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Abstract
AIM: To determine the relevance of the 10-mm size criterion of the generally accepted surgical indication for gallbladder polyps (GBPs). 

METHODS: We collected data of patients who were confirmed to have GBPs through cholecystectomy at Samsung Medical Center between January 1997 and December 2012. Among the patients who underwent cholecystectomy for GBP, those with a definite evidence for malignancy such as adjacent organ invasion, metastasis on preoperative imaging studies, polyp larger than 20 mm, absence of preoperative imaging study results, and patients having gallstones were excluded. We retrospectively collected and analyzed information on patient’s clinical characteristics, symptoms, ultrasonographic findings, and blood laboratory tests.

RESULTS: A total of 836 patients who had undergone cholecystectomy were retrospectively analyzed. Seven hundred eighty patients (93%) had benign polyps, whereas 56 patients (7%) had malignant polyps. Of the 56 patients with malignancy, 4 patients (7%) had borderline GBP (10-12 mm) and a patient had small GBP (< 10 mm) with T2 stage. We conducted an ROC curve analysis to verify the 10-mm size criteria (AUC = 0.887, SD = 0.21, P value < 0.001). In the ROC curve for polyp size and malignancy, sensitivity and specificity of the 10-mm size criterion was 98.2% and 19.6%, respectively. The specificity of the 11-mm and 12-mm size criteria was 44.6% and 56%, respectively, whereas the sensitivity of these two size criteria was similar. We defined the GBPs of 10 to 12 mm as a borderline-sized GBP, which were found in 411 patients (49%). In this group, there was a significant difference in age between patients with benign and malignant GBPs (47 years vs 60 years, P < 0.05). 

CONCLUSION: GBPs larger than 13 mm need immediate excision whereas for borderline-sized GBPs detected in young patients, careful medical observation can be a rational decision.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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[bookmark: OLE_LINK33][bookmark: OLE_LINK34][bookmark: OLE_LINK49][bookmark: OLE_LINK21][bookmark: OLE_LINK22]Core tip: Gallbladder polyp (GBP) is a well-known pre-malignant lesion. The size of GBP, patient’s age and presence of symptoms are the risk factors for GB cancer. GBPs of 10 to 12 mm in diameter have lower risk of malignancy compared to that in GBPs larger than 13 mm, which is similar to the risk of malignancy in GBPs smaller than 10 mm. The use of this surgical indication (GBPs larger than 13 mm GBP) can prevent 50% of unnecessary cholecystectomies without the risk of missing malignant GBPs. Our findings suggest that GBPs with a diameter of 10 to 12 mm in patients younger than 45 years of age old can be observed carefully.
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INTRODUCTION 
Polypoid lesions of the gallbladder are becoming an increasingly common incidental finding. It is very important to distinguish between a benign polyp and a malignant polyp because of the poor prognosis of gallbladder (GB) cancer, but the radiologic tools such as abdominal ultrasound (US) and computed tomography (CT) are not sufficient to distinguish between a benign polyp and a malignant polyp[1]. Therefore, many researchers have attempted to identify the factors that can help in preoperative differentiation between a benign polyp and a malignant polyp[2,3]. 
Although the natural history of gallbladder polyps (GBPs) is not completely understood and most of the available studies are retrospective in nature[4,5], the well-known predictor of malignancy in GBPs is a size greater than 10 mm in diameter[6]. However, when we applied the 10-mm size criterion for performing surgery, many polyps were found to be benign in a clinical setting. Most of the benign polyps had a size of 10 or 11 mm, and the incidence of these polyps is increasing as general medical examination is being universalized. Previous studies have shown that polyp size of more than 10 mm is associated with higher risk of developing malignancy; however so far, none of the studies have tried to differentiate between polyps of more than 10 mm in size for determining the incidence of malignancy. 
Therefore, we analyzed the pathologically proven GBPs after cholecystectomy for 16 years at Samsung Medical Center to determine the relevance of the 10-mm size criterion. 

[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK26]MATERIALS AND METHODS
Data source and patient population
We collected data of patients who were confirmed to have GBPs through cholecystectomy at Samsung Medical Center between January 1997 and December 2012. Among the patients who underwent cholecystectomy for GBP, those with a definite evidence for malignancy such as adjacent organ invasion, metastasis on preoperative imaging studies, polyp larger than 20 mm, absence of preoperative imaging study results, and patients having gallstones were excluded. A total of 836 patients were enrolled. Information on age, sex, symptoms, US findings, and blood laboratory tests was reviewed retrospectively. 
The patients were categorized as having a benign polyp or a malignant polyp according to their histopathologic results. Benign GBPs were subcategorized as benign tumorous polyps if the pathological finding indicated that the polyps had a potential for malignant transformation, whereas benign non-tumorous polyps were not regarded as precancerous lesions. The benign tumorous polyps included adenomas, lipomas, neurofibromas, leiomyomas, and carcinoid tumors. The benign non-tumorous polyps included cholesterol polyps, inflammatory polyps, fibromas, and adenomyomatosis. Malignant GBPs were defined as GB cancer. This study was approved by the IRB of the Samsung Medical Center (SMC 2013-12-063).

Definition of GBPs and imaging study
The following standardized US criteria were used to identify polyps on US: immobile, hyperechoic compared to the surrounding bile, non-shadowing, and attached to the GB wall[7]. US examinations were performed by an experienced certified radiologist by using 3.5-MHz transducers (iU-22, Philips Healthcare, Bothell, Washington; ATL 5000, Philips Healthcare, Acuson 128, Siemens, Mountain View, California). The US examinations were interpreted by board certified radiologists who were trained in abdominal imaging, delineation of the number and size of GBPs. 

Statistical analysis
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Statistical analysis of the data was performed by utilizing SPSS 11.0 (Chicago, IL, United States). Continuous variables were presented as mean ± SD. Intergroup comparisons were conducted with the x2 test. In order to identify the risk factors for gallbladder cancer, the odds ratio was obtained using multiple logistic regression analysis. The area under the curve (AUC) was calculated using the receiver-operating characteristic curve (ROC) to determine the sensitivity and specificity of the 10-mm size criterion for predicting malignant polyps. If the criterion was not considered sufficient, we tried to determine an optimal cut-off point of polyp size to predict malignant polyps. Differences were considered significant when the P value was less than 0.05. 

RESULTS
Demographic findings and clinical characteristics
Among the 836 patients who underwent cholecystectomy, 780 patients (93%) had benign polyps, and 56 patients (7%) had malignant polyps, which were adenocarcinomas. Benign tumorous polyps were adenomas, and 165 patients (20%) had adenomas. Among all of the polyps, the cholesterol polyp was the most common type, and it was found in 559 patients (67%). The demographic and clinical characteristics of all the 836 patients are listed in Table 1. The mean age of the patients and the mean size of polyps were 47 ± 12.3 years and 11.6 ± 3.5 mm, respectively. The sex ratio was 0.86:1 (male:female = 387:449). Among the 836 patients, 464 patients (55%) had solitary polyps, and 372 patients (45%) had multiple polyps. Indications for surgery were collected while allowing for repetition. The majority (695 patients, 83%) of patients underwent cholecystectomy because they had a polyp of greater than 10 mm; this indicated that the 10-mm size criterion is the most important factor in making a decision regarding surgery in a clinical setting. Fifty-four patients had symptoms; some of the patients had specific symptoms such as right upper quadrant pain or epigastric pain, but the other patients complained of a vague abdominal pain, dyspepsia, fatigue, or loss of body weight. 
The patients who had GBPs showed a high BMI and fasting glucose level, but total cholesterol, total bilirubin, ALT, ALP, and CA 19-9 levels were normal. Interestingly, higher proportion of patients with GB polyps showed positivity of hepatitis B surface antigen compared to healthy controls aged from 40 to 49 years in South Korea. 

Risk factors for malignant GBPs
The size of GBPs was a significant risk factor for malignant GBPs (P < 0.001, OR = 1.516; 95%CI: 1.356–1.694). Old age and presence of symptoms were associated with a higher risk of malignant GBPs (P < 0.001, OR = 1.120, 95%CI: 1.078-1.164; P = 0.005, OR = 5.019, 95%CI: 1.649-15.276). Number of polyps, ALT, ALP, and fasting glucose levels did not increase the risk of malignancy (Table 2). 

Optimal size to predict malignant GBPs 
Of 56 patients with malignant pathologic results, only a patient (1.8%) had GBP lesser than 10 mm (intramural, 8 mm). In case of 230 patients with GBP of 10 to 11 mm size, no malignancy was reported. Among 104 patients with GBP of 12 mm, 4 patients (3.8%) have been confirmed to have malignancy. Two of them (50%) were intraepithelial tumors and the other two malignant polyps were intramural tumors. 
We calculated the AUC using the ROC curve to test the conventional size criteria for predicting the risk of malignancy (Figure 1, Table 3). When the size cut-off point was set at 10 mm, sensitivity and specificity for predicting malignant polyps was 98.2% and 19.6%, respectively; but when the size cut-off point was set at 11 mm and 12 mm, the sensitivity was the same as that when the size cut-off point was set at 10 mm, but the specificity was increased as the size increased (44.6% and 56.0%, respectively). The sensitivity and the specificity for predicting a polyp of 13 mm was 91.0% and 71.8%, respectively. The sensitivity fell sharply from a size cut-off point of 14 mm. Therefore, after considering the sensitivity and specificity for predicting malignant polyps, 13 mm might be the best cut-off point. 
When the size cut-off point was set at 8 mm, the sensitivity was 100%. This result implied that the use of the 10-mm size criterion might lead to unnecessary cholecystectomies, and on the other hand, the 10-mm size criterion might be insufficient to completely exclude malignancy. 

Borderline-sized GBPs
We defined GBPs that were more than 10 mm and less than 13 mm in size while maintaining the sensitivity above 90% as “borderline-sized GBPs”. Among the 836 cases, there were 411 cases (49%) of borderline-sized GBPs (Figure 2). In this group, benign non-tumorous polyps accounted for 81% (334 patients) of polyps, which was higher than that in all of the patients. Adenomas were detected in 73 patients. Four patients had malignant polyps, and these patients had polyps measuring 12 mm in size on preoperative imaging studies (Table 4). The patients with borderline GBPs would not have undergone unnecessary surgeries if the criterion for performing surgery was more specific. 
To characterize the patients with borderline-sized GBPs, we examined the patient’s age, which had a relationship with malignant GBPs on the multivariate analysis (Figure 2). The average age of patients with benign polyps and malignant polyps was 47 years and 60 years, respectively. This difference was statistically significant. Especially all four patients who had malignant polyps were more than 45 years of age.

DISCUSSION
GBPs represent a wide spectrum from pseudo lesions to gall bladder cancer. After Boulton and colleagues reported the strategy for managing GBPs using the risk factors of gallbladder cancer which were identified in previous studies, many reports on the management of GBPs have been published[2]. The risk factors suggested in these studies were symptoms, size greater than 10 mm, age more than 50 years, presence of gallstones etc. The risk factors for malignant polyps in our study were polyp size, patient’s age, and presence of symptoms. This result was similar to that in previous reports[8-11].
Polyp size has long been considered to be an important factor[12,13]. Current guidelines recommend cholecystectomy for polyps measuring 10 mm or larger. The use of this strategy may result in a large number of unnecessary cholecystectomies, because the detection rate of relatively small GBPs has been increasing since 2004, which was the year due to the expanded use of abdominal US in South Korea. 
In South Korea, the prevalence of GBPs considering this criterion has been increasing steadily since 2004, which was the year in which increased ultrasound surveillance of asymptomatic persons was performed.
Corwin et al[7] presented a study in 2011. This study provides further directions for managing incidentally diagnosed polyps in adults. They monitored 346 incidentally detected GBPs, and there were no cases of GB cancer and there were 3 cases of adenomas. In their study, the average size of polyps was 5 mm (range: 1–18 mm), and the proportion of polyps greater than 10mm was only 3.5% (n = 12). This study showed that incidentally discovered polyps were usually small in size and the risk of malignancy was low. 
We defined the polyps having a size of 10 to 12 mm as borderline-sized GBPs. These polyps had a low malignant potential, and they were mostly benign non-tumorous polyps. In particular, the polyps were not malignant in any of the patients who had a 10-11 mm sized polyp, thus suggesting that cholecystectomy was an inappropriate management strategy in these patients. The use of this surgical indication (GBPs larger than 13 mm GBP) can prevent 50% of unnecessary cholecystectomies without the risk of missing malignant GBPs.
The role of gallbladder adenoma in the pathogenesis of gallbladder carcinoma is controversial[14]. It is thought that adenoma may play a role in some cases of gallbladder cancer. The adenoma-carcinoma sequence was first suggested by Kozuka et al[15], who conducted a study of 1605 resected gallbladder specimens and found 7 adenomas with malignant changes and evidence of adenomatous residue in 15 of 79 (19%) invasive carcinomas[15]. However, the incidence of the combined lesion is low and varies between 0.14% and 1.1% in different series[16-18]. Wistuba et al[19] performed molecular studies on tissue from gallbladder adenoma and detected no mutations in the TP53 gene, a frequent finding in dysplasia, carcinoma in situ, and invasive cancer, which led the researchers to conclude that adenomas are not precursors of invasive gallbladder carcinoma. Similarly, Roa et al[20] found no evidence of adenoma residue in their study of completely mapped early carcinomas of the gallbladder. These reports indicate that the adenoma-carcinoma sequence is less important in the gallbladder than in the other organs of the digestive tract[21]. The dysplasia-carcinoma sequence has been considered as the main route of carcinogenesis in the gallbladder[22-24]. We performed this study with more emphasis on GB carcinoma than adenoma. This could be a limitation of our study. 
Many studies have demonstrated that malignant GBPs are significantly more common in patients aged more than 50 years[25-27]. Our study confirmed that patient’s age was associated with the risk of developing malignant polyps. Besides, there was a significant difference in the mean age of patients with malignant borderline-sized GBPs and those with benign borderline-sized GBPs. The mean age of patients with malignant polyps was 60 years, whereas that of patients with benign polyps was 47 years, and all of the malignant polyps were detected in patients aged 45 years and older. This finding indicates that there is a low possibility of GB carcinoma in patients having borderline-sized GBPs and who are less than 49 years of age, and there is a high possibility of GB carcinoma in patients having borderline-sized GBPs and who are more than 60 years of age. 
GBPs generally do not cause any symptoms[26], although most of the prevalence studies did not assess the symptoms. Terzi and colleagues reported that in a series of 74 patients undergoing cholecystectomy for GBPs, 91% of patients had symptoms, most commonly right upper quadrant pain, nausea, dyspepsia, and jaundice[28]. However, about 60% of the patients also had gallstones, and therefore it is unclear whether the polyps were primarily driving the symptoms. The symptoms were related to malignancy in our research, nevertheless, we excluded the patients with gallstones. Kwon et al[14] suggested that symptoms may be associated with the size of the polyp rather than the association of gallstone. Therefore, patient’s symptoms should be considered as the red flag for malignancy. 
Patients with GBPs were classified as over-weight according to BMI and had a high fasting glucose level. The researchers suggested that metabolic syndrome contributes to the formation of cholesterol polyps in the gallbladder[20,29]. However, because of the absence of a similar finding in overt diabetic patients in their study[29] and in other prevalence studies[16,30], the validity of this association is questionable. Also, hepatitis B surface antigen positivity was greater in patients with GBPs compared to the general population. However, in contrast to the findings presented by Lin et al[31], hepatitis B surface antigen positivity was not a predictive factor for GB cancer in this study. 
Our study indicates that the natural history of borderline-sized GBPs is benign, although most of the borderline-sized GBPs were removed. Hence, it is necessary to redefine the surgical indications for GBPs, which are increasingly being detected on surveillance imaging. Our study is a retrospective study from a single center despite large study subjects. So, prospective multicenter study will be needed to validate our study. 
In conclusion, the need for performing immediate surgery for GBPs measuring more than 13 mm in size is undebatable, whereas borderline-sized GBPs, especially in asymptomatic young patients (less than 45 years old), have low risk of malignancy, and therefore, a careful “wait and see” strategy is appropriate. Further studies are needed to define the characteristics of borderline-sized GBPs and to demonstrate the natural history of borderline-sized GBPs. 

COMMENTS
Background
Gallbladder polyp (GBP) is a well- known pre-malignant lesion, especially the size of GBP, age and presence of symptoms are risk factors for gallbladder (GB) cancer. The well-known predictor of malignancy in GBPs is a size greater than 10 mm in diameter. However, when we applied the 10-mm size criterion for performing surgery, many polyps were found to be benign in a clinical setting. Most of the benign polyps had a size of 10 or 11 mm, and the incidence of these polyps is increasing as general medical examination is being universalized.

Research frontiers
Some recent studies have shown that incidentally discovered polyps were usually small in size and the risk of malignancy was low.

Innovations and breakthroughs
Previous studies have shown that polyp size of more than 10 mm is associated with higher risk of developing malignancy; however so far, none of the studies have tried to differentiate between polyps of more than 10 mm in size for determining the incidence of malignancy. Therefore, we analyzed the pathologically proven GBPs after cholecystectomy to determine the relevance of the 10-mm size criterion.

Applications
This study aimed to determine the relevance of the 10-mm size criterion of the generally accepted surgical indication for GBPs, and to provide a new surgical indication clues for decrease unnecessary cholecystectomies.

Terminology
GBPs of 10 to 12 mm in diameter (borderline-sized GBPs) have lower risk of malignancy compared to that in GB polyps larger than 13 mm, which is similar to the risk of malignancy in GB polyps smaller than 10 mm. The use of this surgical indication (GBPs larger than 13 mm GBP) can prevent 50% of unnecessary cholecystectomies without the risk of missing malignant GBPs. Also, this study confirmed that patient’s age was associated with the risk of developing malignant polyps. This finding indicates that there is a low possibility of GB carcinoma in patients having borderline-sized GBPs and who are less than 49 years of age.

Peer review
Authors made a retrospective revision of their database regarding gallbladder polyps, in order to find a potential best predictor of malignancies rather than 10 mm size. They concluded that 13 mm size was a better cut-off value to indicate immediately surgery, whereas 11 and 12 mm size polyps, in younger patients could be strictly followed up before undergoing surgery. The paper certainly brings new information on the subject and may represent an interesting option for the readers.
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Figure 1 Receiver operating characteristic curves for the size of gallbladder polyp are shown. The area under the curve is 0.887 (95%CI: 0.846–0.927; P < 0.001) for the polyp size. The sensitivity and specificity of each size is presented. 
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Figure 2 Patient’s age was positively correlated with the malignancy risk. A: All of the patients; B: Patients with borderline-sized gallbladder polyps. aP < 0.05 vs benign non-tumor group. 

Table 1 Demographic and clinical characteristics of 836 patients n (%)
	Characteristics
	N = 836 

	Female 
	449 (54) 

	Age (yr) 
	47 ± 12.3 

	Indication for surgery1 
	

	   Size ≥ 10 mm 
	695 (83) 

	   Increased size2 
	184 (22) 

	   Abnormal imaging3 
	59 (7) 

	Size of the polyp (mm) 
	11.6 ± 3.5 

	Number of polyps
	

	    1 
	460 (55.0) 

	    2 
	128 (15.3) 

	≥ 3 
	248 (29.6) 

	BMI (kg/m2) 
	26.7 ± 32.1 

	Total cholesterol (mg/dL) 
	172.9 ± 33.2 

	Total bilirubin (mg/dL) 
	0.8 ± 0.6 

	ALT (U/L) 
	32.1 ± 31.3 

	ALP (U/L) 
	61.8 ± 25.9 

	Fasting glucose (mg/dL) 
	110.3 ± 30.4 

	CA 19-9 (U/mL) 
	12.4 ± 38.0 

	HBsAg positivity
	67 (8.0) 


1Repetition was allowed; 2If the polyp size was increased during the follow-up period compared to that in the initial imaging study; 3Gallbladder wall thickness, irregular margin of the polyp, enhancing nodule. GB: Gallbladder; BMI: Body mass index; ALT: Alanine transaminase; ALP: Alkaline phosphatase; CA19-9: Carbohydrate antigen 19-9; HBsAg: Hepatitis B surface antigen. 



Table 2 Predictors of gallbladder cancer (multiple logistic regression analysis)
	
	GB cancer

	Variables
	OR (95%CI)
	P-value

	Female 
	0.615 (0.276-1.370)
	0.234

	Size 
	1.516 (1.356-1.694)
	< 0.001

	Number of polyps 
	0.812 (0.531-1.244)
	0.339

	Age 
	1.120 (1.078-1.164)
	< 0.001

	Symptoms1 
	5.019 (1.649-15.276)
	0.005

	BMI 
	1.004 (0.995-1.014)
	0.383

	Total cholesterol 
	0.991 (0.980-1.003)
	0.139

	Total bilirubin
	1.534 (0.604-3.894)
	0.368

	ALT 
	1.007 (0.999-1.015)
	0.079

	ALP 
	1.001 (0.991-1.012)
	0.813

	Fasting glucose
	1.002 (0.991-1.013)
	0.771

	CA19-9 
	1.022 (0.005-1.049)
	0.116

	HBsAg positivity 
	2.461 (0.587-10.327)
	0.218


1Right upper quadrant pain, epigastric pain, vague abdominal discomfort, dyspepsia, fatigue, body weight loss. GB: Gallbladder; BMI: Body mass index; ALT: Alanine transaminase; ALP: Alkaline phosphatase; CA19-9: Carbohydrate antigen 19-9; HBsAg: Hepatitis B surface antigen. 




Table 3 Receiver operating characteristic curve summary statistics
	Size, mm (patients)
	Sensitivity
	Specificity
	Youden’s index
	ppv
	npv

	8 (54)
	1.000
	0.103
	1.103
	0.074
	1.000

	9 (87)
	0.982
	0.144
	1.126
	0.076
	0.991

	10 (105)
	0.982
	0.196
	1.178
	0.081
	0.994

	11 (89)
	0.982
	0.446
	1.428
	0.113
	0.997

	12 (127)
	0.982
	0.560
	1.542
	0.138
	0.998

	13 (69)
	0.911
	0.718
	1.629
	0.188
	0.991

	14 (41)
	0.804
	0.799
	1.603
	0.223
	0.983












Ppv: Positive predictive value; npv: Negative predictive value.
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Table 4 Characteristics of patients with malignant borderline-sized gallbladder polyps
	Case.
	Sex/age (yr)
	Symptom
	Underlying disease
	Imaging finding
	Operation
	TNM stage
	prognosis

	1
	F/49
	Dyspepsia
	-
	12 mm, polyp
	Lap.chole
	T2N0M0
	63mo., Alive

	2
	F/52
	-
	Hypothyroidism
	12 mm, enhancing nodule
	Lap.chole
	T1aN0M0
	30mo., Alive

	3
	F/60
	-
	-
	12 mm, enhancing nodule
	Lap.chole
	T1aN0M0
	24mo., Alive

	4
	F/81
	-
	CHF, A fib
	12 mm, enhancing sessile nodule
	Lap.chole
	T2N0M0
	13mo., Alive


Lap.chole: Laparoscopic cholecystectomy. 
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