ORIGINAL ARTICLE

pISSN 2288-6575 + elSSN 2288-6796
https://doi.org/10.4174/astr2018.94.5.247
Annals of Surgical Treatment and Research

ASTR

Clinical significance of pancreatic intraepithelial
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Purpose: Noninvasive precursor lesions for pancreatic adenocarcinoma include pancreatic intraepithelial neoplasia
(PanIN]), intraductal papillary mucinous neoplasm, and mucinous cystic neoplasm. PanlIN is often found synchronously
adjacent to resected pancreatic ductal adenocarcinoma (PDAC) tumors. However, its prognostic significance on outcome
after PDAC resection is unknown. The purpose of the current study was to determine if the presence of PanIN has a
prognostic or predictive effect on survival after resection for PDAC with curative intent.

Methods: We retrospectively reviewed the clinicopathologic data of patients who underwent pancreatectomy for PDAC
from January 2002 to January 2013. Intraductal papillary mucinous lesions and mucinous cystic neoplasms were excluded.
All available postoperative imaging and clinical follow-up data were reviewed.

Results: There were 95 patients who underwent pancreatectomy. Tumors were most commonly located in the pancreas
head and as such pancreaticoduodenectomy was the most commonly performed operation. The median tumor size was 3.2
cm. An absence of PanIN lesions was identified in 39 patients (41%). Of the patients with PanIN lesions, high-grade PanIN
(grade 3) was the most common type (64.3%) followed by grade 2 (28.6%). There was no significant difference in overall
survival or disease-free survival between the non-PanIN and PanIN groups.

Conclusion: The presence or absence of PanIN lesions did not affect survival in patients undergoing resection for
pancreatic cancer. However, patients with high-grade PanINs tended to have better overall survival. Larger studies with
longer follow up are needed to accurately determine its clinical significance.

[Ann Surg Treat Res 2018;94(5):247-253]
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cervical cancer, and colorectal cancer. However, studies in pan-
creatic cancer are scant [2,3].
Distinct noninvasive precursor lesions for pancreatic adeno-

INTRODUCTION

Pancreatic ductal adenocarcinoma (PDAC) is one of the most

aggressive types of human malignancy, with a 5-year sur-
vival rate of 5% [1]. Only 10%-15% of patients are resectable at
diagnosis [1]. However, prognostic effects of presence of pre-
cursor lesion in pancreatic cancer has not been regarded as an
important factor so far. There exist a few studies about survival
benefits on the presence of precursor lesions in ovarian cancer,

carcinoma include pancreatic intraepithelial neoplasia (PanIN),
intraductal papillary mucinous neoplasm (IPMN), and mucinous
cystic neoplasm (MCN). The term PanIN was proposed in an
effort to develop a model of progression of precursor lesions
to pancreatic adenocarcinoma [4]. This lesion is described as a
small (generally <5 mm) intraductal noninvasive lesion that is
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formed by proliferation and metaplasia of ductal epithelium.

The published literature suggests that the presence of PanIN
seems to correlate with the risk of pancreatic malignancy.
Andea et al. [5] described progressively increased PanIN fre-
quency and grade from normal pancreas to pancreatitis and
pancreatic adenocarcinoma specimens. At the same time, it
is known that PanIN has increased in prevalence and grade
in cases of familial pancreatic cancer. Shi et al. [6] described
increased frequency of PanIN and IPMN and higher-grade
PanIN lesions in familial pancreatic cancer patients compared
to sporadic pancreatic cancer patients.

However, PanIN has been poorly studied compared with
other precursor lesions and the exact mechanism through
which PanIN lesions lead to invasive adenocarcinoma is largely
unknown. Also, the relationship between the presence of
PanIN and prognosis is not known. One reason may be is that
PanIN lesions cannot be accurately identified preoperatively
by existing imaging modalities and can only be identified

histologically postoperatively in contrast to IPMNs and MCNs,
which can readily be seen radiographically and diagnosed
preoperatively [7]. When we examined pathologically inva-
sive ductal carcinoma of the pancreas, PanINs were often
observed in the pancreatic duct around the invasive carcinoma
component, Because the presence of PanIN has not so far been
regarded as important for clinical follow-up and pathological
diagnosis, little is known about the relationship between
PanINs and clinicopathological findings, including prognosis [8].

The purpose of our study is to identify whether the presence
of PanIN has a prognostic or predictive effect on survival in the
resectable PDAC.

METHODS

This study was approved by the Institutional Review
Board of Korea University Anam Hospital (approval number:
2014AN0371, ED14215). We retrospectively reviewed
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Fig. 1. Histological features of pancreatic adenocarcinoma and pancreatic intraepithelial neoplasias (PanINs). PanINs are
graded according to degrees of cellular atypia. Pancreatic adenocarcinoma without PanIN (non-PanIN) (A), PanIN 1 (B), PanIN

2 (C), and PanIN 3 (D). H&E stain, x500.
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the clinicopathologic data of patients who underwent
pancreatectomy for PDAC from January 2002 to August 2013 at
our center. A total of 95 patients were included in this study
and their demographics and pathologic characteristics were
reviewed. The patients were subgrouped based on the presence
of PanIN.

For preoperative evaluation, all patients received abdominal
CT scan and magnetic resonance cholangiopancreatography.
Only patients who underwent curative surgery for PDAC
were included. Patients diagnosed with other malignant or
premalignant lesions such as MCN, IPMN, solid pseudopapillary
tumor, or neuroendocrine neoplasms were excluded. Patients
who underwent surgery for benign disease or receiving surgery
for the other concomitant malignancies were also excluded. All
available postoperative imaging and clinical follow-up data were
reviewed. The pathology reports were reviewed and categorized
using the highest degree of PanIN found. All PanIN lesions
were found around the main mass. There were no PanIN

Table 1. Clinical demographics of the study cohort

lesions at the resection margin. Experienced pathologists who
were blinded to the clinical information (BHK, JYK) reviewed
all relevant histological slides for this study. In cases where
no PanIN was identified in the pathology report, the histology
slides were rereviewed by pathologists to confirm the absence
of PanIN.

Continuous variables were compared using the Student t-test
and categorical variables were compared using the chi-square or
Fisher exact tests. Kaplan-Meier method was used to calculate
and compare survivals by the logrank test. Cox proportional
hazards model was used for multivariate analysis of overall
survival (OS). P-value below 0.05 was considered statistically
significant.

RESULTS

Clinical demographics
There were 56 and 39 patients in the PanIN group and non-

Variable PanIN (n = 56) Non-PanIN (n = 39) P-value

Age (yr) 64.14 £ 10.66 64.53 +£9.82 0.855

Sex 0.729
Male 35 (62.5) 23 (59.0)

Female 21 (37.5) 16 (41.0)
M:F ratio 1.67 1.44

Smoking history 0.640
None 32 (57.1) 26 (66.7)

Previous 6 (10.7) 3(7.7)
Present 18 (32.1) 10 (25.6)

Family history of PDAC 0.795
Yes 1(1.8) 1(2.6)

No 55(98.2) 38 (97.4)

CA 19-9 (U/mL) 0.938
>37 23 (41.1) 15 (38.5)
<37 33(58.9 24 (61.5

Symptoms 0.557
Abdominal pain 18 (32.1) 17 (43.6)

Jaundice 16 (28.6) 8 (20.5)
Dyspepsia 4(7.1) 3(7.7)
Weight loss 5(8.9) 1(2.6)
Nausea, vomiting 0 (0) 1(2.6)

Operation 0.683
Distal pancreatectomy 19 (33.9) 18 (46.2)
Pancreaticoduodenectomy 33 (58.9) 19 (48.7)

Total pancreatectomy 4(7.1) 2(5.1)

Hospital stay (day) 22.42 £13.59 19.10 £ 11.06 0.210

Follow-up (mo) 17.90 £ 12.24 14.52 +12.51 0.131
Adjuvant therapy 0.555
Chemotherapy 29 (51.8) 20 (51.3)

Chemoradiotherapy 8 (14.3) 3(7.7)

Values are presented as mean + standard deviation or number (%).
PanIN, pancreatic intraepithelial neoplasia; PDAC, Pancreatic ductal adenocarcinoma.
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PanIN group (Fig. 1A), respectively (Table 1). The mean age in
the PanIN group and non-PanIN group was 64.14 + 10.66 and
6453 + 0.82 years old, respectively. Most patients were male
in each group and the most common presenting symptom
was abdominal pain followed by jaundice, dyspepsia, weight
loss and nausea, vomiting. In both groups, among various
procedures, pancreaticoduodenectomy was the predominantly
performed procedure (60.0% and 48.7%, PanIN and non-PanIN
group) (Table 1). The mean hospital stay was 22.42 days in
the PanIN group and 19.1 days in the non-PanIN group. The
mean follow-up in the PanIN group and non-PanIN group was
1790 and 1452 months, respectively. Most patients received
postoperative adjuvant chemotherapy in both groups. There
was only 1 patient receiving neoadjuvant therapy for pancreatic
body cancer. The patient received concomitant chemoradiation
consisting of gemcitabine. All other patients received adjuvant
chemotherapy consisting of gemcitabine and erlotinib 1 month
after surgery if N stage was positive (Table 1).

Pathologic characteristics
There were no significant differences in tumor size, grade,

margin status, and PDAC stage between the 2 groups (Table 2).
The mean tumor size was 3.68 cm in PanIN group and 330 cm
in non-PanIN group. The tumor grade was mostly moderately
differentiated in both groups. The majority of the PDAC were
located on the head of the pancreas (62.5% and 51.3%, PanIN
and non-PanIN group). The pathologic T stage of most lesions
was T3 (96.4% and 94.9%, PanIN and non-PanIN group) (Table
2). There was no significant difference in frequency of positive
lymph nodes, lymphatic invasion, perineural invasion, and
vascular invasion (Table 2). Of the PanIN group, there were 4
patients (71%) with PanIN grade 1 lesions (Fig. 1B), 16 patients
(28.6%) had PanIN grade 2 (Fig. 1C) and 36 patients (64.3%) had
PanIN grade 3 lesions (Fig. 1D, Table 2).

Survival analysis
Disease-free survival (DFS) and OS were analyzed between

the PanIN group and non-PanIN group. We also compared the
DFS of patients with higher-grade PanIN lesions (PanIN 2 and
PanIN 3) to lower-grade PanIN lesions (non-PanIN and PanIN 1)
to better clarify the prognostic potential of PanIN lesions.

There were no significant differences in DFS between the
PanIN group and non-PanIN group (P = 0.648, Fig. 2A). In
addition, there were no significant differences in DFS between
patients with higher-grade PanIN lesions and lower-grade PanIN
lesions (P = 0.885, Fig. 2B). Mean DFS of PanIN group was 18.28
months (range, 12.83-23.72 months) and of non-PanIN group
was 1734 months (range, 11.34-23.44 months). Mean DFS of the
higher-grade PanIN group is 18.0 months (range, 12.83-23.72
months) and of the lower-grade PanIN group is 1734 months
(range, 11.34-23.44 months).

Table 2. Pathological characteristics of the study cohort

PanIN Non-PanIN

Variable (n = 56) (n = 39) P-value
Tumor size (cm) 3.68 £2.04 3.30+1.48 0.330
Stage 0.917

| 1(1.8) 1(2.6)
1A 27 (48.2) 15 (38.5)
1B 26 (46.4) 21 (53.8)
11} 1(1.8) 1(2.6)
v 0 (0) 0(0)
Unknown 1(1.8) 1(2.6)
Tumor grade (differentiation) 0.192
Well 9 (16.1) 6 (15.4)
Moderate 35 (62.5) 27 (69.2)
Poor 12 (21.4) 4(10.3)
Unknown 0 (0) 2(5.1)
Tumor location 0.537
Head 35 (62.5) 20 (51.3)
Body 7 (12.5) 7(17.9)
Tail 14 (25.0) 12 (30.8)
Resection margin >0.999
Negative 47 (83.9) 33 (84.6)
Positive 9 (16.1) 6 (15.4)
T stage 0.933
T1 1(1.8) 1(2.6)
T2 0 (0) 0(0)
T3 54 (96.4) 37 (94.9)
T4 1(1.8) 1(2.6)
N stage 0.527
NO 29 (51.7) 16 (42.1)
N1 27 (48.3) 22 (57.9)
Lymphatic invasion 0.515
No 34 (60.7) 27 (69.2)
Yes 22 (39.3) 12 (30.8)
Perineural invasion 0.233
No 11 (19.6) 12 (30.8)
Yes 45 (80.4) 27 (69.2)
Vascular invasion >0.999
No 47 (83.9) 33 (84.6)
Yes 9(16.1) 6 (15.4)
Grade of PanIN
PanIN 1 4(7.1) -
PanIN 2 16 (28.6) -
PanIN 3 36 (64.3) -

Values are presented as mean =+ standard deviation or number (%).
PanIN, pancreatic intraepithelial neoplasia.

When comparing OS, although the PanIN group tended to
have better OS than the non-PanIN group (Fig. 3A), there was
no statistical significance (P = 0.067). However, patients with
higher-grade PanIN lesions had better OS than lower-grade
PanIN lesions (P = 0.045) (Fig. 3B). Mean OS of PanIN group
was 2833 months (range, 22.33-34.32 months) and of non-
PanIN group was 21.04 months (range, 15.34-26.75 months).
Mean OS of the higher-grade PanIN group was 29.01 months



Da-Young Yu, et al: Pancreatic intraepithelial neoplasia

A B

10: P =0.648 10: P =0.885

' —— Non-PanIN ’ —— Non-PanlIN, PaniIN 1

—— PanIN —— PanIN 2, 3

0.8 0.8
0.6 0.6
0.4 1 0.4 1
0.2 1 — 0.2 1

0 1 0 1

0 20 40 60 0 20 40 60
Time (mo) Time (mo)

Fig. 2. (A) Comparison of disease-free survival between the PanIN and non-PanIN group. Mean disease-free survival of PanIN
group was 18.28 months (12.83-23.72 months) and of non-PanIN group was 17.34 months (11.34-23.44 months) (P = 0.648).
(B) Comparison of disease-free survival between the higher-grade PanIN group (PanIN 2 and PanIN 3) and the lower-grade
PanIN group (non-PanIN and PanIN 1). Mean disease-free survival of the higher-grade PanIN group was 18.0 months (range,
12.83-23.72 months) and of the lower grade PanIN group was 17.34 months (range, 11.34-23.44 months) (P = 0.885). PanIN,
pancreatic intraepithelial neoplasia.
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Fig. 3. (A) Comparison of overall survival between PanIN and non-PanIN group. Mean overall survival of PanIN group was
28.33 months (range, 22.33-34.32 months) and of non-PanIN group was 21.04 months (range, 15.34-26.75 months) (P =
0.067). (B) Comparison of overall survival between the higher-grade PanIN group (PanIN 2 and PanIN 3) and the lower-grade
PanIN group (non-PanIN and PanIN 1). Mean overall survival of the higher-grade PanIN group was 29.01 months (range,
22.75-35.26 months) and of the lower-grade PanIN group was 20.62 months (range, 15.29-25.94 months) (P = 0.045). PanIN,
pancreatic intraepithelial neoplasia.

(range, 22.75-35.26 months) and of the lower-grade PanIN group
was 20.62 months (range, 15.20-2594 months).

On multivariate analysis, however, although status of the
resection margin was significantly associated with poor OS (95%
confidence interval [CI], 1.036-4.345; P = 0.040) (Table 3), the
presence of PanIN lesion was not associated with OS (95% CI,
0.619-1.984; P = 0.729) (Table 3).

DISCUSSION

PDAC is one of the most aggressive types of human malig-

nancy. There exist a few validated prognostic factors predicting
survival after PDAC resection but the prognostic effect of
presence of precursor lesion has not been regarded as an impor-
tant factor so far. To determine whether the presence of PanlN,
one of the known premalignant lesions, has a prognostic or
predictive effect on survival after resection for PDAC or not, 95
patients who underwent resection of PDAC were reviewed in
this study.

The patients were subgrouped based on the presence of the
PanIN lesion, and DFS and OS were analyzed between the 2
groups. There were no significant differences in DFS and OS
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Table 3. Univariate and multivariate analysis of the study
cohort with regard to overall survival

Variable P-value HR 95% Cl P-value
Age 0.446 - - -
Tumor grade 0.515 - - -
Size 0.687 - - -
T stage 0.694 - - -
N stage 0.225 1.432 0.815-2.518 0.212
Lymphatic invasion  0.764 - - -
Perineural invasion  0.168 0.619 0.337-1.138 0.123

Vascular invasion 0.603 - - -
Resection margin 0.104 2.122  1.036-4.345 0.040
Presence of PanIN 0.067 - - -

HR, hazard ratio; Cl, confidence interval; PanIN, pancreatic intra-
epithelial neoplasia.

between PanIN and non-PanIN group. On the other hand, when
comparing higher-grade PanIN lesions (PanIN 2 and PanIN 3)
and lower-grade PanlIN lesions (non-PanIN and PanIN 1), higher-
grade PanlIN lesions showed better OS than lower-grade PanIN
lesions, although there was no significant difference in DFS.

It is clear from genetic studies that significant heterogeneity
exists between individual tumors, and patterns have been
identified to allow pathologists to subclassify PDAC tumors
with respect to both morphology and molecular genetics [69].
Therefore, subtypes of PDAC tumors may exist, which develop
via independent pathways. Consistent with this concept
that PDAC represents a collection of disease subtypes, PDAC
is known to arise from a heterogeneous group of precursor
lesions, including not only PanIN but also IPMNs and MCNs [10].

Evidence suggests that PDAC may arise from precursor
lesions through a series of genetic events. PanIN is the most
widely recognized described precursor pathway [11]. Recently,
some aspects of this pathway have been identified, including
the role of notch signaling pathway for the progression of
PanIN to PDAC. K-ras oncogene mutations appear as a universal
and early phenomenon in this process [11,12].

However, since the exact mechanism through which PanIN
lesions lead to invasive adenocarcinoma is largely unknown,
this study was designed to determine if the presence of
PanIN has a prognostic or predictive effect on survival after
resection for PDAC. Konstantinidis et al. [13] reported that the
presence of PanIN of any grade did not result in an appreciable
cancer risk in the pancreatic remnant after short-term follow-
up. Hassid et al. [7] reported that an absence of PanIN in the
pancreatic tissue adjacent to the resected PDAC tumor had
shorter postresection survival. Similarly in our study, the
PanIN group tended to have better OS than the non-PanIN
group (P = 0.067) and patients with higher-grade PanIN lesions
(PanIN 2 and PanIN 3) had better OS than lower-grade PanIN
lesions (non-PanIN and PanIN 1) (P = 0.045). This may be

explained by the fact that the subset of tumors lacking PanIN
may represent such a biologically distinct group, populated
with more locally aggressive and poorly differentiated cancers
arising independently from the usual PanIN route in an as
yet undefined pathway [7]. Pancreatic carcinogenesis may
therefore mirror colon carcinogenesis, in that although most
sporadic colon cancers arise via the progression from adenoma
to carcinoma, there exist other independent pathways to
carcinoma [14]. For example, defects in DNA mismatch repair
give rise to colon cancers in an adenoma-independent route
in patients with the hereditary nonpolyposis colorectal cancer
syndrome. Given the understanding that PDAC can arise from
various precursor lesions, it is possible that subtypes of tumors
are biologically distinct and arise from a PanIN independent
pathway [7]. These tumors were found to be more poorly
differentiated and patients with this subtype of cancer may
have a worse prognosis that would suggest the need for more
aggressive treatment with the goal of prolonging survival [7,13].
Further investigation is warranted to elucidate the tumor
biology of PDAC that is associated with high-grade PanIN
lesions and those that do not demonstrate PanIN lesions.

However, there are limitations to this study. First, the
retrospective nature in addition to the small sample size and
short-term follow-up may have limited the results of this study.
Second, the number of PanIN lesions in relation to survival was
not analyzed. Future studies with a larger number of patients
and longer follow-up period in addition to detailed genetic
analysis of tumors are needed to determine whether the
presence of the PanIN has prognostic effects in PDAC patients.

In conclusion, although patients with higher-grade PanINs
tended to have better OS than patients with lower-grade
PanlNs, the presence or absence of PanIN lesions did not affect
survival in patients undergoing resection for pancreatic cancer.
Larger studies with longer follow-up are needed to accurately
determine its clinical significance.
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