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Summary Invasive intraductal papillary mucinous neoplasms (inv-IPMNs) have a better prognosis than
regular pancreatic ductal adenocarcinoma (PDAC), but no association with status of surgical margins
and microscopic infiltration patterns has previously been described. The aim of this study is to review
patterns of invasion and the predictive value of clinical guidelines in terms of rates of resection of high-
grade dysplasia (HGD) and cancer among intraductal papillary mucinous neoplasms (IPMNs). Consec-
utively, resected IPMNs between 2011 and 2017 were analyzed. Data were obtained from a prospec-
tively maintained database. A total of 132 patients were identified. Out of these, 38 patients with inv-
IPMNs, initially identified as solid lesions suspicious of cancer, were compared with a control group of
101 patients with ordinary PDAC. Lower rates of vascular invasion, perineural invasion, lymph node
metastasis, advanced T stage, and R1 status were characteristic of the inv-IPMNs in addition to better
overall survival (OS) for a low tumor stage. Furthermore, as novel findings, the PDACs presented with
resection margin involvement of 3 or more positive margins (31.3% vs. 9.5%, p Z 0.044), associated
with poor OS. Of the patients presenting as pT3, the inv-IPMN less often invaded more than one ex-
trapancreatic anatomical structure (40.1% vs. 63.9%, pZ 0.03). Regarding the predictive value of clin-
ical guidelines, the frequency of resected HGD in IPMNs with high-risk stigmata (n Z 54) and IPMNs
with worrisome features was 30.7%, and the frequency of invasive carcinoma was 5.7%. In conclusion,
we report a low resection rate of high-risk IPMNs and present novel findings describing inv-IPMNs as
red.
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a less infiltrative phenotype compared with regular PDAC.
© 2021 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY li-
cense (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Intraductal papillary mucinous neoplasms (IPMNs)
can be precursor lesions to pancreatic ductal adeno-
carcinoma (PDAC) [1], which has a dismal prognosis
with a 5-year survival rate of 9% [2]. PDAC is esti-
mated to become the second leading cancer-related
cause of death next to lung cancer by 2030 [3].
IPMNs can be divided into two groups, either involving
the main pancreatic duct (MD-IPMN) or the side
branches (SB-IPMN). MD-IPMNs harbor the highest
risk of malignant progression, and associated carcinoma
is found in 60% of the patients [4]. The guidelines
recommend resection of IPMNs based on clinical pa-
rameters and diagnostic imaging [5,6]. The aim of the
algorithms is to predict high-grade dysplasia (HGD) or
malignancy in IPMNs, but they have received critique
during the years because they are based on consensus
statements with a low level of evidence [7].

Pancreatic cancer derived from IPMNs, often desig-
nated as “IPMN with associated adenocarcinoma” or
“invasive IPMN” (inv-IPMN), has a better survival than
PDAC without IPMN relation [8] and generally has a
lower TNM stage (tumour, nodes and metastases) at
diagnosis with lower rates of lymph node spread [9]
compared with conventional PDAC. For PDAC, an
overall negative resection margin >1.5 mm, designated
as a R0 resection in contrast to R1<1.5 mm, is a prog-
nostic factor for overall survival (OS) [10]. Involvement
of the medial resection margin [11] and multiple positive
margins has a negative impact on survival [12], but the
pattern of resection margin status has not been reported
for inv-IPMNs.

The purpose of this study was to evaluate the detection
rate of HGD or PDAC by the multidisciplinary team
conference when applying the current clinical guidelines
by the International Association of Pancreatology [5].
Secondly, we wanted to analyze the pattern of R1
resection and extrapancreatic tumor infiltration among
the inv-IPMNs originally identified as solid tumors sus-
picious of PDAC at the multidisciplinary team confer-
ence. Finally, we analyzed the prognostic significance of
the identified differences in R1 resection and tumor
infiltration patterns on OS of inv-IPMNs compared with
regular PDAC.
2. Materials and methods
2.1. Study population

We retrospectively analyzed 132 consecutive patients
with IPMNs that were referred for operation after evaluation
at the multidisciplinary team conference from January 2011
to December 2017. The control group was 101 consecutive
patients with PDAC without IPMN who underwent surgery
with a curative intent. Clinical and surgical data were ob-
tained from a prospectively maintained clinical database of
pancreatic surgery, the electronic hospital files, and the
Danish Pathology Database. The study was approved by the
regional ethics committee (H-18057033) and the Danish
data protection agency (VD-2019-30).
2.2. Multidisciplinary team conference evaluation

Patients referred for operation were evaluated at the
multidisciplinary team conference in the presence of sur-
geons, radiologists, nuclear physicians, and oncologists.
Operation was recommended based on (CT) computed to-
mography or (MR) Magnetic resonance scans. All patients
with IPMNs had the diagnosis verified preoperatively by an
MR scan and endoscopic ultrasound if needed. Indications
for surgery, based on the Fukuoka guidelines [5], were (1)
solid lesions suspicious of PDAC, (2) MD-IPMN, (3) SB-
IPMNs with high-risk stigmata (jaundice, mural nodules
�5 mm and dilation of the main pancreatic duct �10 mm),
(4) IPMNs with worrisome features (pancreatitis, cyst size
�3 cm, enhancing mural nodules<5 mm, cyst wall thick-
ening, main duct size 5e9 mm, change in caliber of
pancreatic duct, lymphadenopathy, increased CA19-9 in
plasma, and growth rate �5 mm/2 years), and (5) when MR
scan and endoscopic ultrasound were inconclusive, and a
specific diagnosis regarding cyst type could not be made.
Patients with pancreatic head tumors underwent pan-
creaticoduodenectomy without a pylorus-sparing procedure.
Patients with pancreatic body or tail tumors underwent total
pancreatectomy or distal pancreatectomy. The clinical in-
formation obtained was gender, age, preoperative diagnosis,
location of lesion, use of adjuvant chemotherapy, OS defined
from the date of surgery to the date of death, and progres-
sion-free survival defined from the date of surgery to
recurrence and/or death.

http://creativecommons.org/licenses/by/4.0/
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2.3. Pathology

At the time of resection, surgical specimens were fixed
in formalin and gross sectioned according to a grossing
protocol based on the study by Verbeke and Gladhaug [13].
Complete histologic sampling was made for all IPMNs. For
PDAC, representative sections were submitted for histology
including tumor sections with relation to surgical margins
and anatomical structures such as the common bile duct in
accordance with the protocol. An additional cross section
with the largest tumor diameter of the solid area was also
submitted for microscopic examination. The samples were
embedded in paraffin, sectioned on a microtome, and
stained with hematoxylin and eosin. All samples were
evaluated microscopically at the time of diagnosis by an
experienced pathologist within gastrointestinal pathology
with uniform reporting of microscopic findings according
to a protocol based on the World Health Organization
Classification of Tumors of the Digestive System [14]. The
IPMNs were upon data entry retrospectively classified as
gastric, if the epithelial lining was described as tall
columnar with round basally oriented nuclei in resemblance
of a gastric foveolar epithelium. If villous papillae were
described with tall columnar epithelial cells with elongated
nuclei, the lesion was classified as intestinal. In cases of a
more complex architecture with anastomosing papillae
lined with cuboidal cells with large nuclei and prominent
nucleoli, the IPMN was classified as pancreatobiliary. A co-
occurring PDAC and IPMN were deemed as an inv-IPMN
if a transition between in situ and invasive carcinoma could
be observed [15]. Furthermore, the data recorded were
grade of dysplasia (low and intermediate grades were both
retrospectively designated as low-grade dysplasia [LGD]
upon data entry), histologic grade for invasive carcinomas
1e3, size (largest cross section of invasive component),
duct involvement (main duct, branch duct, or mixed),
lymph node status, status of anterior, posterior, and vein
surfaces and artery resection margin, distance of tumor
cells from individual surfaces and/or margins measured in
mm, final status of paraffin-embedded pancreatic neck and
common bile duct margins initially submitted for frozen
section analysis, perineural or vascular invasion, and the
former TNM status for adenocarcinomas by American Joint
Committee on Cancer (AJCC 7th ed.). As the aim of the
study was to characterize patterns of invasion, the 7th
edition of the classification system was retrospectively
reviewed. Thus, for pT3, it was noted whether the carci-
noma invaded one or more of the following extrapancreatic
structures: papilla of Vater, common bile duct, peri-
pancreatic fatty tissue, superior mesenteric vein, spleen,
duodenum, and other organs. Furthermore, the inv-IPMNs
were reclassified according to the AJCC 8th edition for
inclusion in survival analysis. For evaluation of patterns of
invasion in relation to R status, we defined individual R1
status of the surfaces and margins as cancer cells less than
1.5 mm from the surface or margin in question, and we
defined overall R1 resection status as cancer cells less than
1.5 mm from any resection margin or surface.
2.4. Statistical analysis

Continuous variables are presented as mean (range), and
comparison of continuous variables was performed by a t-
test. Categorical variables are presented as absolute
numbers (percentage) and compared by chi square analysis
when appropriate. Survival analysis was made by the
Kaplan-Meier method and the log-rank test. The indepen-
dent association between OS and clinicopathological fac-
tors in PDAC and inv-IPMN was evaluated by univariate
Cox proportional hazards regression analysis. All p-values
were two-sided, and statistical significance was set at
p < 0.05. All statistical analyses were performed using
statistical software ‘R’.
3. Results
3.1. Study cohort

The multidisciplinary team conference referred 132 pa-
tients for surgery. The patient mean age was 69.3 (32e85)
years, and 68 (51.5%) were men and 64 (48.5%) were
women. A pancreatoduodenectomy (Whipple’s operation)
was performed in 68 (51.5%) patients, a total pancreatec-
tomy in 36 (27.3%) patients, and a distal resection in 28
(21.2%) patients. The mean size of the pancreatic lesions at
macroscopic evaluation by a pathologist was 34.8 (7e200)
mm, and 51 (38.6%) patients had HGD and 44 (33.3%) had
PDAC on microscopic examination. Six patients (4.5%)
were primarily referred because of duodenal carcinoma, and
a pancreatic cystic lesion was a secondary finding. These
patients were excluded from the following analysis.
3.2. Predictive value of clinical guidelines

Clinical and pathological variables between patients with
IPMNs with high-risk stigmata (n Z 54) and IPMNs with
worrisome features (n Z 34), in whom MR scan and
endoscopic ultrasound were inconclusive, were compared,
and the results are summarized in Table 1. The group with
high-risk stigmata was older, but no difference according to
gender, size, surgical procedure, status of pancreatic neck
margin, grade of dysplasia, frequency of PDAC, subtype,
and duct involvement was identified between the two groups.

For both groups included, the overall frequency of LGD
was 67.1%, and the corresponding frequency of HGD was
30.7%. In addition, the frequency of PDAC was 5.7%. No
difference in OS between the groups was demonstrated,
p Z 0.69 (Fig. 1).



Table 1 Comparison of clinical and pathological characteristics among intraductal papillary mucinous neoplasms (IPMNs) without a
certain preoperative diagnosis of malignancy according to the multidisciplinary team conference.

Characteristics IPMNs with worrisome
features, n Z 34

IPMNs with
high-risk stigmata, n Z 54

p-value (95% CI)

Sex, n (%)
Male 22 (64.7) 28 (51.9)
Female 12 (35.3) 26 (48.1) 0.24
Age, years, mean 64.6 (32e79) 71.2 (49e85) 0.005 (0.83e0.97)a

Size, mm, mean (range) 27.5 (7e90) 39.1 (14e150) 0.05 (0.46e1.00)
Surgical procedure, n (%)
Total pancreatectomy 5 (14.7) 17 (31.5) 0.076
Pancreaticoduodenectomy 21 (61.7) 24 (44.4) 0.11
Distal resection 8 (23.6) 13 (24.1) 0.95
Pancreatic neck margin
Positive 0 (0) 1 (1.8)
Negative 34 (100) 53 (98,1) 1.0

(0.00e61.8)b

Low-grade dysplasia, n (%) 25 (73.5) 35 (64.8) 0.39
High-grade dysplasia, n (%) 9 (26.5) 19 (35.2) 0.15

(0.00e1.69)b

Invasive carcinoma, n (%) 0 (0) 5 (9.3)
Subtype, n (%)
Pancreatobiliary 4 (11.8) 10 (18.5) 0.40
Intestinal 5 (14.7) 11 (20.4) 0.50
Gastric 22 (64.7) 32 (59.3) 0.61
Mixed gastric and intestinal 3 (8.8) 1 (1.8) 0.29 (0.38e273)b

Type of duct involvement, n (%)
Main duct 4 (11.8) 4 (7.4) 0.71 (0.28e9.60)b

Side branch 4 (11.8) 5 (9.3) 0.73 (0.24e5.59)b

Mixed 23 (67.6) 41 (75.9) 0.40
Duct involvement not reported 3 (8.8) 4 (7.4) 1.0 (0.16e7.66)b

Abbreviation: CI, confidence interval; IPMN, intraductal papillary mucinous neoplasm.
a Welch’s two sample t-test.
b Fischer’s exact test.

Fig. 1 Overall survival. KaplaneMeier overall survival curves
for patients with intraductal papillary mucinous neoplasm
(IPMNs) with high-risk stigmata versus IPMNs with worrisome
features.
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3.3. Clinicopathological characteristics of inv-
IPMNs identified as solid lesions and patterns of
invasion

The multidisciplinary team conference referred 38 pa-
tients for surgery due to solid lesions, and IPMNs were first
identified in the resected specimens upon pathological ex-
amination (Fig. 2). In 29 of 38 patients with inv-IPMNs, it
was possible to confirm involvement of the ductal system
by microscopic evaluation, and 25 (65.8%) inv-IPMNs had
involvement of both main duct and side branches, whereas
only 2 (5.3%) inv-IPMNs were exclusively located in the
main duct and 2 (5.3%) inv-IPMNs were limited to the side
branches only. The carcinoma was described as mucinous
in 4 (10.5%) of the inv-IPMNs corresponding to an intes-
tinal phenotype of the IPMN. Of the remaining IPMNs, 9
(23.7%) were pancreatobiliary, 3 (7.9%) were mixed with a
pancreatobiliary component, and 22 (57.9%) were of the
gastric subtype.

We then compared the solid lesions suspicious of PDAC,
where an associated IPMN was identified on pathological
examination and confirmed to be an inv-IPMN, with a
control group of regular PDAC without IPMN (Table 2).
Gender and size were identical between the two groups, but
patients with inv-IPMN were older. Patients with PDAC



Fig. 2 Example of hematoxylin and eosin stains of an invasive intraductal papillary mucinous neoplasm (IPMN). An 80-year-old man
with a 17-mm lesion in the tail of the pancreas was initially diagnosed with a solid lesion suspicious of pancreatic adenocarcinoma by the
multidisciplinary team conference. The IPMN (A) was of the main duct type and the lining cells featured high-grade dysplasia and features
compatible with a pancreatobiliary fenotype (B). In the part of the lesion macroscopically described as predominantly solid, the lumen of
the main pancreatic duct was filled with tightly packed papillae with complex architecture and irregular branching (C), and near the base of
the papillae, invasion was present in the background of a desmoplastic stroma with chronic inflammation in several tissue blocks (D).
Furthermore, in relation to the cyst lumen, cells focally invaded the underlying stromal tissue (E) and chronic inflammation and desmo-
plasia were present (F).
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presented at a higher stage (AJCC 7th); pT3 (96.1% vs.
71%, p < 0.001) and pN1 (85.1% vs. 42.1%, p < 0.001),
compared to inv-IPMN but no differences in histologic
grade were observed between the two groups. The same
mean number of lymph nodes was examined in the two
groups, and the inv-IPMNs had fewer positive lymph nodes
when compared with the group of non-IPMNerelated
PDACs (1.7 vs. 3.7, p < 0.001). Moreover, the presence of
vascular invasion (10.5% vs. 60.4%, p < 0.001) and peri-
neural invasion (63.2% vs. 92.1%, p < 0.001) was less
frequent in the group with inv-IPMNs. The recurrence rate
was similar between the groups, and an equal frequency of
adjuvant chemotherapy was observed between the two
groups (76.3% vs. 75.2%, p Z 0.89).

When the resection margins were compared, an R1
resection was more common in the control group with
PDAC than in patients with inv-IPMNs (82.2% vs.
52.6%, p Z 0.0011). The control group had 3 or more
positive margins (31.3% vs. 9.5%, p Z 0.044), and the
medial resection margin comprising the mesenteric ves-
sels had an R1 frequency at the mesenteric vein of 66.3%
vs. 38.1% (p Z 0.018) and at the superior mesenteric
artery of 44.6% vs. 7.9% (p Z 0.011). Among patients
with pT3 tumors, the inv-IPMN less often invaded the
peripancreatic tissue (77.7% vs. 96.9%, p Z 0.0034) and
less often invaded more than one extrapancreatic
anatomical structure (40.7% vs. 63.9%, p Z 0.03) (Table
3).

The inv-IPMNs had a higher OS than PDAC p Z 0.028
(Fig. 3A). To explore association between potential pre-
dictor variables previously identified in Tables 2 and 3 and
survival, a univariate Cox proportional hazards regression
was performed. Patterns of invasion were initially evaluated
based on AJCC 7th (Table 3) but we also included the
current AJCC 8th in the survival analysis for the compar-
ison. Among the inv-IPMNs, pT3 stage (AJCC 7th), pN1



Table 2 Comparison of clinical and pathological characteristics among invasive intraductal papillary mucinous neoplasms (Inv-
IPMNs) and a control group of pancreatic ductal adenocarcinoma (PDAC).

Characteristics inv-IPMN, n Z 38 PDAC without
IPMN, n Z 101

p-value (95% CI)

Sex, n (%)
Male 15 (39.5) 52 (51.5) 0.21
Female 23 (60.5) 49 (48.5)
Age, years, mean (range) 70.7 (45e83) 67.3 (42e82) 0.031 (1.00e1.10)
Size, mm, mean (range) 35.9 (15e200) 32.4 (12e100) 0.80 (0.75e1.2)a

Surgical procedure, n (%)
Total pancreatectomy 14 (36.8) 25 (24.8) 0.16
Pancreatoduodenectomy 18 (47.4) 66 (65.3) 0.050
Distal resection 6 (15.8) 10 (9.9) 0.37 (0.47e5.66)b

Tumor stage AJCC 7th, n (%)
pT1 8 (21.1) 1 (0.9) <0.001 (3.26e1186)b

pT2 3 (7.9) 3 (2.9) 0.34 (0.35e21.7)b

pT3 27 (71.0) 97 (96.1) <0.001 (0.022e0.38)b

Nodal stage AJCC 7th, n (%)
pN0 22 (57.9) 15 (14.9) <0.001
pN1 16 (42.1) 86 (85.1)
Histologic grade, n (%)
1 3 (7.9) 15 (14.8) 0.40 (0.086e1.90)b

2 33 (86.8) 73 (72.3) 0.072
3 2 (5.3) 13 (12.9) 0.24 (0.039e1.80)b

Number of positive lymph nodes, mean (range) 1.7 (0e9) 3.7 (0e14) <0.001 (0.41e0.74)
Total, number of lymph nodes, mean (range) 22.6 (8e74) 22.7 (1e49) 0.60 (0.79e1.1)
Vascular invasion, n (%)
Present 4 (10.5) 61 (60.4) <0.001
Absent 34 (89.5) 40 (39.6)
Perineural invasion, n (%)
Present 24 (63.2) 93 (92.1) <0.001
Absent 14 (36.8) 7.9 (6.9)
Adjuvant chemotherapy, n (%)
Yes 29 (76.3) 76 (75.2) 0.89
No 9 (23.7) 25 (24.8)
Recurrence, n (%)
Yes 14 (36.8) 48 (47.5) 0.26
No 24 (63.2) 53 (52.5)

Abbreviations: CI, confidence interval; inv-IPMN, invasive intraductal papillary mucinous neoplasm; PDAC, pancreatic ductal adenocarcinoma.
a Welch’s two sample t-test.
b Fisher’s exact test.
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stage (AJCC 7th), pN1 and pN2 stage (AJCC 8th), number
of positive lymph nodes, presence of perineural invasion,
and R1 involvement of more than 3 margins were associ-
ated with lower OS on univariate analysis. The number of
events was inadequate to conduct a multivariate analysis. In
the control group with PDAC, tumor size, histologic grade,
number of positive lymph nodes, pN2 stage (AJCC 8th),
overall R1 resection, R1 resection at the margin related to
the superior mesenteric artery, and R1 involvement of more
than 3 margins and absence of adjuvant chemotherapy were
associated with lower OS on univariate analysis (Table 4).
When excluding the 4 inv-IPMNs with a mucinous carci-
noma, no difference in survival could be observed between
the two groups (pZ 0.07). However, when performing Cox
regression without the 4 mucinous carcinomas in the group
of inv-IPMNs, it was still observed that pN1 stage (AJCC
7th and 8th), number of positive lymph nodes, and R1
involvement of more than 3 margins were associated with
lower OS for the inv-IPMNs on univariate analysis.

To evaluate the impact of the categorical predictor var-
iables with statistical significance in the group with inv-
IPMN, identified in Table 4, on the difference in OS be-
tween inv-IPMNs and PDACs, we did pairwise compari-
sons with the log-rank test. There was no difference in OS
in patients with advanced tumor stage (Fig. 3B) as this was
the most common stage in both groups. Nor was the
absence of nodal metastases (Fig. 3C) or the number of
patients with fewer than 4 nodal metastases corresponding
to pN1, AJCC 8th (Fig. 3D) different. Patients with inv-
IPMN without perineural invasion had a better OS
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(Fig. 3E), p Z 0.0013, but this difference was not signifi-
cant after correction for tumor stage (Fig. 3F). Patients with
inv-IPMNs with involvement of less than 3 surgical mar-
gins had a better OS, p Z 0.0019 (Fig. 3G), but not when
comparing similar tumor stages (Fig. 3H). We also inves-
tigated the progression-free survival and found no differ-
ence between the groups, p Z 0.16 (Fig. 4).
Fig. 3 Overall survival (OS) of invasive intraductal papillary mucin
(PDAC). Kaplan-Meier overall survival curves for patients with inv-IPM
PDAC with similar pT3 stage (AJCC 7th) (B). Nodal metastases was a
cases from both groups with absence of nodal involvement (C) or less
approximately the mean number of positive lymph nodes in the PDAC g
PDAC. Inv-IPMNs and PDAC without perineural invasion were compar
comparing pT3 stage (AJCC 7th) (F). Inv-IPMNs with R1 status of l
difference was established when comparing similar tumor stage, pT3 (A
4. Discussion

4.1. Predictive value of clinical guidelines

We found a low specificity of the clinical guidelines for
detection of HGD or carcinoma. The percentage of patients
with high-risk disease on final pathology has been reported
ous neoplasm (inv-IPMN) and pancreatic ductal adenocarcinoma
N versus those with PDAC (A). OS of inv-IPMN compared with
lso determined as a negative prognostic factor, but comparison of
than 4 nodal metastases (pN1, AJCC 8th) (D), corresponding to
roup, did not reveal any advantage in OS for neither inv-IPMN or
ed (E) with higher OS for the inv-IPMNs which disappeared when
ess than 3 margins were associated with higher OS (G), but no
JCC 7th) (H).



Table 3 Comparison of resection margins and patterns of invasion among invasive intraductal papillary mucinous neoplasms (Inv-
IPMNs) and a control group of pancreatic ductal adenocarcinoma (PDAC).

Characteristics inv-IPMN, n Z 38 PDAC without
IPMN, n Z 101

p-value

Neck margin, n (%)
Positive 0 (0) 3 (2.9) 0.56 (0.00e6.47)a

negative 38 (100) 98 (97.1)
Overall resection status
R0 (>1.5 mm) 17 (44.7) 18 (17.8) 0.0011
R1 (<1.5 mm) 21 (52.6) 83 (82.2)
R1, accumulation of multiple positive margins, n (%)
2 10 (47.6) 50 (60.2) 0.29
3þ 2 (9.5) 26 (31.3) 0.044
R1, margin and surface positivity >1.5 mm, n (%)
Anterior 13 (61.9) 38 (45.8) 0.17
Posterior 9 (42.8) 34 (40.9) 0.87
SMV 8 (38.1) 55 (66.3) 0.018
SMA 3 (7.9) 37 (44.6) 0.011
pT3 AJCC 7th, extension beyond pancreas, n (%)
Peripancreatic fat 21 (77.7) 94 (96.9) 0.0034 (0.017e0.59)a

Common bile duct 3 (11.1) 23 (23.7) 0.15
Papilla of Vater 5 (18.5) 8 (8.2) 0.15 (0.59e9.73)a

Duodenum 13 (48.1) 47 (48.5) 0.97
SMV 0 (0) 9 (9.3) 0.20 (0.00e1.78)a

Other 0 (0) 3 (3.1) 1.00
pT3 AJCC 7th, invasion in multiple structures, n (%)
2 11 (40.7) 62 (63.9) 0.030
3þ 3 (11.1) 19 (19.6) 0.40 (0.090e1.98)a

Abbreviations: CI, confidence interval; inv-IPMN, invasive intraductal papillary mucinous neoplasm; PDAC, pancreatic ductal adenocarcinoma; SMA,

superior mesenteric artery; SMV, superior mesenteric vein.
a Fisher’s exact test.
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in the range of 33% [16] to 69% [17] in surgical cohorts
operated over more than a decade by criteria of evolving
clinical guidelines. The International Association of Pan-
creatology published a set of consensus guidelines referred
to as the “Sendai guidelines” in 2006, highlighting clinical
characteristics of cysts that were correlated to high-risk
disease on final pathological evaluation, such as HGD or
carcinoma [18]. In 2012, the guidelines were modified and
usually referred to as the Fukuoka guidelines [19], intro-
ducing the concepts of “high-risk stigmata” and “worri-
some features”, and the guidelines were modified again in
2017 with minor adjustments [5]. However, the diagnostic
value of these guidelines remains controversial, and the
standardized resection criteria have failed to increase the
percentage of resected IPMNs with high-risk disease
[17,20]. This is also reflected in the data set presented here,
reporting a low specificity of the clinical guidelines for the
detection of HGD or carcinoma. In a retrospective series, it
was estimated that the overall accuracy of the preoperative
diagnosis was 60.9%, and the concordance between the
preoperative diagnosis and final histology was identical for
symptomatic and asymptomatic patients [21].

The complexity of the preoperative risk stratification of
pancreatic cystic lesions and IPMNs is apparent, and better
understanding of the underlying biology of the lesions and
integration of new tools to the diagnostic algorithm is
required. Recently, novel endoscopic modalities such as
through-the-needle forceps with procurement of small bi-
opsies have been developed with promising diagnostic
value [22,23]. In addition, molecular analysis of cyst fluid
for mutations in oncogenes has proved feasible for detec-
tion of advanced neoplasia [24] and thus also represents a
potential add-on to the existing clinical guidelines.

4.2. Clinicopathological characteristics and
patterns of invasion

The OS for inv-IPMN was more favorable when
compared with conventional PDAC. This can in part be
attributed to the lower TNM stage of inv-IPMN and a
mucinous subtype of the associated carcinoma in a mi-
nority of cases. However, when comparing pT3 inv-IPMN
with pT3 PDAC, we encountered some noteworthy differ-
ences in the pattern of invasion. Inv-IPMN seems to infil-
trate in a conservative manner, often involving single
extrapancreatic anatomical structures, whereas PDAC in-
filtrates multiple structures, often with involvement of the
peripancreatic fatty tissue. Furthermore, inv-IPMN has
lower rates of vascular and perineural invasion, absence of
the latter associated with better OS. They have fewer nodal



Table 4 Univariate Cox regression of survival after surgery for invasive intraductal papillary mucinous neoplasm (Inv-IPMN) and
pancreatic ductal adenocarcinoma (PDAC).

Variables inv-IPMN PDAC

HR 95% CI p-value HR 95% CI p-value

Age 0.98 0.91e1.07 0.68 1.01 0.97e1.04 0.72
Gender 1.16 0.38e3.58 0.79 1.44 0.79e2.60 0.23
Size 0.99 0.96e1.03 0.67 1.02 1.00e1.05 0.026
Histologic grade 3 0.34 0.074e1.59 0.17 4.60 1.37e15.4 0.013
pT3 stagea AJCC 7th 8.24 1.06e64.3 0.044 e e e
pN1 stage AJCC 7th 30.2 3.74e243.5 0.0013b 2.33 0.83e6.54 0.10
pT2 and pT3 stage AJCC 8th 2.55 0.29e21.9 0.39 1.29 0.54e3.08 0.57
pN1 stage AJCC 8th 26.1 3.07e222.7 0.0028b 1.57 0.57e4.33 0.38
pN2 stage AJCC 8th 21.7 2.47e191.2 0.0055 2.92 1.11e7.66 0.029
Number of positive LN 1.21 1.03e1.43 0.018b 1.09 1.01e1.17 0.024
Vascular invasion 0.93 0.12e7.24 0.95 1.76 0.93e3.35 0.082
Perineural invasion 14.2 1.78e113 0.012 0.77 0.24e2.51 0.66
Overall resection status R1 1.71 0.55e5.27 0.35 2.96 1.05e8.28 0.039
Anterior R1 1.89 0.63e5.64 0.25 0.91 0.49e1.67 0.76
Posterior R1 2.33 0.76e7.20 0.14 1.49 0.81e2.76 0.2
SMA R1 4.74 0.85e26.4 0.075 2.01 1.07e3.77 0.031
SMV R1 1.83 0.53e6.31 0.34 1.94 0.98e3.85 0.057
�3 positive margins 14.9 2.45e91.4 0.0034b 2.09 1.14e3.86 0.017
Invasion, peripancreatic fat 0.78 0.21e2.91 0.71 4.09 0.56e29.7 0.16
Invasion, 2 separate structures 0.66 0.20e2.23 0.51 0.83 0.45e1.51 0.53
No adjuvant chemotherapy 2.89 0.95e8.86 0.062 1.98 1.09e3.60 0.024

Abbreviations: CI, confidence interval; HR, hazard ratio; inv-IPMN, invasive intraductal papillary mucinous neoplasm; PDAC, pancreatic ductal

adenocarcinoma; SMA, superior mesenteric artery; SMV, superior mesenteric vein.
a Not computable for the PDAC group owing to the low number of non-T3 stage cases.
b Also significant when inv-IPMNs with mucinous carcinomas are excluded from the analysis.
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metastases, and they infiltrate fewer surgical margins
compared with PDAC, a feature also associated with better
OS.

Many features such as absence of perineural and
vascular invasion, low frequency of lymph node metastases,
low pT stage, and a low rate of R1 resection have previ-
ously been described as differences between inv-IPMN and
Fig. 4 Progression-free survival. Kaplan-Meier curves for pro-
gression-free survival for invasive intraductal papillary mucinous
neoplasms (inv-IPMNs) and pancreatic ductal adenocarcinoma.
PDAC [25e28] and are also demonstrated in this study.
Overall, inv-IPMN seems a more indolent entity compared
with ordinary PDAC, and this may reflect their separate
tumorigenesis. PDAC predominately differentiates from
high-grade lesions of pancreatic intraepithelial neoplasia,
which are multifocal lesions most often localized to smaller
ducts [29].

It is known that the histological subtype of IPMNs is a
strong predictor of progression toward malignancy, the
pancreaticobiliary followed by the intestinal subtype
harboring the highest risk of malignant transformation [30].
It would be outside the scope of this article, with a rela-
tively small cohort of inv-IPMNs, to perform a subgroup
analysis, but it would be interesting for future studies to
verify the findings and investigate whether the conservative
pattern of invasion with limited infiltration of extrap-
ancreatic structures and surgical margins are features of a
specific subtype of IPMNs. The subtype of cancer directly
associated with IPMN also has an impact on prognosis.
Favorable prognosis has been reported for the mucinous
compared with the ductal variant. However, the difference
disappears in the presence of nodal metastasis [25,31]. In
our cohort, only 4 of the inv-IPMNs were classified as
mucinous carcinomas and hence were excluded in a sub-
group analysis.
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The relation of carcinoma and IPMN among inv-IPMNs
was established by thorough microscopic evaluation but
was not confirmed on a genetic level. It is important to keep
in mind that the histopathological topographic relation
between IPMN and a PDAC does not always reflect a
molecular relation. Targeted next-generation sequencing of
driver genes for PDAC has been used for the assessment of
relatedness between PDAC and co-occurring IPMN [32].
By sampling from both PDAC and co-occurring IPMN, as
well as separate IPMN tissue from a different tissue block,
Felsenstein et al. [32] concluded that 18% of co-occurring
IPMNs and PDACs were likely independent. Most of the
studied cases were before genetic analysis described as inv-
IPMNs in accordance with the microscopic definition used
in the study presented in this article. Survival analysis
following the genetic categorization also revealed an
improved cumulative survival for PDAC genetically related
to IPMN, while PDAC independent of co-occurring IPMN
had poorer survival, identical to PDAC without IPMN.

Tumor size is an important factor for survival and
metastatic capability [33] and has replaced the anatomical
extension of the tumor beyond the pancreas in the 8th
edition of AJCC. No statistical difference in size could be
made between inv-IPMN and PDAC in this cohort. The
accurate size of the invasive area in the group of inv-IPMNs
is difficult to assess after grossing of the surgical specimen,
as the cancerous cells may be divided between several
tissue blocks. To accommodate the size criterion in the 8th
edition of AJCC, macroslides are essential. The primary
aim of this study was to analyze the anatomical pattern of
infiltration, and thus, this cohort was primarily evaluated by
the 7th edition of AJCC. However, the inv-IPMNs were
initially diagnosed as solid lesions and could be referred to
as “clinical imitators of PDAC”, and we may presume that
the invasive area represented most of the tumor volume,
and the nearly identical size of inv-IPMN and PDAC
measured during grossing and reported in Table 2 confirms
this assumption. Furthermore, the relatively small number
of patients and retrospective design yields limitations to the
study, and no matching of cases and controls, other than
pT3 and N stage in a subgroup analysis, was done for the
comparison of inv-IPMN with conventional PDAC. How-
ever, the study included all types of pancreatic resections,
avoiding selection bias introduced by inclusion of patients
who only had a pancreatoduodenectomy.

Another strength of the study was that each lesion in the
study was resected and evaluated macroscopically and
microscopically according to a protocol by the same small
group of pancreatic surgeons and pathologists, ensuring
uniformity in the reporting of clinicopathological data. In
this process, the data were transferred to a quality database
administered by the surgeons, and if any discrepancies
occurred between database entry and initial pathology
report, the findings would be rereviewed by the pathologist,
introducing a step of quality assurance of the data. More-
over, the R1 rate is often used as a performance measure for
the pathologist, a high R1 rate indicating a high level of
thoroughness and precision during the pathological exam-
ination [34] made possible by a grossing protocol based on
the axial slicing technique introduced by Verbeke and
Gladhaug [13]. We report a high R1 rate of 82.2% among
PDAC and a high mean number of lymph nodes of 22.7,
identified during the macrodissection of the surgical spec-
imens of PDAC, further illustrating the quality of our data.
In general, controversy exists over the reporting and defi-
nition of R1 status of surgical margins. For example, the
College of American Pathologists limits R1 status to tumor
cells within 1.0 mm from either one of the pancreatic neck
margin, the common bile duct, or the superior mesenteric
artery margin. This R1 definition may yield lower R1 rates
in the US. In this regard, we used an R1 definition of less
than 1.5 mm, as R0 more than 1.5 mm has previously been
associated with long-term survival [35].

5. Conclusions

In conclusion, this study shows a low rate of resection of
high-risk disease among IPMNs resected for high-risk
stigmata or worrisome features despite continuous devel-
opment and implementation of clinical guidelines.
Furthermore, we explored patterns of invasion and impact
on OS. We demonstrate that patients with inv-IPMN have a
better OS than patients with conventional PDAC explained
by lower rates of high T and N stage, mucinous subtype of
carcinoma, perineural invasion and as a novel finding;
tumor cell involvement of less than 3 surgical margins/
surfaces. In the presence of any of these predictors, survival
between the two types of pancreatic cancer is similar.
Furthermore, as novel findings not previously reported, we
identify lower rates of extension into peripancreatic fat and
lesser number of extrapancreatic structures invaded. More
studies are needed to clarify the underlying biology and
clinical significance of this less extensively invasive
phenotype of inv-IPMN compared with usual PDAC.
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