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Abstract 


AIM: To clarify the value of combined use of markers for the diagnosis of gallbladder cancer and prediction of its prognosis.

METHODS: Serum cancer antigen (CA) 199, CA242, carcinoembryonic antigen (CEA) and CA125 levels were measured in 78 patients with gallbladder cancer (GBC), 78 patients with benign gallbladder diseases, and 78 healthy controls using electrochemiluminescence. CA199, CA242, CEA and CA125 levels and positive rates were analyzed and evaluated pre- and post-operatively. Receiver operator characteristic curves were used to determine diagnostic sensitivity and specificity of GBC. Survival time analysis including survival curves, and multivariate survival analysis of a Cox proportional hazards model was performed to evaluate the independent prognostic factors.
RESULTS: Serum CA242, CA125 and CA199 levels in the GBC group were significantly higher when compared with those in the benign gallbladder disease and healthy control groups (P < 0.01). With a single tumor marker for GBC diagnosis, the sensitivity of CA199 was the highest (71.7%), and the specificity of CA242 was the highest (98.7%). Diagnostic accuracy was highest with a combination of CA199, CA242 and CA125 (69.2%). CA242 could be regarded as a tumor marker of GBC infiltration in the early stage. The sensitivity of CA199 and CA242 increased with progression of GBC and advanced lymph node metastasis (P < 0.05). The 78 GBC patients were followed up for 6–12 mo (mean: 8 mo), during which serum CA199, CA125 and CA242 levels in the recurrence group were significantly higher than in patients without recurrence (P < 0.01). The postoperative serum CA199, CA125 and CA242 levels in the non-recurrence group were significantly lower than those in the GBC group (P < 0.01). Multivariate survival analysis using a Cox proportional hazards model showed that cancer of the gallbladder neck and CA199 expression level were independent prognostic factors.

CONCLUSION: CA242 is a marker of GBC infiltration in the early stage. CA199 and cancer of the gallbladder neck are therapeutic and prognostic markers．

© 2014 Baishideng Publishing Group Co., Limited. All rights reserved.  
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Core tip: Detection of serum tumor markers is simple and has become a common clinical method for tumor screening. However, when these markers are used individually for the diagnosis of gallbladder cancer, inconsistent results have been obtained. The results of the present study suggest that combined detection of serum cancer antigen (CA) 125, CA199 and CA242 can increase the specificity of gallbladder cancer (GBC) diagnosis. CA242 could be regarded as a tumor marker of GBC infiltration in the early stage. Multivariate survival analysis showed that cancer of the gallbladder neck and CA199 expression levels were independent prognostic factors.
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INTRODUCTION

Gallbladder cancer (GBC) is one of the most common and aggressive malignant neoplasms of the biliary system. Early-stage GBC lacks typical clinical manifestations, therefore, the 5-year survival is poor[1-3]. Most patients are at the advanced stage at the time of diagnosis and thus lose the chance of radical cure. It is therefore important to diagnose GBC earlier. Currently, the diagnosis of GBC mainly depends on noninvasive auxiliary imaging and invasive examination such as laparoscopy and biopsy. However, there is no ideal single tumor marker for the diagnosis and prognosis of GBC[4-6]. 
Tumor markers such as CEA, cancer antigen (CA) 125, CA242 and CA199 have been widely used for the diagnosis of different types of cancer, such as liver, gastric, colorectal and pancreatic cancer. However, when these markers are used individually for the diagnosis of GBC, inconsistent results have been obtained[7-10]. A recent study reported that S1P1 overexpression or ERp29 absence is related to carcinogenesis and progression, and are potential biomarkers for early detection of gallbladder adenocarcinoma[11]. We therefore hypothesized whether the combined use of tumor markers could avoid inconsistent results and increase the diagnostic sensitivity for GBC. 
In this study, we detected serum levels of tumor markers CEA, CA125, CA242 and CA199 in 78 patients with GBC, 78 patients with benign gallbladder diseases, and 78 healthy people. Our results showed that combined detection of these markers could increase the sensitivity for diagnosis and prognosis of GBC. 
MATERIALS AND METHODS

Ethics

This study was performed in compliance with the Helsinki Declaration and according to the protocol approved by the Medical Ethics Committee of the authors’ hospitals. All patients and participants were informed of the study and gave voluntary, signed informed consent.

Study subjects

A total of 234 subjects were enrolled in this study: 78 patients with GBC (30 male and 48 female), 78 patients with benign gallbladder diseases (cholecystitis, gallbladder polyps and gallbladder stones) who were admitted to Yangpu District Central Hospital and Eastern Hepatobiliary Surgery Hospital (Shanghai, China), and 78 healthy people who underwent physical examinations in the same hospitals between January 2010 and September 2012. The 78 GBC patients ranged in age from 45 to 73 years, with an average of 58.7 years. Their body mass index ranged from 19 to 24 kg/m2, with an average of 22. Cancer staging was performed according to the American Joint Committee on Cancer TNM staging system (7th Edition)/ classification system for patients with gallbladder cancer (2010), which showed seven cases of phase II GBC, 10 phase IIIA, 33 phase IIIB, 6 phase IVA , and 22 phase IVB. Of the 78 GBC cases, 73 were adenocarcinoma, including eight highly differentiated adenocarcinoma, 11 poorly differentiated adenocarcinoma, and 54 moderately differentiated adenocarcinoma. The remaining five cases were carcinoid GBC in two, squamous cell carcinoma in two, and squamous Signet ring cell carcinoma in one. Of the 78 GBC cases, 37 occurred in the gallbladder neck, 23 in the body, five in the bottom, and 13 in the duct of gallbladder[12]. All the GBC diagnoses were confirmed pathologically. None of the GBC patients had received radiotherapy, chemotherapy or endocrine therapy before surgery. Metastasis occurred in 53 out of the 78 GBC cases, including 36 cases with adjacent lymph node (LN) metastasis, 17 with distal LN metastasis, and 25 without observable metastasis. The 78 patients in the benign gallbladder disease group included 35 men and 43 women, with a mean age of 55 ± 6.4 years (range: 48–70 years). The 78 healthy people included 37 men and 41 women with a mean age of 61.6 ± 6.7 years (range: 40–75 years). Serum CA199, CA242, CEA and CA125 were detected before and after operation. Surgical modalities for the GBC group are shown in Table 1. Fasting cubital venous blood (5 mL) was drawn in the morning from each of the three groups and centrifuged at 4000 r/min. The supernatant was collected and preserved at –80°C before use. 

Detection of serum tumor markers 

Serum CA199, CA242, CEA and CA125 levels were detected by electroim- munoluminescence immunoassay (Cobas; Roche Diagnostics, Germany) at the Department of Biliary Surgery of the Eastern Hepatobiliary Surgery Hospital affiliated to the Second Military Medical University，Shanghai, China. The normal reference values were as follows: CEA ≤ 10 μg/L, CA125 ≤ 35 U/mL, CA242 ≤ 15 U/mL, and CA199 ≤ 39U/mL.

Statistical analysis
The data were expressed as mean ± SD. Measurement data between groups were compared with the t test, while enumerative data were compared with the χ2 test. The prediction value was calculated by receiver operating characteristic (ROC) curve analysis. Survival was analyzed by the Cox proportional hazards model. The statistical analysis was performed using SPSS version 17.0 statistical software (SPSS Inc, Chicago, IL, United States). All tests were two-tailed and P < 0.05 was considered statistically significant.
RESULTS

Serum levels of CEA, CA125, CA199 and CA242 

There were significant differences in the mean serum level and positive rate of CA125, CA199 and CA242 between the GBC and the other two groups (P < 0.01), while there was no significant difference between the healthy control and benign gallbladder disease groups (P > 0.05). There was no significant difference in serum CEA, CA125, CA199 and CA242 levels with respect to age and sex in the GBC group (P > 0.05). The results are shown in Tables 2–4.
Serum tumor markers in GBC patients with different clinicopathological features 
According to the stage, location and histological differentiation, the GBC group was subclassified by tumor location, stage,size and pathological type for calculation of the positive rate of the four serum tumor markers, using combined qualitative detection by a pathologist. The results showed that CA125, CA199 and CA242 levels in patients with gallbladder neck cancer were significantly higher than in those with cancer in the bottom portion. In addition, there were significant differences in serum CA125, CA199 and CA242 levels between GBC cases at different stages, tumor size and differentiation (Table 4). Analysis of the sensitivity of the four serum tumor markers at different stages of GBC showed that the sensitivity of CA125, CA199 and CA242 strengthened gradually with the progression of the clinical stages. There were significant differences between stage IVA, IVB and II (P < 0.05). The sensitivity of CA242 in stage II GBC was significantly better than that of CA125 and CA199 (P < 0.05) (Table 5), and therefore, CA242 could be regarded as a tumor marker of GBC infiltration in the early stage.

GBC diagnostic value of a single versus three tumor markers 
CA199 alone had the highest sensitivity of 71.7%, and CA242 alone had the highest specificity of 98.7% for the diagnosis of GBC. CA199 and CA242 had the most exactly validity (Table 6). ROC curves are shown in Figure 1. The sensitivity, specificity and positive predictive values were 91.0%, 94.9% and 17.8%, respectively, when any of the three markers exceeded the critical value vs 85.9%, 96.2% and 22.6% when two of the three markers exceeded the critical values, vs 69.2%, 100% and 100% when all the three markers exceeded the critical values. The sensitivity was 8.9% when all four markers exceeded the critical values. These results suggested that diagnosis of GBC based on combined detection of the tumor markers could increase the specificity but not sensitivity of diagnosis (Table 7). 

Correlations of CEA, CA125, CA199 and CA242 expression with LN metastasis in GBC
Serum CEA, CA125, CA199 and CA242 expression in GBC patients with and without LN metastasis was compared. Serum CA125, CA199 and CA242 levels in patients with LN metastasis were significantly higher than those in patients without LN metastasis (P < 0.01). Serum CA125, CA199 and CA242 levels in patients with distal LN metastasis were significantly higher than those in patients with adjacent LN metastasis (P < 0.05) (Table 8).

Follow-up results

During the follow-up period from 6 mo to 1 year, 17 patients died, and 31 patients lost contact for various reasons. The survival time in each patient was defined as the interval between the date of definitive resection and the date of last follow-up or death. In the 30 patients who completed the follow-up study, six experienced recurrence. Serum CA125, CA199 and CA242 levels in the recurrence group were significantly higher than those in the non-recurrence group 6 mo postoperatively (P < 0.01). Serum CA125, CA199 and CA242 levels in the non-recurrence group were significantly lower than those in the GBC group preoperatively (P < 0.01) (Table 9). Multivariate survival analysis using the Cox proportional hazards model showed that cancer of the gallbladder neck and CA199 expression level were independent prognostic factors (Table 10). Survival curves are shown in Figure 2.

DISCUSSION

The incidence of GBC has increased in recent years worldwide. How to treat GBC, assess the therapeutic effect, evaluate the prognosis, and predict postoperative recurrence in the early stage have aroused increasing attention in both clinical studies and practice[13,14]. In this study, we analyzed the diagnostic value of the four common clinical serum tumor markers, CA242, CEA, CA125 and CA199 for GBC, and compared serum levels of these markers in patients with GBC, patients with benign gallbladder disease, and healthy controls. Serum levels of CA242, CA125 and CA199 were significantly higher in the GBC than benign gallbladder disease and healthy control groups. Serum levels of the four markers were not significantly different between the benign disease and healthy control groups (P = 0.592–0.953). We also analyzed the effect of age and sex on serum levels of the four markers in GBC diagnosis. The differences in age and sex did not change the GBC diagnostic value of the markers. In addition, we investigated correlations of the four markers with the clinicopathological features of GBC. CA242, CA125 and CA199 levels in cancer of the gallbladder neck were significantly higher than in cancer located in the bottom portion. In addition, there were significant differences in the serum level of CA242, CA125 and CA199 between GBC with different differentiation. CA242, CA125 and CA199 increased with the progression of the GBC stage. There was a significant difference in the sensitivity of the four markers between stage IVA, IVB and II. The results showed that the sensitivity of CA242, CA125 and CA199 but not CEA increased gradually with the progression of the clinical stages. The sensitivity of CA199 was the highest, reaching 71.7%, and the specificity of CA242 was the highest, reaching 98.7%. When CA242, CA125 and CA199 exceeded the critical values, the sensitivity was 69.2%, the specificity was 100%, and the positive predictive rate was also 100%. When all four markers exceeded the critical values, the sensitivity was 8.9%. Diagnostic accuracy was highest with a combination of CA242, CA125 and CA199. These findings suggest that the combined use of these markers for the diagnosis of GBC could increase the specificity of diagnosis but not the sensitivity. The optimal cut-off values of the markers determined by ROC curve analysis could improve the diagnosis of GBC when used together with these markers, resulting in the optimal application of these common tumor markers promoting the clinical screening and diagnosis of GBC[ 15].

We found that serum CA242, CA125 and CA199 levels were significantly higher in patients with LN metastasis than in those without LN metastasis. Besides, serum CA242, CA125 and CA199 levels in patients with distal LN metastasis were significantly higher than in those with adjacent LN metastasis. Most researchers believe that CA199 is a better marker of malignant tumors. Serum CA199 is elevated most obviously in tumors of the digestive system, pancreas and biliary tract[16] . CA199 is not only a diagnostic indicator but a predictor of the therapeutic effect and prognosis of GBC. However, CA199 is not specific for GBC. Therefore, CA199 should be combined with other imaging tests to diagnose GBC[17]. CA125 is a good marker for the diagnosis of cholangiocarcinoma. Shukla et al[18-20] showed that CA125 has relatively high specificity because it is rarely affected by serological levels of inflammation and liver stones. Our research was not exactly consistent with that of Shukla et al[15]. Combined use of CEA and CA199 or CA125 can improve the diagnosis of cholangiocarcinoma[15,21-26], which is consistent with our study. The positive rate of serum CA242 was high in GBC patients but not in patients with benign gallbladder diseases or the normal control group. Tao et al[27] have suggested that combined detection of (-fetoprotein (AFP) and CA242 could improve the sensitivity and specificity of the diagnosis of cholangiocarcinoma. Rana et al[28] reported that CA242 was better than CEA and CA199 as a tumor marker for the diagnosis of GBC. The expression of CEA is high in most gastrointestinal tumors[29,30]. Stefanovic et al[31] found that CEA expression was significantly increased in GBC. However, Vij et al[32] suggested that CEA and AFP had little value for the diagnosis and prognosis of GBC. Our study also showed that CEA had limited value for the diagnosis and prognosis of GBC.
 In terms of a single marker for the diagnosis of GBC, CA199 has the highest sensitivity with relatively low specificity. It cannot be used alone as an effective tumor marker to identify GBC. CA242 has the highest specificity, probably because it is rarely affected by the serological level of liver inflammation and stone disease, nor is it affected by the low expression in the pancreatic duct system and pancreatic juice siltation. However, the expression of CA242 is high in almost all malignant tumors, and therefore cannot be used to differentiate between GBC and pancreas cancer[33]. 

The follow-up study in 30 cases showed that serum CA242, CA125 and CA199 levels in the recurrence group were significantly higher than those in the non-recurrence group. These levels in the non-recurrence group lower than those in GBC group as a whole before operation. Multivariate survival analysis using the Cox proportional hazards model showed that cancer of the gallbladder neck and CA199 expression level were independent prognostic factors[34-36].
Postoperative tumor recurrence and metastasis are major causes of death in GBC patients. To achieve a comprehensive and accurate understanding about the probability of postoperative recurrence and metastasis of GBC, efforts have been made to explore more effective clinical predictors. The tumor-related indicators in all individuals cannot be detected systemically and comprehensively due to limited economics and techniques[37], and therefore joint detection of specific tumor markers is of great significance[ 38].

In summary, the expression of CA242, CA125 and CA199 has an important application in assessing LN metastasis, monitoring recurrence, and clinical staging of tumors. Joint detection of CA242, CA125 and CA199 may prove to be useful for the diagnosis of GBC, assessment of therapeutic effect, and prediction of prognosis. CA242 could be a marker of GBC infiltration in the early stage. Cancer of the gallbladder neck and CA199 expression level were independent prognostic factors.
COMMENTS

Background

Early diagnosis and resection of gallbladder cancer (GBC) offer a chance of cure. It is therefore important to diagnose GBC early. However, there is no ideal single tumor marker for the diagnosis and prognosis of GBC. Moreover, when these markers are used individually for the diagnosis of GBC, inconsistent results have been obtained. The aims of this study were to determine whether the combined use of tumor markers cancer antigen (CA)199, CA242, carcinoembryonic antigen (CEA) and CA125 could increase the sensitivity for the diagnosis of GBC and the clinicopathological prognostic factors affecting survival and recurrence. 
Research frontiers

The authors analyzed the published literature on combined tumor marker detection for early diagnosis, treatment and prognosis of GBC, and found no other related or similar studies.
Innovations and breakthroughs

Combined detection of serum CA242, CA125 and CA199 had the highest specificity for the diagnosis of GBC. Diagnostic accuracy was highest with a combination of CA242, CA125 and CA199. CA242 can be regarded as a tumor marker of GBC infiltration in the early stage. The sensitivity of CA199 and CA242 increased with the progression of GBC stage, advanced lymph node metastasis and recurrence. Cox proportional hazards model for multivariate survival analysis showed that cancer of the gallbladder neck and CA199 expression level were independent prognostic factors.
Applications

The results suggest that combined detection of tumor markers can increase the specificity of GBC diagnosis. CA242 can be regarded as a tumor marker of GBC infiltration in the early stage. CA199 or cancer of the gallbladder neck is a valuable marker for assessing the therapeutic effect and predicting prognosis．

Peer review
This was a well-designed study and well-written paper on the role of tumor markers in the diagnosis of GBC. GBC has a dismal prognosis, and radical surgical resection offers the only chance of cure, but it is possible in only a small proportion due to advanced disease, and the rate of recurrence is high. This study contributes to the early diagnosis of the disease, influencing its prognosis. 
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Figure 1 Receiver operating characteristic curve. Receiver operating characteristic curves showing diagnostic performance of cancer antigen (CA) 199, CA125, CA1242 and carcinoembryonic antigen (CEA). The sensitivity of CA199 was the highest (71.7%) and the specificity of CA242 was the highest (98.7%). 
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Figure 2 Analysis of overall survival curves. Overall survival curves for 78 patients with gallbladder cancer (GBC). Kaplan–Meier survival curves in GBC patients with Cox proportional hazards model for multivariate regression analysis.
Table 1 Surgical modalities and their relationship with tumor stage in the gallbladder cancer group
	Surgical modality
	  TNM stage

	
	II
	IIIA
	IIIB
	IVA
	IVB

	C + N
	6
	8
	2
	
	

	C + WR + N
	1
	
	6
	
	4

	C + S4aS5 + N
	
	1
	7
	
	3

	C + ELH + N
	
	
	
	
	1

	C + ERH + N
	
	
	
	1
	

	C + BD + N
	
	
	
	
	

	C + WR + BD + N
	
	1
	6
	
	2

	C + S4As5 + BD + N
	
	
	4
	
	2

	C + CH + BD + N
	
	
	3
	
	1

	C + S4aS5 + other + N
	
	
	
	1
	1

	C + S4aS5 + other + N
	
	
	5
	
	

	C + ERH + BD + other + N
	
	
	
	1
	1

	HPD + N
	
	
	
	1
	

	Palliative resection
	
	
	
	1
	2

	Simple drainage
	
	
	
	1
	3

	Pure exploration
	
	
	
	
	2


BD: Bile duct resection; C: Cholecystectomy; CH: Central hepatectomy; ELH: Extended left hepatectomy; ERH: Extended right hepatectomy; HPD: Hepatopancreaticoduodenectomy; N: Lymphadenectomy; Other: Other organ tissue resection; S4aS5: Liver resection of segments IVa and V; WR: Wedge resection of the gallbladder fossae. 
Table 2 Comparison of serum cancer antigen 199, cancer antigen 125, cancer antigen 242 and carcinoembryonic antigen levels 
	Group
	n
	MFI (CEA)
	MFI (CA199)
	MFI (CA125)
	MFI (CA242)

	Control group
	78
	3.93 ± 2.04
	14.97 ± 8.91b
	10.48 ± 6.38b
	9.48 ± 3.43b

	Benign disease
	78
	3.83 ± 1.85
	15.17 ± 7.82c
	12.99 ± 6.99c
	10.19 ± 3.08c

	GBC
	78
	9.36 ± 3.58
	238.17 ± 346.36bc
	55.34 ± 81.78bc
	39.92 ± 45.9bc


Results are mean ± SD. bP < 0.01 vs control group; cP < 0.05 vs benign disease group. MFI: Mean fluorescence intensity; CA: Cancer antigen; CEA: Carcinoembryonic antigen; GBC: Gallbladder cancer.
Table 3 Positive rates of carcinoembryonic antigen, cancer antigen 125, cancer antigen 242 and cancer antigen 199 n (%)
	
	GBC
(n = 78)
	Benign gallbladder disease (n = 78)
	Healthy controls
(n = 78)

	CEA Pc 

CA242 Pc 

CA125 Pc 

CA199 Pc 

Combination Pc
	9 (11.5)

50 (64.1)b
35(44.8)b
56(71.7)b
7 (8.9)
	1 (1.2)

2 (2.5)

2 (2.5)

4 (5.0)

0 (0.0)
	2(2.5)

1 (1.2)

2 (2.5)

3 (3.8)

0 (0.0)


bP < 0.01 vs benign gallbladder disease and healthy control group. Combination = Carcinoembryonic antigen (CEA) + cancer antigen (CA)242 + CA125 + CA199. Pc: Positive cases; GBC: Gallbladder cancer.
Table 4 Correlations between gallbladder cancer markers, tumor size, location and staging  

	Group
	n
	MFI (CEA)
	MFI (CA199)
	MFI (CA125)
	MFI (CA242)

	Age (yr)
	
	
	
	
	

	≥ 50 
	45
	9.5 ± 4.3
	239.1 ± 324.6
	55.9 ± 86.6
	39.9 ± 42.9

	< 50 
	33
	9.2 ± 2.7
	236.9 ± 319.4
	54.6 ± 78.9
	39.9 ± 47.3

	Sex
	
	
	
	
	

	Male
	30
	9.3 ± 6.6
	234.6 ± 356.9
	54.8 ± 81.7
	38.5 ± 47.1

	Female
	48
	9.4 ± 3.8
	240.4 ± 298.7
	55.7 ± 89.5
	40.8 ± 49.9

	Tumor position 
	
	
	
	
	

	Neck
	37
	8.5 ± 3.9
	262.2 ± 177.8b
	62.1 ± 47.0b
	42.5 ± 45.9b

	Body
	23
	5.2 ± 4.2
	28.3 ± 20.7
	56.9 ± 99.7
	19.0 ± 21.6

	Bottom
	5
	3.3 ± 2.6
	27.6 ± 2.4b
	14.5 ± 6.5b
	8.5 ± 2.9b

	Cystic duct
	13
	21.5 ± 25.1
	622 ± 196.9
	49.0 ± 32.9
	81.7 ± 56.7

	Staging
	
	
	
	
	

	II
	7
	3.2 ± 2.2
	66.1 ± 6.3a
	17.7 ± 7.7a
	8.4 ± 3.3a

	IIIA
	10
	2.0 ± 0.9
	89.5 ± 8.2
	47.3 ± 38.2
	10.2 ± 9.9

	IIIB
	33
	6.9 ± 6.4
	205.5 ± 33.9a
	59.6 ± 114.1a
	22 ± 22.6a

	IVA
	6
	3.5 ± 3.3
	383.6 ± 55.5a
	58.1 ± 25.5a
	55.2 ± 25.3a

	IVB
	22
	19.9 ± 9.1
	418.7 ± 316.5a
	64.1 ± 50.5a
	86.2 ± 56.9a

	Tumor size
	
	
	
	
	

	> 5 cm
	20
	9.6 ± 2.2
	768.1 ± 272.9a
	82.9 ± 21.9a
	81.8 ± 53.1a

	≤ 5 cm
	58
	9.3 ± 1.2
	55.4 ± 68.7a
	45.8 ± 10.1a
	25.5 ± 32.9a

	Pathological type
	
	
	
	
	

	Highly differentiated
	8
	3.0 ± 2.0
	68.9 ± 5.9a
	16.7 ± 7.7a
	8.7 ± 3.1a

	Moderately differentiated
	54
	6.9 ± 5.9
	142.3 ± 200.4
	49.9 ± 9.9
	33.8 ± 41.3

	Poorly differentiated
	11
	3.5 ± 2.5
	649.1 ± 209.1a
	84.0 ± 29.4a
	73.4 ± 58.9a

	Carcinoid
	2
	20.9 ± 14.6
	766.3 ± 330.5a
	121.3 ± 45.2a
	62.7 ± 9.4a

	Squamous cell carcinoma
	2
	107.5 ± 69.1
	334.4 ± 14.9a
	116.0 ± 103.1a
	108.5 ± 58.7a

	Signet ring cell carcinoma
	1
	31
	1000a
	89.3a
	69.3a


Results are mean ± SD. aP < 0.05, bP < 0.01 vs control group. MFI: Mean fluorescence intensity; CA: Cancer antigen; CEA: Carcinoembryonic antigen.
Table 5 Analyses of the sensitivity of tumor markers in different stages of gallbladder cancer n (%)
	Clinical stages
	Cases (n)
	CEA
	CA199
	CA242
	CA125

	II
	7
	1 (14.2)
	3 (42.8)a
	4 (57.1)a,c
	2 (28.5)a

	IIIA
	10
	1 (10)
	5 (50)
	6 (60)
	3 (30)

	IIIB
	33
	2 (6)
	18 (54.5)
	20 (60.6)
	14 (42.4)

	IVA
	6
	2 (33.3)
	4 (66.6)
	4 (66.6)
	3 (50)

	IVB
	22
	3 (13.6)
	16 (72.7)
	16 (72.7)
	13 (59)


aP < 0.05 vs sensitivity of stage IVA,B; cP < 0.05 vs sensitivity of CA125 and CA199. CA: Cancer antigen; CEA: Carcinoembryonic antigen.
Table 6 Evaluation of diagnostic value of a single tumor marker in 78 gallbladder cancer cases

	Diagnostic 

value
	n
	Sensitivity 
	Specificity
	Positive likelihood

ratio
	Negative likelihood

ratio

	CEA
	9
	11.5%
	97.4%
	4.42
	0.91

	CA199
	56
	71.7%
	96.1%
	18.4
	0.29

	CA242
	50
	64.1%
	98.7%
	49.5
	0.36

	CA125
	35
	44.8%
	96.2%
	11.79
	0.57


Sensitivity = true positive/patients × 100%; Specificity = true negative/normal × 100%; Positive likelihood ratio = sensitivity/(1 – specificity); Negative likelihood ratio = (1 – sensitivity)/specificity. CA: Cancer antigen; CEA: Carcinoembryonic antigen.
Table 7 Analyses of different combinations of markers in gallbladder cancer diagnosis

	Group
	n
	1 Item (+)
	2 Item (+)
	3 Item (+)
	4 Item (+)

	Normal
	78
	4 (5.1)
	3 (3.8)
	0 (0)
	0 (0)

	Gallbladder cancer (GBC)
	78
	71 (91.0)
	67 (85.9)
	54 (69.2)
	7 (8.9)

	Positive likelihood rate
	
	17.8%
	22.6%
	100%
	100%


Table 8 Correlations between carcinoembryonic antigen, cancer antigen 125, cancer antigen 242 and cancer antigen 199 expression and lymph node metastasis 

	Indicators
	No LN metastasis

(n = 25)
	Adjacent LN metastasis

(n = 36)
	Distal LN metastasis

(n = 17)

	CEA μg/L
	7.5 ± 3.4
	9.5 ± 5.9
	9.8 ± 3.6

	CA199 U/mL
	122.2 ± 117.2
	237.4 ± 189.5b
	491.2 ± 222.5a,b

	CA242 U/mL
	9.5 ± 2.9
	38.5 ± 15.7b
	58.7 ± 29.6a,b

	CA125 U/mL
	13.5 ± 16.5
	43.6 ± 37.9b
	61.8 ± 67.8a,b


Results are mean ± SD. aP < 0.05, bP < 0.01 vs patients without lymph node (LN) metastasis. CA: Cancer antigen; CEA: Carcinoembryonic antigen.
Table 9 Carcinoembryonic antigen, cancer antigen 125, cancer antigen 242 and cancer antigen 199 expressions during follow-up 
	Groups
	n 
	CEA
	CA199
	CA242
	CA125

	Non-recurrence group
	22
	7.34 ± 2.14
	78.65 ± 86.43d
	12.41 ± 1.25d
	11.96 ± 2.37d

	Recurrence group
	8
	9.34 ± 3.04
	219.74 ± 321.63b
	34.54 ± 8.38b
	53.88 ± 8.2b


Results are mean ± SD. bP < 0.01 vs non-recurrence group; dP < 0.01 vs gallbladder cancer (GBC) group. CA: Cancer antigen; CEA: Carcinoembryonic antigen.
Table 10 Results of Cox proportional hazards model for multivariate regression analysis
	Prognostic factor
	Parameter estimate
	Wald χ2
	P
	Hazard ratio
	95% CI

	CEA
	-0.043
	0.498
	0.480
	0.957
	0.849-1.080

	CA199
	0.005
	12.076
	0.001
	1.005
	1.002-1.009

	CA242
	-0.007
	0.386
	0.535
	0.993
	0.972-1.015

	CA125
	0.003
	0.714
	0.398
	1.003
	0.996-1.009

	Surgical modality
	0.569
	2.450
	0.118
	1.766
	0.866-3.599

	LN metastasis
	1.191
	3.276
	0.070
	3.291
	0.906-11.957

	Position (neck)
	-1.578
	6.358
	0.012
	0.206
	0.061-0.704

	Age
	-0.010
	0.073
	0.787
	0.990
	0.922-1.063

	Sex
	0.796
	2.508
	0.113
	2.216
	0.828-5.932


Multivariate survival analysis using the Cox proportional hazards model for independent prognostic factors of gallbladder cancer (GBC). P < 0.05 was considered statistically significant. CA: Cancer antigen; CEA: Carcinoembryonic antigen; LN: Lymph node.
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