Name of journal: World Journal of Gastroenterology
ESPS Manuscript No: 1317
Columns: Brief Article
Decision making for pancreatic resection in patients with intraductal papillary mucinous neoplasms
Xu B et al. Pancreatic resection decision for IPMNs 

Bin Xu, Wei-Xing Ding, Da-Yong Jin, Dan-Song Wang, Wen-Hui Lou
_____________________________________________________________________
Bin Xu, Wei-Xing Ding, Department of General Surgery, Shanghai Tenth People’s Hospital, Tongji University School of Medicine, Shanghai 200072, China

Da-Yong Jin, Dan-Song Wang, Wen-Hui Lou, Department of General Surgery, Zhong Shan Hospital, Fudan University, Shanghai 200032, China

Author contributions: Xu B and Ding WX contributed equally to this work; Xu B and Lou WH designed the research; Xu B, Ding WX, Jin DY, Wang DS and Lou WH performed the research; Ding WX, Jin DY and Lou WH analyzed the data; Bin Xu B wrote the paper.

Supported by The National Natural Science Foundation of China, No. 81001007; the Program for Young Excellent Talents in Tongji University, No. 2008KJ060; and Youth Fund of the Shanghai 10th People’s Hospital, No. 10RQ105

Correspondence to: Wen-Hui Lou, MD, Department of General Surgery, Zhong Shan Hospital, Fudan University, Shanghai 200032, China. wenhuilou@yahoo.com.cn  
Telephone: + 86-21-64041990           Fax: +86-21-64038472
Received: December 1, 2012            Revised: January 24, 2013 
Accepted: February 5, 2013

Published online: 

Abstract
AIM: To identify a practical approach for preoperative decision-making in patients with intraductal papillary mucinous neoplasms (IPMNs) of the pancreas. 
METHODS: Between March 1999 and November 2006, the clinical characteristics, pathological data and computed tomography/ magnetic resonance imaging (CT/MRI) of 54 IPMNs cases were retrieved and analyzed. The relationships between the above data and decision-making for pancreatic resection were analyzed using SPSS 13.0 software. Univariate analysis of risk factors for malignant or invasive IPMNs was performed with regard to the following variables: carcinoembryonic antigen, carbohydrate antigen 19-9 (CA19-9) and the characteristics from CT/MRI images. Receiver operating characteristic (ROC) curve analysis for pancreatic resection was performed using significant factors from the univariate analysis. 
RESULTS: CT/MRI images, including main and mixed duct IPMNs, tumor size > 30 mm or a solid component appearance in the lesion, and preoperative serum CA19-9 > 37 U/mL had good predictive value for determining pancreatic resection (P < 0.05), but with limitations. Combining the above factors (CT/MRI images and CA19-9) improved the accuracy and sensitivity for determining pancreatic resection in IPMNs. Using ROC analysis, the area under the curve reached 0.893 (P < 0.01, 95%CI: 0.763-1.023), with a sensitivity, specificity, positive predictive value and negative predictive value of 95.2%, 83.3%, 95.2% and 83.3%, respectively. 
CONCLUSION: Combining preoperative CT/MRI images and CA19-9 level may provide useful information for surgical decision-making in IPMNs.
© 2013 Baishideng. All rights reserved.
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Core Tips: Malignant or invasive predictive factors for intraductal papillary mucinous neoplasms (IPMNs) were discussed in many articles, but preoperative criteria have not been available to determine pancreatic resection in IPMNs. As the nature of IPMNs cannot be identified clearly before operation, it is still difficult to accurately judge which case should be resected in IPMNs. We investigated the effect of the combination of preoperative serum carbohydrate antigen 19-9 level and computed tomography/ magnetic resonance imaging findings for preoperative decision-making in IPMNs treatment, and established a new and practical criterion for determining pancreatic resection in IPMNs. This may be a useful and pragmatic guideline for decision-making on surgical management of IPMNs.
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INTRODUCTION
There is a controversy between pancreatic resection and close follow-up for the treatment of intraductal papillary mucinous neoplasms (IPMNs). The prognosis of noninvasive IPMNs is better than that of invasive IPMNs. The overall prognosis of IPMNs is better than that of pancreatic adenocarcinomas
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. When noninvasive IPMNs transform into invasive IPMNs, the prognosis of this disease is as poor as that of pancreatic ductal adenocarcinomas
 ADDIN EN.CITE 
[3,4]
. There is no good way of monitoring this malignant transformation. Considering the nature of potential malignant transformation, some surgeons think that all IPMNs should be resected. However, for patients with benign lesions, close follow-up may be reasonable, as pancreatectomy may have severe adverse consequences due to its high mortality (15% at immature clinics) and high rate of postoperative complications (49%)5[]
. It is increasingly clear that not all IPMNs should be resected immediately
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[6,7]
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. Wang et al8[]
 reported that there was no significant difference in the 5-year survival rate between resected IPMNs and non-resected IPMNs. He also suggested that resection is not justified in elderly patients with high surgical risks, especially in asymptomatic and aged patients. A prospective study on the management of 109 asymptomatic patients also indicated that careful non-operative management seemed to be safe and effective9[]
. Therefore, it is crucial to establish a protocol to determine which IPMNs should be resected.

According to the Sendai consensus guidelines10[]
, all main duct IPMNs, symptomatic branch duct IPMNs and IPMNs > 3 cm in size accompanying mural nodules should be resected. The presence of mural nodules is a very reliable malignant predictor in IPMNs. However, there is controversy regarding lesion size > 3 cm as a reliable indicator11[]
. The Sendai Criteria also showed that more data are needed to determine whether all branch duct IPMNs > 30 mm in size should be resected immediately10[]
. The Sendai criteria have a very high negative predictive value (NPV) and low positive predictive value (PPV)
 ADDIN EN.CITE 
[12]
, which may miss some malignant cases
 ADDIN EN.CITE 
[12]
. Moreover, the management of some asymptomatic branch duct IPMNs < 30 mm in size is not clear using these criteria10[]
. Therefore, preoperative guidelines for surgical decision-making in IPMN patients need to be investigated13[]
.
However, much work have been done to clarify the characteristics of malignant or invasive IPMNs. Both computed tomography (CT) and magnetic resonance imaging (MRI) examinations have good predictive value for invasive IPMNs. They have similar functions in pancreatic diagnosis14[]
, evaluating the extent of tumor invasion and judging the resectability of pancreatic tumors15[]
. In addition, a high serum carbohydrate antigen 19-9 (CA19-9) level is associated with malignant pancreatic disease
 ADDIN EN.CITE 
[16-19]
. Because not all lesions predicted to be malignant or invasive are suitable for surgery (e.g., advanced malignancy or those wrongly predicted to be malignant), and some lesions predicted to be benign may require surgery (e.g., borderline tumors or those wrongly predicted to be benign), there are differences between the prediction for malignant or invasive IPMNs and the prediction for surgical decision-making. A pragmatic approach for pancreatic resection decision-making in IPMN patients is lacking. Serum CA19-9 and CT/MRI scans are useful in predicting malignant/invasive IPMNs, but their function in surgical decision-making for IPMNs is still unclear. Moreover, the value of the combination of preoperative serum CA19-9 and dynamic enhanced thin-slice CT/MRI scanning in operative decision-making is also unknown. Therefore, in this study, the above problems were investigated and a simple and pragmatic approach for surgical decision-making in IPMNs was designed.
MATERIALS AND METHODS
Clinical data
Fifty-four patients with IPMNs of the pancreas observed from March 1999 to November 2006 were retrospectively reviewed. Clinical data and tumor marker levels, including carcinoembryonic antigen (CEA) and cCA19-9, were collected. All patients underwent surgery and had a confirmed pathological diagnosis. Dynamic enhanced thin-slice CT/MRI images were objectively reevaluated by two radiologists and the final decision was made by consensus. The parameters of CT/MRI images included the type of tumor, the morphology of the lesion, the size of the lesion, the diameter of the main pancreatic duct, the diameter of the common bile duct, the septum appearance of the lesion, the solid component appearance in the lesion, and the patulous intraductal papilla.
Premise and hypothesis: gold standard for pancreatic resection in IPMNs
IPMNs include adenomas, borderline tumors, adenocarcinoma in situ, and invasive IPMNs. Malignant IPMNs include adenocarcinoma in situ and invasive IPMNs. Benign IPMNs include adenomas and borderline tumors. By analyzing the postoperative pathological diagnosis and the clinicopathological stage, we found that some of the 54 patients required surgery, while other patients with benign diseases or more advanced stages were not suitable for pancreatic resection. Because borderline tumors have a  high potential to change to malignant tumors, borderline tumors or malignant tumors with stage 0, Ⅰ and Ⅱ(UICC 6th edition, 2002) at pathological diagnosis were the gold standard (criterion-G) for surgical resection of IPMNs. According to criterion-G, the 54 cases were divided into two groups: the operative group who required surgical resection and the observational group who required close follow-up. The predictive value of preoperative serum CA19-9 level, CT/MRI scan, or their combination for determining surgical resection were then investigated. 
Statistical analysis

Statistical analysis was carried out using SPSS 13.0 for Windows. All continuous data were presented as mean ± SD. Categorical variables were compared by the (2 test or Fisher’s exact test. The independent-samples t test were used to compare the means of the two groups. Logistic regression analysis was performed to identify independent risk factors; receiver operating characteristic (ROC) curve analysis was used to observe predictive values. P < 0.05 was considered statistically significant.
RESULTS
Clinical and pathological results

There were 36 male and 18 female patients in this study. The average age was 61.43 ± 8.24 years (range, 43-81 years). Conventional pancreatoduodenectomy was performed in 40 patients, total pancreatectomy was performed in 4 cases, distal pancreatectomy with splenectomy was performed in 5 cases, and distal pancreatectomy without splenectomy was performed in 1 case. Biopsy was carried out in 4 cases due to superior mesenteric artery (SMA) invasion, celiac trunk invasion or liver metastasis. The perioperative mortality rate was zero. Postoperative pathological diagnosis of IPMNs showed that there were 8 cases of adenoma, 8 cases of borderline tumors, 2 cases of adenocarcinoma in situ, and 36 cases of invasive IPMNs. There were 6 IPMN cases with a positive margin status, including 5 cases with pancreatic intraepithelial neoplasia 1 (PanIN-1) and 1 case with PanIN-3. According to the stage of pancreatic malignant tumor (UICC, 6th edition), there were 2 Stage 0, 3 Stage ⅠＡ, 4 StageⅠＢ, 20 StageⅡＡ, 5 Stage ⅡＢ, 3 Stage Ⅲ and 1 Stage Ⅳ in 38 malignant IPMNs.
Decision-making for pancreatic resection by CT/MRI scans
In 54 patients, 42 patients required surgery according to criterion-G. Following univariate analysis, non-branch duct IPMNs (main-duct and mixed IPMNs), lesions > 30 mm, the cystic and solid appearance of the lesion, the extended main pancreatic duct > 8.25 mm, the dilated common bile duct > 8.7 mm and the solid component appearance in the lesion from CT/MRI images were associated with pathologic findings for invasive IPMNs (Table 1). These features which were considered invasive characteristics from CT/MRI images were then further evaluated to predict surgical decision-making in IPMNs using ROC analysis. This evaluation showed that lesions > 30 mm, non-branch duct IPMNs and the solid component appearance in the lesion were good predictors for determining surgical resection (Figure 1). The patulous intraductal papilla was not analyzed due to a limited number of cases. However, all five cases with patulous intraductal papilla (3 malignant and 2 borderline tumors) harbored malignant potential, and many previous studies have indicated that patulous intraductal papilla is highly associated with invasive IPMNs. Thus, patulous intraductal papilla was also regarded as one of the invasive characteristics in IPMNs in our study. Next, our hypothesis (criterion-CT/MRI) was examined: pancreatic resection would be performed if the patient had any of the following factors on CT/MRI images: lesion size > 30 mm, non-branch duct IPMNs (main-duct and mixed), a solid component appearance in the lesion or patulous intraductal papilla, but no involvement of crucial vessels, such as SMA or celiac trunk, and definitive distant metastasis. According to criterion-CT/MRI, 95% of patients were correctly judged as requiring surgery. Using Fisher’s exact test, it was confirmed that criterion-CT/MRI had good predictive value for determining pancreatic resection in IPMNs (P < 0.05). The sensitivity of criterion-CT/MRI was 95% and the specificity was 50%. The PPV and NPV were 91.3% and 100%, respectively.
Decision-making for pancreatic resection by preoperative serum CA19-9 levels
Thirty-eight cases were malignant and 16 cases were non-malignant IPMNs. Following univariate analysis, jaundice, direct bilirubin > 6.0 μmol/L, γ-GT > 50 U/L, alkaline phosphatase (ALP) > 115 U/L and CA19-9 > 37 U/mL were significantly associated with malignancy (Table 2). Using multivariate analysis, only CA19-9 > 37 U/mL was identified as an independent predictor of malignant IPMNs. The ROC curve also showed that CA19-9 had much better predictive potential for malignant IPMNs than the other factors (Figure 2). The relationship between the high level of serum CA19-9 and surgical decision-making was investigated. The higher the level of serum CA19-9, the higher the possibility of surgery for IPMNs (P = 0.013). The sensitivity of CA19-9 > 37 U/mL for determining surgery was 57% and the specificity was 84%. The PPV and NPV were 100% and 33%, respectively. 
Operative decision-making by the combination of serum CA19-9 and CT/MRI scans 
Serum CA19-9 alone had a low sensitivity and NPV for predicting surgical decision-making for pancreatic resections. CT/MRI scans alone had a low specificity. High sensitivity, specificity, PPV and NPV are necessary for pancreatic resection decision-making. Therefore, the predictive value of combining CA19-9 level and CT/MRI scan images was evaluated. Our final approach (criterion-F) was as follows: patients with negative criterion-CT/MRI and serum CA19-9 ≤ 37 U/mL would be watched, and the remaining patients would undergo pancreatic resection. The value of criterion-F was analyzed by ROC curve analysis (Figure 3). The area under the curve was 0.893 (95%CI: 0.763-1.023), and its sensitivity was 95.2%, specificity was 83.3%, PPV was 95.2% and NPV was 83.3%.
DISCUSSION

Pancreatic resection is necessary for invasive IPMNs, while close follow-up is also feasible for definitive benign IPMNs
 ADDIN EN.CITE 
[20,21]
. Until now, it has not been possible to effectively identify the nature of IPMNs preoperatively, therefore, it is difficult to accurately judge which IPMNs should be resected. Cytological biopsy from ERCP or fine needle aspiration has a high specificity for differentiation between benign and malignant IPMNs, however, their sensitivity is very low22[]
 and are less feasible and convenient than serum CA19-9 or CT/MRI scans. The value of CT/MRI scans in pancreatic diseases has been demonstrated23[]
. Moreover, 
many predictive factors of malignant or invasive IPMNs were reported, including serum CA19-9
[19,24]
, jaundice
 ADDIN EN.CITE 
[25]
, tumor size > 3 cm21[]
, dilatation of the main pancreatic duct26[]
, and the presence of patulous papilla
 ADDIN EN.CITE 
[27,28]
. Predictors of malignant or invasive IPMNs may help surgical decision-making. However, their value in pancreatic resection decision-making for IPMNs, especially the value of combining preoperative serum CA19-9 and CT/MRI scans, have not been evaluated.
According to criterion-G, 54 patients were divided into the operative group (42 cases) and the watched group (13 cases). In the univariate analysis, main and mixed duct IPMNs, tumor size > 30 mm, an extended main pancreatic duct > 8.25 mm, common bile duct > 8.7 mm and the solid component appearance in the tumor from CT/MRI images were associated with pathologic findings of invasive IPMNs. However, only three parameters had good predictive value for surgical decision-making: main and mixed duct IPMNs, tumor size > 30 mm and the solid component appearance in the lesion. The patulous intraductal papilla has been reported to be a malignant sign in IPMNs by many researchers
 ADDIN EN.CITE 
[7,29]
 and our all IPMN patients with patulous intraductal papilla required pancreatic resections, thus we combined it with the above three parameters to form criterion-CT/MRI. 
Our data showed that criterion-CT/MRI or CA19-9 > 37 U/mL alone showed good predictive value for determining pancreatic resection in IPMNs (P < 0.05), however, they both had limitations. The specificity of criterion-CT/MRI was only 50%. The sensitivity of CA19-9 > 37 U/mL was just 57% and the NPV of CA19-9 > 37 U/mL was just 33%. Thus, CA19-9 level and criterion-CT/MRI were combined to improve the accuracy and sensitivity. This led to our final approach (criterion-F): patients with negative criterion-CT/MRI and normal CA19-9 level (≤ 37 U/mL) would be observed; while the remaining patients would undergo pancreatic resection. Criterion-F had higher accuracy for pancreatic resection decision-making in IPMNs, with acceptable sensitivity, specificity, PPV and NPV (95.2%, 83.3%, 95.2% and 83.3%, respectively). 
The Sendai criteria10[]
 have a high NPV, but PPV is low (14-22%)
 ADDIN EN.CITE 
[30]
. Moreover, the management of some IPMNs, such as lesions > 3 cm without main pancreatic duct dilation or mural nodules, is not very clear using the Sendai criteria. The management of some asymptomatic branch duct IPMNs < 30 mm in size is also not clear using the Sendai criteria10[]
. Our criterion-F can be applied in all patients, including the patients mentioned above. According to our criterion-F, a very small number of patients would be misjudged. This small number may be less than 3% of all patients, which is acceptable considering the high risk of mortality due to pancreatic resection (3%-15%)5[]
. For elderly patients, there is controversy over operative therapy. The implementation of our criterion-F should be appropriately adjusted, especially for noninvasive IPMNs, because the time required for the noninvasive type to develop into the invasive type might be longer than an elderly patient’s life expectancy31[]
.
In conclusion, a combination of serum CA19-9 and CT/MRI findings may be necessary for surgical decision-making in IPMNs. Criterion-F is effective for making the correct surgical decision, and can be used in all IPMNs. Of course, this study has limitations due to its retrospective design and relatively small sample size. Our findings should be further audited and improved by prospective large-scale clinical trials.

COMMENTS

Background
Due to the potential of malignant transformation from benign intraductal papillary mucinous neoplasms (IPMNs), all patients with IPMNs were previously recommended to undergo pancreatic surgery. There is currently more data available to support non-operative management of some benign IPMNs which is reasonable and feasible. However, it is difficult for surgeons to distinguish between benign and malignant IPMNs preoperatively and make decisions regarding pancreatic resection for IPMNs.
Research frontiers
Although there have been several articles on the malignant or invasive predictive factors for IPMNs, accurate preoperative criteria have not been available to determine pancreatic resection in IPMNs. Surgical decision-making for individual patients with IPMNs is still difficult. It is important to identify a practical approach for preoperative decision-making in IPMNs.
Innovations and breakthroughs
The combined strategy of serum carbohydrate antigen 19-9 level and computed tomography/ magnetic resonance imaging provided useful information for preoperative surgical decision-making in IPMNs, with acceptable sensitivity, specificity, positive predictive value and negative predictive value of 95.2%, 83.3%, 95.2% and 83.3%, respectively.
Applications
It would be helpful for surgeons to determine which IPMNs should be resected.

Terminology
IPMN: This is a type of neoplasm which grows within the pancreatic ducts (intraductal) and is characterized by the production of thick fluid by the tumor cells.
Peer review
The paper provides a practical approach for preoperative surgical decision-making for IPMNs. The topic is very interesting, the results are applicable and the conclusions are valuable.
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Figure 1 Characteristics of computed tomography/ magnetic resonance imaging. Receiver operating characteristic analysis showed that non-branch duct intraductal papillary mucinous neoplasms, lesion size > 30 mm and a solid component appearance in the lesion had great significance for predicting pancreatic resection, and the area under the curve reached 0.76 (P = 0.012, 95%CI: 0.569-0.964), 0.867 (P = 0.001, 95%CI: 0.758-0.976) and 0.76 (P < 0.01, 95%CI: 0.623-0.910), respectively. 
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Figure 2 The predictors of malignant intraductal papillary mucinous neoplasms. Receiver operating characteristic analysis showed that γ-GT > 50 U/L, alkaline phosphatase > 115 U/L or carbohydrate antigen 19-9 (CA19-9) > 37 U/mL effectively predicted malignant intraductal papillary mucinous neoplasms. However, the area under the curve for CA19-9 > 37 U/mL was the largest among the three indices and reached 0.939 (P < 0.01, 95%CI: 0.843-1.035).
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Figure 3 The predictive value of the combination of carbohydrate antigen 19-9 and computed tomography/ magnetic resonance imaging (criterion-F). The area under the curve by receiver operating characteristic analysis reached 0.893 (P < 0.01, 95%CI: 0.763-1.023).
Table 1 Univariate predictors of invasive intraductal papillary mucinous neoplasms
Factors     Noninvasive          Invasive         t/(2        P value

Gender  

Male            12              24  
Female           6             12                 0.00           1.00

Age (yr)   60.00±8.48           61.94± 7.76          -0.84           0.40

Size of lesion (mm)1   
≤30            16             2

>30           2              20                 25.47          < 0.01

Type        

Non-branch duct      10                  36

Branch duct     8             0                  18.78          < 0.01

Morphology of the lesion1
Unilocular cystic      4                   0

Multiocular cystic     14                  6

Cystic and solid   0           16                 23.03          < 0.01

Septum
Yes      12                 6

No       6                 30                   20.0          0.072

Solid appearance

Yes      1                  26
No       17                 10                  21.33          < 0.01

Diameter of main pancreatic duct (mm)

≤8.25     18                  20         
>8.25     0                  16                  11.36          < 0.01

Diameter of common bile duct (mm)

≤8.7     18                  12                
>8.7     0                  24                  21.60          < 0.01

1Not including main-duct intraductal papillary mucinous neoplasms.
Table 2 Univariate predictors of malignant intraductal papillary mucinous neoplasms
Factors    Benign       Malignant              t/(2         P value

（n=16）              (n=38)

     
Gender  

Male      10                  26  

Female     6                  12                  .0.18          0.67

Age (yr)  61.75±7.22        61.29±8.72             -0.18          0.85

Lumbodorsal pain        

Yes        0                   3               
No         10                  31                  1.50          0.22
Jaundice            

Yes        0                  19               

No        16                  19                 12.34          <0.01
Direct bilirubin (μmol/L)

≤6.0      14                 12

>6.0      2                  26                  14.10         <0.01

ALP (U/L)                 

≤115       13                  12

>115       3                   26                  9.26          0.02
γ-GT (U/L)                 

≤50          13                 10 
>50        3                  28                  13.8         <0.01

CA19-9 (U/mL)    

≤37         14                  8

>37        2                  30                  20.59        <0.01

CEA (ng/mL)
 ≤5        15                  33
>5         1                   5                  0.54         0.65

ALP: Alkaline phosphatase; CEA: Carcinoembryonic antigen; CA19-9: Carbohydrate antigen 19-9.
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