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ORIGINAL ARTICLE

Pancreatic Ducts as an Important Route of Tumor
Extension for Acinar Cell Carcinoma
of the Pancreas

Daisuke Ban, MD, PhD*t Kazuaki Shimada, MD, PhD,{ Shigeki Sekine, MD, PhD,*
Yoshihiro Sakamotp, MD, PhD,T Tomoo Kosuge, MD, PhD,{ Yae Kanai, MD, PhD,*
and Nobuyoshi Hiraoka, MD, PhD*

Abstract: Acinar cell carcinoma (ACC) of the pancreas is very
rare, which usually grows expansively. Recently, a variant of
ACC with predominant growth in the pancreatic ducts has been
proposed, and is speculated to have potentially less aggressive
behavior. The aim of this study was to investigate how the
pancreatic duct system is related to the growth and extension of
ACC. We reviewed the detailed gross and histologic features of
13 cases of ACC, of which 7 (54%) showed intraductal polypoid
growth (IPG) of the tumor in the large pancreatic ducts with a
mean IPG length of 24.8 mm. Tumors with IPG were found to
spread characteristically along the pancreatic ducts as extending
polypoid projections, filling the ducts and destroying the duct
walls, although tumors did not tend to extend beyond the
pancreatic parenchyma. Comparison of the clinicopathologic
characteristics showed that ACC with IPG had less infiltrative
features including lymphatic, venous, and neural invasion,
formation of tumor thrombus in the portal vein, nodal
metastasis, and invasion beyond the pancreas to the surround-
ing organs; death in only 1 case (14%) of ACC with 1PG was the
result of ACC itself. In contrast, ACC without IPG frequently
showed more infiltrative growth, and was the cause of death in
50% of patients with this type of tumor. Intraductal dissemina-
tion of ACC in pancreatic ducts was proven in 1 case of ACC
with IPG. These findings suggest that a significant proportion of
ACC shows IPG, which is potentially linked to less aggressive
clinicopathologic characteristics.
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Acinar cell carcinoma (ACC) is a rare tumor of the
pancreas, accounting for approximately 1% of all
pancreatic tumors.>® ACC is highly malignant with a
poor prognosis and a high rate of recurrence, although
not many studies have investigated the pathobiology of
ACC because of its low incidence. Typically, ACC is a
solid tumor that shows expansive rather than infiltrative
growth.»® ACC has often been reported to compress or
narrow the large pancreatic ducts, in the same way as a
pancreatic endocrine or solid-pseudopapillary neoplasm.
Recently, several cases of ACC with characteristic growth
features have been reported, in which the tumors grew
predominantly in the large pancreatic ducts [main
pancreatic duct (Wirsung duct) or accessory pancreatic
duct (Santorini duct)] and exhibited polypoid and/or
papillary features.!=3-!% Basturk et al.! proposed a new
variant of ACC showing a predominantly intraductal,
papillary, and/or papillocystic growth pattern. This
variant of ACC was suggested to be very rare, and to
show more indolent behavior. Meanwhile, the Japan
Pancreas Society has stated that 29.2% of ACC cases
entered in the Pancreatic Cancer Registry showed “‘spread
within the main pancreatic duct,”® in which the clinical
characteristics of ACC were mainly investigated and
detailed pathologic reviews were lacking.” Consequently,
many aspects of the relationship between the pancreatic
duct system and the tumor growth and extension of ACC .
are still unclear.

The pancreatic duct system is primarily affected
by pancreatic ductal carcinomas (PDCs). PDCs originate
in the pancreatic ductal epithelium and generally
show infiltrative growth and often invade and obstruct
the large pancreatic ducts. PDCs also extend along
the pancreatic ducts, replacing the luminal epithe-
lium, and occasionally extend to the entire head of the
pancreas through intraductal spread without stromal
invasion.

The aim of this study was to investigate the role of
the pancreatic ducts, especially the large pancreatic ducts,
in the growth and extension of ACC. In this series, we
reviewed the detailed gross and histologic features of 13
cases of ACC and considered the clinicopathologic
findings, particularly in relation to extension of ACC
through the large pancreatic ducts.
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MATERIALS AND METHODS

Study Population

This study was approved by the Ethics Committee
of the National Cancer Center, Japan. Between October
1987 and June 2009, 848 patients underwent pancrea-
tectomy for pancreatic neoplasms at National Cancer
Center Hospital, Tokyo. Among those patients, we
conducted a retrospective clinicopathologic analysis of
13 patients (1.5%) whose tumors were diagnosed
pathologically as ACCs in 10 and mixed acinar-endocrine
carcinomas (MAEs) in 3, according to the WHO
classification.”® Nine of the 13 patients were male and
4 were female, with the mean age of 57 years (range, 35 to
80y). Four patients underwent pancreatoduodenectomy,
6 underwent distal pancreatectomy, and 3 underwent
total pancreatectomy. The resection was curative in all
cases. Postoperative follow-up data were available for
all patients, with a median follow-up period of 27 months
(range 5 to 180mo). Clinical information, such as
treatment and follow-up data, were obtained from the
patient records. The clinical characteristics of the patients
are listed in Table 1. The mean tumor size was 10.2cm
(range 4.5 to 14.5cm).

Pathologic Examination

All of the ACCs and MAEs were pathologically
reexamined, and the diagnosis of ACC and MAE was
confirmed. Surgically resected specimens were fixed in
10% formalin and cut into serial slices 5-mm thick,
horizontally in the pancreas head, and sagittally in the
pancreas body and tail. All the sections were stained with
hematoxylin and eosin (HE) for pathologic examination.
For detection of pancreatic ducts, additional staining for
elastic fibers (elastica stain) was carried out.

Immunohistochemical Analysis

Immunohistochemistry was carried out on forma-
lin-fixed, paraffin-embedded tissue sections as described
earlier,* using antibodies against these antigens: chromo-
granin A (1:400), synaptophysin (1:50), neuron-specific
enolase (NSE, BBS/NC/VI-H14, 1:400), and Ki-67
(MIB-1, 1:50) from DAKO (Glostrup, Denmark), trypsin
(1:500), and lipase (1:100) from Biodesign (Saco, ME),
and B-catenin (14, 1:100) from Transduction Laboratories
(Lexington, KY). Immunohistochemical results were
scored semiquantitatively: + + when > 50% of cells were
positive, + for 25% to 50% positivity, focal+for <25%
positivity, and - for negative staining.

Electron Microscopic Examination

Fresh tissue was fixed with 2.5% glutaraldehyde,
postfixed with 1% osmium tetroxide for 1 hour,
dehydrated with a graded ethanol series and acetone,
and embedded in epoxy resin. Ultrathin sections were
cut and double-stained with uranyl acetate and lead
nitrate, and examined with a JEOL-1010 electron micro-
scope.
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Extraction of Genomic DNA and Mutation
Analyses of the CTNNB1 (f-catenin)

and APC Genes

Formalin-fixed, paraffin-embedded sections 5-pm
thick containing tumor areas were stained briefly with
HE and used for DNA extraction. Histologically,
identified tumor and normal tissues were separately
microdissected under microscopic observation. The mi-
crodissected tissues were incubated in DNA extraction
buffer [50 mM Tris-HCl, pH 8.0, | mM ethylenediamine-
tetraacetic acid (EDTA), 0.5% (v/v) Tween-20, and
200 pg/mL proteinase K (Roche Diagnostics, Mannheim,
Germany)] at 55°C overnight, and then the proteinase K
was inactivated by heating at 100°C for 10 minutes.
Mutation analyses were done as earlier described.!''-'?

Analysis of Loss of Heterozygosity (LOH)

LOH was analyzed as described earlier.!? In brief,
genomic DNA was amplified by PCR using oligonucleo-
tide primers for 20 microsatellite markers: BAT25 (4q12),
BAT40 (1p13.1), APC (D55346) (5921 to 22), D16S408
(16q), D16S164 (16921 to 22.1), D16S168 (16921 to 22.1),
TIFNA (9q22), D18S69 (18q21), D10S197 (10qter), UT762
(21), ACTBP2 (6q), AR (X), D168409 (16q), D165410
(16p), D178261 (17pl12 to 11.1), TPS3CA (17pl3.1),
BAT26 (2p22 to 21), and D2S8123 (2pl16). The 5 ends
of the primers were labeled with 6-carboxyfluorescein,
and PCR amplifications were carried out with 10ng of
genomic DNA. Subsequently, the PCR products were
fractionated by electrophoresis (Applied Biosystems 3130
Genetic Analyzer). Data were analyzed using the Gene-
Scan computer program (Applied Biosystems). When
2 amplified bands per locus were detected, the locus was
defined as informative for LOH analysis. LOH was
considered to be present when the relative intensity of
1 allele was reduced by more than 70% in informative
locus.

Statistical Analysis

Statistical analyses were done with PASW Statistics
18.0 (SPSS Inc., Chicago, IL). Association of the presence
of TPG with various clinicopathologic parameters was
assessed by the y? test. Differences were considered
significant at P < 0.05.

RESULTS

Tumors Showing Features of Intraductal
Polypoid Growth

Seven cases of ACC (54%) (cases 1 to 7 in Table 1)
formed polypoid or nodular tumors in the large
pancreatic ducts, and this is referred to hereafter as
intraductal polypoid growth (IPG) (Fig. 1). The polypoid
projections of the tumor filling the large pancreatic ducts
resulted in dilation of the ducts, and the advancing fronts
of the polypoid projections lay freely within the duct
lumina with no signs of implantation into the mucosal
surface. We measured the length of the intraductal
polypoid projections without destroying the duct wall,

© 2010 Lippincott Williams & Wilkins
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*Classified according to the classificalion of pancreatic carcinoma of Japan Pancreas Society.®

tThe patient died owing to the tumor.

AC indicates acinar pattern; ch. bile duct: du. duodenum: LN, lymph node: ly. lvmphatic invasion: mix. mixed acinar and solid pattern: ne. neural invasion: Phbt. pancreas head. body, and tail: rp. retropancreatic

tissue: sol. solid pattern: v, venous invasion.

as confirmed by elastica staining (Fig. 2). The mean
length of the intraductal polypoid projections was
24.8 mm (range 12 to 50 mm, Table 1). The tumor cells
in the polypoid projections proliferated in an acinar
and/or solid pattern with a scant stromal component.
Adjacent to the IPG in the ducts, the tumors grew
expansively and invaded and destroyed the duct wall that
was present in the more central part of the tumor. Tumors
invaded beyond the duct wall to the surrounding
pancreatic parenchyma, and the IPG extended along the
large pancreatic ducts in both directions to the duodenal
ampulla and pancreatic tail. It was noteworthy that
tumors showed no tendency to infiltrate beyond the
pancreatic parenchyma. These findings were evident in all
the tumors showing IPG. The length of the intraductal
tumor projections and the extent of duct wall destruction
varied from case to case, although the growth features
of the tumors were similar. Extension of the intraductal
polypoid projections, filling of the ducts by the tumor,
and destruction of the duct wall owing to intraductal
tumor expansion were also observed in the branch
pancreatic ducts in these cases.

ACC, especially when developing in the pancreas
body or tail, sometimes showed a unique gross tumor
shape, extending along, and replacing the pancreatic
parenchyma to mimic the shape of the pancreas, which we
referred to as a ‘‘sausage-like” shape (Fig. 3). Grossly,
this ‘“‘sausage-like” shape distinguished ACC from the
usual spherical or oval mass formed by the expansive
growth of other pancreatic tumors, which we term
hereafter as a “‘ball-like’” shape. All 4 cases of ACC with
IPG that developed in the pancreatic body or tail showed
a sausage-like shape.

Tumors Without Intraductal Polypoid Growth

Six cases (cases 8 to 13 in Table 1), including 3 cases
of ACC and 3 cases of MAE, did not show any IPG. In
case 9, ACC invaded the main pancreatic duct without
intraductal polypoid or papillary growth. Grossly, all 6 of
these cases showed a ball-like tumor shape, even though
4 of them developed in the body or tail of the pancreas.
Tumors without IPG often invaded beyond the pancreas to
the surrounding organs with frequent invasions to lympha-
tic vessels, veins, or nerves, even though the tumors were
not so large.

ACC With Intraductal Dissemination

Intraductal dissemination was found in 1 case of
ACC with IPG (Case 3). This is the first case of its kind
for which tumor dissemination in pancreatic ducts has
been proven. The patient was diagnosed preoperatively
as having an intraductal papillary-mucinous neoplasm.
Computed tomography revealed a mass in the pancreatic
tail and an ill-defined lesion in the head. Endoscopic
retrograde pancreatography showed a contrast medium
filling defect in the dilated main pancreatic duct, and
obstruction of the distal pancreatic duct (Fig. 4A). The
resected specimen (Figs. 4B and C) contained 2 lesions:
one was an 8-cm tumor in the pancreas tail that extended

© 2010 Lippincott Williams & Wilkins
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FIGURE 2. Microscopic appearance of intraductal polypoid growth in the large pancreatic duct. A and B, The advancing front of
an intraductal polypoid projection in case 4 is located freely in the duct and shows no evidence of implantation to the duct wall.
C and D, Intraductal tumor in case 6 fills the Santorini duct (right upper) and extends to fill in the branch ducts (arrowheads). Eand F,
Intraductal tumor in the main pancreatic duct in case 4 shows invasion and destruction of the duct wall (center to left). The duct wall
is retained on the upper right (arrowhead). G and H, Intraductal tumor in case 2 fills the main pancreatic duct (right upper), and has
disrupted the duct wall to overflow into the surrounding stroma (center to left lower). Panels A, C, E, and G show HE stain and B, D, F,

and H show elastica stain. [fcct
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FIGURE 3. Gross tumor shapes of ACC. A to D, Gross view of fresh specimen obtained by total pancreatectomy shows that the
body and tail of the pancreas are roughly swollen, resembling knotty wood: an appearance we refer to as the ‘‘sausage-like”
shape (A, C). This shape probably results from replacement of the pancreatic parenchyma by the tumor without massive
extrapancreatic growth, as evident in a fresh horizontally cut specimen of the well demarcated yellowish-tan mass in the pancreas
body and tail, showing a lobulated and solid tumor with small focal areas of necrosis (B, D). A and B show case 1, and C and
D show case 2. E and F, Fresh mucosal surface of the stomach in case 9 shows a lobulated and polypoid mass covered with
necrotic debris that protrudes from the mass in the pancreatic body behind the stomach wall (E). Freshly cut specimen of the mass
shows that it is encapsulated and contains nodular and lobulated grayish-white tumor tissue with necrosis (F). This tumor has a

ball-like shape (E, F). [t
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invasion to the intrapancreatic bile duct, duodenum, or 7 tumors with IPG showed infiltration to the retro-
stomach. The ACC in case 9 had penetrated the gastric ~ pancreatic tissue, duodenum, or intrapancreatic bile duct,
wall to grow in the stomach as a lobulated mass (Fig. 3).  and all of them were larger tumors. Two large tumors
These tumors were not so large. In contrast, 3 of the with IPG (cases 2 and 4) did not invade beyond the
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pancreas to the surrounding organs. Portal venous
invasion with a tumor thrombus-like polypoid projection
was present in 5 cases, of which 4 involved tumors
without IPG (Table 1).

Five of the 6 tumors without IPG showed lymphatic
and neural invasion in addition to venous invasion,
whereas only 1 of 7 cases of ACC with IPG showed
lymphatic invasion (Tables 1, 3). Two cases of ACC
showing lymph node metastasis confirmed by pathologic
examination did not have IPG. Histologically, the
predominant pattern of tumor growth (predominantly
acinar, predominantly solid, or mixed acinar and solid)®
was not correlated with the presence or absence of IPG.

The immunohistochemical profiles of the various
cases are summarized in Table 2. All were compatible
with a pathologic diagnosis of ACC, based on the
immunohistochemical characteristics documented ear-
lier.> The Ki-67 labeling index ranged from 15% to
95% (median: 40%). These immunohistochemical find-
ings showed no significant correlation with the presence
of IPG or with the clinical course.

Three of the 6 patients whose tumors showed no
IPG died owing to the tumors, although 1 of the 7 patients
whose tumor was associated with IPG also did so. The
respective 1-year and 5-year disease-specific survival rates
were 85.7% and 85.7% for patients having ACC with IPG,
and 75% and 25% for patients whose tumors lacked IPG.
Eight patients developed liver metastasis and 1 developed
lymph node metastasis after surgery.

DISCUSSION

ACC is a rare pancreatic tumor, accounting for only
1% of all epithelial primary pancreatic tumors. As its
malignant potential is high, being second only to that of
PDC,>® a precise grasp of its pathologic characteristics
is necessary. Here we carried out a detailed gross and
histologic review of 13 cases of ACC, and found that
more than half of them showed IPG, the pancreatic duct
system being closely involved in tumor growth and
extension. Our findings indicated that (1) the pancreatic
duct system could become a major route of tumor
extension, especially in cases of ACC showing IPG, and
(2) the ducts could provide a corridor for intraductal
tumor dissemination. In addition, our data suggest that

the presence of IPG represents a biologic characteristic of
this tumor that is ACC without IPG may be potentially
more aggressive than ACC with IPG.

In our series, 7 of 13 cases of ACC (54%) showed
IPG in the large pancreatic ducts and its branches. All the
ACCs with IPG showed similar growth and extension
patterns, including intraductal polypoid projection, ducts
filled with the tumor, and destruction of the walls of large
pancreatic ducts and branches, although the length of the
intraductal polypoid projections varied among the cases
(Table 1). It is also suggested that this type of growth is
an important route for extension of ACC with IPG,
probably owing to the relatively low infiltrative capacity
of the tumor, and that this type of growth contributes to
the formation of a distinctive sausage-like gross tumor
shape. In fact, all of the ACCs with IPG that developed in
the body or tail of the pancreas showed this sausage-like
shape (Fig. 3), in contrast to the 4 tumors without IPG,
which instead developed a ball-like shape. The sausage-
like shape evident on gross examination seems to be
unique, and is a feature absent in other pancreatic
tumors. We propose that this sausage-like shape can be
used as a feature for identification of ACC, specifically
that with IPG.

In our present series, ACC without IPG showed
more infiltrative growth (Tables 1, 3). In contrast, most
cases of ACC with IPG did not exhibit features suggestive
of an infiltrative nature, and even those cases that did
were limited to those involving large tumors. The
presence of IPG showed a significant negative correlation
with vascular and neural invasion, nodal metastasis, and
liver metastasis (Table 3). None of the patients with ACC
showing IPG died owing to the ACC itself, except in
case 1, in contrast to 3 of 6 patients with ACC lacking
IPG who did so. These findings suggest that intraductal
growth indicates a less infiltrative character, and that IPG
might be a hallmark that can predict the biologic
character of ACC. This is consistent with earlier
suggestions that ACC showing intraductal and/or papil-
lary growth is associated with lower morbidity and
mortality than typical ACC.!-'* Similar results have been
reported for PDCs; those with intraepithelial extension
exceeding 10 mm in the main pancreatic duct had a better
outcome than PDCs without such intraepithelial tumor
extension.'?

<

FIGURE 4. Gross and microscopic features of ACC in case 5. A, Endoscopic retrograde pancreatography (ERP) shows dilation of
the main pancreatic duct with filling defects. The irregular filling defect in the body (arrow) is a floating tumor that has broken
away from the intraductal polypoid projection of the main tumor in the tail. The round filling defect on the distal side (arrowhead)
is an obstruction of the main pancreatic duct, caused by the broken-off tip of the polypoid projection. B, Sagittally cut surface of
the fresh pancreas head shows an intraductal polypoid tumor (arrowheads) filling the main pancreatic duct and branch ducts, in
which tumor tissue seems to be squeezed out in a “tooth paste’’-like manner. These findings seem to indicate that the intraductal
tumors have not become implanted into the duct wall. C, Horizontally cut specimen of the fresh pancreatic tail tumor reveals
a lobulated pinkish gray-white mass in the pancreatic tail extending in the direction of the pancreas head with focal necrosis. The
extending top is located in the main pancreatic duct (arrowhead). D and E, Histology of the tumor in the pancreas tail shows that
it is intraductal and polypoid, filling the main pancreatic duct (MPD) and the surrounding branch duct with stromal infiltrating
lesions. F to I, The tumor in the pancreas head has grown mostly in the large pancreatic duct and its branches, with occasional
invasion into the stroma. Nontumorous epithelial cells are seen covering the ductal lumen (arrowhead). Sections in D, F, and H are
stained with HE, and those in E, G, and | with elastica stain, ||
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FIGURE 5. A, Periodic acid-Schiff staining with diastase digestion reveals abundant cytoplasmic granules (zymogen granules) in
the tumor cells. B, Immunohistochemically, the tumor cells are strongly positive for trypsin. C, Ultrastructurally, the cells contain
abundant, large, round, and homogeneous zymogen granules. D, Examples of results of LOH analyses. DNA samples obtained
from normal pancreas (upper column) and tumors of the pancreas head (middle column) and tail (lower column) were amplified
with markers D165408 (left column) and D165410 (right column). Allele sizes (bp) are indicated on the top horizontal axis. LOH is
identified when the relative intensity of one allele is reduced by more than 70% in an informative case (arrows). |/ <etr
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TABLE 2. Results of Immunohistochemistry

Case Trypsin Lipase p-Cat (m,c)* p-Cat (n) (%)t CGA SYN CD56 NSE Ki-67 (%)
1 + - ++ 100 - - - - 80
2 + - ++ 10 Focal + - Focal + - 60
3 + Focal + ++ 0 Focal + Focal + - .- 90
4 + Focal + ++ 0 - - - - 70
5 + - ++ 20 = = - - 15
6 + - + 0 Focal + - - - 95
7 ++ + ++ 60 Focal + Focal + - Focal + 40
8 + - ++ 0 ++ + + + 40
9 ++ + + 0 - - - - 40

10 ++ + + 5 - - - - 20

11 + - + 0 + + - Focal + 50

12 ++ + ++ 0 = Focal + - = 30

13 sk Focal + ++ 50 *+ ++ Focal + Focal + 30

*Positivity against plasma membrane and cytoplasm.
tRatio of cells with positively stained nuclei to total cells.
B-cat indicates B-catenin; CGA, chromogranin A; Ki-67, Ki-67 labeling index; NSE, neuron-specific enolase; SYN, synaptophysin.

TABLE 3. Clinicopathologic Variables and Intraductal Polypoid Growth (IPG)

1PG

Variables No. Patients (&) -) P (%2 test)

Sex 0.853
M 9 5 4
F 4 2 2

Age (year) ] 0.310
> 60 5 4 1
<60 8 3 5

Tumor size 0.797
=100 6 3 . 3
< 100 7 4 3

Tumor distribution (main) 0.821
Pancreatic head 5 3 2
Pancreatic body or tail 8 4 4

Local extension of tumor (rp, du, ch, st)* 0.135
Presence 8 3 5
Absence 5 4 1

Tumor thrombus in portal vein 0.053
Presence 5 1 4
Absence 8 6 2

Lymphatic invasion* 0.013
Presence 6 1 5
Absence 7 6 1

Venous invasion* 0.026
Presence 9 3 6
Absence 4 4 0

Neural invasion* 0.009
Presence 4 0 4
Absence 9 7 2

Local LN metastasis 0.097
Presence 2 0 2
Absence 11 7 4

Liver metastasis 0.033
Presence 3 0 3
Absence 10 7 3

Histology in ACC area 0.692
Predominantly acinar 3 2 1
Predominantly solid 7 4 3
Mixed acinar and solid 3 1 2

TNM stage (UICC) 0.034
Stages 1A, 1B, and 11A 9 ] 2
Stages 11B 1 0 1
Stages IV 3 0 3

*Classified according to the classification of pancreatic cancer of Japan Pancreas Society.®
Bold values indicate numbers less than 0.05.
Ch indicates bile duct; du, duodenum; LN, lymph node; rp, retropancreatic tissue; st, stomach.
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In case 1, ACC with IPG showed an unusually
aggressive course (Table 1). Although the reasons are
unclear, specific histologic features were evident. Most of
the tumor cells proliferated with a usual acinar pattern,
and there was focal diffuse and solid proliferation of
atypical tumor cells expressing a-fetoprotein (AFP) and
showing large nuclei with a high nucleo-cytoplasmic ratio,
especially in areas of venous invasion and in tumor
thrombi, including the portal vein. After surgery, liver
metastasis developed with an-exponential increase of the
serum AFP level, suggesting that the aggressive behavior
was owing to highly malignant AFP-positive tumor cells.
This case seemed to be an exceptional one in our series,
although we will need to examine a larger number of cases
or conduct a prospective study to confirm our present
observations.

In this series, we also showed intraductal dissemina-
tion of ACC in pancreatic ducts in 1 case of ACC with
IPG. Intraductal dissemination of an epithelial neoplasm
has never been proved in the duct systems of any organs,
including the pancreas, bile duct, breast, or prostate. The
pancreas head tumors in case 3 composed intraductal
polypoid tumors in the large and small pancreatic ducts
with a small degree of invasion, which were disconnected
from the main tumor located in the tail, showing
protrusion into the main pancreatic duct. The tumors in
the pancreas head and tail showed identical histopatho-
logic, immunohistochemical, and molecular genetic
features. From these findings, we concluded that both
tumors were identical and that the tumor in the pancreas
head had arisen as a result of dissemination from that
in the pancreas tail. Recently, Toll et al reported an
intraductally growing ACC that showed diffuse involve-
ment of the entire pancreas without formation of a
distinct mass.'* Although the tumors were multifocal,
there was no description to indicate whether all of the
tumors were connected, and it is possible that intraductal
dissemination may have occurred.

In conclusion, more than half of the ACCs in our
series had IPG, and the pancreatic duct system was
closely involved in the growth and extension of the
tumors. Our findings indicated that the pancreatic duct
system could be an important route of tumor extension,
especially for tumors with IPG, acting as a corridor for
intraductal tumor dissemination. However, it is difficult
to conclude from the pathologic evidence in our small
series that this is a true characteristic of this rare tumor.
Further pathologic analysis of a large number of cases
of ACC will be necessary to confirm our observations,
although the presence of IPG may represent a biologic
hallmark of lower tumor aggressiveness in comparison
with ACC lacking IPG.
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Objective: The aim of this study was to explore why patients accepted or declined to partici-
pate in a randomized clinical trial, which was subsequently discontinued because of a low
recruitment rate.

Methods: Forty-one patients were invited to participate in a randomized clinical trial that
aimed to compare local ablation therapies and surgery to treat small asymptomatic hepatocel-
lular carcinomas. These patients were then asked to answer a questionnaire that assessed
patient perception and reasons for accepting or declining to enroll in the randomized clinical
trial. When patients had a strong preference for a specific treatment, the questionnaire
assessed why, how and when they had chosen it.

Results: The response rate was 6/6 (100%) and 30/35 (86%) for the participant and non-par-
ticipant groups, respectively. Among the 30 non-participants, 23 had a strong preference for
local ablation therapies, which was less invasive and offered shorter hospitalization. Patient
preference for a specific treatment often stemmed from their consultations with a clinician
who referred them to a specialist hospital. Patients without strong preference for a specific
treatment participated in the randomized clinical trial because of altruistic motivations.
Conclusion: When new treatments that are innovative and less burdensome become wide-
spread, they are difficult to compare with standard therapy utilizing a well-designed random-
ized clinical trial. Consequently, when an innovative treatment is developed, investigators
should consider designing a randomized clinical trial as early as possible.

Key words: small asymptomatic hepatocellular carcinomas — local ablation therapies — liver
resection — randomized clinical trial

INTRODUCTION

new treatment through a RCT is difficult when it becomes
integrated into general clinical practice because of its inno-

Randomized clinical trials (RCT) are the gold-standard to
evaluate the safety and efficacy of proposed new treatments
(1-3). When a new treatment shows benefits, it is introduced
into general practice and is expected to improve the quality
of care. However, an appropriate evaluation of an unproven

vative and minimally burdensome nature (3). Consequently,
the co-existence of a new treatment and a standard therapy
often leads to diminished patient access to beneficial
treatments.

© The Author (2010). Published by Oxford University Press. All rights reserved

oofl woy

1102 ‘ot kew uo 1eueD ssued jeuopen je Bio
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Small asymptomatic hepatocellular carcinomas (HCC) are
increasingly recognized as a problem in Japan since the
initiation of periodic surveillance of high-risk populations

(4). Surgical resection has been accepted as the first-line -

treatment for HCC. In addition, several local ablation thera-
pies (LAT) have been developed to treat HCC, including
percutaneous ethanol injection (PEI) (5) and radiofrequency
ablation (RFA) (6). They are minimally invasive and have
been recognized as an alternative to surgery in small HCC
patients. Retrospective studies have reported that the progno-
sis of patients undergoing PEI (7—10) or RFA (6,11) for
small HCC was equivalent to that of patients selecting
surgery. However, the optimal therapeutic strategy for small
HCC is under debate. Patient decisions regarding treatment
are often guided by the expertise of their consulting clini-
cian, which is frequently affected by sectionalism that is pre-
dominant in the Japanese medical community.

In 2002, a RCT (the parent study) was organized to settle
the longstanding debate comparing the benefits of LAT rela-
tive to surgery in treating small HCC (i.e. three or fewer
tumors, where each tumor is 3 cm in diameter or smaller).
Table | shows the study outline. The trial was carried out in
three cancer hospitals (Institutions A, B and C) and a univer-
sity hospital (Institution D), where physicians and surgeons
had the opportunity to build a framework for cooperation.
We reached a consensus on what to include in the informed
consent form and how to obtain it from patients.
Specifically, we explained the clinical equipoise by noting:
(i) the probability of 5-year disease-free survival associated
with the two treatments was 25 and 10% for surgery and
LAT, respectively; and (ii) the probability of 5-year survival
associated with the two treatments was 62 and 59% for
surgery and LAT, respectively (10). The purpose of the
parent study and difference between two treatments were
explained in informed consent form as follows; the purpose
of this study is to compare the effectiveness, risk, burden

Table 1. Outline of the parent study

Contents

Purpose To compare local ablation therapics (RFA, PEI)
with surgical resection

Eligibility Hepatocellular carcinoma, three or fewer tumors
cach 3 cm in diameter or smaller, Child-Pugh
class: Aor B
Age: >20, <80

Endpoints

Primary endpoints Ovecrall survival and discase-free survival

Secondary endpoints  Medical costs, hospitalization period, Toxicity
Sample size 120 patients
Recruit period 2 year

Institutions Cancer hospitals (Institution A, B, C), University

hospital (Institution D)

and cost between surgery and LAT. Surgery has been
usually performed for your type of cancer. LAT has been
found to be effective and spread widely, but there is no solid
evidence that LAT has a similar benefit to surgery.
Currently, the proportion of recurrence in surgery is lower
than LAT. However, there is little difference in long-term
survival between surgery and LAT. LAT imposes less
burden and invasiveness on patients than surgery. The com-
parative table of benefit, burden and cost in two treatments
also was put on the form.

Between October 2002 and April 2003, 41 patients were
invited to participate in this study. Among these patients, six
agreed and 35 refused to participate. Although a similar
study was completed in China (12), the steering committee
decided to discontinue the trial because of the low recruit-
ment rate. Within this context, the aim of this study was to
explore why patients accepted or declined to participate in
the trial, and to use this information to provide insights for
future research.

PATIENTS AND METHODS

We invited 41 patients, who were originally asked to partici-
pate in the parent study, to take part in this study. These
patients were then asked by an attending clinician to respond
to a questionnaire accompanied by an envelope. Patients
were directed to place the completed questionnaire into the
envelope and deliver it to the hospital staff. This study was
approved by the National Cancer Center Hospital research

- ethics committee.

The questionnaire contained both multiple-choice and
open-ended questions that aimed to assess the reasons
behind patient decisions to participate in the study. We also
examined views of non-participants towards random allo-
cation. When non-participants had a strong preference
towards a specific treatment, we assessed their perception by
inquiring why, how and when they developed this prefer-
ence. The questionnaire, developed by the investigators, was
pilot-tested with laypersons to ensure clarity and comprehen-
sibility of the questions. The questionnaires are shown in the
Supplementary data, Appendix, available at http:/
www.jjco.oxfordjournals.org.

RESULTS

The survey was performed between May and July of 2003.
Among the six participants and 35 non-participants, 6
(100%) and 30 (86%) patients, respectively, responded to the
questionnaire. Table 2 shows the number of patients who
accepted or declined participation in the parent-trial. Table 2
also shows the number of non-participants who chose
surgery or LAT. Only 15% of patients participated in the
parent-trial. There were no differences among institutions.
Among the 30 respondents who declined trial entry, four had
surgery, 25 had LAT and the remaining one was unknown.
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Table 2. Number of patients (Pt) who accepted or declined participation

Jpn J Clin Oncol 2010;40(10) 951

Table 4. The recasons of 30 non-participants for refusal

Ptinvited Participant
to RCT (%)

Non-participant

Total Surgery Local ablation

therapies
Institution A 10 3 (30) 7 1 6
Institution B~ 8 1(12) 7 1 6
Institution C 12 1(8) 11 0 11
Institution D 11 1(9) 10 4 6
Total 41 6 (15) 35 6 29

REASONS FOR PARTICIPATION OR NON-PARTICIPATION

Table 3 summarizes participants’ reasons for deciding to
participate in the parent-trial. All participants answered that
they thought participation in the trial would contribute to the
development of medicine. When asked about their major
reason for participation, three participants marked ‘the con-
tribution to medical development’ and two participants
noted ‘clinicians asked me to participate’.

Table 4 shows non-participants’ reasons for refusing to
enroll in the parent-trial. Four patients (13%) answered that
they preferred surgery to LAT whereas 23 (77%) noted that
they preferred LAT. One of two patients who received LAT
stated ‘I disliked surgery’; although the other stated ‘clini-
cians did not ask strongly to participate’. Twelve patients
(40%) stated that they were not satisfied with the random
allocation into a treatment group. Among these 12 patients, 7
(58%) answered that patients should decide their own treat-
ment whereas 3 (25%) answered that clinicians should
decide. Two patients (17%) answered that randomization
was inhumane. One patient (8%) stated that random allo-
cation was problematic when two treatments were very
different. One patient (8%) stated that he/she could not
understand randomization.

Table 3. The frequency of agreement to each statement according to
participation among six patients

Number of
respondents (%)

Statement”

I thought participation in the trial would contribute to the 6 (100)
development of medicine
Clinician asked me to participate 2(33)
I thought there were no differences between two 1(17)
treatments
Other
I had no preference because my tumors were small 1(17)
I could not decide which treatment to have 1(17)

“More than one responsc was allowed.

Number of
respondents (%)

Statcment”

1 was not satisfied to be assigned to the treatment by 12 (40)
randomization
Patient should decide the treatment 7 (58)
Clinician should decide the treatment 3 (25)
Randomization was inhumane 2017
Two treatments were very different 1(8)
I could not understand randomization ' 1(8)
I wanted to receive local ablation therapics. 23 (77
I wanted to receive surgery 4(13)
Other
Clinician did not ask me to participate 1(3)
I disliked surgery 1(3)

“More than one responsc was allowed.

REASONS FOR REFUSING TRIAL ENTRY AMONG NON-PARTICIPANTS

Table 5 shows non-participants’ reasons for why they sub-
sequently decided to undergo surgery or LAT. All four
patients who received surgery and one patient who receive
LAT answered that they had thought the probability of recur-
rences would be lower. Among the patients who had LAT,
the majority (20/25, 75%) stated that LAT imposed a lower
amount of burden and invasiveness to their body than
surgery. In addition, about half of the non-participants (12/
25, 48%) stated that the hospitalization period would be
shorter with LAT than with surgery. One patient stated that
the medical cost of LAT was fewer.

Table 6 summarizes the results of how non-participants
made their treatment decisions. Among these four patients
who had surgery, three answered that they followed their sur-
geons’ recommendation and one answered he/she followed
physicians’ recommendation. Among these 25 patients who
had LAT, 2 (8%) answered that they referred to their sur-
geons, 21 (84%) answered that they relied on their attending
physicians’ recommendation and 9 (36%) answered that they
relied on general practitioners’ recommendation. Thirteen
out of 25 patients who had LAT answered they had already
decided to obtain this treatment before they were invited to
the trial.

DISCUSSION

In this study, we found that patients who declined trial entry
had a strong preference for LAT, which was less invasive
and offered a shorter hospitalization course. We also found
that this patient preference had stemmed from patient consul-
tations with either a clinician or general practitioner who
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Table 5. The reasons of 30 non-participants for preferring surgery or local
ablation therapics

Statements” Number of respondents (%)

Table 6. What non-participants referred to when they made a decision

Number of respondents (%)

Pt with surgery Pt with local

Pt with surgery Pt with local ablation (n=4) ablation therapies
(n=4) therapics (n = 25) (n=25)
I thought the probability of 4 (100) 1(4) What non-participants referred to*
recurrences would be Jower Informed consent form 0 13 (52)
;ﬁﬂ:}g{)‘é :}(I)(I:]gs:rrvwal Period 9 0 Consultation with surgeon in 3(75) 2 (8)
charge ’
I thought the trcatment was less 0 20 (80) ; : G
burdensome Consultation with physician in 1(25) 21 (84)
charge
I thought the hospitalization 0 12 (48) . .
period was shorter Consy!tanon with gencral 0 9 (36)
practitioner
};‘l;g;lght the medical cost was 0 L) Opinion of other paticnts 0 2(8)
Other 0 Opinion of my family 1(25) 3(12)
I heard that the prognosis 1(4) Other
were the same My close friend who was clinician 1 (25)
I did not want to increasc 1 (4) suggested
wound any more My friend suggested 1(4)
The cxplanation about the 1(4)
“More than onc responsc was allowed. prognosis
The information from internet 1(4)
The information from newspaper 2(8)
refer.red them to a speleallst hospltal. Nqn-part1c1pants who When they made a decision
received surgery believed in the survival benefits from o
{ : Before invitation to the study 1 (25) 13 (52)
surgery and relied on surgeon recommendations. On the S
other hand, patients without strong preference participated in After invicarion o the sy M%) &
the trial largely because of altruistic motivations. In Do not know or no answer 2(50) 4(16)

summary, we found that patients tended to choose less inva-
sive treatment methods even if there is a lack of superiority
evidence or an inferiority possibility compared with the stan-
dard treatment. Many studies have reported a number of
complex barriers in appropriately conducting RCTs (13—18),
and we found a couple of these factors that contributed to
the incompletion of this trial.

One barrier is that LAT, which had been performed in
patients with unrespectable hepatic malignancies, has
become popular in treating patients with small HCC due to
its superiority in local tumor control and minimal invasive-
ness. It has become so popular that even without appropriate
evidence that LAT has equivalent survival benefits compared
with surgery, many general practitioners have recommended
it to their patients as an alternative therapy.

Another barrier was patient fear towards a possible allo-
cation into a treatment group that they did not prefer.
Although some studies reported that a barrier to trial entry
was patient difficulty in understanding the randomization
concept and associated patient uneasiness (19—21), our
study did not find this as an issue. Only one in 12 respon-
dents that disliked randomization could not understand the
randomization concept. Consequently, unbiased and objec-
tive explanations by clinicians are crucial in the consent
process. However, in our study, we found that the more we

“Morc than onc response was allowed.

stressed the clinical equipoise, the more the patients pre-
ferred LAT.

Although the lack of participation was based on these
simple reasons, the solution is not simple. In order to
increase the number of participants, there are a few possible
study designs. One is a randomized consent design, where
patients are randomly allocated into a specific treatment
group before they provide consent (22,23). If patients
decline the allocated treatment, they are then possibly allo-
cated to the other treatment. Even if we apply this design,
apart from its ethical problems, the effort will likely fail
because most patients allocated to the surgery group will
decline. Another possible solution is a randomized trial with
a non-randomized part. Specifically, consenting patients are
randomized into the two treatment groups, and those that
refuse their allocated treatment are enrolled into a non-
randomized study. At the conclusion of such a study, the
endpoints of the randomized group and the non-randomized
group are compared. In such a design, the results may
include biases. Moreover, if there is an imbalance in the
number of patients between the treatment groups in the non-
randomized study, it is difficult to obtain appropriate results.
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Furthermore, when there is a discrepancy in results between
the randomized and non-randomized study groups, there is
difficulty in the interpretation of the results.

In conclusion, when innovative and less burdensome treat-
ments become widespread, they are difficult to compare with
standard therapy utilizing a RCT. In light of the increasing
number of organ preserving therapies, investigators should
evaluate the efficacy and safety of innovative treatments with
RCTs as early as possible (24).
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Abstract

Background Surgical resections for invasive ductal ade-
nocarcinoma of the pancreas can provide the only chance
of cure, although the S-year survivors are not always
equated with cure.

Methods A total of 229 who underwent a macroscopic
curative pancreatectomy for invasive ductal adenocarci-
noma between 1990 and 2003 and have been observed for
more than 5 years from the time of resection were retro-
spectively analyzed. The data of patients who survived
more than 5 years were compared with those died within
5 years. The recurrence pattern and factors that influenced
an additional 5-year survival in the 5-year survivors were
investigated.

Results  Forty patients (17%) survived more than 5 years,
and the survival rate for an additional 5 years after sur-
viving 5 years was 72%. A multivariate Cox hazards
analysis showed that negative surgical margins status, less
frequency of lymphatic invasion, stage < IIB, and negative
lymph node involvement were independent factors asso-
ciated with long-term survival. Thirty patients (75%) were
alive without recurrence, and eight (20%) died of disease
within 7.3 years. Intrapancreatic nerve invasion was a
significant factor predicting additional long-term survival
in the 40 5-year survivors.
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Conclusions Limited cancer extension with negative
lymph node metastases significantly contributes to the
chance of surviving more than 5 years. A low incidence of
intrapancreatic nerve invasion in the S5-year survivors
affects the subsequent favorable survival.

Introduction

A pancreatectomy can provide only a chance of cure for
patients with invasive ductal adenocarcinoma of the pan-
creas, because there is a lack of effective alternatives for
achieving an actual 5-year survival [1]. However, recur-
rence within a year after surgery might be inevitable for
most patients who undergo a pancreatectomy and the long-
term prognosis might be poor with very few 5-year survi-
vors [2]. Recently, a macroscopic curative pancreatectomy
with lower surgical mortality and the encouraging 5-year
survival rate associated with appropriate patient’s selection
and additional chemotherapy have made pancreatectomy
the standard choice of care for invasive ductal carcinoma of
the pancreas [3, 4]. Precise data on the long-term survival
and prognostic factors can be obtained by an analysis of not
actuarial but actual long-term survival of 5 years or more.
Large series studies have reported an actual 5-year survival
ranging from 10-27% [1, 5-11]. However, S-year survival
unfortunately does not represent a cure; 16-42% of patients
died of recurrent disease in the 5-year survivors [1, 5-11].
Riall et al. [6] demonstrated that patients with pancreatic
primary tumors continued to die of cancer even after
achieving the 5-year landmark, although at a much slower
rate than in the 5 years immediately after surgery. The
causes of these recurrences are still unclear and no clini-
copathological analysis of recurrence and failure in the
5-year survivors has been reported.
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This study retrospectively examined 229 patients who
underwent a macroscopic curative pancreatectomy for
invasive ductal adenocarcinoma and have been observed
for more than 5 years from the time of the resection to
clarify the clinicopathological characteristics of the 5-year
survivors compared with those who died within 5 years.
The recurrence pattern and the factors that influenced
additional long-term survival in the 40 5-year survivors
were also investigated.

Patients and methods

A total of 244 patients underwent a pancreatectomy for
invasive ductal adenocarcinoma between January 1990 and
December 2003. All patients were histologically confirmed
to have the common type of invasive ductal adenocarci-
noma of the pancreas. Any patients with islet cell carci-
noma, mucinous cystic, intraductal papillary-mucinous
neoplasms (IPMN), invasive carcinoma originating in an
IPMN, or rare pancreatic malignancies were excluded.
Limited numbers of hepatic metastases, invasion to the
portal vein or superior mesenteric vein, was not regarded as
contraindications for surgery. Four patients who underwent
a noncurative resection with gross residual tumors in the
surgical field were excluded. Three surgical deaths (1.2%)
and three in-hospital deaths (1.2%), two patients with
incomplete follow-up data, and three patients who died of
noncancerous causes within 5 years after surgery (two
operation-related deaths, one hypoglycemia) also were
excluded from the present study of long-term survival
results. The remaining 229 patients, who underwent a
macroscopic curative pancreatectomy and were observed
for more than 5 years from the time of the resection, were
enrolled in this study.

A total of 159 patients (69%) received intraoperative
radiotherapy (IORT) and 59 patients (26%) received
adjuvant chemotherapy as a clinical trial setting after
pancreatectomy. An aggressive multimodality treatment,
including neoadjuvant chemotherapy, was not applied
during this study period. Follow-up examinations included
a measurement of the serum carbohydrate antigen 19-9
(CA19-9) level and ultrasound or enhanced computed
tomography at 3-month intervals. The demographic and
clinical variables included age, sex, CA19-9, serum carci-
noembryonic antigen (CEA), location of tumor, application
of IORT, or adjuvant chemotherapy. The extent of the
pathological features that might influence prognosis was
classified as follows[12]: historically assessed tumor size,
serosal invasion (absent/present), retropancreatic tissue
invasion (rp0, absent; rpl, slight invasion; rp2, wide
invasion; rp3, invasion to other organs), portal vein inva-
sion (absent/present), extrapancreatic nerve plexus

invasion (absent/present), lymph node involvement (nO,
absent; nl, regional; n2, peripancreatic; n3, paraaortic
involvement), differentiation of the tumor, lymphatic
invasion (ly0, absent; lyl, slight; ly2, moderate; ly3,
marked), venous invasion (v0, absent; vl, slight; v2,
moderate; v3, marked), intrapancreatic nerve invasion
(ne0, absent; ne 1, slight; ne2, moderate; ne3, marked),
surgical margins status (negative/positive). Lymphatic,
venous, and intrapancreatic nerve invasion were classified
into four groups (0, no invasion; 1, slight; 2, moderate; 3,
marked) according to the following definition: 0, no cancer
cell invasion seen; 1, a few cancer cell invasions (1-3
points) seen; 2, several cancer cell invasions (4-8 points)
seen; 3, many cancer cell invasions (>8 points) seen in the
most extensively involved area under a low power mag-
nification (x100), on the basis of the Japan Pancreas
Society classification [12]. In a case of no invasion in a
representative section, all the sections were reviewed. No
invasion in any section was classified “0” and a few
invasions in other sections were classified “1.” The tumors
were staged according to the TNM system, UICC sixth
edition [13]. The clinicopathological factors were com-
pared between 5-year survivors and non-5-year survivors.
The risk factors that influenced survival were examined in
the S-year survivors.

Survival was calculated using the Kaplan—Meier method
and was compared between the groups by using the log-
rank test. All variables were dichotomized for analysis. A
multivariate survival analysis was performed using Cox’s
proportional hazard model. Variables with a significance of
P < 0.1 in the univariate analysis were entered into the
multivariate analysis. Comparisons were performed using
the chi-square test with Yates’ correction in the univariate
analysis. All significant factors determined by the univar-
iate analysis were entered into a multivariate regression
analysis to identify independent factors. All statistical
analyses were performed by using the software Package for
the Social Science 11.51 J for Windows® (SPSS, Chicago,
IL). P < 0.05 was considered to be significant.

Results

The mean survival was 3.2 + 0.3 (median, 1.4) years and
5- and 10-year survival rates were 17% and 10%, respec-
tively, although the 5- to 10-year survival data were actu- -
arial. Table 1 shows a univariate analysis of factors that
influenced overall survival in the 229 patients. Age, sex,
location, IORT, adjuvant chemotherapy, differentiation, or
plexus invasion was evaluated but were not significant in
univariate analysis. The absence of portal vein invasion
tended to have a better prognosis, but the difference was
not  statistically ~ significant (P = 0.0605). Significant
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