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Abstract

Purpose: An invasive growth pattern is one of the hallmarks of pancreatic ductal carcinoma.
Actinin-4 is an actin-binding protein associated with enhanced cell motility, invasive growth,
and lymph node metastasis. Actinin-4 might play an important role in the development and
progression of pancreatic cancer,

Experimental Design: The expression of actinin-4 was examined immunohistochemically in
173 cases of invasive pancreatic ductal carcinoma. The copy number of the actinin-4 (ACTN4)
gene was calculated by fluorescence in situ hybridization. The expression of actinin-4 was stably
knocked down by short hairpin RNA, and tumorigenicity was evaluated by orthotopic implanta-
tion into mice with severe combined immunodeficiency.

Results: The expression level of actinin-4 was increased in 109 (63.0%) of 173 cases of pan-
creatic cancer. Kaplan-Meier survival curves revealed that patients with increased expression of
actinin-4 had a significantly poorer outcome (P = 0.00001, log-rank test). Multivariate analysis by
the Cox proportional hazard model showed that high expression of actinin-4 was the most signif-
icantindependent negative predictor of survival (hazard ratio, 2.33; P =0.000009). Amplification
(defined as more than four copies per interphase nucleus) of the ACTN4 gene was detected in
11 (37.9%) of 29 cases showing increased expression of actinin-4, Knockdown of actinin-4
expression inhibited the destructive growth of cancer cells in the pancreatic parenchyma.
Conclusion: Recurrent amplification of chromosome 19q13.1-2 has been reported in pancreatic
cancer, but the exact target gene has not been identified. Actinin-4 contributes to the invasive
growth of pancreatic ductal carcinoma, and ACTN4 is one of the candidate oncogenes in

this chromosome locus.

Inivasive ductal carcinoma of the pancreas is one of the most
aggressive forms of human malignancy, with a 5-year survival
rate of <5% to 10% and a median survival of <6 months (1, 2).
As a result, pancreatic cancer is the fourth leading cause of
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cancer death in the United States, and is the fifth in Japan (3)
Massive local invasion to adjacent organs and/or metastasis 10
regional lymph nodes and distal organs are detected in the
majority of patients at the time of diagnosis. To improve the
prognosis of patients with pancreatic cancer, it will be necessary
to elucidate the molecular mechanisms causing invasion and
metastasis.

We have identified an actin-binding protein, actinin-4, as a
biomarker of cancer invasion and metastasis (4). The expres-
sion of actinin-4 was closely associated with the invasive
phenotype of breast cancer and was a prognostic indicator in
patients with this disease (4). A microarray analysis revealed
that actinin-4 was a significant prognostic indicator in patients
with non-small cell lung cancer (5). The expression level of
actinin-4 protein was increased in the majority of cases of
colorecital cancer, and the increase in expression was mosl
significant in dedifferentiated cancer cells infiltrating at the
invasive front (6). In mouse models, colorectal cancer cells
expressing actinin-4 showed infiltrative growth and metasta-
sized into regional lymph nodes (6).

Oncogenic activation of the K-ras (KRAS) gene occurs in
590% of pancreatic ductal carcinomas and is detected even in
premalignant intraepithelial lesions (7. 8). Transgenic mice
with a Kras®'?" transgene develop hyperplasia of ductal
epithelial cells (9), but the hyperplastic lesions infrequently
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Table 1. Prognostic significance of actinin-4 expression in 173 cases of invasive ductal carcinoma of the
pancreas
Univariate analysis* Multivariate analysis*
Hazard 95% Confidence P Hazard 95% Confidence P
ratio interval ratio interval

Age ()

<65/265 1.18 0.85-1.65 0.321584
Gender

Male/fernale 1.12 0.80-1.57 0.515322
UICC stage !

-1/1-1v 1.59 1.31-5.12 0.006191 135 0.59-3.08 0.471517
Extent of primary tumaor !

Ti-2/Tra 1.81 1.16-2.82 0.008528 0.86 0.52-1.44 0.572695
Lymph node metastasis *

No/N,y 2.73 1.82-4.08 0.000001 1.96 1.20-3.19 0.007271
Distant metastasis *

Mo/M; 2.40 1.68-3.44 0.000002 1.3 1.18-2.54 0.005023
Lymphatic invasion®

ly0fly1-3 2.06 1.44-2.95 0.000076 1.54 1.03-2.28 0.033537
Intrapancreatic nerve invasiont

nel/nel-3 1.26 0.89-1.77 0.189521
Macroscopic typel

Nodular/infiltrative 1.28 0.91-1.B0 0.162522
Cancer-stroma relationship?

Medullary and intermediate/scirrhous 1.14 0.81-1.60 0.458187
Expression of actinin-4

Positive/negative 2.27 1.57-3.27 0.000012 233 1.61-3.39 0.000009
*Univariate and multivariate analyses with Cox proportional hazards model.
'P = 0.01 was considered statistically significant.
t Based on the International Union Against Cancer tumor-node-metastasis classification (6th edition).
iBased on the Japan Pancreas Society’s classification of pancreatic carcinoma (2nd English edition).

progress into invasive tumors, suggesting that additional
genetic events must occur for the development of fully
malignant pancreatic tumors (10). Recurrent amplification of
the chromosome locus 19q13.1-2 has been reported in
pancreatic cancer cell lines and primary pancreatic cancers
(11-13). Earlier studies indicated that the AKT2 gene was the
target of amplification, but AKT2 was not always overexpressed
in pancreatic cancer cell lines with gene amplification (14, 15),
and its down-regulation by small interfering RNA did not
significantly affect cell viability (16), leaving the precise target
gene(s) of the 19q13.1-2 amplicon undetermined.

The histopathology of pancreatic cancer invariably reveals
massive infiltration of small cancer nests lacking a glandular
structure. This invasive growth pattern seems to be an intrinsic
feature of pancreatic carcinogenesis and might reflect a specific
underlying genetic alteration. The ACTN4 gene that encodes
acunin-4 has been mapped to chromosome 19q13” in the
vicinity of the amplification described above (13). On the basis
of these histopathologic and genetic observations, we hypothe-
sized that the ACTN4 gene might be a warget of the 19q13,1-2
amplification and may play a significant role in the invasive
growth of pancreatic ductal carcinoma. Because gene amplifi-
cation is known to activate several oncogenes by increasing
their expression levels (17), we first investigated the expression
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of actinin-4 in clinical samples of pancreatic cancer in order to
assess the clinical relevance of any expression changes.

Patients and Methods

Immunohistochemistry. Immunohistochemical analysis was done
on tissue specimens from 173 patients with pancreatic ductal carcinoma
who had undergone surgical resection between 1990 and 2003 at the
National Cancer Center Hospital (Tokyo, Japan) without any prior
therapy. The wmors were staged according 1o the International Union
Against Cancer (UICC) tumor-node-metastasis classification (18)
Other pathologic varables (macroscopic type. lymphatic invasion,
intrapancreatic nerve invasion, and cancer-stroma relationship; Table 1)
were categorized according to the Japan Pancreas Society’s classifica-
tion of pancreatic carcinoma (19). The mean [ollow-up period was
25.7 months (ranging from 1 to 171 months). The protocol of this study
was reviewed and approved by the insti | ethics co

Formalin-fixed paraffin-embedded tissue sections (5 pm thick)
were stained by the immunoperoxidase method with avidin-biotin
complex as described previously (20). We confirmed the absence of
nonspecific staining by omitting the first antibody. Immunchistochem-
ical results were judged by three investigators (8. Kikuchi, K. Honda,
and N. Hiraoka) who were unaware of the clinical daa

Cell lines, All pancreatic cancer cell lines used in this study (BxPC3,
AsPc-1, Mpanc96, Panc-1, MIA-PACA2, CFPPAC-1, Capan-1, Capan-2,
HPAC, SuB6.86, and MIA-PACA) were obtained from the American
Type Culture Collection

Antibodies. Anti-actinin-4 rabbit polyclonal (Ab-2) and anti-
E-cadherin mouse monoclonal (HECD-1) antibodies were generated
as described previously (6, 21). Anti-pan AKT rabbit polyclonal
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antibody was purchased from Cell Signaling Technology. Anti-AKT2
mouse monoclonal antibody (F-7) was purchased from Santa Cruz
Biotechnology. Anti - -actin mouse monodlonal antibody (AC-15) was
purchased from Abcam. Anti-Ki67 antigen mouse monoclonal antibody
(MiB-1) was purchased from Dako.

Western blot analysis. Cells were extracted with lysis buffer

[10 mmol/L HEPES (pH 7.4), 150 mmol/L NaCl, | mmol/L EDTA.

1% Triton X-100, 1% NP40, and 1 mg/mL NaMN,| containing a protease
inhibitor cocktail (Sigma-Aldrich) on ice for 30 min. Cell lysates were
separated by SDS-PAGE and transferred to Immobilon-F membranes
(Millipore). After incubation with primary antibadies at 4°C overnight
and relevant secondary antibodies at room temperature for 1 h, the
reaction was deteced with enhanced chemiluminescence Western
bloning detection reagenis (Amersham Biosciences; ref 22). Blot

Fig. 1. Expmssion ol actinin. 4 in pancreatic cancer. Immunoperoxidase stawmng of actinin-4 in chcal samples of pancreanc cancer 8. E and G insets from B £, and G,
respectively. Du. nonneoplastic pancreatic duct; Ca, cancer; Ne, peripheral nerve; Ve, blood vessels Bars, 100 um (4 and G ). Bar, 50 pm (C)
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Fig. 2. Survival curves of patients positive and negative for actinin-4 expression.
A, Kaplan.Meer analyss of overall survival for patents with climcal stage | 1o IV
pancreatic ductal carcinoma (n = 173), Actinin-4 expression — positive cases

Im = 109) had significantly poorer prognosis than expression-negative cases

[n = 64; P = 000001, log-rank test). & Kaplan-Maier analysis of overall survival
for patients with chrical stage | 10 il pancreatic ductal cwl’.‘nrlnml {n = B7)
Actinin- 4 exprassion — positive cases (n = 50) had signifi ¥ POOTEr [rog
than expression-negative cases (n = 37, P =0.00192, log- rnnk test),

intensity was quantified with a LAS-3000 image analyzer and Multi-
Gauze software (Fuji Film; ref. 23).

Fluorescence in situ hybridization analysis. Fluorescence in situ
hybridization was done using the methods for PathVysion DNA probe
kit {Abbou Molecular) as described previously (24). A representative
formalin-fixed paraffin-embedded tissue block was selected by a
pathologist (N. Hiraoka) and cut into 5-um-thick sections. Hybridiza-
tion was done at 37°C for 14 to 18 h with the denatured ACTN4 (RP11-
118121} or AKT2 (CTB-166E20) locus-containing bacterial anificial
chromosome probe labeled with SpectrimOrange (Abbott Molecular)
The specimen was ¢ ined with 4,6-dianidino-2-phenylindone
The number of Mluorescence signals in 20 interphase wmor cell nuclei
were counted independently by at least two investigators (S. Kikuchi
and H. Tsuda or K. Onozato) and averaged.

Establishment of actinin-4 knockdown clones. ACTN4 knockdown
clones were established by the stable ransfection of shon hairpin RNA
into BXxPC-3 cells. A synthesized double-suranded oligonudeotide
(5 gRatggictigecnicaat-3°) targeting ACTN4 mRNA was cloned into the
pBAsi-hU6 Neo plasmid (Takara Bio), and the cells were transfected
with LipolectAMINE 2000 reagent (Invitrogen), Twenty-four hours
later, the wansfection medium was replaced with RI'MI 1640 containing
04 mg/mL of G418 (Geneucin, Invirogen) o select cones with
neamycin resistance

Fluorescence cytochemistry. Cells grown on collagen-coated cover
plasses (Asahi Technoglass) were fixed with 4% paraformaldehyde
for 30 min at room temperature. The cells were incubated with anti-
E-cadherin mouse monoclonal antibody and then with anti-mouse 1gG
Alexa Fluor 488 (Invirrogen). Filamentous actin fibers were visualized

Scanning electron microscopy, cell migration assay, and cell growth
assay. These assays and procedures are available online in the
"Supplementary Methods."

Animal experiments. Female severe combined immunodeficiency
mice (C.B-17/lcrCrl-scid) were purchased from Clea Japan and
maimained in a specific pathogen -free environment. A laparotomy
was done under general anesthesia. and 1 % 10* cells were injected
orthotopically into the parenchyma of the pancreas with fine tuberculin
needles, as described previously (16). The mice were sacrificed 5 weeks
later, and serial sections of the entire pancreas were stained using H&E
The i di of the was d under a dissecting
microscope (Nikon Instruments). All animal experimental procedures
were reviewed and approved by the ethics ¢ e of the N I
Cancer Center Research Institute (Tokyo, Japan)

Statistical analyses. Suatistical analyses, including Kaplan-Meier
analysis with log-rank test, % test, and the Cox proportional hazards
regression model, were done with the StatFlex statistics package
(version 5.0; Aniteck). The Wilcoxon rank sum test was done using a
ool in the R project software package.®

Results

Expression of actinin-4 in invasive ductal carcinoma of the
pancreas. The expression of actinin-4 protein was examined
immunohistochemically in surgical specimens from 173
patients with pancreatic cancer (Fig. 1). The actinin-4 expres-
sion level in pancreatic cancer cells was increased compared
with nonneoplastic duct epithelial cells (Fig. 1A and B). The
expression of actinin-4 was limited to the apical and lateral
membranes of cancer cells showing intraepithelial spreading
(Fig. 1C), but this polarized distribution seemed to be lost in
cancer cells that were dissociated from the glandular structure
(Fig. 1D). Intense actinin-4 staining was observed in the
periphery of cancer nests and in the membrane of solitary cells
infiltrating the stroma (Fig. 1E and F).

Western blot analysis detected the expression of actinin-4
protein in 9 out of 11 (81.8%) pancreatic cancer cell lines
examined, whereas AKT2 protein was detected only in Panc-1
cells (Supplememtary Fig. S1).

Clinical significance of actinin-4 expression in pancreatic
cancer. The staining intensity of actinin-4 was classified as
“positive” when the actinin-4 expression level was equal 10 or
higher than that of vascular endothelial cells, and "negative”
when it was less than that of vascular endothelial cells
(Fig. 1G). Of the 173 cases, there were 109 (63.0%) actinin-4
expression - positive cases and 64 (37.0%) expression-negative
cases. The overall survival of positive cases was significantly
worse than that of negative cases (P = 0.00001, log-rank test;
Fig. 2A). Even in the 87 patienis with clinical stages 1 10 111,
actinin-4 expression - positive cases had significantly poorer
outcome than did expression-negative cases (P = 0.00192;
Fig. 2B). Thirty-one (28.4%) out of the 109 actinin-4
expression - positive cases and 24 (37.5%) of the 64 actinin-4
expression - negative cases received postoperative chemo-
therapy (gemcitabine and others). There was no statistically
significant difference in this respect between the groups
(P = 02167, x* test),

Univariate analysis with the Cox proportional hazards model
(Table 1) revealed that clinical stage (P = 0.0062), extent of

with Alexa Fluor 488 phalloidin (Invitrogen: ref. 25),
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primary tumor (I 0.0085), lymph node metastasis (P

0.000001), distant metastasis (P 0.000002), lymphatic
invasion (P = 0.000076), and immunoreactivity of actinin-4

(P = 0.000012) were significantly correlated with the prognosis

P=0.017

Average number of signals
(-4

of the 173 patients with pancreatic cancer. Multivariate analysis
indicated that actinin-4 expression was the most significant
independent predictor of unfavorable prognosis (I = 0.000009;

hazard ratio, 2.33; 95% confidence interval, 1.61-3.39)

ACTNG and AKT2 genaes n

ACTNG

protein
number

situ

Positive cases (n=29)
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Fig. 5. Suppression of invasive growth by
knockdown of actinin-4. 4-£ H&E (A-C)
and immunoperoxidass staning with
anti-Ki67 antibody (D snd E) of tumaors
generated by ortholopic implantatan of
ACTNG knockdown (KD-ACTNS. 8. €,
and £} and comrol (Control, A and D)
cells into the pancreas of severe combined
immunodeficiency mice. 4] insetn A In
ntraducial spreading; D, nommal pancraatic
duct; Is. islet, £ whisker box-plot of maximum
diameters (in 10" mm) of lumars generated
by orthotopic implantation of ACTNEG
knockdown (KD-ACTNG, 1 and 2) and
control (Contrel A and 8) clones inlo

the pancreas of severe combined
immunodeficiency mice. Thene were

F & significant differances between ACTNS
knockdown and control clones (# < 0.0001
2. —_ between KD-ACTN4-1 and Control A,
eid P = 0.0001 between KD-ACTNA-2
i and Control A, P = 00024 berwean
H . KD-ACTN4-1and Control B, and P = 0.0071
H between KD-ACTN4-2 and Control B
H Wilcoxon rank sum test)

Maximum diameter

a1

l T T T
1 2z A B
(n=12) (n=14) (n=14] (n=12)

KD-ACTN4 Control

Knockdown of actinin-4 expression resulted in the altera-
involvement of actinin-4 in the invasive growth of pancreatic tion of cell shape and distribution of the actin cytoskeleton
cancer cells in vive, we established, from the pancreatic cancer (Fig. 4B-G)
filamentous actin was concentrated at the cell periphery |
(lamellipodia; Fig. 4C). Conversely, KD-ACTN4 cells showed
tight intercellular connections, and marked extension of actin

Knockdown of ACTN4 expression. In order to examine the

Control cells were poorly connected, and
cell line BxPC3, two stable clones whose expression of actinin-4
had been knocked down by short hairpin RNA transfection
(KD-ACTN4, lanes 1 and 2) and wwo control [nonsilencing)

clones (Control, lanes A and B). We have previously repornted
that transient knockdown of actinin-4 expression by small
interfering RNA significantly reduces the motility of BxPPC3 cells
in an in vitro migration assay (27). Western blot analysis
confirmed the down-regulation of actinin-4 protein expression
in the two knockdown clones (lanes 1 and 2; Fig. 4A), but not
in the control clones (lanes A and B)

Clin Cancer Res 2008;14(17) September 1, 2008
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stress fibers along cellular long axes was observed (Fig. 4B)
Actinin-4 competes with E-cadherin for binding 1o f-catenin
(27). Knockdown of ACTN4 may have restored the cell
adhesion function of E-cadherin (Fig. 4D)

Scanning electron microscopy revealed the development of
numerous microvilli on the dorsal surface of conwrol cells

(Control, Supplementary Fig $3), whereas microvilli were

www.aacrjournals.org
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poorly developed in KD-ACTNA cells (KD-ACTN4, Supplemen-
tary Fig. $3). Knockdown of actinin-4 expression reduced cell
migratory activity (Supplementary Fig. 54).

Suppression of invasive growth by knockdown of actinin-4.
Supplementary Fig. S5 illustrates the growth kinetics of KD-
ACTN4 and control cells. KD-ACTN4 cells showed modest
reduction of cell proliferation in vitro. However, the growth of
KD-ACTN4 cells transplanted onthotopically into the pancreas
of severe combined immunodefidency mice was markedly
suppressed (Fig. 5). Control cells formed masses at the sites of
injection, destroying the parenchyma of the pancreas (Con-
trol; Fig. 5A) and spreading along the pancreatic ducts
(In; Fig. 5A”). In contrast, KD-ACTN4 cells formed small nests
in the connective tissue surrounding the pancreas (data not
shown) or spread along the pancreauc ducts (KD-ACTN4;
Fig. 58 and C). There were significant differences between the
diameters of tumors generated by KD-ACTN4 clones and by
control clones (Fig. 5F). However, Ki67 labeling revealed no
apparent difference in cell proliferation aciivity between
tumors generated by KD-ACIN4 and by control cells
(Fig. 5D and E), consistent with the in witro cell growth
kinetics (Supplementary Fig. $5).

Discussion

Although the molecular mechanisms causing cancer invasion
and metastasis are highly complicated, the acquisition of
enhanced motility by cancer cells is a prerequisite. During the
process of cell movement, actinin-d protein levels are increased
and highly concentrated at the leading edge of motile cells (4).
We recently showed that increased expression of actinin-4
significantly enhances cell motility and mediates invasive
growth and lymph node metastasis by colorectal cancer (6).
In this study, actinin-4 was found 10 be overexpressed in the
majority of invasive ductal carcinomas of the pancreas (Fig. 1),
and increased expression of actinin-4 protein was significantly
correlated with poor prognosis of patients with pancreatic
cancer (Fig. 2). Knockdown of actinin-4 expression enhanced
intercellular connections (Fig, 4) and significantly reduced the
motility of a highly motile pancreatic cancer cell line
(Supplementary Fig. 54; ref. 27). These observations lead us
10 conclude that actinin-4 plays a biologically significant role in
pancreatic carcinogenesis.

We showed that gene amplification may underlie the
increased expression of actinin-4 protein. Gene amplification
of ACTN4 was significantly more frequent in cases with
increased expression of actinin-4 (Fig. 3G). However, several
cases with increased expression of actinin-4 had a normal copy
number of the ACTN4 gene, and other molecular mechanisms
could not be excluded. An invasive growth pattern seems to be
arl intrinsic feature of pancreatic cancer, and, it is reasonable o
assume that ACTN4 is the target of the 1'1q13 amplification
Nevertheless, because several other candidate genes have been
isolated from the chromosome region (16, 28, 29), the ACTN4
gene may not be the sole warger
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Preoperative Evaluation of Invasive and Noninvasive
Intraductal Papillary-Mucinous Neoplasms of the Pancreas

Clinical, Radiological, and Pathological Analysis of 123 Cases

Satoshi Nara, MD,* Hiroaki Onaya, MD, PhD,{ Nobuyoshi Hiraoka, MD, PhD,#
Kazuaki Shimada, MD, PhD,* Tsuyoshi Sano, MD, PhD,§ Yoshihiro Sakamoto, MD, PhD,*
Minoru Esaki, MD, PhD,* and Tomoo Kosuge, MD, PhD*

Objective: We aimed to investigate preoperative findings that are
useful to distinguish intraductal papillary-mucinous neoplasm (IPMN)
su L
Methods: One hundred twenty-three patients who underwent pancrea-
tectomy for IPMN were analyzed clinicopathologically and radiclogi-
cally. Invasive IPM carcinomas (IPMCs) were subdivided into carly-stage
nonaggressive (minimally invasive IPMC [MI-IPMC]) and more ad-
vanced and nn'rmm: hmuwe Carcinoma oﬂ;lnlnng n IFMC [¥C-
IPMCT) subtypes £ 10 our Iy hological criteria.
Results: The lesions cunmled of 27 IP‘MNs with hwgmde dysplasia,
14 IPMNs with modemate dysplasia, 21 IPMNs with high-grade dys-
plasia, 30 MI-IPMCs, and 31 IC-IPMCs. Multidetector-row computed

graphy detected a comy of invasive carcinoma in IC-IPMC
with 86% sensitivity lnd 100%% Ipmﬁmty In patients with IPMNs other
than 1C-IPMC, d3 if predic-
tive factors of malignancy: IPMN size (>40 mm), TPMN duct type (main
pancreatic duct or mixed type), and the presence of a mural nodule or
thick septum. The diagnostic score obtained using these 3 factors showed
a strong correlation with the presence of malignancy.
Conclusions: For preoperative evaluation of patients with IPMN, i |s
mommerdtd 10 mule out 1C-IPMC using multid

graphy and then to categorize IPMN other than |C- IPMC mmdlng
to malignant potential based on the diagnostic score

Key Words: intraductal papillary-mucinous neoplasm, pancreas,
minimal invasion, diagnostic score, prognostic factor

(Pancreas 200938: B-16)

Innduml papillary-mucinous neoplasm (IPMN) of the pan-
creas is a well-characterized entity both clinically and patho-
logically. IPMNs are characterized by intraductal proliferation of
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neoplastic mucinous cells, which usually form papillae and lead
1o cystic dilation of the pancreatic ducts, forming a clinically
and macroscopically detectable mass.'? IPMNs include a wide
spectrum of tumors that vary in their malignant potential. It is
highly speculated that IPMN progresses from low-grade, mod-
erate, and high-grade dysplasia (carcinoma in situ [CIS]) to
invasive IPM carcinoma (IPMC) and eventually to invasive ad-
enocarcinoma.'™ Depending on the grade of IPMN during the
progression from noninvasive IPMN to invasive IPMC, the choice
of treatment varies from a conservative appmach to radical pan-
createctomy with lymph node (LN) dissection.® Therefore, it is
very important to determine the subtype of IPMN accurately
before surgery to optimize the therapy.

Preoperative distinction of IPMN iuhrypes is not easy,
even when multiple modalities are used.” It is necessary 1o in-
spect the entire lesion because various tumor grades are usually
present in 1 lesion; however, this is problematic to perform di-
rectly and biopsy of the lesion is difficult because IPMNs are
located in the pancreas and often shows cystic features. Some
groups rcpurlcd the high accuracy of pancreas juice cytology®
or peroral intraductal panc py, but these procedures
require expertise and are not free from complications; thus,
routine practice of these modalities remains limited.

Previous studies have proposed some factors that are pre-
dictive of IPMN malignancy, such as the presence of symptoms
{pmimlnrly Jjaundice), positive pancreatic juice cytology, tumor
size greater than 30 to 50 mm, main pancreatic duct (MPD) type
or mixed type, dilatation of MPD, the presence of a mural nodule,
papillary projection, a thick septum, and wall thickening.”#!*12
Except for the former two, these features can be observed by
radiological examination, but these factors are not always related
to the malignancy, and none of them can be used alone.

Another problem is that no unequivocal pathological crite-
ria for distinguishing invasive 1PMC have been established. The
recent consensus is that the malignant potential of IPMN is
dependent on the p e of invasive cancer and its extent.'*"”
However, mvaswe IPMC categonized by the Armed Forces
Institute of Pathology (AFIP) and World Health Organization
classifications'? covers cancer with variable biological behavior,
with the S-year survival rate varying substantially between 24%
and 60%.'*" Therefore, invasive IPMC should be regarded
separately as either aggressive or nonaggressive. The classifica-
tion of the Japan Pancreas Society subdivides invasive IPMC into
minimally invasive IPMC (MI-IPMC) and invasive carcinoma
originating in IPMC (IC-IPMC) (Fig. 1) Minimally invasive
IPMC represents invasive IPMC with carly-stage nonaggressive
characteristics, whereas IC-IPMC represents a more advanced
tumor. Minimally invasive IPMC has been reported to have a
better surgical outcome than 1C-IPMC,*"** although the criteria
used for defining MI-IPMC are still unclear™ Recently, we
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WHO classification Nomenclature in this study

Adenoma -+ [ PMN with low-grade dysplasia |
(IPMN-LD)
Bordertine = | IPMN with moderate dysplana
(IPMN wilh moderate dysplesia) (TPMN-MD)
-
Non-invasive IPMC = | IPMN with high-grade dysplasia or
ntraductal papillary mucinous
carcmoma i situ [[PMN-HD (C1S)]
Invasive IPMC Minimally invesive [PMC
- | (MI-IPMC)
Invasive carcinoma originaling in
[PMN (IC-IPMC)

*: Non-invasive [PMN

FIGURE 1. The nomenclature of IPMN used in this study is
based on AFIP classification’ and corresponded to the World
Health Organization classification.” Invasive IPMCs are further
divided into MI-IPMC and IC-IPMC according to our diagnostic
criteria,”* which is based on the classification of the japan
Pancreas Society.”®

proposed simple and practical diagnostic criteria for MI-IPMC*
and used them to classify IPMN in 104 patients. Those with
MI-IPMC showed a good outcome similar to that of noninvasive
IPMN after curative resection, whereas patients with 1C-IPMC
showed a worse outcome similar to that of conventional ductal
carcinoma of the pancreas. In addition, IC-IPMCs were fre-
quently associated with LN metastasis, necessitating LN dissec-
tion during operation, whereas no LN metastasis was observed
among patients with MI-IPMCs.”>** Thus, precise discrimina-
tion between MI-IPMC and IC-IPMC is important not only for
predicting the postoperative outcome, but also for deciding the
operative procedure.

In the present retrospective study, we examined 123 patients
with IPMN and assessed their clinical and radiological findings
for preoperative prediction of IPMN pathological subtypes.

MATERIALS AND METHODS

Study Population

This study was approved by the ethics commitiee of the
National Cancer Center, Japan. Between January 1984 and
December 2006, a total of 123 patients underwent pancreatec-
tomy for IPMN at the National Cancer Center Hospital, Japan.
Seventy-eight (63%) of the surgical operations were performed
after January 2001. Eight patients who also had ductal car-
cinoma of the pancreas that was not directly associated with
IPMN were excluded from the study. The study patients are
composed of 70 men and 53 women aged 40 to 84 years (mean,
64.7 years). Upon pathological examination, 5 patients were
found to have multiple IPMNs in the resected specimen. We
chose | lesion with the highest grade, then the largest lesion
among multiple IPMNs, and used it for this study. Clinical
data and characteristics of the IPMNs are summarized in
Table 1. Every patient was followed up in the outpatient
clinic every 1 to 3 months during the first postoperative year,
and every 6 to 12 months thereafter. No patient was lost to
follow-up. Clinical and laboratory data for every patient were
obtained from the medical records,

Pathological Examination

All of the IPMNs were pathologically reexamined, and the
diagnosis of IPMN was confirmed. Surgically resected speci-
mens were fixed in 10% formalin and cut into serial 5-mm-thick
slices, horizontally in the pancreas head and saginally in the

TABLE 1, Demography of Patients With IPMNs

IPMN-LD or IPMN-MD IPMN-HD (CIS) MILIPMC 1C-1IPMC Total
Pathological Diagnosis in=41) (n=21) (n=30) (n=231) in=113) P
Mean age, yrs 64.1 + 8.0 62.0 + 9.6 649+ 8.6 67.4 £ 104 64.7 £ 9.1 0.186
Median age (range), yrs 65 (42-77) 60 (40-80) 66 (41-76) 69 (45-84) 66 (40-84)
Male, % 25(61.0%) 10 (47.6%) 19 (63.3%) 16 (51.6%) 70 (56.9%) 0.599
Chief complaints 0.024*
Complaints (=) 27 13 15 12 67
Complaints (+) 14 15 19 56
Radiological findings
Tumer location 0.005
Ph included 29 15 22 12 78
Ph excluded 12 6 8 15 41
Total pancreas (diffuse) 0 0 0 4 4
fIPMN size, mm 357162 445+ 174 536+31.6 484 +30.1 448 £ 254 (10-136) 0.022
rMPD diameter, mm 45:28 65448 10.7 £ 6.6 64 45 6.9+ 5.2 (1-31) <0001
tIPMN type <0.001
t™MPD type 0 5 11 10 26
rBD type 33 12 6 8 59
rMixed type ] 4 13 13 38
Mural nodule (=3 mm), % 10 (24%) 15 (71%) 20 (67%) 15 (48%) 60 (49%) <0,001
Thick septum (>2 mm), % 11 (27%) 8 (38%) 14 (47%) 13 (42%) 46 (37%) 0.343
Size of invasive cancer, mm — — <5 36,12 17.7(6-90) =
*Comparison between noninvasive IPMN and invasive IPMN (MEIPMC + IC-IPMC) by x° test
Ph indicates pancreas head; rIPMN size, IPMN size measured on CT; rIPMN type, IPMN type determined based on CT findings,
9
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pancreas body and tail. All the sections were stuned with
hematoxylin and eosin for pathological examination. Afier
histopathological examination of all the sections, the lesion was
classified as IPMN with low-grade dysplasa (IPMN-LD), mod-
erate dysplasia (IPMN-MD), high-grade dysplasia (IPMN-HD;
CIS), or invasive IPMC according to the AFIP classification.’
The lesion was graded by the highest degree of atypia. Invasive
IPMCs were further divided into MEIPMC or IC-IPMC accord-
ing to our proposed criteria 3 We classified the invasive features
of IPMC into 3 patiems: infiltrative growth, mucous rupture, and
expansive growth. [nfiltrative growth is an invasive patiern com-
monly seen in conventional ductal carcinoma of the pancreas,
showing tubular or mucmous invasion. On the other hand,
mucous rupture and expansive growth are unigue features of
IPMC, which grows expansively with large amounts of mucus
secretion. Mucous rupture refers to mucous lakes around an
intraductal IPMC, sometimes containing scanty floating cancer
cells, formed by rupture of pancreatic ducts through intraductal
high pressure. Expansive growth refers to the loss of the base-
ment membrane because of marked dilatation of pancreatic
duct, sometimes resulting in the involvement (erosion or fistula
formation) of the bowel wall or major vessels. We defined mini-
mal invasion as (@) an infiltrative growth of 5 mm or less, (b)
mucous rupture not associated with infiltrative growth of mare

than 5 mm, or (c) expansive growth without fistula formation
with major vessels. And when at least | feature beyond the
previously mentioned criteria of minimal invasion was present,
the lesion was diagnosed as IC-IPMC. Invasive carcinoma ongi-
nating in IPMC was ongmally defined as a lesion consisting of
IPMN and invasive carcinoma with predominance of the IPMN
component.” This type of invasive carcinoma shows continuous
transition between invasive carcinoma and intraductal IPMC. In
this study, we also included a new group in which invasive car-
cinoma apparently onginated from IPMN but was predominant
over the IPMN component because there was no statistically
significant survival difference between IC-IPMCs with predomi-
nant IPMN component and IC-IPMCs with predominant inva-
sive cancer component in our preliminary analysis,

The measured size of an IPMN (excluding the invasive
component) was denoted as the p/PMN size, defined as the
maximum diameter of microscopically recognized noninvasive
IPMN. The size of invasive cancer was measured scparately in
patients with MI-IPMC and IC-IPMC. The duct type of IPMN
was also determined according to where the IPMN was mainly
present. When the IPMN was located mainly in the MPD and
extended to a small region of the branch duct (BD) (length,
<] ¢m), it was defined as the MPD type. When the IPMN lo-
cated mainly in the BD and extended to a small region of the

FIGURE 2. A and B, MDCT images show
papillary projections in the dilated pancreatic ducts
{arrowheads). Papillary projections appear as
subtle brushlike low attenuations along the wall of
the pancreatic ducts, reflecting the extent of
IPMN. C and D, MDCT images of IC-IPMCs. The
invasive cancer components (armows) are depicted
as areas of low attenuation adjacent to or
surrounding the cystic IPMN lesions. The
retropancreatic invasion adjacent to the splenic
artery is shown (arrow) (D), E and F, MDCT images
showing mural nodules (E) and thick septa (F). E,
Various-sized mural nodules are evident in the
intraductal carcinoma component (arrowheads).
F, The thick septum is indicated by arrowheads in
noninvasive IPMCs.

© 2008 Lippincot Williams & Wilking
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MPD (length, <1 cm), it was defined as the BD type; otherwise,
the IPMN was defined as the mixed type.

Radiological Examination

All 123 patients underwent contrast-enhanced computed to-
mography (CT) and extracorporeal ultrasonography (US) exam-
inations, whereas magnetic resonance cholangiopancreatography
(MRCP) was performed in 77 patients (63%). As endoscopic
retrograde cholangiopancreatography and endoscopic US are not
routinely performed at our institution, data for both examina-

tions were excluded from the present analysis. The CT images
were obtained using single-slice helical CT machines before
2000, and thereafter using multidetector-row CT (MDCT) with a
I- to 2-mm section thickness, Of the 123 patients, 71 (58%)
underwent MDCT examinations.

The CT images were retrospectively reviewed indepen-
dently by 2 investigators (S.N. and H.O.) without knowledge
of the pathological diagnosis. Discrepancy was less than 5%,
and cases with disagreement were resolved by discussion. The
size of the IPMN (designated as rIPMN size), the duct type

TABLE 2. Univariate Analysis of Preoperative (Clinical or Radiological) Findings Associated With Subtypes of IPMNs

(1) IPMN-LD or

(2) IPMN-HD  (3) MIIPMC  (4) IC-IPMC  Total

P [x’ or Fisher Exact Test)

Variables IPMN-MD (n=41) (CIS)(n=21) {n = 30) (n=231) n=123) ()(3)vsd) (Dvs(2)(3) 2)vs(I)
Sex 0.643 0.690 0.265
Male 25 10 19 16 70
Female 16 11 11 15 53
Age, yrs 0.020 0.858 0.969
<70 32 16 23 16 87
=70 9 5 7 15 36
Chief complaint 0.155 0.287 0.400
() 27 13 15 12 67
(+) 14 8 15 19 56
Jaundice 0.098 0.500 0.506
(=) 4] 21 2R 26 116
(+) 0 0 2 5 7
CEA, ng/mL 0.288 0.376 0.134
<10 40 21 26 26 113
=10 | 0 4 5 10
CA-19-9, U/mL =0.001 0.296 0.119
<37 31 20 23 10 84
>37 10 | 7 21 39
Radiological findings
Detection of invasive cancer on CT* <0,00] 0.126 0.134
(=) 41 21 26 [ 94
(+) 0 0 4 25 29
Tumor location 0.055 0.847 0.881
Ph included 2 15 22 16 B2
Ph excluded 12 6 8 15 41
Tumaor distribution 0.110 0.532 0,034
| segment 35 20 21 20 96
2 or 3 segments 6 1 ] 11 27
fIPMN size, mm 0,321 <0.001 0917
=40 3 8 11 15 65
=40 . 10 13 19 16 58
rMPD diameter, mm 0.120 0.005 0.020
=B 36 17 14 24 91
=8 5 4 16 7 32
fIPMN duct type 0.371 <0.001 0.006
tMPD or rMixed 8 9 24 23 b4
rBD 33 12 6 8 59
Mural nodule (>3 mm) or thick septum (>2 mm) 0.079 0.001 0.969
() 24 5 7 13 49
+) 17 16 23 18 T4
*CT images obtained using both single-shee hehical CT and MDCT,
CEA ind < bryonic antigen; Ph, pancreas head.
© 2008 Lippincott Wilhams & Wilkins 11
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of IPMN (designated as rIPMN duct type, and MPD, BD, and
mixed type being denoted as tMPD, rBD, and rMixed type,

pectively), the distrit of IPMN (head/uncus, body, or
tail), and the MPD diameter (designated as rMPD diameter)
were determined. The r/PMN size was defined as the maxi-
mum diameter of an entire noninvasive IPMN lesion, includ-
ing not only the definitely cystic and/or intraductal papillary
component, but also subtle papillary projections reflecting
spread along the pancreatic duct (Figs. 2A, B).** The invasive
component was excluded from the measurement of rIPMN
size. The size of invasive component was measured separately
depending on the CT findings. The presence of invasive car-
cinoma in patients with 1C-IPMC was regarded as positive
when an irregularly shaped hypoattenuating solid mass was
detected adjacent to or surrounding an IPMN on contrast-
enhanced CT.?* The replacement of the pancreatic parenchyma
by a hypoattenuating solid mass, proliferation into the extra-
pancreatic tissue, and encasement of surrounding vessels were
all regarded as signs of invasion, similarly to the conventional
invasive ductal carcinoma of the pancreas (Figs. 2C, D). We
also assessed the Brcsence of a mural nodule (if its size was
>3 mm; Fig. 2E)'Y or a thick septum (if its size was >2 mm;
Fig. 2F)'? on image analysis including CT, US, and MRCP, if
available.

Statistical Analysis

Continuous data were presented as mean = SD. The cutoff
values for IPMN and pIPMN size for differentiating benign
and malignant lesions were investigated by constructing receiver
operating characteristic (ROC) curves. Differences between cale-
gorical variables were evaluated using x* test or Fisher exact
test. One-way analysis of variance was used to compare the
means of 3 or more groups. Significant predictors in the uni-
variate analysis were included in a backward stepwise logistic
regression model for multivariate analysis. Differences at F <
0.05 were considered sttistically significant. Statistical analy-
ses were performed using SPSS 11.0) software (SPSS Inc,
Chicago, I11).

RESULTS
Postoperative pathological examination revealed that the
studied lesions are composed of 27 IPMN-LDs, 14 IPMN-
MDs, 21 IPMN-HD (CIS), 30 MI-IPMCs, and 31 1C-IPMCs
(Table 1). More than half of the IPMNs were discovered in-
cidentally in asymptomatic patients during health check-up or
follow-up examinations after treatment of other organ diseases,

TABLE 3. Multivariate Analysis of Preoperative (Clinical or
Radiological) Findings Associated With Subtypes of IPMNs

Odds Ratio (95% CI) P*

[PMN-HD (CIS) and MI-IPMC vs IC-IPMC
Invasive cancer detected on CTt  53.9 (14.0-208)  <0.001
CA-19-9 >37 U/imL 4.38 (1.22-15.8) 0.0024
IPMN-LD or IPMN-MD vs IPMN-HD (CIS) and MI-IPMC

rMPD or rMixed type 492 (1.75-13.8) 0.003

Mural nodule or thick septum (+) 2,97 (1.08-8.14)  0.035

fIPMN size >40 mm 2,88 (1.04-8.02) 0.042
IPMN-HD (CIS) vs MI-IPMC

MPD or tMixed type 5.33 (1.54-18.5) 0.008

*Logistic regression analysis (backward step hod).
+CT images obtained using both single-slice helical CT and MDCT

12
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TABLE 4. Accuracy of CT Detection of Invasive Cancer in
IC-IPMC

A. MDCT
CT detection of
invasive cancer Sensitivity 86%
Pathological diagnosis  (+) (-) Specificity 100%
IC-TPMC (+) 18 3 21
IC-IPMC (—) 0 50 50
1B 53 71
B. Single-slice helical CT
CT detection of
invasive cancer Sensitivity T0%
Pathological diagnosis  (+) (=) Specificity 90%
1C-IPMC (+) 7 3 10
IC-IPMC (—) 4 38 421
1 41 52

and such cases were significantly common among noninvasive
IPMNs (P = 0.024; Table 1). Chief complaints at the initial
presentation included abdominal pain (n = 28), exacerbation of
diabetes mellitus (n = 9), back pain (n = 7), jaundice (n = 7),
weight loss (n = 7), appetite loss (n = 4), general fatigue (n = 2),
carbohydrate antigen 19-9 (CA-19-9) elevation (n = 2), vomiting
(n=1), and fever (n = 1).

Preoperative Detection of IC-IPMC

To test which preoperative (clinical and radiological) vari-
ables were closely associated with IPMN pathological subtypes,
their relationship was examined (Table 2). As reported previ-
ously,” ™7 the postoperative outcome of patients with IC-
IPMC was significantly worse than that of patients with MI-IPMC
or noninvasive IPMN, and LN metastasis was exclusively asso-
ciated with IC-IPMC, underlining the importance of preopera-
tive detection of IC-IPMC for therapeutic planning. Univariate
analysis showed that the following preoperative variables were
closely associated with the pathological subtypes of 1C-IPMC:
older than 70 years, the presence of invasive cancer detected on
CT (both single-slice helical CT and MDCT), and CA-19-9
greater than 37 U/mL (Table 2), Multivariate analysis showed

1.0

FIGURE 3. The ROC curves of rlPMN and pIPMN size. The
optimal cutoff values of riPMN and pIPMN size for detection
of malignancy (carcinoma positive in a lesion) were 41 and
42 mm, respectively.
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that the presence of invasive cancer detected on CT (both single-
slice helical CT and MDCT) and CA-19-9 greater than 37 U/mL
were significant predictive variables for IC-IPMC (Table 3).

We then analyzed how precisely CT was able 1o detect in-
vasive cancers in patients with 1C-IPMC. Among the 71 patients
who underwent MDCT, the presence of IC-IPMC was detected
with B6% sensitivity and 100% specificity, whereas single-slice
helical CT (n = 52) showed 70% sensitivity and 90% specificity.
Thus, the overall sensitivity and specificity of CT (n = 123) to
detect invasive cancer in patients with IC-IPMC were 81% and
96%, respectively (Table 4).

Preoperative Evaluation of IPMNs Other Than
1C-IPMC
We investigated the clinical and radiological findings cor-
related with subtypes of IPMN other than IC-IPMC (n = 92;
Table 2). We excluded IC-IPMCs in which invasive cancer was
not detected by CT because we aimed to clarify the characteris-
tics of pathologically proven IPMN-HD (CIS) and MI-IPMC.
Our pmiuus study showed no significant difference in the post-
ve outcome by patients with noninvasive IPMN and
MI IPMC, although 2 of 26 patients with MI-IPMC experienced
recurrence.” Other groups also reported that 2 of 17 patients
with namn\a%lvc IPMC (IPMN-HD [CIS]) had recurrent inva-
sive carcinoma,'’ and that 1 of 14 patients with noninvasive
IPMC (IPMN-HD [CIS]) and | of 6 patients with MI-IPMC
had recurrence after surgery.”® Thus, preoperative detection of

TABLE 5. Diagnostic Score and Results in Patients With IPMN
Other Than IC-IPMC (n = 92)

A. Diagnostic score (the sum of acquired points)
Predictive variables

Acquired point

™MPD or rMixed type Yes, 1; No, 0
Presence of mural nodule or thick septum Yes, 1; No, 0
rIPMN size >40 mm Yes, 1: No, 0

B. Comparison of diagnostic score between patients with benign
IPMN (IPMN-LD and IPMN-MD) and patients with
malignant IPMN (IPMN-HD [CIS] and MI-IPMC)

Risk ratio of

presence of
Score  Benign  Malignant Total carcinoma 95% C1
0 18 (86%) 3(14%) 21 0.13 0.042-0.42
| 14 (56%) 11 (44%) 25 0.63 0.32-1.2
2 6(25%) 1B(75%) 24 24 1.1-1.5
3 3(14%) 19(B6%) 22 Sl 1.6-16.0

IPMN-HD (CIS) and MI-IPMC is a clinically important con-
sideration, as much as the detection of I1C-IPMC. The optimal
cutoff values of rIPMN and pIPMN size for the detection of
malignancy (IPMN-HD [C1S] and MI-IPMC) were determined
to be 41 and 42 mm, respectively, on the basis of the ROC curve
(Fig. 3); therefore, we adopted a cutoff value of 40 mm for
rIPMN size. Univariate analysis showed that the following
variables were significantly associated with malignant IPMC
other than 1C-IPMC: rIPMN size greater than 40 mm, rt™MPD di-
ameter greater than 8 mm, rtMPD or rMixed type, and the pres-
ence of a mural nodule or thick septum (Table 2). Multivanate
analysis showed that rIPMN size greater than 40 mm, tMPD
or rMixed type, and the presence of a mural nodule or thick sep-
tum were significant predictive factors of malignancy (Table 3),

Effectiveness of Diagnostic Score for Prediction
of Noninvasive IPMC and MI-IPMC

It was unlikely that any of these preoperative variables
{Table 3) alone would facilitate the accurate prediction of IPMN
pathological subtypes (Table 2); therefore, we tred to predict
the pathological subtypes of IPMN accurately by combining 3
variables: rIPMN size, rIPMN duct type, and the presence of a
mural nodule or thick septum. A diagnostic score was devised
with the aim of preoperatively identifying patients at high risk
for malignancy among patients with IPMN other than 1C-
IPMC. The score was calculated by assigning 1 point for each
of rIPMN size greater than 40 mm, tMPD or rMixed type, and
mural nodule or thick septum detected on preoperative images
(Table 5). The rates of malignancy (ie, IPMN-HD [CIS] and
MI-IPMC) were 14%, 44%, 75%, and 86% in the patient groups
with diagnostic scores of 0, 1, 2, and 3, respectively. The risk
ratio of carcinoma among patients with a score 2 or 3 was 3.3
(95% confidence interval [Cl], 1.8—6.0).

Comparison between IPMN-HD (CIS) and MI-IPMC
showed that tumor distribution in 2 or 3 segments, MPD diam-
eter greater than § mm, and rMPD or rMixed type were sig-
nificantly associated with MI-IPMC by univariate analysis
(Table 2), and r™MPD or rMixed type remained significant by
multivariate analysis (Table 3). The rates of minimal invasion
were 5%, 24%, 38%, and 64% in the patient groups with di-
agnostic scores of 0, 1, 2, and 3, respectively (Table 5). The risk
ratio of minimal invasion among patients with a score of 3
was 3.6 (95% CI, 1.7-7.7).

DISCUSSION
Recent studies on the natural history of IPMNs have re-
vealed that the prevalence of malignancy is substantially Icw in
small (<3 cm) BD-type IPMNs without mural nodules’” and
that it takes a relatively long period until noninvasive IPMNs
progress to invasive IPMCs.*® In addition, the current consensus
garding the malignant potential of IPMN is that its aggressive-

C. Comparison of diagnostic score between patients with
noninvasive IPMN (IPMN-LD, IPMN-MD, and IPMN-HD
|CIS]) and patients with MI-IPMC

Risk ratio of

Noninvasive presence of
Score IPMN  MI-IPMC Total carcinoma 95% Cl1
0 20 (95%) 1 (5%) 21 010 0.015-0.73
1 19 (76%)  6(24%) 25 0.65 0.29-1.5
2 15 (63%) 9(38%) 24 1.2 0.61-2.5
3 8(36%) 14 (64%) 22 3.6 1.7-1.7

Numbers in parentheses denote the percentage of the number in the
Total column.
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ness is dependent on the presence of invasive cancer, the extent
of cancer invasion, and the biological characteristics of cancer
cells.' " Furthermore, MI-IPMC shows nonaggressive charac-
teristics similar to noninvasive IPMN, whereas IC-IPMC has
aggressive charactenstics comparablc to conventional ductal
carcinoma of the pancreas® These findings suggest that the
therapeutic strategy for IPMN ought to differ accordmg to the
grade. Conservative treatment may be possible in selected cases
of early-stage noninvasive IPMN.® Function- -preserving pan-
createclomy may be a treatment oplion in some noninvasive
IPMNs." On the other hand, as 1C-1IPMCs are often associated
with LN metastasis”>~" (an incidence of 61% at our institution),
radical pancreatectomy with LN dissection is necessary for cu-
rative resection. Therefore, it is becoming more important to

13

uthonized reproduchon of this armicle 1s prohibited



Nara ef al

Pancreas * Volume 38, Number 1, January 2009

categorize IPMN preoperatively into its corresponding patho-
logical subtypes accurately.

Here, we retrospectively studied 123 patients who under-
went surgical resection of IPMN and analyzed which preopera-
tive findings could precisely predict the pathological subtypes.
We found that MDCT was able to detect the presence of invasive
cancer in 1C-IPMC with 86% sensitivity and 100% specificity.
We also found that rIPMN size greater than 40 mm, rMPD or
rMixed type, and the presence of a mural nodule or thick septum
were significant predictive factors of malignancy by multivariate
analysis in patients with [PMNs other than IC-IPMC. Further-
more, the diagnostic score obtained using these 3 predictive fac-
tors showed a good correlation with the presence of carcinoma.

The clinical and radiological features of 1C-IPMC are sub-
stantially different from other IPMNs. The IC-IPMCs are fre-
quently associated with high levels of serum CA-19-9, and the
invasive com nt of IC-IPMCs is frequently visible on CT
(Table 3), These features of IC-IPMC, combined with the poor
postoperative prognosis and high rate of LN metastasis, indicate
that we should separate IC-IPMC from other IPMNs and treat
them similarly to conventional invasive ductal carcinoma of
the pancreas. When IC-IPMC is present, aggressive treatment
ordinarily applied to the conventional pancreatic cancer may be
indicated. This is in marked contrast with the fact that LN me-
tastasis is almost zero in noninvasive IPMC or MI-IPMCs, and
function-preserving surgery could be indicated for this patient
group. Thus, we think clinicians should pay more atention to
detect an associated invasive carcinoma (IC-IPMC) at initial
diagnosis of IPMN.

On the basis of these findings, we propose a 2-step algo-
rithm for determining the therapeutic strategy for patients with
IPMN (Fig. 4). For the first step, patients with IPMN are
categorized according to whether MDCT reveals an invasive
cancer (IC-IPMC) in the lesion. For the second step, patients
with IPMN other than IC-IPMC are categorized according to
whether the diagnostic score suggests the presence of malig-
nancy (Table 5). The malignancy rate was significanty high (risk
ratio, 3.3; £ < 0.001) in patients with a diagnostic score of 2 or

IPMN
MDCT
Invasive cancer (+) Invasive cancer (-)
4 3
IC-IPMC IPMN uher than IC-IPMC
/ Rldiolug!nl examination
Dlapmlic score =
Score: 2&3  Score: 1 Score: 0
High risk  Intermediate Low risk
.’/J s
Immediate Good surgical candidates with Follow.up
surgical ™ reasonable life expectancy or
resection symptomatic patients
Poor nsk or elderly or
further selected patients
like rIPMN size <2cm elc

Observation

FIGURE 4. Proposed treatment algorithm for preoperative
evaluation of patients with IPMN.
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3. Malignancy in IPMN was detected in patients with a diag-
nostic score of 2 or 3, with 73% sensitivity and 78% specificity;
thus, these patients should be taken to an immediate surgical
operation to resect the IPMN. For patients with a diagnostic
score of 1, resection is advocated for low-risk with a
reasonable life expectancy, considering that about half (44%) of
this patient group had carcinomas, although the relative risk of
malignancy is lower than in patients with a diagnostic score
of 2 or 3. Patients with a diagnostic score of 0 had the lowest
risk of malignancy (0.13 [95% C1, 0.042-0.42]). In our series,
the diagnostic score of 0 indicated IPMN as a benign lesion with
44% sensitivity and 94% specificity. Combined with previous
reports showing a low occurrence rate of invasive cancer in this
pamt group,~**” these findings suggest that careful nonop-

t may be applicable for selected patients,
especul]y those who are older or have severe complications;
however, it should not be ignored that 3 (14%) of 21 patients
in this group harbored carcinoma (Table 5B). Thus, “wait-and-
watch” management is not always recommended for patients
with a diagnostic sore of 0, and conservative treatment may be
applicable in selected cases with well-informed consent about
the risk of mali . Further accumulation of patients’ follow-
up data on the natural history of IPMN or the emergence of
new accurate molecular markers is necessary to establish more
relevant criteria for the observation strategy. Currently, balancing
the malignant potential of IPMN with the risk of surgery and
life expectancy may be the most practical approach for de-
termining the indication and extent of surgery.

In this study, we were able to detect a component of inva-
sive carcinoma in IC-IPMC using MDCT, with 86% sensitivity
and 100% specificity, regardless of the size of invasive cancer.
This is compatible with a recent report from another group, in
which MDCT detected invasive IPMN with high sensitivity
and specificity.™ Although some authors have emphasized the
diagnostic advantage of MRCP for the detection of cystic
lesions,”' its ability to detect solid invasive cancer associated
with IPMN has not been well established. Other authors have
reported that MDCT has marked ability to dnm small con-
ventional invasive cancers of the pamm’ Although we
have not yet compared the abilities of MDCT with those of
MRCP for the detection of IC-IPMC, the present study has
provided evidence that MDCT is very useful for the accurate
detection of IC-IPMC. In our series, MDCT produced no false-
positive images of patients with IC-IPMC, although it is pos-
sible that inflammatory change in the adjacent pancreatic
parenchyma may be misdiagnosed as invasive cancer, as has
been wpon:d in cases of conventional invasive cancer of the
pancreas.’® Furthermore, the invasion of mucinous carcinoma
may be misinterpreted as an ordinary cystic lesion without
nvasion,

Pathological examination revealed that IPMNs formed
cystic or macroscopically papillary lesions and often spread 10
the surrounding pancreatic ducts. Low papillary features or
spreading to minimally dilated ducts was also evident. To assess
the size of IPMN on CT images, we carefully inspected the
subtle signs corresponding to their features, especially papillary
projection into the pancreatic duct, which has been reported to
reflect the lateral spreading of low papillary lesions.®* We ex-
amined the accuracy of radiological evaluation such as the size
of riPMN and the rlPMN duet type by comparison with pIPMN
size and pIPMN duct type, respectively, using 92 IPMNs other
than IC-IPMC. The size of rIPMN was measured fairly accu-
rately and corresponded to the size of pIPMN * 20% in 92.4%
of cases and to the size of pIPMN = 10% in 67.4% of cases.
The rIPMN duct type was correctly evaluated in all but 7% of
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IPMN cases. To improve the accuracy of such preoperative
evaluation, additional examinations such as endoscopic retro-
grade cholangiopancreatography, endoscopic US, and magnetic
resonance imaging may be helpful to reveal the more detailed
characteristics of the lesion, if precise assessment of a laterally
spreading lesion is difficult using MDCT. The discrepancy be-
tween imaging data and pathological findings may be | reason
why intraoperative frozen-section analysis is necessary to secure
a tumor-free margin.”®

Historically, there were few reports mentioning about the
radiological size of rMPD -type IPMN, and only MPD diameter
has been m 1'% The may be because the size of
rMPD-type IPMN was difficult to be measured radiologically,
especially those that are not macroscopically cystic and only
accompanied with a diffusely dilaled MPD. However, the re-
cent advancement of radiological examinations, especially high-
spatial resolution MDCT, makes it possible to evaluate the
horizontal extension of intraductal epithelial lesion in the
hepatobiliary-pancreatic region. For example, a high diagnostic
accuracy of hnnmnla.l spreading of hilar cholangiocarcinoma by
MDCT is rl:ported " In this study, we deliberately assessed the
size of IMPD-type IPMNs, taking into account lateral spreading
of papillary lesions, which is reflected on subtle brushlike ap-
pearance along the wall of pancreatic ducts (Figs. 2A, B). Mea-
suring the radiological size of all IPMNs on CT images, we
could conduct the analysis without separating rBD-type from
rMPDY/mixed-type 1PMN, In addition, our diagnostic score
(Table 5A) calculates an extensive MPD-type IPMN (>4 ¢m in
size) as a score of 2 or more and indicates an immediate resec-
tion in a surgically fit patient, according to our treatment algo-
rithm (Fig. 4). This is in line with the international consensus
guideline,” in which all the MPD-type IPMNs are recommended
to resection. Thus, actually, the discimination between BD type
and MPD/mixed type is integrated in our scoring system, to-
gether with the other 2 predictors (IPMN size and the presence
of mural nodule or thick septum).

The number of patients with multifocal IPMNs is rela-
tively small (5 patients) perhaps because the lesion was diag-
nosed as multiple only when multiple IPMNs were demonstrated
pathologically in the resected specimen. For example, when a
patient who had 2 suspected IPMN lesions in the pancreatic
head and tail underwent pancreaticoduodenectomy and the re-
sected specimen revealed a single IPMN in the pancreatic head,
the patient was recognized as having a single IPMN lesion in our
analysis because the dingnosis of the tail lesion has not been
acquired pathologically.

This study was limited in that it was retrospective and
evaluated the predictive ability of CT images for lesions known
10 be IPMNs. In addition, the study population is composed
only of patients who underwent surgical resection. We intend to
test our preoperative diagnostic algorithm using another large
series of samples or in a prospective study.
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Roux-en-Y Reconstruction Using Staplers During
Pancreaticoduodenectomy: Results of a Prospective Preliminary Study
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Abstract

Purpose. The aim of this study was to reveal the utility
of alimentary reconstruction using staplers during
pancreaticoduodenectomy (PD), focusing on the occur-
rence of delayed gastric emplying,

Metheds. Between 2003 and 2007, 72 PDs with alimen-
tary reconstruction were performed by a single surgeon.
Since August 2006, the new Roux-en-Y reconstruction
methods using staplers were applied in 26 of the patients.
We compared their clinical outcomes with those of the
46 patients who underwent PD using the conventional
hand-sewn reconstruction methods.

Results. The results of upper gastrointestinal study
showed improvement within 10 postoperative days
(PODs; P = 0.03): the patients resumed eating their
regular diet sooner (13 vs 6 days, P < 0.001), and both
the incidence of delayed gastric emptying (43% vs 19%.,
P = 0.04) and the hospital stay (27 vs 21 days, P = 0.008)
were reduced significantly in patients with stapled
reconstruction. Despite the fact that operative costs
were significantly higher for patients with stapled recon-
struction (P = 0.009), hospital costs were significantly
lower (P = 0.049) for those who underwent the conven-
tional method.

Conclusions. Our retrospective analysis shows that
stapled reconstructions might reduce the incidence of
delayed gastric emptying; however, further study will be
necessary 1o evaluate the utility of this new method.

Key words Pancreaticoduodenectomy - Delayed gastric
emptying - Stapled reconstruction - Roux-en-Y recon-
struction - Hospital stay
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Introduction

Alimentary reconstruction using staplers during gastric
and colorectal surgery is widely accepted. The use of
circular staplers in esophagojejunostomy is more con-
venient and safer than hand-sewn suturing.' Moreover,
colorectal anastomoses using a double stapling tech-
nique have also become popular,” especially since the
advent of laparoscopic surgery.” However, to our knowl-
edge, mechanical reconstruction using staplers during
pancreatectomy has never been documented.

One of the most common complications of pancreati-
coduodenectomy (PD) is delayed gastric emptying
(DGE), otherwise known as “gastroparesis,”* which is
not fatal but results in prolonged hospital stay and
increased hospital costs. Delayed gastric emptying is
defined as nasogastric decompression after postopera-
tive day (POD) 10 or a failure to tolerate a regular diet
after POD 14.The incidence of DGE has been reported
to range from 5% to 72%.%" We hypothesized that the
hand-sewn, two-layered, or continuous suture could
induce anastomotic edema, which is one of the causes
of DGE. Mechanical alimentary reconstruction can
prevent anastomotic edema and may keep the oral
intake stable, Therefore, in August 2006, we introduced
a new Roux-en-Y reconstruction method, which uses
circular or linear staplers during PD. We report the
preliminary results of our new method.

Patients and Methods

Between August 1, 2003 and September 30, 2007, 302
patients underwent PD in our institute. These opera-
tions were performed by one or more of five surgeons,
s0 Lo maintain consistency we evaluated the surgical
outcomes of the 76 PDs performed by a single surgeon
(Y.S.). Between August 2003 and July 2006, 50 patients
underweni PD with alimentary reconstruction using the
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conventional hand-sewn method. The new stapled
Roux-en-Y reconstruction method was introduced in
August 2006, and 26 patients underwent mechanical
reconstruction in the final year of the study. Among the
50 patients operated on during the former 3 years, the
following four patients were excluded from the analysis:
two who had undergone previous gastrojejunostomy,
one who had undergone previous total gastrectomy,
and one who underwent PD concomitant with total
gastrectomy.

The underlying diseases were as follows: invasive
pancreatic cancer in 41 patients, bile duct cancer in 12
patients, ampullary cancer in 7 patients, intraductal
papillary mucinous tumor in 3 patients, neuroendocrine
tumor in 2 patients, metastatic cancers in 2 patients,
duodenal cancer in 1 patient, and other noncancerous
diseases in 4 patients. The surgical procedures consisted
of standard Whipple procedure (SW) in 22 patients and
pylorus-preserving pancreaticoduodenectomy (PPPD)
in 50 patients. Twenty patients (28%) underwent com-
bined portal vein resection. One patient underwent con-
comitant extended right hemihepatectomy, and another
underwent concomitant distal pancreatectomy.

The surgical outcomes of PD, including the occur-
rence of DGE and other surgical complications, were
compared between the 46 patients who underwent PD
using conventional reconstruction and the 26 patients
who underwent the new Roux-en-Y stapled reconstruc-
tion. The backgrounds and surgical procedures of each
group are summarized in Table 1.

Surgical Technique of PD

The details of the standard procedure for PD have been
described elsewhere.” After removal of the pancreatic
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head, we wrapped the stump of the gastroduodenal
artery using the falciform ligament to prevent the bleed-
ing caused by pancreatic leakage” A jejunal loop
was lifted and pancreaticojejunostomy was performed
by duct-to-duct anastomosis using 5-0 polydioxanone
(PDS). The anterior and posterior pancreatic walls were
tightly affixed to the jejunal serosa using interrupted 4-0
PDS sutures. A hepaticojejunostomy was then done
using interrupted 5-0 PDS sutures.

Conventional Reconstruction

In the 46 conventional PDs, we performed an antecolic
gastrojejunostomy and duodenojejunostomy during the
standard Whipple procedure (SW, n = 16) and pylorus-
preserving pancreaticoduodenectomy (PPPD, n = 30),
respectively. These anastomoses were done on antecolic
routes, by the Albert-Lembert (n = 38), layer to layer
(n = 6), or Gambee (n = 2) methods. A Braun jejunoje-
junostomy was done to prevent direct exposure of the
anastomotic site to pancreatic and bile juice. Gastric
tubes (n = 43) and jejunal feeding tubes (n = 45) were
pulled out through the afferent loop between the
duodeno- or gastrojejunostomy and Braun anastomosis.
External drainage of the pancreatic and biliary ducts
was performed in all of the patients.

Roux-en-Y Reconstruction Using a Circular
Stapler During Pylorus-Preserving
Pancreaticoduodenectomy (PPPD)

An antecolic duodenojejunostomy was performed by
Roux-en-Y reconstruction using a circular stapler in 20
PPPDs (Proximate ILS 29 or 25 mm, Ethicon Endo-
Surgery, Cincinnati, OH [n = 19], EEA circular stapler,

Table 1. Clinical characteristics of patients who underwent conventional versus Roux-en-Y stapled reconstruction

Conventional (n = 46)

Sex

Male 29
Female 17
Age (years) 68 (18-82)
Body mass index 21 (15-28)

Diseases
Pancreatic cancer 26
Bile duct cancer 7
Vater or duodenal cancer i
Others 6
Procedure
SW 16
PPPD 30
Portal vein resection
Performed 14 (30%)
Operative time (min) 560 (400-842)

Blood loss (ml) 850 (215-2360)

Roux-en-Y, stapled (n = 26) P value

15 0.66

11
66 (47-80) 0.80
22 (17-27) 0.25
15 0.81

S

2

4
6 0.30

20
6 (23%) 0.50
570 (374-790) 0.77
710 (130-2420) 0.19

SW, standard Whipple procedure; PPPD, pylorus-preserving pancreaticoduodenectomy




