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ABSTRACT

Background. A subset of intraductal papillary mucinous
neoplasms (IPMNs) will progress to invasive adenocarci-
noma, however identifying invasive from non-invasive
disease preoperatively remains challenging. The rate of
malignancy in resected IPMNs in the US remains unclear.
Objective. We aimed to determine the rate of malignancy
and factors associated with high-risk pathology in resected
IPMNs.

Methods. The most recent annual cohort of patients
undergoing pancreatectomy included in the American
College of Surgeons National Surgical Quality Improve-
ment Program were assessed, and contributions of
demographics, preoperative laboratory values, and out-
come data to level of IPMN dysplasia were analyzed. The
main outcomes were incidence of invasive carcinoma or
high-grade dysplasia.

Results. Of 5025 pancreatectomies in 1 year, 478 patients
underwent pancreatectomy for IPMN. Invasive carcinoma/
high-grade dysplasia was identified in 23% of resected
lesions, and there was no difference in patient character-
istics or type of resection performed in patients with
invasive versus non-invasive pathology. Patients with
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invasive IPMNs presented significantly more often with
high liver function tests, >10% weight loss, clinical jaun-
dice and stent placement, and were more likely to undergo
an open operation (p = 0.03). There were no differences in
perioperative outcomes. Adjusted logistic regression iden-
tified an association between invasive disease and non-soft
pancreatic gland texture (odds ratio 0.19, 95% confidence
interval 0.05-0.68, p < 0.01).

Conclusions. Approximately 10% of all pancreatectomies
in the US are for IPMNs. In these patients, treated after the
revised international consensus guidelines, only 23% of
IPMNs contained invasive or high-grade histology.
Resections carried similar morbidity regardless of pathol-
ogy. Improved biomarkers are needed to aid in surgical
selection.

Widespread use and technological improvements in
high-resolution cross-sectional imaging'* have led to an
increase in the incidence of intraductal papillary mucinous
neoplasms (IPMNs) of the pancreas. Invasive adenocarci-
noma is identified in < 18% of branch-duct cysts and up to
64% of main-duct disease,3 thus surgical intervention is
often recommended for these cysts that have known
malignant potential. The decision of whether to perform
surveillance or to proceed with pancreatic resection® is
clinically challenging and is the topic of ongoing refine-
ments to consensus statements and international guidelines.
As we have previously shown, fine-needle aspiration
cytology and biopsy are often not helpful in surgical
decision making for this disease,” therefore the develop-
ment of scoring systems®™® evaluating the risk of IPMNs
for invasive pathology are emerging. Nonetheless, up to
27% of patients without high-risk preoperative
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clinicopathologic predictors of malignancy will harbor
invasive disease at the time of resection.””'' Accurate
clinical, biological, and morphological risk factors for
invasive IPMNs warranting surgical management rather
than surveillance remain to be optimized.

IPMNs have a cumulative incidence of 2.04 per 100,000
person-years,'? therefore data on the incidence of invasive
malignancy in large groups have been limited. Further-
more, the indications for resection of IPMNs have evolved
tremendously over the last few decades, from resection of
all lesions'® to resection of only those meeting specific
radiographic criteria.'*'> As a result, the incidence of
malignancy in surgically treated patients has also fluctuated
based on the time period of reporting. Thus, our purpose
was to conduct a large, nationwide study including multiple
institutions to determine the rate of malignancy in resected
IPMNs in the current era post-establishment of the recent
international (Fukuoka) consensus guidelines.

METHODS
Study Population

The American College of Surgeons National Surgical
Quality Improvement Program (ACS-NSQIP) is a national
quality improvement program that prospectively gathers
patient and outcome data to assess the quality of surgical
care and hospital performance.'® After review by our
Institutional Review Board, the most recent year of com-
plete pathologic data, spanning 1 January to 31 December
2014, at the time of analysis was queried. Pancreatic
resections were identified by the following Current Pro-
cedural Terminology (CPT) codes: 48140, 48145, and
48146 for distal pancreatectomy; 48150 and 48152-4 for
Whipple-type procedure; and 48155, 48160, 48999, and
49329 for other pancreatic resections. IPMN diagnoses
were extracted. Demographic data, preoperative laboratory
values, and perioperative outcome data, including fistulae
occurrence, length of stay, readmission, and reintervention,
were analyzed, and staging and histologic features were
reviewed. The database classified pathology as ‘invasive’
or ‘non-invasive’, and invasive disease was further classi-
fied by T-stage and included Tis (high-grade dysplasia).
Lesions classified as ‘invasive’ without available T-stage
data defaulted to the invasive carcinoma group. High-risk
lesions in this study were classified as those IPMNs that
contained high-grade dysplasia or invasive pathology.

Statistical Analysis

Results are displayed as mean =+ standard deviation or
number and percentage. Baseline characteristics and intra-

and perioperative data were compared using the Chi-square
test and independent Student’s f-test for categorical and
continuous variables, respectively. Odds ratios (ORs) with
95% confidence intervals (CIs) from univariate and mul-
tivariate analyses are reported. Patient characteristics were
selected into univariate analysis based on clinicopathologic
relevance. NSQIP data stratified main pancreatic duct size
into <6 and > 6 mm. A p-value < 0.05 was used for
significance in univariate analysis and entry criteria for the
adjusted model. Analyses were performed using SPSS
version 23.0 (IBM SPSS Statistics for Windows, Armonk,
NY, USA: IBM Corporation) and SAS 9.4 (SAS Institute
Inc., Cary, NC, USA).

RESULTS

Incidence of Invasive Intraductal Papillary Mucinous
Neoplasms (IPMNs)

Of 5025 pancreatic resections from 106 participating
institutions, 478 (9.5%) patients had pathologically proven
IPMN:s. In 108 patients (23% of IPMN patients, 2% of all
pancreatectomy patients), IPMN was of a ‘high-risk’
pathology, consisting of 11 tumors with Tis (high-grade
dysplasia; 10%) and 97 tumors (90%) with invasive ade-
nocarcinoma. The remaining 370 patients (77%) had
pathologic ‘low-risk’, i.e., low- or moderate-grade dys-
plasia, non-invasive IPMNs. Eleven percent of high-risk
IPMNs were staged T1, and 22% of invasive IPMNs were
node positive. Full pathologic characteristics are displayed
in Table 1.

IPMN Patient Characteristics and Perioperative Data

Patient Demographics and Preoperative Characteris-
tics Demographic characteristics are presented in
Table 2. Of 478 IPMN patients, 232 were male and 246
female, with a mean age of 66 years. There was no
significant difference in comorbid conditions, including
obesity, diabetes, or ascites, between high- and low-risk
pathology. Patients with high-risk IPMNs were more likely
to present with weight loss (15% vs. 6%, p < 0.01) and to
have undergone preoperative biliary stent placement (18%
vs. 5%, p < 0.01) for obstructive jaundice (18% vs. 3%,
p < 0.01). This corresponded with preoperative laboratory
values, demonstrating significantly higher total bilirubin,
alkaline phosphatase, and aspartate aminotransferase
levels.

Intraoperative Data and Perioperative Outcomes Open
approach to pancreatic resection was more commonly
performed in patients with high-risk lesions (76% vs. 65%,
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TABLE 1 Pathologic characteristics of invasive and non-invasive

IPMNs
Variable Invasive Non-invasive
IPMNs IPMNs
[n =108] [n = 370]
(23%) (77%)
High-grade dysplasia 11 (10)
Invasive carcinoma 97 (90)
Local invasion
T stage®
Tl 11 (1)
T2 21 (22)
T3 33 (34)
Tumor size* (cm)
<2 94 (25)
2-5 190 (51)
>5 38 (10)
Nodal involvement
NO 76 (78)
N1 21 (22)
Metastatic disease
Ml 1(1)
Associated benign features, i.e., 2 (2)

chronic pancreatitis

IPMNs intraductal papillary mucinous neoplasms, NSQIP National
Surgical Quality Improvement Program

“NSQIP reports TNM staging for invasive IPMNs, and tumor size
(cm) for benign disease

p = 0.03), with similar rates of distal pancreatic resections
and Whipple-type procedures. The pancreatic fistula rate,
need for repeat intervention, and length of hospital stay did
not significantly differ between high- and low-risk
pathology. Perioperative outcomes are displayed in
Table 3. Intraoperative identification of a main pancreatic
duct > 6 mm trended towards an increased association
with high-risk pathology (OR 1.82, 95% CI 0.98-3.35,
p = 0.056). Adjusted logistic regression modeling
(Table 4) identified an association between high-risk
disease and increased alkaline phosphatase level (OR
1.01, 95% CI 1.00-1.02, p < 0.01). A soft pancreatic gland
was associated with low-risk histology (p < 0.05). Using
the two features independently associated with pathology
risk from this analysis (preoperative alkaline phosphatase
and gland texture), low- versus high-risk disease could be
stratified with an area under the curve (AUC) of 0.70. As
gland texture is not known preoperatively, an additional
model was created based on associated features from the
univariate analysis utilizing alkaline phosphatase level (B
coefficient 0.28), weight loss (B coefficient 1.08), jaundice
(B coefficient 1.44), and preoperative biliary stent
placement (P coefficient 0.51) [AUC 0.62].

DISCUSSION

In this large, national database including over 100 US
institutions, 478 patients underwent resection for [IPMNs in
a single year. Of these, 23% showed evidence of high-risk
disease consisting of high-grade dysplasia or invasive
carcinoma. This offers a snapshot of the current incidence
of high-risk IPMNss in surgically resected tumors in the US.
Factors associated with malignant histology included
> 10% weight loss in the 6 months preceding pancreatic
resection, and biological and clinical evidence of obstruc-
tive jaundice. It was determined that elevated alkaline
phosphatase levels may be an independent risk factor for
invasive IPMNs, while a soft gland was independently
associated with low-risk IPMNs.

The incidence of malignant IPMNs is in line with prior
reports on smaller populations collected over longer peri-
ods of time during which surgical criteria for resection
continued to evolve.®'” Hyperbilirubinemia was also found
to be a risk factor for malignancy on univariate analysis,
consistent with findings by Hackert and colleagues.'® It
follows that obstructive jaundice at presentation was
associated with invasive pathology, further reinforcing the
‘high-risk stigmata’ as defined by the Fukuoka guideli-
rles;15 however, it was not found to be an independent risk
factor on multivariate analysis.'® Pancreatitis’ and pan-
creatic fibrosis have also been considered as high-risk
factors for malignant histology in IPMNs, and, herein,
gland texture, as a potential correlate for pancreatic gland
inflammation, was also associated with invasive IPMNs.

Interestingly, a main pancreatic duct diameter > 6 mm
was not found to be associated (p = 0.056) with invasive
disease in this analysis. This finding is a partial limitation
of the categories of data collected in the database, with duct
dimensions stratified by <3, 3-6, or > 6 mm. Thus,
patients with clinically ‘worrisome’ duct dilation of
5-9 mm were included with ‘high-risk’ lesions of
> 10 mm'>"" and > 12 mm® in the abstracting of data
within NSQIP.

Limitations of this retrospective study include the
absence of data on preoperative imaging findings and the
risk of underreporting and coding errors associated with
large data sets. Furthermore, as invasive adenocarcinoma
may be reported without acknowledging underlying
IPMNS, there is a potential for underreporting of the IPMN
component in non-synoptic pathology reports. It is also
unclear whether international consensus guidelines were
followed in patient selection for resection, even though this
study took place after the most recent 2012 update to the
Sendai criteria, but before the final publication of the AGA
guidelines. Clearly, many surgeons may deviate from the
guidelines and personalize treatment based on patient and
tumor characteristics and the number of worrisome or high-
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TABLE 2 Demographic characteristics and perioperative data

TABLE 3 Outcomes and complications

Variable Invasive Non-invasive Variable Invasive IPMNs Non-invasive
IPMNs IPMNs [n =108] 23%)  IPMNs
[n = 108] [n = 370] (77%) [n = 370]
(23%) (77%)
Demographic characteristics Pancreatic fistula 14 (13) 74 (20)
Male 53 (49) 179 (48) Delayed gastric emptying 11 (11 38 (11)
Age, years = SD 66 £ 12 66 £ 11 Percutaneous drain placement 909 41 (12)
Caucasian 84 (78) 312 (84) Reoperation 5() 16 (4)
BMI, kg/m* + SD 269 £5.5 27.7 £ 6.0 Length of stay, days & SD 113 £ 9.6 10.0 £ 9.8
Diabetes 32 (30) 83 (22) Readmission 14 (13) 56 (15)
Ascites 109 103) Data are expressed as n (%) unless otherwise specified
> 10% rlve;lght loss in the last 16 (15) 21 (6) IPMNs intraductal papillary mucinous neoplasms, SD standard
6 montbs deviation
Preoperatjve obstructive 19 (18) 11 (3)
jaundice"
Preoperative biliary stent 18 (18) 16 (5) TABLE 4 Unadjusted and adjusted logistic regression models relat-
placement’ ing population characteristics to invasive IPMNs
Preoperative laboratory values (&= SD) Variable Unadjusted Adjusted
Albumin (g/dL) 39+08 41+£05 [OR (95% CI)] [OR (95% CD)]
Total bilirubin® (mg/dL) 1.5+£26 0.7+ 1.0
AST' 44 1 68 29 4 25 Male 1.03 (0.67-1.58)
Alkaline phosphatase” 150 £ 171 94 + 61 Age 1.0 (0.98-1.02)
INR 11404 11406 Diabetes 1.46 (0.90-2.35)
. . Ascites 3.45 (0.21-55.60)
Perioperative data
. > 10% weight loss in the 2.89 (1.45-5.76)" 1.25 (0.33-4.82)
Operative approach*
last 6 months
Open 82 (76) 239 (65) Preoperative obstructive  7.12 (3.27-15.53)" 3.9 (0.84-18.42)
Laparoscopic or minimally 26 (24) 131 (35) jaundice
tvastve Preoperative biliary stent  4.13 (2.02-8.46)" 1.16 (0.27-4.99)
Operative time, min £ SD 326 £+ 132 302 £+ 126 placement
Pancreatic resection Preoperative laboratory values
Distal pancreatectomy 32 (30) 136 (37) Total bilirubin 1.29 (1.11-1.50)" 0.83 (0.58-1.19)
Whipple-type procedure 64 (60) 202 (55) AST 1.01 (1.002-1.014)"  0.99 (0.98-1.00)
Other 12 (1D 3209 Alkaline phosphatase 1.005 (1.002-1.007)"  1.01 (1.00-1.02)"
Main pancreatic duct size INR 1.11 (0.74-1.67)
Duct < 6 mm 33 (3D 169 (46) Pancreatic duct size 1.82 (0.98-3.35)
Duct > 6 mm 22 (20) 62 (17) Pancreatic gland texture
Pancreatic gland texture’ Hard vs. intermediate  0.83 (0.28-2.43) 0.53 (0.15-1.87)
Soft pancreatic gland 23 (42) 155 (67) Soft vs. intermediate  0.30 (0.10-0.87)* 0.19 (0.05-0.68)*
Intermediate gland 6 (11) 12 (5) X ) . .
i IPMNs intraductal papillary mucinous neoplasms, OR odds ratio, CI
Hard pancreatic gland 26 (47) 63 (27)

Data are expressed as n (%) unless otherwise specified

IPMNs intraductal papillary mucinous neoplasms, BMI body mass
index, SD standard deviation, AST aspartate aminotransferase, /NR
international normalized ratio

p < 0.01
#p < 0.05

risk features; however, the result of this inherent limitation
reflects realistic and accurate data of the incidence of
malignancy specifically in resected IPMNs currently in the
US, which was the goal of this study. In this largest study

confidence interval, AST aspartate aminotransferase, /NR international
normalized ratio

p <0.01
*p < 0.05

of resected IPMNs in a single year, patients were treated
after publication of the revised international consensus
criteria;® therefore, patient selection, the information
available to the surgeon in the literature upon which
decision making was based, and time bias for the decision
to operate was minimized.
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Multicenter, retrospective analyses have reported vary-
ing incidences of high-risk IPMNs and node positivity;”
however, these and many other more recent analyses
included patients dating back to 2000 and 1992, respec-
tively, during which time the guidelines, consensus
statements, and general surgical culture for IPMNs has
radically evolved, highlighting the importance of the cur-
rent study design. Furthermore, the NSQIP dataset does not
capture main/mixed/branch-duct classification, histotype,
the presence of mural nodes,15 tumor markers,21 or cyst
fluid analysis/cytology;** therefore, this study’s objectives
and conclusions are necessarily focused on the proportion
of pancreatectomies being performed for all IPMNs cur-
rently in the US and the incidence of high-risk pathology in
these tumors without further IPMN subtype analysis.

Knowledge of the proportion of pancreatectomies being
performed today for IPMNSs, and the incidence of high-risk
pathology, is lacking and is critical to know in order to
determine the adequacy of current surgical practice in the
US to highlight areas where education can be focused, and
to identify areas of research that may help in fine-tuning
patient selection and advancing our understanding of the
disease. Clearly, based on this study, the vast majority of
IPMNs resected in this country are ultimately determined
to be low-risk lesions, e.g., low- or moderate-grade dys-
plasia. This may be appropriate since resection of a low-
risk lesion provides the opportunity to prevent progression
to invasive disease of a cancer for which current treatments
are limited at best. Arguably, based on our current,
although limited, understanding of the natural history of
IPMNs, some of these lesions may have been suitable for a
surveillance strategy.”

CONCLUSIONS

This study captures a snapshot of the current incidence
of high-grade dysplasia and invasive cancer in resected
IPMNs as is currently being practiced by surgeons across
the US. The majority of lesions resected are clearly low-
risk, which is a reflection of the limitations of our current
decision-making algorithms and guidelines. Additional
biomarkers of high-risk lesions are likely necessary to
decrease the number of pancreatic resections being per-
formed for low-risk disease.”* >’
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