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The international consensus guidelines for management of IPMN and MCN of the pancreas estab-
lished in 2006 have been revised in 2012. The new description about the diagnosis in the revised version
included worle—up for eystic lesions of the pancreas, distinction of BD~IPMN {rom MCN and other pan-
creatic cysts, roles of cyst fluid analysis and cytology obtained by EUS-FNA in the diagnosis of cystic le-
sions of the pancreas; and distinction of BD-IPMN from serous cystic neoplasm (SCN). In addition, the al-
gorithm for the management of suspected BD-IPMN was changed according to the recent information
and current understandings since 2006 and typical clinical and imaging features of common pancreatic

cysts were also presented.
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ABSTRACT

Background: Although several reports have described a possible association between DNA repair genes and
pancreatic cancer (PC) in smokers, this association has not been fully evaluated in an Asian population. We assessed
the impact of genetic polymorphisms in the base excision repair (BER) pathway on PC risk among Japanese.
Methods: This case-control study compared the frequency of 5 single-nucleotide polymorphisms (SNPs) of BER
genes, namely 131052133 in OGGI, rs1799782 and 1s25487 in XRCCI, 151130409 in APEI, and 131136410 in
PARP1. SNPs were investigated using the TagMan assay in 185 PC cases and 1465 controls. Associations of PC risk
with genetic polymorphisms and gene-environment interaction were examined with an unconditional logistic
regression model. Exposure to risk factors was assessed from the results of a self-administered questionnaire. We also
performed. haplotype-based analysis.

Results: We observed that the minor allelé of 1525487 in XRCC! was significantly associated with PC risk in the
per-allele model (odds ratio = 1.29, CI = 1.01-1.65; trend P =0.043). Haplotype analysis of XRCC! also showed
a statistically significant association with PC risk. No statistically significant interaction between XRCCI

polymorphisms and smoking status was seen.

Conclusions: Our findings suggest that YRCCI polymorphisms affect PC risk in Japanese.

Key words: pancreatic cancer; SNPs; DNA repair gene; XRCC/

INTRODUCTION

The incidence of pancreatic cancer (PC) is increasing, and PC
is now the fifth leading cause of cancer death in Japan,'™
Because early detection and curative treatment of PC are very
difficult, the 5-year survival rate.is only 5.5%.° This suggests
that epidemiologic approaches to identifying PC high-risk
groups have an important role in decreasing the number of PC
deaths.

PogSible risk factors for PC include advanced age, smoking,
overweight, diabetes mellitus, and alcohol consumption.-10
A positive association between PC risk and a family history
of PC has also been reported, suggesting the possible
involvement of genetic factors in PC incidence>'®!!
Recently, several reports have observed an association
between polymorphisms in DNA repair genes and PC risk,

particularly among smokers.'>% Four major types of DNA
repair system have been identified, namely base excision
repair (BER), nucleotide excision repair, mismatch repair,
and double-strand break repair.'**!2 With regard to the
association between PC risk and DNA repair genes, genetic
polymorphisms in the BER pathway are the most extensively
investigated in molecular epidemiologic studies.'* However,
most studies of the association between PC risk and BER gene
polymorphisms have been conducted in white populations.
We conducted a case-control study in & Japanese population
to evaluate the impact of genetic polymorphisms in BER
pathways on PC risk among Asians. The study focused on
4 key genes in this repair pathway: X-ray repair cross-
complementing group 1 (XRCCI), apurinic/apyrimidinic.
endonucloase (APE!), 8-oxoguanine DNA  glycosylase
(OGG1), and poly(ADP-ribose) polymerase 1 (PARPI).

Address Tor correspondence. Kettaro Matsuo, Division of Epidemiology and Prevention; Aichi Cancer Center Research Institute, 1-1 Kanokoden, Chikusa-ku,

Nagoya 464-8681, Japan (e-mail: kmatsuo@aichi-ccjp).
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METHODS

Study subjects

The case subjects were 185 PC patients with no prior history
of cancer who were diagnosed at Aichi Cancer Center
Hospital (ACCH), Nagoya, Japan, between January 2001
and November 2005, The control subjects comprised 1465
randomly selected non-cancer ACCH outpatients, during the
sarie period, who had no history of any cancer. All subjects
were enrolled in  the Hospital-based Epidemiological
Research Program II at ACCH (HERPACC-II) at the time
of their first visit to ACCH. The framework of HERPACC-II
has been described elsewhere**™ Briefly, all first-visit
ACCH outpatients aged 20 to 79 years were asked to
complete a self-administered questionnaire on their lifestyle
before development of the presenting symptoms. Outpatients
were also asked to provide a 7-mlL blood sample.
Approximately 95% of ecligible subjects completed the
questionnaire, and 50% provided blood samples. All data
were loaded into the HERPACC database, which is
periodically synchronized with the hospital cancer registry
system. Approximately 35% of subjects were diagnosed with
cancer within a year of the first visit. In the present study,
we defined the case population as patients who received a
diagnosis of PC within 1 year of the first visit, ie, we used the
window period from first visit to final diagnosis of PC rather
than prospectively identifying cases. A total of 75.7% of
PC. cases were histologically confirmed, among which 92.1%
were diagnosed as having ductal adenocarcinoma. Our
previous study showed that the lifestyle patterns of first-
visit outpatients corresponded with those of individuals
randomly selected from Nagoya’s general population, which
confirms the external validity of the study.?® The present
study was approved by the Ethics Committee of Aichi Cancer

Center, and informed consent was obtained at first visit from

all participants.

Genotyping

We examined 5 non-synonymous polymorphisms in BER
pathway genes, namely rs1799782 (Argl94Trp) and rs25487
(Arg399GIn) in XRCCI, rs1130409 (Aspld8Glu) in APEI,
51052133 in  OGGI  (Ser326Cys), and rs1136410
(Val762Ala) in PARP[. In our study, these 5 single-
nucleptide polymorphisms (SNPs) were selected on the
basis/0f their association with cancer risk or their expected
influence on BER systems. 1417222729 INA of each subject
was extracted from the buffy coat fraction using a DNA Blood
Mini Kit (Qiagen, Tokyo, Japan). All loci were examined
by the TagMan assay with probes and primers (Applied
Biosystems, Foster City, CA, USA) and the Fluidigm EPI
SNP Genotyping, 96.96 Dynamic Aray (Fluidigm Corp.,
South San Francisco, CA, USA). Approximately 10%
of subjects were examined in duplicate to confirm the
consistency of genotyping.

J Epidemiol 2012;22(6):477-483

Assessment of exposure

Exposure to potential PC risk factors was assessed from
responses to the self-administered questionnaire, which was
completed before diagnosis during the first visit to ACCH and
reviewed by trained interviewers. Subjects were specifically
questioned about their lifestyle before the onset of preseriting
symptoms. Daily alcohol consumption in grams was
determined by summing the amount of pure alcohol in the
average daily consumption of Japanese sake (rice wine),
shochu (distilled spirit), beer, wine, and whiskey, Cumulative
smoking exposure was measured in pack-years (PYs), ie, the
product of the average number of packs per day and the
number of years of smoking. Height and body weight at
baseline and weight at age 20 years were self-reported.
Current body mass index (BMI) and BMI at age 20 were
calculated by dividing the weight in kilograms by the height
in meters squared. Family history of PC was considered
positive when at least 1 parent or sibling had a history of PC.

Statistical analysis

All statistical analyses were performed using Stata version 10
(Stata Corp., College Station, TX, USA). A P-value less than
0.05 was considered statistically significant. Differences in
characteristics between cases and controls were assessed using
the chi-square test. Odds ratios (ORs) and 95% Cls were
estimated using an unconditional logistic regression model
adjusted for potential confounders. Potential confounders
considered in multivariate analysis were age, sex, PYs of '
smoking (<5, 25 but <20, 220 but <40, or >40), drinking habit
(nondrinker, <23, >23 but <46, or 246 g/day), current BMI
(<18.5, =18.5 but <22.5, >22.5 but <25, 225 but <27.5, or
>27.5 kg/m*), BMI at age 20 (<18.5, >18.5 but <22.5, >22.5
but <25, >25 but <27.5, or 227.5 kg/m?), history of diabetes
mellitus (yes or no), and family history of PC (yes or no).
Interactions bietween environmental factors and genotypes
were assessed by using likelihood ratio tests within logistic
regression models, with and without interaction terms.
In haplotype analysis, we used haplotype-effects logistic
regression for case-control data,®® This haplotype analysis
uses phased and unphased SNP. genotype data to estimate
haplotype effects and haplotype—environment. interactions in
a case-control study*®?! 1t fits haplotype-effects logistic
regression by using the retrospective likelihood method in a
special case of a rare disease and a single candidate gene in the
Hardy-Weinberg Equilibrium (HWE), under the assumption
of gene-environment independence.’®! Accordance with the
HWE was assessed by the chi-square test.

RESULTS
The background characteristics of the subjects are shown in
Table ). Men accounted for 68.7% of case subjects and 74.9%
of controls. As compared with the control group, the case
group had a significantly higher prevalence of heavy smokers
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Table 1. Comparison of selected characteristics of
panecreatic cancer (PC) patients and non-cancer

controls
Cases (%)  Controls (%)
P-values®
n=185 n=1465
Age 0.999
<40 10 (5.41) 75.(5.12)
240 but <50 18 (10.27) 147 {10.03)
=50 but <60 60 (32.43) 479 (32.70)
260 but <70 60 (32.43) 484 (33.04)
270 36 (19.46) 280 (19.11)
Sex 0.068
Male: 127 (68.68) 1097 {74.88)
‘Female §8(31.35) 368 (25.12)
Current BMI® (kg/m?} 0.021
<18.5 15(8.11) 61 (4.16)
218.5 but <22.5 84 (45.11) 555 (37.88)
222.5 but <25 47 (2541) 478 (32.83)
225 but <27.5 25 (13.51) 245 {16.72)
2275 14 (7.57) 111 (7.58)
Unknown 0 (0.00) 15 (1.02)
BMI® at age 20 (kg/m?) 0.018
<185 14 (7.57) 168 (11.47)
218.5 but <22.5 12 (60.54) 950 (64.85)
222.5 but'<25. 36(19.46) 226 (15.43)
225 but <27.5 11 (5.95) 72 (4.91)
2275 8 (3.24) 14.(0.96)
Unknown 6 (3.24) 35.(2.39)
Cigarelte: pack-years. : 0.005
<5 69 (37.30) 638 (43.55)
25 but <20 22 (11.89) 206 (14.08)
=20 but <40 34 (18.38)  308.(21.02)
240 80 (32.43) 304 (20.75)
Unknown 00.00} 9 (0.:61)
Drinking, g ethanol/day 0.568
Non 56.(30.27) 488 (33.31)
<23 53.(28.65) 425 (29.01)
=23 but <46 43.(23.24) 342 (23.34)
248 31 (16.76) 193 (13.17}
Unknown 2 (1.08) 17 (1.16)
History of diabetes mellitus <0.001
Yes 37 (20.00) 126 (8.60)
No 148 (80.00) 1339 (81.40)
Family history of PC ’ 0.811
Yes 8 (4.32) 58.(3.96)
No- 177 (95.68) 1407 (86.04)

2P.values calculated by chi-square test.
"BMI: body mass index.

(P=0.005), a higher prevalence of a history of diabetes
mellitus (P < 0.001), a lower current BMI (P = 0.021), and a
higher BMI at age 20 (P =0.018), -

Table 2 shows genotype distributions for the 5 SNPs
(rs1052133, rs1799782, rs25487, ts[130409, and rs1136410).
Three of the 5 SNPs (151799782, 1525487, and 151130409)
were in accordance with HWE. The remaining 2 loci
(rs1052133 and 1rs1136410) were not and were thus
excluded from further analysis. Rs25487 in XRCCI was
significantly associated with PC risk in the per-allele model
(OR=1.29, Cl=1.01-1.65;, trend P=0.043) and in the
dominant model (OR = 1,39, Cl=1.01-1.91; P=0.041). No
significant assoeiation with PC risk was observed for the
remaining 2 loci.

We analyzed potential interactions of rs1799782 and
1525487 in XRCC! and 151130409 in APE! with known risk
factors for PC, such as smoking, alcohol consumption,
overweight, diabetes mellitus, and family history of PC,
Because of the low frequency of minor homozygous subjects,
these subjects were combined with heterozygous subjects in
this- analysis. The exposure variables used were cumrent and
former BMI (BMI <25 or >25kg/m?), alcohol consumption
(<23 or 223 gethanol/day), smoking (<5 or 25 PYs), heavy
smoking (<40 or >40 PYs), history of diabetes mellitus (yes
or no), and family history of PC (yes or no). There were
no statistically significant interactions (eTable 1). We also
analyzed interactions of rs1799782 and 1s25487 in XRCCI
and rs1130409 in APE! with smoking duration and intensity
and detected no statistically significant interactions (eTable 2).

Table 3 shows the results of haplotype analysis for XRCCI.
The R-squared (R?) value between rs1799782 and rs25487
was 0.15. Haplotype CA in XRCCI was associated with
a statistically significant increase in PC risk (OR =132,
Cl=1.01-1.71; P=0,042) as compared with the most
common haplotype, CG, in XRCCI. As shown in Table 4,
we defined haplotype CA in XRCC! as a risk haplotype and
analyzed the potential interactions between risk haplotype
and known PC risk factors (smoking, alcohol consumption,
overweight, diabetes mellitus, and family history of PC).
The results showed significant interactions between a family
history of PC and the risk haplotype in XRCC! (interaction
P =0.020).

DISCUSSION

In this case-control study, we found that the genetic
polymorphism 1525487 in XRCCI was associated with
increased risk of PC in a Japanese population. However,
we did not detect any statistically significant interactions
with smoking.

The BER pathway has & primary role in the repair of
oxidative base lesions such as 8-hydroxyguanine,
formamidopyrimidines, and S5-hydroxyuracil?' Oxidative
damage to DNA may lead to mutations that activate
oncogenes or inactivate tumor suppressor genes and may
eventually increase the probability of genetic alterations
developing into neoplastic events.?! Sequence variants in
BER genes are thought to modulate DNA. repair capacity and
are consequently suspected of being associated with altered
cancer risk.?? With regard to the association between PC
risk and DNA repair pathway, genetic polymorphisms in
the BER pathway are the most widely studied in Western
epidemiologic studies.'® To our knowledge, however, fhis
is the first study to detect an association between XRCCI
polymorphisms and the development of PC in an Asian
population.

Two common variants of XRCC] are 181799782 (in which
T substitutes for C) and rs25487 (in which A substitutes for

J Epidemiol 2012,22(6):477-483
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Table 2. Distribution of cases and controls, and odds ratios for pancreatic cancer associated with selected BER gene

polymorphisms

Base Excision Repair Genes and Pancreatic Cancer Risk

Polymorphism

Genotype

No. of cases/cantrols

Unadjusted ORs?

Adjusted ORs?

(%) (95% Cl) (95% Cl)
rs1799782 ce 88(47.57)/677(46.21) 1.00 (ref.) 1.00 (ref.)
(XRCC1, Arg184Trp) cT B0(43.24)/636(43,41) 0.97 (0.70-1.33) 0.96 (0.69-1.34)
T 17(9.19)/152(10.38) 0.86 (0.50-1.49) 0.81 (0.46-1.44)

Per-allele model
Dominant model

0.94 (0.75-1.19)
0.95 (0.70~1.28)

0.96 (0.76-1.21)
0.93 (0.68-1.28)

(P trend) 0.622 0.709
minor allele(T) frequency in control subjects = 0.321 (HWE®: P = NS)
rs25487 GG 93(50.27)/842(57 47) 1.00 (ref.) 1.00 (ref.)
(XRCCH1, Arg399GIn) GA 77(41.62)/538(36.72) 1.30 (0.84-1.79 1.36 (0.98-1.90)
AA 15(8.11)/85(5.80) 1.58 (0.85-2.93)

Per-allele model
Dominant model

1.28 (1.00-1.63

)
1.60 (0.89-2.88)
)
1.34 (0.98~1.82)

1.29 (1.01-1.65)
1.39 {1.01-1.92)

(P trend) 0.048 0.043
minor allele(A) frequency in control subjects = 0.242 (P = NS)
11130409 TT 77(41.62)/542(37.00) 1.00 (ref.) 1.00 (ref.)
(APE1, Asp148Glu) TG 75(41.62)/681(46.48) 0.78 (0.55-1.09) 0.77 (0.55-1.10)
GG 33(17.84)/242(16.52) 0.96 (0.62—1.48) 1.02 (0.65-1.60)
Per-allele model 0.94 (0.75-1.16) 0.96 (0.77-1.20)
Dominant model 0.82 (0.60-1.12) 0.84 (0.61-1.15)
(P trend) 0.548 0,745
minor allele(T) frequency in control subjects = 0.388 (P = NS)
rs1052133 CC 55(29.73)/417(28.46) e —
(OGG1, Ser326Cys) cG 87(47.03)/692(47.24) — —
GG 43(23.24)/356(24.30) — e

Per-allele model — —
Dominant model o e

(P trend) — —

minor allele(G) frequency in control subjects = 0.479 (P = 0.040)
rs1136410 TT 61(32.97)/550(37 .54) — e
(PARP1, Val762Ala) TC 90(48.65)/657(44.85) — —
cc 34(18.38)/258(17.61) e —

Per-allele model — —

Dominant madel e e

(P trend) — —
minor allele(T) frequency in control subjects = 0.400 (P = 0.012)

Abbreviation: OR, odds ratio.

2Unconditional logistic regression model (unadjusted).

bUnconditional logistic regression model adjusted for age, sex, current BMI, BMI at age 20, smoking status, drinking habit, history of diabetes
mellitus, and family history of pancreatic cancer.

“HWE: Hardy-Weinberg Equilibrium.

Table 3. Haplotype frequencies of XRCCY, and odds ratios for pancreatic cancer associated with XRCC7 haplotype

£ SNPs? Haplotype frequericy Adjuétecf OR®
Haplotype 1 9 (casesfcontrols Pvalue
(©T) (G>A) Overall Cases Controls 185/1465)
1 c G 0438 0433 0.442 1.00 (refy)
2 c A 0.240 0.274 0.239 1.32 (1.01-1.71) 0.042
3 T G 0.318 0.282 0.318 1.05 (0.81-1.36) 0.891
4 T A 0.002 <0.001 0.002 NLE. N.E.

Abbreviation: OR, odds ratio. .

ASNP 1 is 1s1799782; SNP 2 is rs25487.

SHaplotype-sffests logistic’ regression for case-control data was used. Multivariable adjustrent by age, sex, current BMJ, BMI at age 20, stnoking.
status, drinking habit, diabetes melfitus, and family history of PC.

J Epidemiol 2012,22(6):477-483
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Table 4. Gene-environment interaction between XRCCT haplotypes and selected risk factors for pancreatic cancer

Haplotype  Exposure  Current BMP® BMI? at age 20 Smoking® Heavy Smoking” Alcohol® Diabetes mellitus® Family history of PC®
non-CA! -) 1.00 (ref.) 1,00 (ref.) 1.00 (ref) 1.00 (ref.) 1.00 {ref.) 1.00 (ref.) 1.00 {ref.)
CAZ (=) 137 (1.05-1.79) 1.35 (1.05-1,73) 1.64 (1.13-2.38) 1.43 (1.08-1.80) 1.30(0.95-1.77) 1.26(0.97-185) 120 (0.93-1.54)
non-CA +) 1.00 {ref.) 1.00 (ref.) 1.00 (ref) 1.00 (ref.) 1.00 (ref.) 1.00 {ref.) 1.00 {ref.)
CAs (+) 1.01 (0.59-1.73) 1.12 (0.53-2.36) 1.09 (0.80-1.50) 1.02 (0.64-1.63)} 1.24 (0.85-1.82) 1.42(0.79-252) 4.68 (1.59-13.81)
interaction P 0.468 0.124 0.095 0.087 0.729 0,864 0.020

NOTE: All values expressed as odds ratio (95% Cl). Haplotype-effects logistic regression for case-control data was used. Multivariable adjustment
by age, sex, current BMI, BMI at age 20, smoking status, drinking habit, qiabeies mellitus, and family history of PC. Interactions between
environmental factors and geriotypes were assessed by likelihood ratio tests between the logistic regression models, with and without interaction

terms, between genes and environmental factors of interest.
*BMI <25'vs, 225,

bSmmioking: pack-years <5 vs. 256; Heavy Smoking: pack-years <40 vs. 240.

Alcohol: gethanol/day <23 vs. 223.
“Diabetes mellitus: no vs. yes.
eFamily history of pancreatic cancer: no vs. yes.

Haplotype non-CA: other haplotypes (frequency > 0.01) except haplotype CA. Frequency in control subjects was 0.760.
9Haplotype CA: XRCC1 SNPs at rs1799782 and rs25487. Frequency in contral subjects was 0,239,

G), which lead to amino acid substitutions Argl94Trp and
Arg399Gin, respectively.’” In particular, the minor allele (A)
for rs25487, namely the 399Gln allele, was found to be
associated with a higher frequency of glycophorin mutant,
elevated DNA adduct levels, higher baseline sister chromatid
exchange frequency, and increased sensitivity to ionizing

radiation, all of which might be due to reduced BER

function.'® In the present study, the minor allele of rs25487
in XRCC1 was associated with elevated PC risk. Thus, our
finding is consistent with the potential mechanisms deseribed
above,

It has been suggested that YRCCI gene polymorphisms are
modulating factors for PC risk, particularly in smokers.!721 A
synergistic effect between these gene polymotphisms and
fobacco smoking in relation to PC risk has been suspected."*
Oxidative DNA damage produced by smoking is expected to
be repaired by the BER system, which includes the XRCC!
gene.” In this study, we observed a significant main effect of
rs25487 in XRCCI but found no statistically significant
interaction between XRCCJ loci and smoking. Although the
reason for this difference is unclear, the results may have been
affected by the beterogeneity of study populations; differences
in ethnicity, the small sample size, and potential confounders.
On the other hand, the minor allele of rs25487 in XRCC!
was associated with increased risk of PC among light but
not heavy smokers. These findings are consistent with past
reports, and possible explanations for the limited effect among
heavy smokers include enhanced apoptosis at the time of cell
division from heavy smoking and induction of DNA repair
capacity in response to DNA damage.?%?!

In addition, we found that haplotype CG in XRCC/ had
a higher impact in those with a family history of PC than
in those without. such a history. To our knowledge, this
phenomenon has not been“reported previously and might be
explained by family history acting as a surrogate for
interaction with known/unknown genetic susceptibility

factors. We did not observe any interaction with the ABO
genotype, which has been reported to have a significant
association with PC risk (data not shown).>* Given our small
study population, the finding of an interaction with family
history may have been due to chance. Further study is
required to duplicate our findings in a larger cohort.

Our study has several methodological issues that warrant
discussion. First, the conirol population was selected from
non-cancer patients at ACCH. It is reasonable to assume that
this was. the same population from which the case subjects
were derived, which would bolster the internal validity of
our study. Second, with regard to external validity, we
previously showed that individuals selected randomly from
our control population were similar to the general population
of Nagoya City in terms of the exposure of interest.s
However, only 50% of patients agreed to the collection of a
blood sample, and the characteristics of these participants
might differ from those of the general population. Third,
case-control studies have an infrinsic information bias.
However, the HERPACC system is less prone to this bias
than are typical hospital-based studies, as the data for all
patients were collected before diagnosis. In addition, the
results from our self-administered questionnaire may be
inaccurate. However, any such misclassification waould be
nondifferential and would likely underestimate the causal
association.>® Fourth, with regard to SNP analysis, because 2
SNPs (11052133 in OGGI and 151136410 in PARPIL) were
not in accordance with HWE in our study, further studies that
include these factors are required. Fifth, residual confounding
by known and unknown risk factors might be present; given
the small number of cases, our findings require replication in
a larger study. Finally, our study was limited to a Japanese
population, and the results cannot necessarily be extrapolated
te other populations.

In summary, this case-control study showed a significant
association between genetic polymorphisms in XRCCI and

J Epidemiol 2012;22(6):477-483
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PC risk in a Japanese population, Further investigation of
our findings in larger populations are warranted, and the
biological mechanisms responsible for the association should
be fully elucidated.
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The international consensus guidelines for management of intraductal papillary mucinous neoplasm and
mucinous cystic neoplasm of the pancreas established in 2006 have increased awareness and improved
the management of these entities, During the subsequent 5 years, a considerable amount of information
has been added to the literature. Based on a consensus symposium held during the 14th meeting of the
International Association of Pancreatology in Fukuoka, Japan, in 2010, the working group has generated
new guidelines. Since the levels of evidence for all items addressed in these guidelines are low, being 4 or 5,
we still have to designate them “consensus”, rather than “evidence-based”, guidelines, To simplify the
entire guidelines, we have adopted a staternent format that differs from the 2006 guidelines, although the
headings are similar to the previous guidelines, i.e., classification, investigation, indications for and
methods of resection and other treatments, histological aspects, and methods of follow-up. The present
guidelines include recent information and recommendations based on our current understanding, and
highlight issues that remain controversial and areas where further research is required.

Copyright © 2012, IAP and EPC. Published by Elsevier India, a division of Reed Elsevier India Pvt. Led. All
rights reserved,
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1. Introduction new information has been obtained regarding endoscopic

ultrasonography-guided fine-needle aspiration (EUS-FNA) of the

Since the publication of the international consensus guidelines
for management of intraductal papillary mucinous neoplasm
(JPMN) and mucinous ¢ystic neoplasm (MCN) of the pancreas in
2006 [1], these entities have been drawing increasing attention. As
a consequence, a considerable amount of information has been
added to the literature during the subsequent S years. In particular,

"+ Corresponding author. Tel.: +8192 642 5437; fax: +81 92 642 5457,
E-mail address: masaotan@med.kyushu-uv.ac.jp (M, Tanaka).

cyst contents, the indications for resection of branch duct IPMN
(BD-IPMN) have changed from rather early resection to mare
deliberate observation, and -some reports have documented the
occurrence of concomitant pancreatic ductal adenocarcinoma
(PDAC) in patients with BD-IPMN, All this new knowledge makes an
update of the guidelines imperative. During the 14th meeting of the
International Association of Pancreatology (IAP) held in Fukuoka,
Japan, in 2010, we arranged a sympeosium where recent progress in
preoperative diagnosis and management was presented. All the
spealers in the symposium, including eight initial members and six

1424-3903/% — see front matter Copyright ® 2012, IAP and EPC. Published by Elsevier. lndia,k a division of Reed Elsevier India Pyt. Ltd. All righits reserved.
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new members of the working group, have generated new guide-
lines based on an elaborate list of items to be addressed. Since the
levels of evidence for all items addressed in these guidelines are
low, being 4 or 5, we still have to designate them “consensus”,
rather than “evidence-based”, guidelines. We have made a series of
recornmendations for all items in Table 1. However, since the grades
of the recommendations are low, we have avoided repetition of
grade C in almost all of the items.

All the authors contributed equally to the guidelines, M, Tanaka
chaired and C. Fernandez-del Castillo co-chaired this warking
group of the IAP, and these two authors played a major role in the
preparation of the manuscript. The remaining authors are listed in
alphabetical order.

Table 1
Summary of recommendations.

1. Classification ¢
1a. The threshold of MPD dilation, segmental or diffuse, for characterization of
MD-IPMN has been lowered to >5 mm without other causes of abstruction,
thereby increasing the sensitivity for radiologic diagnosis withott losing
specificity. MPD dilation of 59 mm is considered a “werrisome feature”,
while an MPD diameter of 10 mm is one of the “high-risk stigmata®.
1b, The definition of "malignancy” of IPMNs and MCNs has been variable,
hampering comparisons of data. We recommend abandoning the term
carcinoma in situ in favor of high-grade dysplasia, reserving the descriptor
of malignancy for invasive carcinoma, as putlined in the recent WHO
classification.

Ny

. Investigation

2a. CT or MRI with MRCP is recommended for a cyst of >1 cmi to check for
*high-risk stigmata”, including enhanced solid component and MPD size of
> 10 mm, or "worrisome features”, including cyst of 23 cm, thickened
enhanced cyst walls, non-enhanced mural nodules, MPD size of 5-9 mm,
abrupt change in the MPD caliber with distal pancreatic atrophy, and
lymphadenopathy. All cysts with “worrisome features” and cysts of >3 cm
without “wortisome features” should undergo EUS, and all cysts with "high-
risk stigmata” should be resected. If no “worrisome features” ave présent, no
further initial worlk-up is recommended, although surveillance is stilt
required,

2b: MDCT and MRCP are most useful for distinguishing BD-IPMN from other
cysts by showing multiplicity and a coanection to the MPD,

2¢, Cyst fluid analysis is still investigational, but is recommended for
evaluation of smail BD-IPMNs without “worrisome features” in centers with
expertise in EUS-FNA and cytological interpretation.

2d.; Routine ERCP for sampling of fluid or brushings in IPMN is not
recommended, and should only be used in'the context of research.

2e, Distinction of BD-IPMN from a small oligocystic SCN is challenging and
may require EUS-ENA with cyst fluid CEA determination,

W

. Indications for Resection
3a; Resection is recommended In all surgically fit patients with MD-IPMN. If
the margin is positive for high-grade dysplasia, additional résection should be
attempted to obtain at least moderate-grade dysplasia,
3b, The indications for resection of BD-IPMN are more conservative,
“Worrisome feqtures” as well as *high-risk stigmata” are proposed. A BD-IPMN
of >3 cm without “high-risk stigmata® can be observed without immediate
resection.
3¢ Surgical resection is recommended for afl susgically fit patients with MCN.
For MCNs of <4 cm without mural nodules, laparoscopic resection as well as
parenchyma-sparing resections and distal pancreatectomy with spleen
preservation should be considered.

£

. Methods of Resection and Other Treatmenits

4a.Pancreatettomy with lymph node dissection remains the standard
treatment for invasive and non-invasive MCNs and [PMNs, Focal non-
anatomic resections or anatomic. resections without lympliadenectomy or
splenectomy may be considered for those without suspicion of malignancy,
but carry a risk of possible feakage of mucin, and higher incidences of
pancreatic fistulae and recurrence, Low-grade and possibly high-grade
dysplasia of IPMN and MCN may be good candidates for laparoscopic surgery.
4b, EUS-guided ethanol ablation cannot be recommended for patients with
BO-IPMN or MCN otitside of a-closely monitored research protocol,

4c, Multifocal BD-IPMNs carry a similar risk of malignaney to unifocal BD-
[PMN. Segmental resection can be performed to remove the IPMNs at the
highest oncological risk. The threshold for total pancreatectomy should
perhaps be lowered in patients with a strong family history of PDAC and
multifocal BD-IPMNs, but the data supporting this idea are incomplete.

M. Tanaka et al. / Pancreatology 12 (2012) 183—197

Table 1 {continued)

5. Histological Aspects
Sa. The type of invasive carcinoma, colleid versus tubular, has major
prognostic implications and should be part of the reporting of IPMNs, with
colloid carcinomas being characterized by "intestinal” differentiation and
& better prognosis than tubular carcinomas.
5b. Instead of “minimally invasive carcinoma® derived from IPMN or MCN, it
would be more appropriate to stage invasive carcinomas with the
conventional staging protocols and further substage the T1 category into T1a
(505 cm), T1b (0.5 cm and <1 cm), and Tic (1-2 cm),
5¢. The histologic subtypes of IPMN have clinicopathologic significance. The
gastric type is typically low grade, with only a simall percentage developing
into carcinoma. However, if a carcinoma does develop, it is usually of the
tubular type and aggressive, Large intestinal-type IPMNs can have invasive
carcinoma of the colloid type with indelent behavior.
5d. [Eclear high-grade dysplasia or invasive carcinoma is present at the margin
by frozen section analysis, further resection is warranted. All patients should
be informed preoperatively about the possibility of total pancreatectomy.
Moderate-grade or low-grade dysplasia may not require any further therapy.
5e. Pathologists should make every attempt to classify the lesion as MD-IPMN
or BD-IPMN, being careful. to identify the MPD as precisely as possible when
processing the specimen.
St. A distinction between PDAC derived from an IPMN and PDAC concomitant
with an IPMN is proposed with regard tc the topological relationship and
histolagical transition, although the distinction sometimes remains
undetermined.

&

Methods of follow-up

6a. Patients without “high-risk stigmata” should undergo MRI/MRCP (or CT)
after a short interval {3—6 months) to establish the stability, and then annual
history/physical examination, MRI/MRCP (or CT} and serologic marker
surveillance. Short interval surveillance (3~9 months) should be considered
for patients whose IPMN progresses toward “high-risk stigmata” and patients
with a family history of hereditary PDAC, Some investigators continue
surveitlance at short intervals owing fo concern over the development of
distinct PDAC.

6b. Non-invasive MCNs require no surveillance after resection. IPMNs need
surveillance based on the resection margin status: i there are no residual
lesions, repeat examinations at 2 and 5 years may be reasondble. The aspect
of whethera margin with moderate-grade dysplasia increases recurrence is
unkaown. For patients with low-grade or moderate-grade dysplasia at the
margin, we suggest history/physical-exarination and MRCP surveillance at
least twice a year. The follow-up strategy of invasive IPMN should be identical
to that for PDAC.

6c¢. In patients with two or more affected first-degree relatives, the risk rapidly
escalatés and merits aggressive surveillance by MRI/MRCP (or CT) and EUS,
“Worrisome fegiures” are of imore concern. If present, patients should be
considered for resection if they are surgically fit. if absent, patients shouid be
followed by MRIJMRCP (or CT) at 3-month intervals and EUS annually for the
first 2 years. Patients with a rapidly growing BD-IPMN and patients who
develop “warrisome features” should be strongly considered for resection. The
interval of surveillance after 2 years of no change can be lengthened to 6
months, but no longer in view of the relatively high incidence of PDAC
reported for BD-1PMN,

6d. There are no screening recommendations for detecting extrapancreatic
malignancies in patients with IPMN on surveillance and after resection, but
consideration of extrapancreatic neoplasms should be made based on the
frequency of these malignancies in the general population of the country or
region.

2. C!assiﬁcatimjl

2.1 Criteria for distinction of BD-IPMN and main duct IPMN
(MD-IPMN)

IPMNs can be classified into three types, ie, MD-IPMN, BD-
IPMN, and mixed type, based on imaging studies andjor the
histolagy (Fig.. 1) [1]. MD-IPMN is characterized by segmental or
diffuse dilation of the main pancreatic duct (MPD) of >5 mm
without other causes of cbstruction. According to recent reports,
a low threshold for MPD dilation (5 mm) can be adopted, which
increases the sensitivity for radiologic diagnosis of MD-IPMN
without losing specificity [2—10]. In the revised guidelines, MPD
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Fig. 1. MRCP (left panels) and ERCP (right panels) demanstrating the three morpholagical types of IPMN. a. Main duct type with a mural nodufe (arrows), b, Branch duct type.

. Mixed type.

dilation of 5—9 mm is considered a “worrisome feature” and an MPD
diameter of >10 mm is one of the “high-risk 'stigmqta"‘ Pancreatic
cysts of >5 mm in diameter that communicate with the MPD should
be considered as BD-IPMN, with pseudocyst being in the differential
diagnosis for patients with a prior history of pancreatitis. Mixed type
patients meet the criteria for both MD-{PMN and BD-IPMN.

There are considerable differences in the proportions of each
type and the risks of malignancy (Table 2) [2—23], The differences
are partly caused by variation in the type definitions, since the
correlation between the histologic and radiologic criteria is around
70% [8,24]. While the MPD can be dilated through ductal hyper-
tension caused by mucin, protein plugs, and focal pancreatitis,
neoplastic involvermnent without ductal dilation can be seen histo-
logically {25]. Since the classification is important for clinicians to
plan the management, it should be based on the preoperative
radiologic images, and the pathological classification can be spec-
ified a posteriori.

2.2. Definition of malignant IPMN and MCN

IPMNs and MCNs exhibit a spectrum of neoplastic trans-
formation, both within each category and often in a given case,
ranging from innocuous lesions that used to be called “hyper-
plasia” or adenoma (currently classified as “low-grade dysplasia™)
to invasive carcinomas [26,27]. The definition of “malignancy” has
been variable, with most authors including “carcinoma in situ”
(CIS) in the malignant category, while others reserve this term for
invasiveé neoplasms, and yet others define “malignancy” by
aggressive clinical behavior [27]. This wide variation hampers
comparisons of data, and hinders determination of the signifi-
cance of lesions and placement of patients into clearly defined
categories. For this reason, we recommend abandoning the term
CIS in favor of high-grade dysplasia, reserving the descriptor of
malignancy for invasive carcinoma, as outlined in the recent WHO
classification [26].
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Table 2

Frequencies of malignancy in IPMNs according to the morphological types.
Total IPMNs Main duct type Branch duct type Mixed type
First author Year  Total Malignant Invasive Number Malignant Invasive Number Malignant invasive Number Malignant Invasive

number 1 (%) n{%) (%) n (%) n (%) (%) n{%). n{%) n{%) n (%) n (%}

Sugiyama [11] 2003 62 34 (54:8%) 20(32.3%)  30{484%) 21 (70.0%) 17 (56.7%) 32 (51.6%) 13 (40.6%) 3(9.4%)
Sohn™{12] 2004 136 >52 (38.2%) 52(38.2%)  36{(265%)  >18(50.0%) 18.(50.0%) 60 {44.1%)  >18{30.0%) 18 (30.0%)  33{24.3%) >16(48.5%) 16 (48.5%)
Salvia [13] 2004 140 83 (59.3%}) 58.(41.4%) 140 (100%) 83 (58.3%) 58 (41.4%) )
Suzuki*{14} 2004 1024 >446 (43.6%) 446 (43.6%) 201 (19.6%) »120(59.7%) 120(59.7%) 509 (49.7%) >150(29.5%) 150(29.5%) 228 (223%) 148 {64.9%) 148 (64.9%)
Lee [15] 2005 67 24 (35.8%) 9(13.4%) 27 (40.3%) 12 (44.4%) 3(11.1%) 35 (52.2%) 10 (28.6%) 4{11.4%) 5(7.5%) 2 {40.0%) 2 (40.0%)
Serikawa [Z] 2006 103 41 (39.8%) 28(272%) 47 (45.6%) 30 (563.8%) 21 (44.7%) 56 {54.4%) 11(19.6%) 71(12.5%)
Schmidt [3] 2007 156 50(32.1%) 29 (18.6%) 53 (34.0%) 30 (56.6%) 15(283%) 103 (66.0%) 20 (19.4%) 14 {13.6%)
Rodriguez |20} 2007 145 32(22a%) 16{11.0%) 145 (100%) 32 (223%) 16 (11.0%)
Schnelldorfer [16] 2008 208 82 (39.4%) 63 (303%) 76 (36.5%}) 49 (64.5%) 84 (40.4%) 15 (17.9%) 48 (23.1%) 18 (37.5%)
Kim [17] 2008 118 36 (30.5%) 28 (23.7%)  70(59.3%) 25 (35.7%) 23'(32.9%) 48 (40.7%) >3 (6.3%) 3(6:3%) '
Nagai {4} 2008 72 44 (61.1%) 30{417%) 15 (20.8%) 15 (100%) 10 (66.7%) 49 (68.1%) 25 (51.0%) 18(36.7%) 8{(111%) 4{50.0%) 2(25.0%)
Jang [21] 2008 138 26 (18.8%) 17 (12.3%) 138 (100%) 26 (18.8%) 17 (12.3%)
Ohno [18) 2009 87 45 (51.7%) 19(21.8%)  14{16.1%) 11(78.6%) 4 (28.6%) 48 (55.2%) 20 (41.7%) 9{18.8%)  25(28.7%) 14 (56.0%) 6 (24.0%)
Nara {19} 2009 123 82 (68.7%) 81 (496%)  26(21,1%) 26 (100%) 21(80.8%) 59 (48.0%) 26(44.1%) 14(23.7%)  38{(30.9%) 30{78.9%) 26 (68.4%)
Bournet {7} 2009 99 24 (24.2%) 14 (14.1%) 47 (47.5%) 6 (12:8%) 4{8.5%) 52 (52.5%) 18(34.6%) 10 (19.2%)
Hwang 5] 2010 187 58 (31.0%) 43 (23.0%)  28(15.0%) 20 (71.4%) 17 (60.7%) 118 (63.1%) 18 (16.1%) 14(11.9%)  41{21.9%) 19 (46.3%) 12 (29.3%)
Mimura [6] 2010 2 54 (65.9%) 20(354%) 39{47.6%) 34 (87.2%) 19'(48.7%) 43 (52.4%) 20 {46.5%) 10(23.3%) ‘
Sadakari {22] 2010 73 6 (8.2%) 1(1.4%) 73 {100%) 6(8.2%) 1{1.4%)
Kanno [23] 2010 159 40 (25.2%) 19 (11.9%) ., 158 (100%) 40 (25.2%) 19 (11.9%) '
Crippa{10] 2010 389 181 {46.5%) 118 (30.3%)  81(20.8%) 55 (68%) 39 (48%) 159 {40.9%) 34 (22%) 17 {11%) 149 (38.3%) 92 {62%) B2 (42%)
Total 3568 >1440 (>404%) 1100 (30.8%) 883 (24.7%) »549(>622%) 385(d43.6%) 2027(56.8%) >494(»244%) 337(166%) 627(17.6%) =361 (>57.6%) 284(453%)

26181 (z107) 21 ABujomwaiouny / o 12 vyouny ‘W

Abbreviation: IPMN: intraductal papillary mucinous neoplasm,
# Since these reports only included invasive IPMNs, the frequency of malignant IPMNs is underestimated in this tabie owing to the absence of data for non-invasive IPMNs.
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3. Investigation
3.1, Worle-up for cystic lesions of the pancreas

Cystic lesions are increasingly being recognized by imaging
studies, and the frequency of pancreatic cyst detection by MRI
(19.9% [28]) is higher than by CT (1.2% [29] and 2.6% [30]). A cyst
with invasive carcinoma is uncommon in patients with an
asymptomatic pancreatic cyst, particularly one of <10 mm in size,
and therefore no further work-up may be needed at that point,
although follow-up is still recommended [31,32]. For cysts greater
than 1 cm, pancreatic protocol CT or gadolinium-enhanced MRI
with magnetic resonance cholangiopancreatography (MRCP) is
recommended for better characterization of the lesion (Fig. 2) [33].
A recent consensus of radiologists suggested dedicated MRI as the
procedure of choice for evaluating a pancreatic cyst, based on its
superior contrast resolution that facilitates recognition of septae,
nodules, and duct communications [33]. When patients are
required to undergo frequent imaging for follow-up, MRI may be
better for avoiding radiation exposure.

For amelioration of symptoms, and owing to the higher risk of
malignancy, all symptomatic cysts should be further evaluated or
resected as determined by the clinical circumstances.

“Worrisome features” on imaging include cyst of >3 cm, thicl-
ened enhanced cyst walls, MPD size of 5—9 mm, non-enhanced
mural nodules, abrupt change in the MPD caliber with distal
pangcreatic atrophy, and lymphadenopathy {34-38].

Cysts with obvious “high-risk stigmata” on CT or MRI (ie.,
obstructive jaundice in a patient with a cystic lesion of the pancreatic

head, enhanced solid component, MPD size of >10 mm) should
undergo resection without further testing. All smaller ¢ysts with
“worrisome features” should be evaluated by EUS to further risk-
stratify the lesion. Patients with cysts of >3 cm and no “warrisome
features” can also be considered for EUS to verify the absence of
thickened walls or mural nodules, particularly if the patient is
“elderly.
All patients with cysts of <3 cm in size without “worrisome
features” should undergo surveillance according the size stratifi-
cation (Fig. 2) [39].

3.2, Distinction of BD-IPMN from MCN and other pancreatic cysts

Using a combination of the clinical history, sex, imaging char-
acteristics, cytology, and cyst fluid and chemical analyses of carci-
noembryonic antigen (CEA) and amylase, pancreatic cysts can not
only be characterized as mucinous or non-mucinous, but also
accurately identified for their specific subtypes [40-56]. A combi-
nation of the clinical and imaging characteristics provides the best
initial preoperative diagnosis of the cyst type (Table 2). For an
imaging diagnosis of BD-IPMN, multidetector CT (MDCT) and MRCP
are the most useful primary methods for defining the morphology,
location, multiplicity, and communication with the WMPD.
[8,9,18,57,58]. Reliable distinguishing features of BD-IPMN include
multiplicity and visualization of a connection to the MPD, although
such a connection is not always observed, EUS can then be used for
detecting mural nodules and invasion, and is most effective for
delineating the rnalignant characteristics (Fig. 3) [ 18], although it
has the limitation of operator dependency [13,58]. Chemical

Are any of the following high-risk stigmata of malignanc
i} obstructive jaundice in a patient with cystic lesion of the head of the pancreas, Ii) enhancing solid component within cyst,
iit} main pancreatic duct >10 mm in size

resent?

l )
- Are any of the followlng worrisomg features present?
Consider . Glinical: Pancreatitis
surgery, Imaging: i) cyst 23 cm, i) thickened/enhancing cyst walls. iiiy main duct size 5-9 mm, iii) non-enhaneing
if clinically mural noduls iv) abrupt change in caliber of pancreatic duct with distal pancreatic atrophy.
appropriate l
If yes, perform endoscapic ultrasound No
Are any of these features present?
Yes i) Definite mural nodule {S}b ->l No H What is the size of largest cyst? I

i) Main duct features suspicious for involvement ©
iii) Cylology: suspicious or pasitive for malignancy

Inconclusive

¥

+

)

L,
1

+

CTIMRE CTMVIRY
, d vearly X 2 years,
in 2-3 yeass ther fengthen
interval
i no change 9

EUS in 3-6 months, then
lengthen interval alternating MR!
with BUS as apprepriate.
Consider surgery in young,
‘fit patients with need for
prolenged surveillancs

Close surveillance aternating
MRIwith EUS every 3-8 months.
Strongly consider surgery in young,
fit patients

a. Pancreatitis may be an indication for surgery for relief of symptoms.
b. Differential diagnosis includes mucin. Mucin can move with change in patient position, may be dislodged.on
cyst lavage and does not have Deppler flow. Features of true tumor nodulg include Jack of mobility, presence of

Doppler flow and FNA of nodule showing tumor tissue

. Presence of any one of thickened walls, intraductal mucin or mural nodules is suggestive of main duct
involvement. In their absence main duct involvement is incolclusive.

d. Studies from Japan suggest that on follow-up of subjects with suspected BD-IPMN there is increased incidence
of pancreatic ductal adenocarcinoma unrelated to malignant transformation of the BD-IPMN(s) being followed.
However, it is unclear f imaging surveillance can detect eary ductal adenocarcinoma, and, if so, at what interval

surveillance imaging should be performed.

Fig. 2. Algorithm for the management of suspected BD-IPMN.
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Fig. 3. EUS showing a mural nodule in the dilated MPD with Dopptler flow indicating the presenceof a blood supply.

analyses of the CEA and amylase levels as well as cytology of the
cyst content obtained by EUS-FNA are often useful, but cannot
distinguish MCN and IPMN [47,51,54-56]. A more recent study
claimed that a molecular analysis for GNAS mutations can distin-
guish MCN from BD-IPMN [59].

3.3. Roles of cyst fluid analysis and cytology obtained by EUS-FNA
in the diagnosis of cystic lesions of the pancreas

The use of EUS-FNA varies widely throughout the world.
Elevated CEA is a marker that distinguishes mucinous from non-
mucinous cysts, but not benign from malignant cysts
[53—56,59—63]. A cut-off of »192—-200 ng/ml is ~80% accurate for
the diagnosis of a mucinous cyst [53—55]. An increase the cut-off
value improves the specificity at the expense of the sensitivity
[63]. A low CEA level does not exclude a mucinous cyst. Cyst fluid
amylase is not uniformly elevated in IPMN, and MCN may also
exhibit elevated amylase levels [33]. Serous cysts typically have low
levels of both CEA and amylase. Cytology can be diagnostic,
although the sensitivity is limited by the scant cellularity
[50,51,63--71]. In summary, interpreting the results of bicchemical
markers in cyst fluid is a complex exercise in pattern récognition,
and should be reserved for patients in whom additional informa-
tion will have an impact on the surgical decision-making,

In centers with expertise in EUS-FNA and cytological interpre-~
tation, cytological analysis adds value, especially for evaluation of
a small BD-IPMN without “worrisome features” [56]. “High-grade
epithelial atypia” recognizes epithelial cells with cellular atypia
that is qualitatively and quantitatively insufficient for a malignant
interpretation, and may be a maore sensitive predictor of malig-
rancy than positive cytology [3,51,56,72,73]. Such cells in the cyst
fluid predicted malignancy in a mucinous cyst with 72% sensitivity
and positive predictive value (80% accuracy) in one study [51], and
detected 30% more cancers in small IPMN than “worrisome features”
i another study [56].

Molecular analyses of the cyst fluid for diagnosis are still
evolving. Studies show that detection of KRAS mutations more
accurately ‘supports a mucinous rather than malignant cyst
[45-47]. A recent study indicates that GNAS mutations may be
hielpful in distinguishing significant mucinous cysts from indolent
cysts that can be conservatively managed [59],

It is important to highlight that Japanese investigators do not
recommend cyst fluid analysis for the diagnosis of mucinous-like
cystic lesions, and believe that a cyst of any size with "worrisome
features” should not be aspirated, because it may cause leakage of
the cyst content, possibly leading to peritoneal dissemination
[74,75]. At present, EUS-FNA with cytological and molecular anal-
yses is still considered investigational, but is recommended for

evaluation of small BD-IPMNs without “worrisome features” only in
centers with expertise in EUS-FNA and cytological interpretation.

3.4. Role of cytology and/or analysis of the pancreatic juice in the
diagnosis of malignant BD-IPMN

Pancreatic juice can be obtained via endoscopic retrograde
cholangiopancreatography (ERCP) by washing or brushing for
cytology. Pancreatic juice can also be obtained from the MPD or
a dilated branch duct affected by IPMN, although selective cannu-
[ation may be difficult. Only a few reports mention pancreatic juice
cytology of BD-IPMN, with variable vields [70,76]. One large series
showed a significant role of CEA levels of 30 ng/ml in diagnosing
malignant BD-IPMN [77]. Routine ERCP for sampling of fluid or
brushings in [IPMN is not recommended, and should only be used in
the context of research,

3.5, Distinction of BD-IPMN from serous cystic neoplasm (SCN)

Serous cystadenomas have three morphological patterns:
polycystic, honeycomb, and oligocystic. BD-IPMN can be properly
distinguished from SCN with a polyeystic or honeycomb pattern by
either CT or MRCP [5574,78,79] (Table 3). The differentiation
between a small oligocystic SCN and a BD-IPMN is challenging and
may require EUS-FNA with cyst fluid CEA determination [80--82].

4. Indications for resection
4,1, Indications for resection of MD-IPMN

According to published series of >50 cases {Table 2), the mean
frequency of malignancy in MD-IPMN is 61.6% (range, 36—100%)
and the mean frequency of invasive IPMN is 43.1% (range,
11-81%) [2—6,11-18]. Considering these high incidences of malig-
nant/invasive lesions and the low 5-year survival rates (31-54%)
[3~5,12—14], surgical resection is strongly recommended for all
surgically fit patients. However, MPD dilation of 5-9 mm should be
considered as one of the “worrisome features”, similar to the case for
BD-IPMN (Fig. 2}, with a recomimendation of evaluation but no
immediate resection. To date, there have been no consistent
predictive factors for malignancy in MD-IPMN, including the
degree of MPD dilation, presence of symptoms, or mural nodules
[EREREIN

The aim of resection is to achieve complete removal of a tumor
with a negative margin. In the segmental ectatic type or diffuse
type with focal lesions (mural nodules or combined branch lesions,
etc.), it is relatively easy to determine the resection side (proximal
or distal pancreatectomy) and transection line.
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Table 3

Typical clinical and imaging features of common pancreatic cysts.
Characteristic MCN BD-IPMN SCN Pseudocyst
Sex (% fernale) =95% ~55% ~70% <25%
Age {decade) 4th, 5th 6th, 7th 6th, 7th 4th, 5th
Asymptomatic ~50% Mastly when small ~50% Nearly zero
Location (% body/tail) a95% 30% 50% 65%
Common capsule Yes No Yes N/A
Calcification Rare, curvilinear in the  No 30--40%, central No

cyst wall

Gross appearance Orange-like Grape-lilke Spongy or honeycomb-like Variable
Multifocality No Yes No Rare
Internal structure Cysts in cyst Cyst by cyst Microcystic andfor macrocystic  Unilocular
Main pancreatic duct Infrequent Yes (though not always demonstrable) No Common

communication
Main pancreatic duct Normal or deviated

combined type

Normal, or dilated to =5 mm, suggesting

Normal or deviated Normal or irregularly dilated, may

contain stones

Abbreviations: MCN, mucinous cystic neoplasm; BD-IPMN, branch duct intraductal papillary mucinous neoplasm; SCN, serous cystic neoplasm; NJA, not applicable,

In the diffuse dilation type without focal lesions, more careful
evaluation is warranted, including ERCP. Some of these patients
may not even have IPMN, but rather chronic pancreatitis. A dilated
papilla with mucin extrusion andfor a mural nodule visualized by
ERCP definitely confirms the diagnosis of MD-IPMN. If indeed IPMN
is diagnosed, right-sided pancreatectomy is preferred because it is
technically easier to resect additional pancreatic tissue to achieve
a negative margin.

Frozen biopsy sections are useful for deciding the resection line
[83]. If the resection margin is positive for high-grade dysplasia,
additional resection of the pancreas should be attempted to obtain
a negative margin. If low-grade or moderate-grade dysplasia is
found, further resection is controversial [84-~87]. Total pancrea-
tectomy should be applied selectively in younger patients who can
handle the complexities of brittle diabetes and exocrine insuffi-
ciency [88,89]. Intraductal ultrasonography (Fig. 4), pancreatoscopy
(Fig. 5), and cytology have been used to obtain additional infor-
mation of the surgical margin in difficult cases [90,91]. However, all
of these investigations should preferably be performed precpera-
tively to avoid leakage of mucin.

Fig. 4. Intrarductal ultrasonogram demonstrating a 25-min mural nodule in the MPD.
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4.2, Indications for resection of BD-IPMN

The mean frequency of malignancy in resected BD-IPMN is
25.5% (range, 6.3—46.5%) and the mean frequency of invasive
cancer is 17.7% (range, 1.4—36.7%) (Table 2) [2--711~23]. Although
resection of BD-IPMN therefore warrants consideration, these
lesions mostly occur in elderly patients, and the annual malignancy
rate is only 2-3% [92,93]. These factors support conservative
management with follow-up in patients who do not have risk
factors predicting malignancy. The usefulness of the previous
consensus criteria for resection {1] has been validated by many
reports [5-8,22-24,94,95]. New high-risk factors proposed include
a rapidly increasing cyst size [92,96] and high-grade atypia rather
than “positive” cytology [51,56,65,67,72).

Although still controversial, younger patients (<65 years) with
a cyst size of >2 em may be candidates for resection owing to the
cumulative risk of malignancy [21,97]. The decision needs to be
individualized and to depend not only on the risk of malignancy but
also on the patient’s conditions and cyst location. Since a BD-IPMN
size of >3 cm {5 a weaker indicator of malignancy than the presence

Fig. 5. Peroral pancreatoscopic photograph'showing a fish egg-like mucdsal fesion in
the MPD,
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of mural nodules and positive cytology, BD-IPMN of >3 cm without
these signs can be observed without immediate resection, partic-
ularly in elderly patients.

4.3. Indications for resection of MCN

MCN defined by the presence of ovarian stroma has a low
prevalence of invasive carcinoma («<15%) with no malignancy in
MCNs of <4 con without mural nodules [40,98]. Observation may be
considered in elderly frail patients [40]. However, given the rela-
tively young age of most patients, the risk of progression to invasive
MCN, and their common locations in the pancreatic body and tail,
surgical resection is recommended for all surgically fit patients,
since the natural history of MCN is still unknown and nonoperative
management would require years of follow-up based on high-
resolution imaging associated with high costs [40,98-100]
Patients with invasive MCN are significantly older (by 11 years)
than those with non-invasive MCN, [98-100], and frequently
contain areas of low-grade dysplasia [40,98,99], suggesting that we
are presently unable to securely identify invasive MCN. Resection is
routinely curative in non-invasive MCN with no recurrence [40,98].

MCNs are usually located in the pancreatic body and tail, and
thus require distal pancreatectomy that can be performed safely at
high-volume centers [101,102]. In patients with MCNs of <4 cm
without mural nodules, parenchyma-sparing resections (i.e. middle
pancreatectomy) and distal pancreatectomy with spleen preserva-
tion as well as laparoscopic procedures should be considered
[102,103].

5. Methods of resection and other treatments

5.1. Methods of pancreatectomy for invasive and non-invasive
MCNs and IPMNs

Although preoperative and intraoperative assessment of the
dysplasia grades of MCNs and IPMNs can be difficult, US, CT, MR,
and EUS will identify most tumors with a significant invasive
component [104]. In such patients, pancreatoduodenectomy, left
pancreatectomy, or total pancreatectonty according to the site and
extent of the disease with lymph node dissection remains the
standard treatment [105,106]. Limited resections or even focal
non-anatomic resections (excision, enucleation, uncinatectomy)
may be considered for MCN or BD-IPMN without clinical, radio-
logic, cytopathologic, or serologic suspicion of malignancy
[107-124]. However, non-anatomic resections may be associated
with rare, but possible, leakage of mucin followed by pseudo-
myxoma peritonei [125,126], and also have a higher incidence of
pancreatic fistulae and risk of recurrence from potentially residual
neoplasm. Low-grade and possibly high-grade dysplasia of IPMN
and MCN may be good candidates for laparoscopic surgery
[127--129]. Conversion to a standard resection with lymphade-
nectomy should occur if intraoperative findings raise concern for
malignancy or frozen-section pathology reveals high-grdde
dysplasia og,jnv‘asive disease. When the final pathology reveals
invasion or’ positive margin for high-grade dysplasia undetected
on frozen sections, a reoperation should be performed in surgi-
cally fit patients.

5.2, Role of mucosal ablation by ethanol injection under EUS
guidance in the management of MCN or IPMN

Investigators have begun exploring the possibility of EUS-
guided ablation of pancreatic cysts by ethanol or ethanol fol-
lowed by paditaxel [130-132]. Preferred candidates include (1)
patients with cystic lesions of >2 cm, either unilocular or

oligolocular, that show no communication with the MPD, and (2)
cysts in patients who refuse surgery or are high-risk surgical
candidates [133,134]. The reported short-term CT-defined cyst
resolution rates were 33-79% [131-135}, and variable histopatho-
logic degrees of epithelial ablation were gbserved in the resected
specimens {131,133,135]. DeWitt et al. | 134] reported that follow-up
by CT revealed no evidence of cyst recurrence for a median of 26
ronths after cyst resolution. Complications include acute pancre-
atitis (4.5—10%), abdominal pain (<20%), and splenic vein obliter-
ation [131,133,1351 :

Although the procedure may be promising, there are some
problems that remain to be addressed, including insufficient
ethanol infiltration and impossible imaging surveillance after the
cyst collapse [129]. Moreover, recent studies have shown that
PDAC occurs quite frequently not only as malignant transformation
of IPMN but also in other sites separate from IPMN [39,136-138],
More research needs to be carried out on the technigues, mate-
rials, long-term outcomes, and adequacy of this procedure. At
present, EUS-guided ablation cannot be recommended for patients
with BD-IPMN or MCN outside of a closely monitored research
profocol.

5.3. Approach to. multifocal BD-IPMN

IPMN probably represents a pancreatic “field defect”, ie,, all
pancreatic ductal epithelial cells are at risk of dysplastic change,
and this can be apparent in patients with multifocal (two or more)
BD-IPMNs (Fig. 6). Current series estimate that 25—-41% of all BD-
IPMNs are multifocal [3,8,20], There is no convincing evidence
that the risk of invasive [PMN multiplies according to the number of
lesions. In fact, in one series, patients with symptomatic unifocal
BD-IPMN carried a higher risk than those with symptomatic
mutdtifocal BD-IPMNs (18% versus 7%) {3].

The treatment approach to multifocal BD-IPMNs should mirror
that of unifocal BD-IPMN. When resection is indicated, segmental
anatomic pancreatectomy should be performed in cases where the
multifocal disease is limited to a pancreatic region. In some cases,
the disease may not be able to be eliminated without total
pancreatectomy. Even then, it is reasonable to perform a segmental
resection to remove the IPMNs at the highest oncological risk and
perform surveillance of the remaining lesions. However, the
threshold for total pancreatectomy should perhaps be lowered in
patients with a strong family history of PDAC, because of the
increased prevalence of higher-grade lesions [139].

Fig. 6. MRCP demonstrating multifacal BD-IPMNs.
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6. Histological aspects
6.1. Types of invasive carcinoma of malignant IPMN

1t is now wel] established that the type of invasive carcinoma,
colloid versus tubular, has major prognostic implications and
should therefore be part of the reporting of IPMNs [140-143].
Colloid carcinomas are characterized by “intestinal” differentiation,
evidenced by diffuse and specific expression of CDX2 and MUC2,
and have a better prognosis than tubular carcinomas [142]. 1t is
conceivable that these histological differences may drive the use of
distinct adjuvant chemotherapy protocols, although this has not yet
been evaluated.

6.2. Pathologic definition of minimally invasive carcinoma derived
from IPMN or MCN

6.2.1. Stoging of invasive carcinomas (definition of “minimally
invasive carcinoma”)

Since the term "minimally invasive” has been variably defined
by different authors [ 1441471, it is preferable to avoid such a non-
specific term. Instead, it would be more appropriate to stage
invasive carcinomas with conventional staging protocols including
the AJCC/TNM [148], and then further substage the T1 category
(those with invasive carcinomas of <2 cm) into T1a for those that
are <0.5 cm, T1b for those that are >0.5 cm and <1 cm, and T1c¢ for
those that are 1-2 cm, This substaging of T1 conforms to the
methods that are being employed for other organs and tumor types,
allows the collection of more accurate and comparable data for
future evaluation, and is in accordance with the recent proposal
made by Furukawa et al. [149].

gastrie

e

| pancreatobiliary

6.3. Distinction and clinical relevance of gastric, intestinal,
pancreatobiliary, and oncocytic forms of IPMNs

The cell lineage of the "papillary component” of IPMNs has
clinicopathologic significance (Fig, 7) [142,147,149~153]. The vast
majority of BD-IPMNs are of the gastric type, which is MUCSAC-
positive but MUC1-negative, with MUC2 highlighting only the
scattered goblet cells. The gastric type is typically low grade, with
only a small percentage developing into carcinoma, although if
a carcinoma does develop in these patients, it is usually of the
tubular type and behaves like a conventional PDAC [151,153]. A
significant portion of MD-IPMNs are of the intestinal type, showing
diffuse expression of CDX2 and MUC2, Large and complex
intestinal-type IPMNs can have invasive carcinoma, typically of the
colloid type (CDX2/MUC2-positive) and with relatively indolent
behavior [142]. The oncocytic type is defined by complex arborizing
papillae with delicate cores, oncocytic cells, and intraepithelial
lumina formation, and common MUCS expression [154,155], This
type tends to be large, with a more obscure intraductal nature and
relatively uncommon and limited invasion, and most cases receive
a clinical diagnosis of “cystadenocarcinoma” [156]. The pan-
creatobiliary type is the least well characterized and the least
cormon, and is regarded by some as a high-grade version of the
gastric type. Invasive carcinoma associated with this type is usually
tubular and aggressive [150].

Based on the clinical associations described above, it is some-
times feasible to predict the subtypes preoperatively. In a preoper-
ative biopsy, EUS-guided or otherwise, it may be possible to employ
this subclassification, provided that the papillary component of the
tumor is sampled, One study obtained consistent subclassifications
in 15 of 19 patients (79%) by preoperative sampling of the
pancreatic juice via endoscopy [157].

intestinal

oncoceytic

Fig. 7. Histological subclassification of IPMNs, a, The gastric type shows tall columnay cells with basally oriented nuchel and abundant pale mucinous cytoplasm. b. The intestinal
type is composed of tall papillag lined by columnar cells with pseudostratified nuclei and basephilic cytoplasm with variable amounts of apical mucin. ¢, The pancreatobiliary type
has thin branching papillae with high-grade dysplasia. The cells are cuboidal and have round hyperchromatic nuclei, prominent nucleoli, and moderately amphophilic cytoplasm
with a léss mucinous appearance, d. The oncacytic type usually exhibits complex arborizing papillae Hined by two to five fayers of cuboidal to columnar cells with large, round, fairly
uniform fuclei containing single, prominent, eccentiically located nucleof, and abundant eosinophilic granular cytoplasan sometimes in a cribeiform or solid growth pattern,
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6.4. Role of intraoperative frozen section evaluation in the surgical
management of [IPMNs ‘

IPMNs can be ill-defined owing to the spread to branch ducts
and smaller ductules, Therefore, the assessment of adequate
margins may have to rely upon frozen section analysis
[83,86,158,159]. However, frozen sections are a suboptimal method
for analyzing tissue morphology, and should be used cautiously. If
clear high-grade dysplasia or invasive carcinoma is present at the
miargin, further resection is warranted. Similarly, if exuberant
papillary nodules are present at the margin, there may be abun-
dant residual tumor in the pancreas [164]. All patients should be
informed preoperatively that the resection may possibly be
extended to total pancreatectomy. In contrast, the presence of
lesser grades of dysplasia (moderate or low-grade) may not require
any further therapy [141].

The common incidental occurrence of pancreatic intraepithelial
neoplasia (PaniN)-1 and -2 in the general population may show up
in frozen sections of the margin. Since low-grade PanINs can be
indistinguishable from low-grade IPMNs {160}, it may be preferable
to report. that “no in situ or invasive carcinoma is identified;
intraductalfintraepithelial neoplasm of low/moderate grade, either
PanIN or low-grade IPMN, is present”. In addition, a section of the
margin may show nothing but inflammation and denuded
epithelium. The pathologist cannot render a diagnosis without an
intact epithelium, and this should be reported as “denuded
epithelium and inflammation”, with such cases being carefully
analyzed clinically because the denudation may prove to be the
presence of an adjacent tumor [161].

6.5. Special instructions for specimen processing to differentiate
BD-IPMN from MD-IPMN

Dilation of the MPD and neoplasia of the duct lining are not
always correlated. Pathologists should make every attempt to
classify the lesion as MD-IPMN or BD-IPMN according to the
distribution of the neoplasm. There are no special instructions for
specimen processing to differentiate BD-IPMN frorn MD-IPMN. The
most important points are to identify the MPD as precisely as
possible when processing the specimen, to sample the cystic lesion
completely, and to examine the resected specimen thoroughly.
There are different approachies to the dissection of these specimens
[27162],

6.6. Distinction of carcinoma derived from and concomitant with
an IPMN

PDAC may develop independently in the pancreatic duct sepa-
rately from an IPMN [39,163,164]. When PDAC originates in the
vicinity of an IPMN, the distinction between PDAC derived from the
IPMN and PDAC concomitant with the IPMN is sometimes difficult.
Definitions of these conditions were proposed by the Japan
Pancreas Society, mainly with regard to the topological relationship
and histological transition between IPMN and PDAC [163], Among
765 patients with resected IPMN, there were 183 patients with
invasive carcinoma (24%). Of these, 122 (66%) were classified as
PDAC derived from IPMN, 31 {17%) as PDAC concomitant with IPMN
because the two lesions were discontinuous, and 30 (16%) as
undetermined. It is also imperative to make every effort to distin-
guish between a retention cyst occurring from PDAC and IPMN
accompanying PDAC. Retention cysts may be lined with epithelium
with regenerative atypia or even by cancer cells extending from the
PDAC, whereas IPMN is characterized by dilated pancreatic ducts
lined with dysplastic mucinous epithelium showing micropapillary
or macropapillary projections.

7. Methods of follow-up (Fig. 2)
7.1. Follow-up of non-resected IPMN

The decision to follow an IPMN is a matter of clinical judgment
based on the patient age, family history, symptoms, comorbidities,
perceived pancreatic cancer risk, and patient preference. There is
little evidence in the literature to guide the frequency and type of
surveillance for IPMNs.

At baseline, history/physical examination and MRI/MRCP (or
pancreatic protocol CT) surveillance, and EUS when the presence of
a mural nodule is suspected, are recommended. If the expertise is
available, consideration may be given for EUS with cytopathology
[3,51,71-73], CEA, [46,55,165], and molecular analyses {46,165~167].

For surveillance, patients without “high-risk stigmata” should
undergo short interval {3—6 months) pancreatic MRI/MRCP (or CT)
to establish the stability, if prior imaging is not available. Subse-
quently, surveillance should be performed according to the size
stratification (Fig. 2). There are no good long-term data to indicate
whether surveillance can be safely spaced to every 2 years or even
discontinued after long-term stability. Concern over the develop-
ment of PDAC in the pancreas harboring IPMN has prompted some-
investigators to continue surveillance at short intervals
[39,136-138,163,164,168~173].

If surgically fit, patients with “high-risk stigmata” detected on
surveillance should undergo resection. Shorter interval surveillance
(3—9 months) should be considered in patients whose IPMN
progresses toward these indicators or patients who already have
“high-risk stigmata” and, for reasons of operative risk or personal
preference, have chosen heightened surveillance over resection.
The issue of whether a rapid growth rate is correlated with an
increased risk of malignancy remains unclear, but shorter interval
surveillance is recommended in such patients [92].

7.2. Follow-up of surgically resected IPMN and MCN

7.2.1. Recurrence of MCN following resection

MCNs are almost always solitary and complete resection of
a non-invasive MCN is curative, thus necessitating no postoperative
surveillance [74,98—100,174—176]. Although patients with invasive
MCN have a poorer prognosis [98,100,174-176], the interval to
follow-up imaging should match that of PDAC, despite a lack of
proof that surveillance imaging improves the prognosis compared
with a strategy based on symptom recurrence.

7.2.2. Follow-up and recurrence of IPMN following resection

Clinically relevant residual IPMN lesions may persist in patients
postoperatively because (1) a known BD-IPMN was left unresected,
(2) the surgical margins were found to have residual IPMN, andjor
(3} new lesions developed in the remnant pancreas. Again, some
investigators continue surveillance at short intervals owing to
concern over the development of PDAC in the pancreas after
resection of IPMN [39,136~138,163,164,168~173],
~a)Known IPMN in the remnant pancreas: Patients'with multifocal
BD-[PMNs may have known IPMN in the remaining pancreas
following IPMN resection. These patients should be followed as
non-resected IPMNs (Item 7-1).

b} Postoperative follow-up based on the resection margin status:
The resection margin may show (1) normal pancreatic tissue, (2)
non-dysplastic changes (PanIN-1A or ~1B), (3) low-grade dysplasia,
(4) moderate-grade dysplasia, (5) high-grade dysplasia, or (6)
invasive carcinoma {83].

1, 2) Normal columnar or mucinous metaplasia (PanIN-1A or
~1B) should be considered as negative margins [86], Such patients
should undergo follow-up as per the guidelines for unresected
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IPMN, if any, in the remnant pancreas {Item 4-2). If there are no
residual lesions, repeat examinations at 2 and 5 years may be
reasanable to check for new recurrence (see below).

3-5) 1t is unclear whether a margin that is microscopically
positive for moderately dysplastic IPMN increases [PMN recur-
rence. For patients with low-grade or moderate-grade dysplasia at
the margin, there is little evidence to guide the frequency and type
of surveillance required to detect IPMN recurrence, We suggest that
history/physical examination and MRCP surveillance are performed
twice a year in cases of non-invasive IPMN following resection, and
perhaps more often if symptoms, signs, radiographic findings, or
cytopathology dictate a shorter interval of surveillance [173],

¢) New postoperative IPMN recurrence: The rate of new recur-
rence of non-invasive IPMN following resection is difficult to
determine from the literature, because MPD dilation in the distal
pancreas following resection may be secondary to anastomotic
stenosis or caused by true IPMN recurrence, and better imaging in
the postoperative setting may reveal a previously undetected IPMN.

Despite these limitations, the recurrence rates in the first 5 years
were reported to be 0-20% [4,85,86,177—-181]. If there are no
residual lesions and the margins are negative, repeat examinations
at 2 and 5 years may be reasonable to check for new recurrence,
although this guidance is not evidence-based. Several recent
reports of distinct PDAC development in patients with BD-IPMN
suggest that CT or MRCP at 6-month intervals is appropriate for
surveillance, in view of the 0.7-0.9% yearly risk of PDAC develop-
ment [39,136-138,163,164,168~173].

7.2.3. Recurrence of invasive [PMN following resection

The prognosis of invasive IPMN is globally better than that of
conventional PDAC, However; in cases of stage [/l invasive IPMN,
the prognosis is similar to that of PDAC [16,182,183]. The follow-up
strategy should be identical to that for PDAC.

7.3, Possible occurrence of PDAC in patients with IPMN on follow-
up and impact of family history of PDAC

Very little evidence exists to guide the management of patients
with an [PMN and a family history of PDAC. Therefore, recom-
mendations regarding the care of these individuals must draw
upon what is known for familial PDAC. The risk of an individual
developing PDAC based on family history alone has been well
established [184,185]. An individual with one first-degree relative
with PDAC has a 2.3-fold increased risk. The risk increases to 6.4~
fold with two affected first-degree relatives and 32-fold with
three affected first-degree relatives. A risk prediction calculator
called PancPRO is available free online at http://astor.som.jhmi.edu/
BayesMendel/pancpro.html [186] In some individuals, the actual
genetic defect is known and forms part of a described syndrome.
The best characterized genetic defects include BRCA2/Fanconi
anemia pathway defects (relative risk, 3.5-10-fold [187,188]),
familial atypical mole malignant melanoma (FAMMM) syndrome
(relative risk, 9—47-fold [189-191]), and Peutz—Jeghers syndrome
(velative risk, 132-fold [192]).

The initial assessment of an IPMN should include a detailed

family history and an estimate of the relative risk of developing -

PDAC based on the above sources. Patients with one affected first-
 degree relative can be followed closely using the same criteria for
patients without a family history. For individuals with two or more
affected first-degree relatives, the risk rapidly escalates and merits
more aggressive surveillance, but does not necessarily require
a recommendation for resection. In this risk category, patients with
a newly diagnosed BD-IPMN should undergo high-quality MRI/
MRCP or CTand EUS. In addition to “malignent stigmata”, “worri-
some features” are of more concern, If present, resection should be

considered if the patient is surgically fit. If absent, the patient
should be followed by MRI/MRCP or CT at 3-month intervals and
EUS annually for the first 2 years to evaluate the development of
“worrisome features”, Patients with a cyst that shows rapid growth
or develops “worrisome features” should be strongly considered for
resection.

7.4. Possible occurrence of malignant neoplasms in other organs.in
patients with IPMN on follow-up

Synchronous and metachronous occurrence of malignant
diseases in extrapancreatic organs in patients with IPMNs has an
incidence of 20—30% [193]. Most reparts describe the occurrence of
malignant conditions as a part of the patient’s past history [194].
However, extrapancreatic malignancies can occur even after
resection of an IPMN, Therefore, attention should be paid to this
phenomenon even after resection of an IPMN,

The frequency and location of extrapancreatic malignancies
differ from country to country. Gastrointestinal cancer is common
in Asia [195,196], while skin, breast, and prostatic cancers are
frequent in the United States [197,198]. These facts may indicate
that extrapancreatic malignancies occur depending on the inci-
dences of cancer in the general populations in different regions
{194].

The relationships between the types of IPMN and extrapancre-
atic malignancies are controversial. Some authors reported that
extrapancreatic malignancies occur in all types of IPMN [194],
while others reported that transcription of MUC2 may be related to
the synchronous extrapancreatic gastrointestinal cancer develop-
ment seen with [PMN [199].

At present, there are no screening recommendations for
detecting extrapancreatic malignancies, but once the diagnosis is
made, consideration of extrapancreatic neoplasms should be
undertaken based on the frequency of malignancies in the general
population of the country or region. Two reports have recom-
mended screening of colorectal polyps and cancer in the United
States [198,200].

8. Conclusions

Our understanding of IPMNs of the pancreas continues to
evolve. Although many new publications are available since the
first guidelines were published 6 years ago, the vast majority of the
data are retrospective and uncontrolled, and long-term follow-up
has been limited, meaning that our knowledge of the natural
history of this disease is still incomplete, In this revision, the
criterion for characterizing MD-IPMN has been lowered to MPD
dilatien of >5 mm, without losing specificity for radiologic diag-
nosis. “High-risk stigmata” and “waorrisome features” have been
defined to stratify the risk of malignancy in BD-1PMN and consider
resection or increased frequency of surveillance, Resection is still
recommended in all surgically fit patients with MD-IPMN or MCN.
The indications for resection of BD-IPMN are more conservative.
BD-IPMNs of >3 cm without “high-risk stigmata” can be observed
without. immediate resection. Methods and intervals of surveil-
lance are proposed with an algorithm in view of “high-risk stigmata”
and “worrisome features”. The issue of whether the interval of
surveillance can be lengthened after 2 years of no change is
controversial. Some authors advocate continuation of surveillance
every 6 months in view of the relatively high incidence of PDAC in
patients with BD-IPMN. For MCNs of <4 cm without mural nodules,
{aparoscopic as well as limited resections should be considered.
Pancreatectomy with lymph node dissection remains the standard
treatment for invasive and non-invasive MCNs and [PMNs, while
limited resections without lymphadenectomy or splenectomy are
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reserved for those without suspicion of malignancy. The histologic
types of invasive carcinoma, coltoid versus tubular, and subtypes of
IPMNs have prognostic implications. During resection, frozen
section analysis of the surgical margin is required to ensure there is
no high-grade dysplasia or invasive cancer. IPMNs need post-
operative surveillance based on the resection margin status, For
patients with low-grade or moderate-grade dysplasia at the
margin, we suggest history/physical examination and MRCP
surveillance at least twice yearly.
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