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Abstract

Objectives—To describe the characteristics of intraductal papillary mucinous neoplasms 

(IPMNs) with predominant involvement of the main pancreatic duct (MPD), analyzing predictors 

for survival and recurrence.

Background—IPMNs involving the MPD harbor a high likelihood of malignancy and different 

biological features. The appropriateness of including cases with minimal noncircumferential MPD 

involvement has been challenged because these show clinicopathological features that are similar 

to branch duct IPMN. Accordingly, their exclusion has led to a redefinition of MPD IPMN (MD-

IPMN).

Methods—Retrospective review of resected MD-IPMN from 1990 to 2013. All slides were 

reviewed by a single pancreatic pathologist and classified on the basis of epithelial type and 

invasive component.

Results—A total of 223 patients underwent resection for IPMN involving the MPD. Of these, 50 

were excluded because of minimal MPD involvement. Among the 173 patients analyzed, median 

age was 68 years and 55% were males. Predominant epithelial phenotype was intestinal (50%). 

Forty-eight patients (28%) had low- or intermediate-grade dysplasia, whereas 125 (72%) had 

either high-grade dysplasia (33%) or invasive carcinoma (39%). Of the 67 invasive IPMNs, 39 

were tubular carcinomas (58%) and invasion was minimal (<5 mm) in 28 (42%). The 5-year 

overall survival rate was 69% and the disease-specific survival rate was 83%. The estimated 

recurrence rate at 10 years was 25%. Size and type of the invasive component, lymph node 

positivity, and a positive resection margin were predictors for both survival and recurrence (P < 
0.05).

Conclusions—MD-IPMN is mainly intestinal-type and malignant. After resection, it has a very 

favorable prognosis, especially in the absence of macroscopic invasive carcinoma.

Reprints: Carlos Fernández-del Castillo, MD, Department of Surgery, Massachusetts General Hospital, Harvard Medical School, 
Wang Ambulatory Care Center 460, 15 Parkman St, Boston, MA 02114. cfernandez@partners.org. 

Disclosure: Supported by National Institutes of Health/National Cancer Institute grants R01CA169086 and P01CA117969 (to S.T.). 
The other authors declare no conflict of interest.

HHS Public Access
Author manuscript
Ann Surg. Author manuscript; available in PMC 2017 September 26.

Published in final edited form as:
Ann Surg. 2015 May ; 261(5): 976–983. doi:10.1097/SLA.0000000000000813.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Keywords

cystic neoplasm; IPMN; intraductal papillary mucinous neoplasm; MD-IPMN; pancreas

As our understanding of intraductal papillary mucinous neoplasms of the pancreas (IPMNs) 

has evolved, their heterogeneity has become apparent. One of the first distinctions made was 

the site of involvement. Thirty years ago, when IPMNs were first described, the majority of 

reported cases involved the main pancreatic duct (MPD).1–3 With time, clinicians and 

pathologists became aware that the disease could also originate in the branches of the 

pancreatic ductal system.4–6 The distinction is important because main duct (MD) IPMNs, 

whether symptomatic or not, have a high rate of malignancy, whereas branch duct (BD) 

IPMNs, which very often are incidentally discovered, have a much lower rate.7–10 These 

observations eventually led to management algorithms, like the Sendai guidelines,11 

recommending resection for all MD-IPMNs, but observation for asymptomatic BD-IPMNs 

that have a low risk of malignancy, assessed by size and other morphologic features.11–13

Historically, IPMNs that involve both the MPD and its branches (referred to as either 

combined or “mixed” IPMNs) have been categorized together with MD-IPMN, based on the 

fact that their epidemiology and risk of malignancy were believed to be similar.14 However, 

not infrequently the classification of the IPMN type was done after resection, and the 

presence of histological involvement, often minute, led to placement in the mixed category 

of BD-IPMNs that otherwise had no radiologic or gross involvement of the main duct.15 

Review of these cases has shown that this minimal involvement does not carry the same 

malignant potential as MD-IPMN, and has prompted revision of the definitions of mixed 

type IPMN.16 The exclusion of cases of mixed type IPMN with only minimal involvement 

of the main duct has thus led to a redefinition of MD cases.

The aim of this study is to describe the clinical and pathological features of a large cohort of 

IPMNs that predominantly affect the MPD, and to identify predictors for recurrence and 

survival after resection.

MATERIAL AND METHODS

Study Population

After approval by the institutional review board of the Massachusetts General Hospital, the 

prospectively collected database of patients operated for IPMN was queried. From March 

1990 to January 2013, 430 patients underwent surgical resection for IPMN.

Demographic information, symptoms at presentation, radiological workup, surgical 

procedures, pathology report, and postoperative course data were retrieved. For survival and 

recurrence analysis, both retrospective review of electronic medical records and follow-up 

phone calls to patients or referring physicians, according to our institutional protocol, were 

carried out.
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Pathologic Examination

All slides from resected specimens were rereviewed by a single gastrointestinal pathologist 

with expertise in the field (MM-K). Of the 430 IPMN specimens, 223 (52%) had 

involvement of the MPD on microscopic examination (Fig. 1). However, 50 (22%) of those 

cases did not show gross abnormalities of the MPD (except for dilation) and only exhibited 

noncircumferential involvement of the MPD by mucinous epithelium limited to few sections 

(“minimal main” mixed type IPMN), and were therefore excluded from the analysis. The 

remaining 173 patients with IPMN involving the MPD almost exclusively or extensively 

formed the study cohort.

The epithelial dysplasia was graded as low (mild), intermediate (moderate), and high 

(severe) according to the 2010 World Health Organization classification system.17 If 

different grades coexisted in one lesion, the highest degree of dysplasia was recorded. 

Epithelial subtypes of the intraductal component were classified as gastric, intestinal, 

pancreatobiliary, and oncocytic types based on cytomorphological features of the papillae 

and, when available, immunohistochemical demonstration of MUC1, MUC2, and MUC5A 

glycoproteins.18–20 IPMN lesions not infrequently exhibit multiple epithelial types; in such 

cases, the most prevalent epithelium associated with the highest degree of dysplasia was 

captured for analysis. If present, an invasive carcinoma arising in the background of IPMN 

(invasive IPMN) was classified into the colloid, tubular, or oncocytic type.19,21,22 Invasive 

components were also classified into superficial (minimally invasive) and macroscopic using 

a 5-mm size cutoff on microscopic evaluation.23 A concomitant pancreatic ductal 

adenocarcinoma (concomitant PDAC) was defined as an invasive carcinoma that developed 

away from the corresponding IPMN lesion with an uninvolved segment of the pancreas 

present between the two.24–26

Standard pathological examination of resected specimens included TNM staging according 

to the 2010 classification of the American Joint Committee on Cancer,27 the status of the 

pancreatic transection margin (classified as negative, positive for low-grade, intermediate-

grade, high-grade dysplasia, or invasive carcinoma), retroperitoneal margin and uncinate 

margin, and the presence or absence of lymphatic, vascular, and perineural tumor invasion. 

Both at univariate and multivariate analysis, the pancreatic resection margin was referred as 

“positive” for the presence of either high-grade dysplasia and invasive carcinoma, and 

“negative” for the absence of IPMN or for the presence of either low- or intermediate-grade 

of dysplasia.

Surgical Approach to MD-IPMN

The surgical policy of the Department of Surgery of the Massachusetts General Hospital for 

the treatment of IPMN is in concordance with the International Consensus Guidelines for 

management of IPMNs and mucinous cystic neoplasms of the pancreas and its following 

revised version.11,12 In particular, the presumptive involvement of the MPD in an IPMN is 

considered as an indication for surgical resection, as long as the patient is a good surgical 

candidate and has a reasonable life expectancy. Because of the high likelihood of harboring 

malignancy, all MD-IPMN are treated through typical pancreatectomies with lymph node 

dissection. Intraoperatively, the frozen section analysis of the resection margin is performed, 
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and if invasive carcinoma or high-grade dysplasia is found, the resection is extended up to a 

total pancreatectomy. The decision to perform a total pancreatectomy, however, is 

individualized and takes into consideration the patient’s age and comorbidities.

Statistical Analysis

Statistical analyses were performed with Stata software (version 12.0; StataCorp LP, College 

Station, TX). Continuous data were expressed as mean ± standard deviation. Univariate 

analyses for categorical variables were done with the χ2 test and Fisher exact test and 

continuous data were analyzed by using the Student t test and analysis of variance method. 

Corrections for multiple comparisons were performed using the Bonferroni method. 

Multivariate analyses for the assessment of predictors of clinical-pathological features were 

done using multinomial and binary logistic regression stepwise methods with backward 

elimination. A 2-tailed P value of less 0.05 was considered statistically significant in the 

model.

For overall survival, disease-specific survival, and recurrence, the Kaplan-Meier method was 

used. The differences in survival and recurrence were tested with log-rank tests. To define 

predictors of survival and recurrence in a multivariate fashion, Cox proportional hazards 

regression models with stepwise backward elimination were used.

RESULTS

Demographics, Clinical, and Pathologic Data

Demographics and clinical data are shown in Table 1. The median age of patients with MD-

IPMN was 68 years (range, 37–87 years), and 55% were males. At diagnosis, 74 patients 

(43%) were asymptomatic. Among patients with symptoms, the most common was weight 

loss (32%), followed by pancreatitis (26%) and obstructive jaundice (14%). The majority of 

MD-IPMN occurred in the pancreatic head (109 patients, 63%), followed by the body and 

the tail of the pancreas (12% and 11%, respectively). In 14% of patients, the tumor involved 

the entire gland.

Of the 173 patients, 125 (72.2%) had either high-grade dysplasia (58 patients, 33.5%) or 

invasive cancer (67 patients, 38.7%). The remaining 48 patients were classified as 

intermediate-grade (39 patients, 22.5%) or low-grade dysplasia (9 patients, 5.3%). Invasive 

neoplasms were found to be tubular in 39 cases (58.2%), colloid in 21 (31.3%), and 

oncocytic in 7 (10.5%) (Table 2). The degree of invasion was superficial in 28 specimens 

(42%) and macroscopic in 39 (58%). In 5 patients (2.9%), a concurrent PDAC was found. 

The associated IPMN in those cases was of intermediate grade in 3, and high-grade 

dysplasia and invasive tubular carcinoma in 1 each. The distinct PDAC was located in the 

head of the pancreas, in close proximity to the IPMN, in 4 cases, whereas in 1 case, the 

PDAC was in the pancreatic body and the IPMN in the tail; it was stage IIB in 4 cases and in 

the remaining it was stage IIA.

Other concomitant tumors found in the specimen were: pancreatic neuroendocrine tumor in 

5 cases (2.9%), adenocarcinoma of the ampulla in 2 cases, and mucinous cystic neoplasm 

and gastrointestinal stromal tumor of the duodenum in 1 case each.
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TNM staging of the 67 invasive cancers was T3 in 43.3%, T2 in 26.9%, and T1 in 29.8%. 

The median number of nodes resected in patients with invasive tumors was 16, but only 

32.8% of patients had involvement of one or more nodes.

Excluding the 18 total pancreatectomies of the cohort (Table 1), the final pancreatic 

transection margin was evaluated in 155 cases. Of these, 119 were negative (76.8%), 19 

(12.2%) had low- to intermediate-grade dysplasia, 10 (6.4%) had high-grade dysplasia, and 

7 (4.6%) had invasive carcinoma. The 17 margins with either high-grade dysplasia or 

invasive carcinoma were referred as positive in the analysis.

Surgical Procedures and Perioperative Outcomes

Table 1 summarizes the 173 operations that were carried out. In 132 cases (76.3%), the 

frozen section of the pancreatic transection margin was sent for the intraoperative 

examination. Frozen section of the margin was negative for IPMN in 94 cases (71.2%), 

revealed the presence of low- to intermediate-grade dysplasia in 17 cases (12.8%), high-

grade dysplasia in 11 (8.4%), and of invasive carcinoma in 10 cases (7.6%). Of these 21 

cases with either high-grade dysplasia or invasive carcinoma, 15 (71.4%) underwent 

extension of the resection. Overall, the frozen section diagnosis did not change the 

preoperatively planned surgical management in 101 cases, but did result in extension of the 

resection in 31 (23.4%). Of these, 20 eventually ended up with extended partial resections 

and a total pancreatectomy in 11 (8.3%). Final pathologic examination confirmed the frozen 

section diagnosis in the great majority of cases (95.4%), but in 6 cases (4.6%) did not. In 5 

of them, the diagnosis on the resection margin changed from negative to positive (3 for high-

grade dysplasia and 2 for invasive carcinoma), but none underwent reoperation. In the 

remaining case, the final diagnosis was negative as opposed to a frozen section positive for 

high-grade dysplasia.

Twenty-seven patients (15.6%) experienced major surgical complications during their 

postoperative course. In particular, the rate for clinically relevant pancreatic fistula (grade B 

or C)28 was 8%, whereas 6.3% patients had delayed gastric emptying, and 1.7% developed 

an intraabdominal abscess. No patients required reoperation. One patient died within the 90-

day postoperative period from heart failure, but in-hospital and 30-day mortality were nil.

Among the 67 patients with invasive carcinoma, 25 (37.3%) received adjuvant therapy. This 

consisted of chemotherapy and radiation in 12 cases (48%) and of chemotherapy alone in 13 

(52%).

Of the 155 patients, whose pancreatic remnant was evaluated at follow-up through computed 

tomographic scanning and/or magnetic resonance imaging, 36 (23%) had dilatation of the 

MPD (>5 mm). If only patients undergoing Whipple resection were considered, the rate of 

pancreatic remnants with a dilated MPD was 27% (29/108) after a median of 62 months. 

Among these 29 patients, only 3 had definite recurrence of the MD-IPMN (10%).

Epithelial Subtypes and Predictors of Malignancy

Almost half (49.7%) of the MD-IPMN arose from an intestinal epithelial type (85 cases), 

followed by gastric (35.7%, 61 cases), oncocytic (8.2%, 14 cases), and pancreatobiliary type 
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(6.4%, 11 cases). High-grade dysplasia was present only in 29 (47.5%) cases with gastric 

phenotype, whereas this was present in 69 (81.1%) of those with intestinal type. All the 

cases with pancreatobiliary or oncocytic type were classified as high-grade dysplasia. The 

epithelial types did not show any correlation with sex, age, or clinical presentation except for 

pancreatitis, which was present in 31 (36.4%) cases of the intestinal type (P = 0.04).

The presence of high-grade dysplasia was significantly associated with a serum CA 19.9 

more than 37 U/mL [P = 0.002; OR, 4.9; 95% confidence interval (CI), 1.7–13.7] and 

inversely associated with a gastric epithelial type (P < 0.001; OR, 0.17; 95% CI, 0.07–0.37) 

at binary logistic regression.

The occurrence of invasive carcinoma was also independently associated with CA 19.9 more 

than 37 U/mL and in addition with jaundice, weight loss more than 7 lb and oncocytic 

epithelial type at multivariate analysis (P < 0.05). Of note, 21 of the 67 patients with invasive 

carcinoma (31.3%) were asymptomatic at diagnosis. No differences in terms of smoking and 

a family history of PDAC were found between patients with invasive and noninvasive 

tumors.

Invasive Size and Type—A total of 42% of invasive carcinomas (28 patients) had an 

invasive component of less than 5 mm and were therefore classified as minimally invasive. 

As shown in Table 2, macroscopic invasion was more likely to be associated with an 

elevated CA 19.9 (64% vs 21%, P = 0.001), jaundice (36% vs 14%, P = 0.049), and diabetes 

(41% vs 28%, P = 0.021) at clinical presentation. Macroscopic invasive tumors also had a 

higher likelihood of harboring positive nodes (46% vs 14% in the minimally invasive 

tumors, P = 0.006).

Regarding the histologic types of invasive carcinoma, colloid carcinomas had macroscopic 

invasion in 71.4% of cases, whereas the proportion in tubular carcinomas was 53.8% and 

42.8% in the oncocytic ones (P = 0.288). Nodal involvement, however, was more prevalent 

in tubular carcinoma (41%) than colloid (23.8%) and oncocytic (14.2%) carcinomas (P = 

0.217).

As for the background epithelium, all the 21 colloid carcinomas arose from an intestinal 

epithelial subtype and all the 7 oncocytic from the homonym epithelial subtype, whereas the 

39 tubular adenocarcinomas showed gastric epithelium in 39% of cases, intestinal in 34%, 

pancreatobiliary in 16%, and oncocytic in 11%.

Survival and Recurrence Analysis

Overall Survival—None of the patients died from postoperative complications and all the 

patients were followed up after surgery through scheduled outpatient clinics and phone calls 

at regular time points. One patient was lost to follow-up at 3 months after surgery. Fifty-one 

patients (29.5%) died during follow-up after a median of 21 months (range, 2–171 months). 

The other 122 were followed for a median of 56 months (range, 3–236 months). The 5-year 

overall survival rate was 69% (95% CI = 0.60–0.76) with the estimated median overall 

survival period of 14 years.
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Of the 51 deaths, the majority (29 cases, 57%) were not related to IPMN. The causes were 

cardiopulmonary in 24% and other primary malignant tumors in 21%. Patients who died of 

causes other than IPMN were more frequently females (52% vs 27%) and older (mean, 71.1 

± 7 years vs 68.8 ± 10 years) than the ones who died of IPMN-related causes, but those 

differences did not reach statistical significance.

At univariate analysis, the presence of invasive component was the strongest predictor of 

overall survival (P < 0.001) (Fig. 2). Other factors negatively associated with overall survival 

were: macroscopic invasion (P = 0.03), a resection margin positive for high-grade dysplasia 

or invasive carcinoma (P = 0.005), N 1 status (P = 0.001), and stage II tumor over stage I (P 
= 0.005). Of note, for the entire group of invasive tumors (67 patients) the 5-year overall 

survival rate was 50%, whereas it was 68% for the minimally invasive tumors and only 35% 

for those with macroscopic invasion (P = 0.03).

Using Cox regression model, the presence of an invasive component (P < 0.001) was 

predicted for overall survival in the entire study population. For patients with cancer, 

invasive type and a positive N status were independent predictors of survival (P = 0.029 and 

P = 0.001, respectively).

Disease-specific Survival—Twenty-two patients experienced IPMN-related death 

(12.7%) after a median of 20.5 months. The estimate of disease-specific survival rate was 

83% (95% CI = 0.75–0.88) at 5 years. Invasive component, macroscopic size of invasion, 

positive resection margin and positive N status (Fig. 3) were again negatively associated 

with survival at univariate analysis (P < 0.05). Of note, none of the 14 patients with 

oncocytic epithelial type experienced an IPMN-related death.

Among patients with invasive carcinoma: invasive type, T status, N status and a positive 

pancreatic resection margin were all predictors of disease-specific survival (Cox regression 

model, P < 0.05). In particular, tubular carcinoma had a significantly higher risk of disease-

specific death over the colloid type (P = 0.012, hazards ratio = 6.7).

Recurrence—Thirty-two patients (18.5%) experienced recurrence of the IPMN at a 

median of 12 months (range, 1–135 months). The overall 5-year recurrence rate was 19% 

and the estimated 10-year recurrence rate 25%. Recurrence site was in the pancreatic 

remnant in 14 patients (44%), liver in 11 (34%), and peripancreatic lymph nodes in 7 (22%). 

Of the 14 patients who had recurrence in the pancreatic remnant, 5 (36%) underwent 

completion pancreatectomy. The pathological examination on second resection specimen 

revealed 2 IPMNs with high-grade dysplasia of the oncocytic subtype and 3 invasive IPMNs, 

2 tubular and 1 oncocytic, respectively. None of them experienced a new recurrence after 

reoperation. A positive resection margin was the most significant predictor of recurrence at 

univariate analysis (P < 0.001) (Fig. 4). Other factors associated with recurrence (P < 0.05) 

were high-grade dysplasia, invasive component, macroscopic size of invasion, N1 status and 

T2 status. Among the entire study population, independent predictors of recurrence were the 

presence of invasive tumor (P = 0.004, hazards ratio 5.9) and a positive pancreatic resection 

margin (P = 0.046, hazards ratio = 2.6) with the Cox regression model.
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Distinct PDAC—Of the 5 patients with IPMN and concurrent PDAC (2.9% of total 

cohort), 1 died of a cerebral vascular accident 6 months after surgery. The other 4 patients 

had recurrence of pancreatic cancer after a median of 3 months (range, 1–4 months). Three 

had evidence of metastatic adenocarcinoma in the liver and 1 in both liver and lungs. Two of 

them eventually died of recurrent PDAC 5 and 13 months after surgery, whereas the other 2 

are still alive after 11 and 16 months, respectively. Resulting median overall survival for 

patients with IPMN and concurrent PDAC was 11 months. None of the patients showed 

evidence of recurrent IPMN during follow-up.

DISCUSSION

IPMNs represent a heterogeneous group of neoplasms, whose classification remains 

challenging as we attempt to identify subgroups with distinct clinical, pathological, and 

biological features. Our pathological reassessment of mixed IPMNs allowed for exclusion of 

lesions with minimal MD involvement, and as a result we have a more homogeneous 

subgroup of IPMNs that have extensive involvement of the MPD. This cluster of tumors has 

very demarcated characteristics, which are distinct from BD-IPMNs or mixed forms with 

only minimal involvement of the MPD. IPMNs with extensive involvement of the MPD 

occur most commonly in the seventh decade and in males (55%), and more than ¾ of the 

cases involve the head of the pancreas. They present in asymptomatic individuals in 42% of 

cases, a rate that is higher than previously reported.8,29,30 This is particularly concerning 

because malignancy had developed by the time of diagnosis in 72% of patients. Unlike 

branch-duct IPMNs, which are mostly benign and of the gastric epithelial 

subtype,10,12,13,17,19 MD-IPMNs are invasive in 39% of patients, have positive lymph nodes 

in 33%, and show a background of intestinal epithelial subtype in 49% of cases. These 

features are consistent with the recent report by Tamura et al,29 who described 56 cases of 

resected MD-IPMN, of which 34% were invasive and 38% of the intestinal subtype. The 

exclusion in our cohort of the mixed form with a minimal involvement of MPD may explain 

our higher proportions of malignancy and intestinal subtype. Because of this high frequency 

of malignancy, we continue to support the indication for resection of all IPMNs with an 

exclusive or extensive involvement of the MPD, as recommended by the International 

Consensus Guidelines.11,12 The surgical treatment of MD-IPMN provided a 5-year overall 

survival rate of 69% and a disease-specific survival rates of 83%, with 57% of deaths being 

caused by other age-related conditions such as cardiovascular problems or different 

malignancies.

Almost 10 years after our previously reported experience on MD-IPMN,8 knowledge 

regarding the pathological features of IPMNs has increased, and we are now aware of the 

role played by histological subtypes in determining biological behavior.19,21,22,31 A search 

for clinical predictors of epithelial subtypes and invasive components did not provide any 

significant result other than the known association between pancreatitis and intestinal type 

IPMN (P = 0.015). The abundant and thick mucus produced by this neoplasm likely causes 

obstruction and the consequent acute pancreatic inflammatory process. We also confirm that 

gastric type IPMN invariably evolves into tubular carcinoma and that colloid carcinomas all 

derive from intestinal type IPMN, as previously reported by our group and others.19,21,32 We 

found a significant association between elevated serum CA 19.9 at diagnosis, jaundice, and 
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weight loss and the presence of high-grade dysplasia or invasive cancer. These are 

previously reported predictive factors with high specificity for malignant MD-

IPMNs.8,29,30,33,34 However, almost 70% of patients with high-grade dysplasia presented 

with a level of CA 19.9 under the normal threshold of 37 U/mL, demonstrating the low 

sensitivity of the biomarker in this setting.

Several recent articles have pointed out the prognostic value of the histologic type of 

invasion, with colloid carcinoma having a better prognosis than the non–intestinal-derived 

cancers, in particular the tubular type.22,35–37 We found that tubular carcinoma arising in 

IPMNs with predominant involvement of the MPD has a worse overall and disease-specific 

survival than the colloid. Our data on the higher rates of N1 tubular carcinomas over the 

colloid are consistent with that published by Yopp et al36 and might partially explain the 

different survival. We also found that none of the 7 oncocytic carcinomas of our series died 

of disease recurrence. Although it could be explained by the superficial nature of invasion in 

the majority of oncocytic carcinomas (4 over 7), an actual benefit in disease-specific survival 

for oncocytic invasive IPMNs has never been reported to date, and needs to be validated in 

other series.

Minimally invasive carcinoma represents a unique feature of IPMNs; 42% of the invasive 

cancers in our cohort fell in this category. We found that these minimally invasive 

carcinomas had a 14% rate of associated lymph node positivity, which is similar to that 

reported by others35 and that their 5-year survival rate was twice that of carcinoma with 

macroscopic invasion. Thus, we reinforce that the size of the invasive component is a 

predictor of survival after resection for MD-IPMN.23 We also found a 2.9% prevalence of 

distinct synchronous PDAC. This is less than the 4% to 9% that has been described in all 

types of resected IPMNs,26,38 and closer to the 3.5% incidence described by Tamura et al29 

in his series involving only MD-IPMN. All 5 patients with distinct PDAC in our series had a 

very poor prognosis.

Our analysis confirms that the strongest predictor for diminished survival after resection of 

MD-IPMN is the presence of invasive carcinoma. After surgical resection for invasive 

IPMNs arising in the MPD, recurrence occurs in 39% of cases and can be predicted by the 

magnitude of invasion, the N status and the pancreatic resection margin, whereas adjuvant 

treatment did not seem to significantly affect the outcome. Our findings on the role of 

pancreatic resection margin are of particular importance in light of their high statistical 

significance and of the paucity of data analyzing resected MD-IPMN in which the 

transection margin had either high-grade dysplasia or invasive carcinoma. To decrease 

recurrence risk, we strongly believe that R0 resections should be achieved, avoiding margin 

positivity for both high-grade dysplasia and invasive carcinoma, and because of this there is 

an important role for the frozen section analysis of the pancreatic transection margin.39–41 

Intraoperative diagnosis in our series demonstrated a very high accuracy and indicated 

extension of the resection in 1 of 4 cases, highlighting the need to have a pathologist familiar 

with this disease available at the time of the operation. Because total pancreatectomy is a 

possibility (in this series 10.4% of patients had a total pancreatectomy; in 7 of them it was 

the original plan, but in 11 it was done prompted by the findings on frozen section), it is 
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critical that the surgeon discuss this beforehand with the patient and his or her family, 

including the risk/benefit of brittle diabetes versus complete resection of malignant disease.

Finally, regardless of the specific resected invasive type, disease-free survival of MD-IPMN 

carcinomas of 79% and 62% at 2 and 5 years, respectively, suggest that the same 

surveillance protocol of conventional PDAC should be followed for these patients. However, 

better outcomes are expected.

The presence of dilation of the MPD alone during follow-up is not indicative for recurrence 

of MD-IPMN, in particular after a Whipple because, in these cases, prominence of the MPD 

is frequently due to stricture of the pancreatic anastomosis.12,40 We found that more than 1 

of 4 patients will develop radiologic evidence of MPD dilation at a median of 5 years after 

pancreatoduodenectomy, but that only 1 of 10 will actually harbor a recurrence of the 

disease.

CONCLUSIONS

We report the largest single-institution experience with IPMN predominantly involving the 

MPD. Our analysis shows that these lesions occur mostly in the elderly, are frequently 

asymptomatic, and very commonly harbor either high-grade dysplasia or invasive cancer. 

Surgery can be accomplished with very low morbidity and mortality. After resection, the 5-

year survival rate is 69%, with death most frequently from reasons unrelated to the IPMN. 

The estimated 10-year recurrence rate in the pancreas and other sites was 25%. The size and 

type of the invasive component, lymph node positivity, and a positive resection margin were 

all important determinants of recurrence and survival.
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FIGURE 1. 
Flow chart of study population.

Marchegiani et al. Page 13

Ann Surg. Author manuscript; available in PMC 2017 September 26.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



FIGURE 2. 
Overall survival curves for invasive versus noninvasive MD-IPMNs (P < 0.001).
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FIGURE 3. 
Disease-specific survival curves for N0 versus N1 invasive MD-IPMN (P < 0.001).
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FIGURE 4. 
Disease-free survival curves for positive for high-grade dysplasia or invasive carcinoma 

versus negative resection margins (P < 0.001).
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TABLE 2

Demographics, Clinical, and Pathologic Features, and Postoperative Outcomes of Resected Invasive MD-

IPMN

All Invasive All Invasive 
Carcinomas

Minimally Invasive (<5 
mm)

Macroscopic Invasive (>5 
mm) P

No. patients 67 28 (41.8%) 39 (58.2%)

Males 41 (61.1%) 17 (60.7%) 24 (61.5%) N. S.

Age, mean ± SD (yr) 68.4 ± 9.3 67.7 ± 9.2 68.8 ± 9.5 N. S.

CA 19.9 >37 U/mL at diagnosis 31 (46.2%) 6 (21.4%) 25 (64.1%) 0.001

No symptoms 21 (31.3%) 10 (35.7%) 11 (28.2%) 0.513

Pancreatitis 12 (17.9%) 7 (25%) 5 (12.8%) 0.200

Obstructive jaundice 18 (26.8%) 4 (14.2%) 14 (35.9%) 0.049

Weight loss > 7 lb 29 (43.2%) 12 (42.8%) 17 (43.5%) N. S

Preoperative diabetes 24 (35.8%) 8 (28.5%) 16 (41%) 0.021

History of smoking 36 (53.7%) 14 (50%) 22 (56.4%) N. S.

Family history of PDAC 8 (11.9%) 5 (17.8%) 3 (7.6%) N. S.

Epithelial type 0.196

 Gastric 15 (22.3%) 3 (10.7%) 12 (30.8%)

 Intestinal 34 (50.7%) 15 (53.6%) 19 (48.7%)

 Pancreatobiliary 6 (8.9%) 3 (10.7%) 3 (7.7%)

 Oncocytic 11 (16.4%) 7 (25%) 4 (10.3%)

 Mixed 1 (1.4%) 0 1 (2.5)

Invasive type 0.288

 Colloid 21 (31.3%) 6 (21.4%) 15 (38.5%)

 Tubular 39 (58.2%) 18 (64.3%) 21 (53.8%)

 Oncocytic 7 (10.5%) 4 (14.3%) 3 (7.7%)

N1 22 (32.8%) 4 (14.2%) 18 (46.1%) 0.006

5-year overall survival rate 50% 68% 35% 0.031

5-year disease-specific survival rate 62% 85% 48% 0.009

5-year recurrence rate 41% 28% 51% 0.047

N. S. indicates nonsignificant.
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