of transformation from adenoma to invasive cancer that 
was histologically traceable. On the other hand, other au-
thors believe that gallbladder carcinoma arises in situ from 
flat and dysplastic epithelium and that the actual risk of 
adenoma progressing to carcinoma is uncertain [16].

In several studies, improved accuracy of EUS for differ-
entiating between GBPs has been reported, and a scoring 
system based on the EUS cancer screening has been report-
ed to be useful for differentiating between neoplastic and 
non-neoplastic GBPs [17–19]. In the current study, how-
ever, EUS was not routinely performed and its findings 
were not significant predictive factors for malignancy, per-
haps due to the relatively small sample size. We do not be-
lieve that routine use of EUS is financially practical, and it 
can be skipped for patients at low-risk for malignancy.

Early gallbladder carcinoma can be safely treated with 
cholecystectomy alone, but when an LC is planned, the 
surgical procedure should be carefully performed to pre-
vent gallbladder perforation. Spillage of bile into the peri-
toneal cavity can lead to peritoneal dissemination or port-
site metastasis [20]. In our study, LC was performed in 
94% of patients with GBPs, even though the guidelines 
stated that OC was recommended for patients at high risk 
of malignancy. We believed that because there was insuf-
ficient available evidence of risk factors for malignancy in 
GBPs patients. Consequently, in our study, the intraop-
erative perforation rate of the gallbladder was not signifi-
cantly different between the patients undergoing LC and 
OC. According to our results, LC can be safely performed 
in patients with GBPs except for lesions that are highly 
suspicious for malignancy. In patients with high risk 
score, OC is recommended to avoid possible recurrence.

This study has some limitations, including its retro-
spective design and the small number of enrolled patients. 
The patients enrolled were those who underwent chole-
cystectomy due to the possibility of malignancy; thus, 
many patients thought to have benign polyps who did not 
undergo surgery were excluded from this study. This se-
lection bias could have had an effect on the scoring system.

Conclusion

The proposed preoperative scoring system based on 
simple clinical variables appears to be useful for predict-
ing malignancy in patients with GBPs.
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