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phosphorylation sites, and two tyrosine kinase phosphoryla-
tion sites. The additional COOH-terminal sequence of KU-CT-
1L contained two Armadillo/p-catenin-like repeats, three N-
glycosylation sites, two cyclic AMP-dependent and cyclic
GMP -dependent protein kinase phosphorylation sites, nine
protein kinase C phosphorylation sites, 10 casein kinase
phosphorylation sites, and two tyrosine kinase phosphoryla-
tion sites.

Table 2. Frequency of KU-CT-1 mRNA expression in
various cancer cell lines and tissues

Tumor type Positive/total

Cell lines Tissues
Pancreatic cancer 2/8 {25%) 3/9 (33%)
Colon cancer 0/7 (0%) 0/21 (0%)
Stomach cancer 2/5 (40%) 0/6 (0%)
Esophagus cancer 4/15 (27%) ND
Endometrial cancer 4/7 (67%) 7/11 (64%)
Bladder cancer 0/5 (0%) ND
Renal cell cancer 6/10 (60%) 1/8 (13%)
Prostate cancer 1/4 (25%) ND
Breast cancer 0/2 (0%) ND
Lung cancer 7/12 (58%) 9/24 (38%)
Hematological malignancy 1/5 (20%) ND

(9

Melanoma 111 (9%) 0/13 (0%)

NOTE: The results were obtained using 30 cycles of PCR.
Abbreviation: ND, not determined.
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Immunogenicity of KU-CT-1 in patients with various cancers.
The immunogenicity of KU-CT-1 was evaluated by screening for
serum IgG antibody in patients with various cancers, using a
phage plaque assay. The 1gC antibody specific for KU-CT-1 was
detected in sera from 3 of 20 pancreatic cancer patients, 2 of 12
endometrial cancer patients, 1 of 18 colon cancer patients, 1 of
10 prostate cancer patients, and 1 of 30 healthy individuals but
was not detected in sera from nine esophageal cancer patients,
18 bladder cancer patients, 14 renal cell cancer patients, 22
melanoma patients, and seven pancreatitis patients (Table 3).
To confirm the specificity of the antigen recognition, we further
evaluated the IgG recognition of KU-CT-1 using an immuno-
precipitation assay with a partial KU-CT-1 protein (448 amino
acids of KU-CT-18 plus 36 amino acids in KU-CT-1L) produced
by in vitro transcription/translation. Sera from patients who
were antibody positive by the phage assay (three with
pancreatic cancers, one with endometrial cancer, and one with
prostate cancer) were also positive in the immunoprecipitation
assay, whereas sera from two pancreatic-cancer patients and
one healthy donor (HE17) who were antibody negative in the
phage assay and one healthy donor who was antibody positive
in the phage assay (HE27) were all negative in the immuno-
precipitation assay (Fig. 3). Therefore, the results obtained in
the phage plaque assay were consistent with those obtained
in the immunoprecipitation assay, except in one healthy donor.
The correlation between expression of KU-CT-1 and positive
IgG was not evaluated, because of a lack of availability of paired
samples, and this requires investigation in a future study.
Nonetheless, the results indicate that KU-CT-1 was specifically
recognized by sera from various cancer patients but not by sera
from healthy individuals, indicating that KU-CT-1 is an
immunogenic tumor antigen in cancer patients.
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Discussion Table 3. The presence of an IgG antibody specific for
Early diagnosis and treatment of pancreatic cancer with KU-CT-1in sera from various cancer patients
conventional therapeutics is difficult, and new diagnostic and
_therapeutic methods are needed. Previous immunotherapy Subject Positive/total
trials on patients with pancreatic cancer, including immuniza- Pancreatic cancer 3/20
tion with a mutated K-ras peptide along with granulocyte Colon cancer 118
macrophage colony-stimulating factor administration, immu- Esophageal cancer 0/9
nization with granulocyte macrophage colony-stimulating Endometrial cancer 2/12
factor—transduced allogeneic pancreatic cancer cell lines along Bladder cancer 0/18
with adjuvant radiation, and chemotherapy following surgical Renal cell cancer 0/14
excision have shown possible antitumor effects with detection Prostate cancer 1/10
of immune responses to tumor antigens (7, 17). However, Melanoma 0/22
detailed analysis of immune responses in pancreatic cancer for Pancreatitis 0/7
improvement of immunotherapy has not been done, partly Healthy individuat 1/30
because of the small number of tumor antigens available for

the measurement of immune responses. Several pancreatic
cancer antigens, including MUC-1, K-ras, HER-2/neu, and p53, S§X-4, GAGE, MAGE-3, MAGE-4, CT-7, and CT-8 (14). SSX-4

have been reported, and the SEREX method has been used to was expressed in 8 of 10 pancreatic cancer cell lines, and SCP-1
identify hsp105, which is overexpressed in various cancers, and GAGE were expressed in 29 and 13 of 61 pancreatic cancer
including pancreatic cancer (18), and coactosin-like protein tissues, respectively. Other studies evaluating the expression
(CLP). CLP is ubiquitously expressed in normal tissues, but in of cancer testis antigens indicate relatively rare expression of
induced HLA-A2-restricted, tumor-reactive CTLs, CLP(104-113) NY-ESO-1, CTp1l, MMA-1, XAGE1b, and HCA587 in pancre-
peptide — specific CTL activity was induced in three of five pan- atic cancers (9-13). Because KU-CT-1 was expressed in 3 of 9
creatic cancer patients and in one of seven healthy donors, and pancreatic cancer tissues (33%), it represents an additional
a CLP-specific IgG antibody was detected in the sera of all seven cancer testis antigen that is expressed in pancreatic cancers.
cancer patients tested but not in nine healthy donors (19). Furthermore, KU-CT-1 was shown to be immunogenic in
In this study, we isolated a novel cancer testis antigen KU-CT- multiple patients with pancreatic cancers, indicating possible
1 by screening a testis cDNA library with serum from a patient use of KU-CT-1 for diagnosis and immunotherapy in patients
with pancreatic ductal adenocarcinoma. Use of the testis cONA with pancreatic cancers. In addition, KU-CT-1 was found to
library seems to be effective for isolation of cancer testis express even more frequently in endometrial cancers (7 of 11
antigens by SEREX, because other cancer testis antigens (SSX2, patients, 64%) and lung cancers (9 of 24 patients 38%) and was
SCP-1, and CAGE) have previously been isolated with sera from immunogenic in some of these patients, indicating that it may
patients with melanoma, renal cell carcinoma, and gastric also be useful for immunotherapy in patients with endometrial
cancer, respectively. Using reverse transcription-PCR analysis, cancer and lung cancers.
Kubuschok et al. reported the expression of 10 cancer testis The KU-CT-1 gene consists of 20 exons and is located on

antigens in pancreatic cancer: SCP-1, NY-ESO-1, S8X-1, S8X-2, chromosome 10p12. It is transcribed to give two splice variants
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Fig. 3. Detection of a serum lgG antibody (4b) specific for in vitro transcribed/
translated KU-CT-1by immunoprecipitation assay. [2°S]methionine-labeled in vitro
translated KU-CT-1 proteins were immunoprecipitated from sera. Anti-KU-CT-11gG
antibody was detected as a band of ~45 kDa in sera from patients who had
anti-KU-CT-11gG in the phage plaque assay, as shown inTable 3. PA, pancreatic
ductal adenocarcinoma; EM, endometrial cancer; PR, prostate cancer; HE, healthy
individuals.

of 1.5 and 2.8 kb, which encode for proteins of 397 amino
acids (KU-CT-1S) and 872 amino acids (KU-CT-1L), respec-
tively. Northern blot analysis indicated that KU-CT-1L is the
major product, and the expression pattern of the splice variants
was similar between normal testis tissue and various cancers.
The function of KU-CT-1 remains unknown with regard to
oncogenesis and cancer progression. KU-CT-1L does not
possess a transmembrane domain and has four Armadillo/p3-
catenin-like repeats that are typically present in cytoplasmic
proteins, including p-catenin, adenomatous polyposis coli
(APC) gene, and a melanoma antigen KU-MEL-1 (20). It is
assumed that three of the Armadillo/p-catenin-like repeats
make one positively charged helix that allows interaction with
other proteins. The functions of two cancer testis antigens are
reported. SCP-1 is involved in the pairing of homologous
chromosomes, an essential step for the generation of haploid
cells in meiosis I (21), and MAGE-A1 binds to SKIP, inhibiting
the activity of a SKIP-interacting transactivator, and recruits
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HDAGCs, thereby acting as a potent transcriptional repressor
(22). Thus, the regulation of transcription by MAGE-A1 may be
involved in the oncogenesis and tumor progression of cancer
cells. Several cancer testis antigens, including SSX, NY-ESO-1,
and N-RAGE, were reported to be expressed in mesenchymal
stem cells and down-regulated after differentiation (23), sug-
gesting possible expression of cancer testis antigens in cancer
stem cells. Therefore, further investigations are necessary for
the functional role of KU-CT-1 in the formation of malignant
phenotype of cancer cells and its expression in cancer stem cells
as well.

Serum IgG specific for KU-CT-1 was detected in patients with
pancreatic cancer and endometrial cancer, in which KU-CT-1 is
frequently expressed. Correlation between the expression of
KU-CT-1 and the presence of IgG was not studied because
paired samples were not available. However, the presence of an
IgG antibody against KU-CT-1 in multiple patients suggests that
KU-CTI-1 activated CD4" helper T cells (Th) in patients with
these cancers, suggesting that KU-CT-1 may at least be useful as
a CD4" helper T-cell antigen for immunotherapy in patients
with these cancers and particularly in patients with antibody-
positive serum. In addition, many SEREX-derived antigens have
been shown to induce CD8" CTLs (24-~28), and a positive
correlation was observed between positive serum IgG antibody
and induction of CD8" CTLs against a cancer testis antigen,
NY-ESO-1 (24, 29). Therefore, KU-CT-1 may be a useful target
for immunotherapy in patients with pancreatic cancers and
endometrial cancers.

In summary, screening of a testis cDNA library with serum
from a patient with pancreatic cancer led to identification of a
novel cancer testis antigen, KU-CT-1, which was frequently
expressed in pancreatic cancer, lung cancer, and endometrial
cancer and was immunogenic in some of these patients. These
results indicate that KU-CT-1 may be useful diagnostically and
in immunotherapy for patient with these cancers.
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Abstract

This report documents the findings of two rare cases of mature
cystic teratoma of the pancreas. Although they could not be
diagnosed preoperatively, our retrospective report suggests
that the combined diagnosis of ultrasonography (US), en-
hanced computed tomography (CT), and magnetic resonance
cholangiopancreatography (MRCP) might allow differentia-
tion from other cystic lesions such as mucinous cystic tumors
(MCTs) and intraductal papillary-mucinous tumors (IPMTs).
Since the cystic teratomas were both filled with keratinous and
sebaceous material, they were echogenic, appearing as solid
masses on US. Enhanced CT showed their cystic nature, with
values slightly higher than water, and MRCP revealed defects
of internal signals.

Key words Mature cystic teratoma of the pancreas - Dermoid
cyst of the pancreas - Image diagnosis

Introduction

Mature cystic teratomas of the pancreas (dermoid cyst)
are extremely uncommon. To our knowledge, only 16
cases!'® have hitherto been reported in the literature.
Although current imaging modalities are very useful
for the preoperative diagnosis of pancreatic cysts, the
findings are sometimes inconclusive, and we recently
experienced two cases of mature cystic teratoma of the
pancreas for which correct diagnoses could not be made
preoperatively. We retrospectively found both to be
filled with keratinous and sebaceous materials, which
were responsible for the characteristic computed to-
mography (CT) and echo values. This article documents
the image characteristics of our two cases to aid future
differential diagnosis of mature cystic teratomas of the
pancreas.

Offprint requests to: M. Seki
Received: February 16, 2005 / Accepted: April 15, 2005

Case reports

Case 1

The patient was a plump 57-year-old man, status
postcoronarial stenting for myocardial infarction, who
had no abdominal complaints. Ultrasonography (US)
showed a well-defined, hypoechogenic mass of the
pancreatic body, demonstrating remarkable, ventral
and superior extrapancreatic extension. The mass mea-
sured 5.9 x 4.1 x 4.1cm (Fig. 1A). Enhanced computed
tomography (CT) showed a low-attenuation, multilocu-
lar, cystic lesion arising from the body of the pancreas
and extending ventrally and superiorly (Fig. 1B). The
CT value of the mass was +31.4 Hounsfield units (HU),
which is slightly higher than that of water. Magnetic
resonance cholangiopancreatography (MRCP) showed
only a small water-intensity area (Fig. 1C). Our preop-
erative diagnosis was a serous cystadenoma or an epi-
dermoid cyst of the pancreas.

Laparotomy was performed on March 10, 2004, and a
multilocular cystic mass was found originating in the
body of the pancreas, protruding beyond the upper bor-
der, and abutting the celiac axis without encasement or
invasion. The mass was locally excised with a rim of
normal pancreas. Macroscopically, the cyst, measuring
55 x 37 x 33mm, was encapsulated by a thin cyst wall
and filled with finely granular, yellowish white, kerati-
nous and sebaceous material (Fig. 1D). Histologically,
the cyst wall was lined by mature stratified squamous
epithelium surrounded by lymphoid tissue containing a
few germinal centers, with small sebaceous glands (Fig.
1E). A few isolated groups of goblet cells with brush
borders were also apparent on the surface of the squa-
mous epithelial lining.

Case 2

The patient was an obese 60-year-old woman, who had
a well-defined cystic lesion of the pancreatic body
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Fig. 1. A Ultrasonograph (US) showing a well-defined,
hypoechogenic mass of the pancreatic body, measuring 5.9 x
4.1 x 4.1cm (arrow). B An enhanced computed tomograph
(CT) showing a low-attenuation, multilocular, cystic mass
arising from the body of the pancreas and extending ventrally
and superiorly (arrow). C Magnetic resonance cholangio-
pancreatography (MRCP) shows a small water-intensity area
(arrow) cranial to the main pancreatic duct (arrowhead).
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D Macroscopic view of the cut surface of the tumor. The cyst
is encapsulated by a thin cyst wall and filled with finely granu-
lar, yellowish white, keratinous, and sebaceous material. E
Microscopic, high-power view of the tumor reveals that the
cyst wall is lined by mature stratified squamous epithelium,
surrounded by lymphoid tissue containing a few germinal
centers, accompanied by small sebaceous glands (H&E x200)
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Fig. 2. A MRCP showing a filling defect in the cystic lesion
(arrow) near the main pancreatic duct (arrowhead). B US
showing a well-defined, hypoechogenic mass (arrow), measur-
ing 22 x 19 x 14 mm, in the body of the pancreas. C Enhanced
CT showing a round, low-attenuation mass in the body of the
pancreas (arrow). D Macroscopic view of the cut surface of

M. Seki et al.: Mature cystic teratomas of the pancreas

the tumor in the pancreas. The cyst is encapsulated by a thin
wall and filled with finely granular, milky-white, keratinous,
and sebaceous material. E Microscopic, high-power view of
the tumor reveals that the cyst wall shows several layers of
squamoid cells in which mature sebaceous cells or lobules are
apparent in many places (H&E x200)
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discovered by abdominal US 2 years previously. She
had no abdominal complaints, but MRCP had recently
revealed a filling defect in the cystic lesion (Fig. 2A).
US showed a well-defined, hypoechogenic mass
(Fig. 2B), 22 x 19 x 14 mm in size, featuring a heteroge-
neous internal echo, 14 x 12mm in size. Enhanced
CT demonstrated a low-attenuation mass in the
body of the pancreas (Fig. 2C), whose CT value was
36.9HU. Our preoperative diagnosis was an intraductal
papillary-mucinous tumor of the pancreas without
mucin-hypersecretion.

Laparotomy was performed on May 19, 2004, a small
cystic mass was found in the body of the pancreas and
so middle pancreatectomy was performed. Macroscopi-
cally, the cyst measuring 21 x 22 x 15mm was encapsu-
lated by a thin wall and filled with finely granular,
milky-white, keratinous and sebaceous material (Fig.
2D). Histologically, the wall demonstrated a corrugated
appearance and was composed of single basaloid cells
with several internal layers of squamoid cclls, in which
mature sebaceous cells or lobules were apparent in
many places (Fig. 2E).

Discussion

Cystic leratomas are rare neoplasms of germ cell origin,
which most often occur in the ovaries, testes, cranium,
brain, mediastinum, retroperitoneum, omentum, and
bladder. The pancreas is extremely rare as a primary
site, and to our knowledge only 16 cases have been
reported in the literature.

Differential diagnosis from lymphoepithelial cysts
(LECs) and epidermoid cystic pancreatic lesions lined
by squamous epithelium'*2" may be difficult, and these
are slightly more common than cystic teratomas. In
particular, LECs are also round to ovoid in shape and
filled with keratinous and sebaceous material,'®"” so that
preoperative differentiation is rather hard radiologi-
cally or cytologically.

It has been considered difficult to diagnose cystic
teratomas originating from the pancreas because of
their rare nature, but Assawamatiyanont and King® and
Jacobs and Dinsmore!? have previously pointed out that
they are visualized as predominantly echogenic masses
with US. With CT, they are commonly loculated or
nonloculated cystic masses with a thin capsule, but
Jacobs and Dinsmore! described a finding of tissue with
a density similar to that of fat with some nodular regions
of soft-tissue attenuation. Although we also could not
unegivocally diagnose the present two cases preopera-
tively, from this retrospective study it would appear that
combined US, enhanced CT, and MRCP might make
it possible to differentiate cystic teratomas from other
cystic lesions such as mucinous cystic tumors (MCTs),
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serous cystic tumors, intraductal papillary—mucinous
tumors (IPMTs), solid-pseudopapillary tumors, and
pseudocysts of the pancreas. Since they are filled with
keralinous and sebaceous material, they appear
echogenic by US, they are cystic with enhanced CT, and
demonstrate internal defects with MRCP.

Mature cystic teratomas may occur at any site within
the pancreas.”3's Histopathologically, the cyst walls of
mature cystic teratomas are lined by stratified keratiniz-
ing squamous epithelium,??! often accompanied by
mucin-producing ciliated columnar epithelium,” and
allow differentiation from LECs with or without seba-
ceous glands or hair shafts in the main cyst wall. The
second case in this report has close similarities to
steatocystoma multiplex or dermoid cyst of the skin.?*

Basically, if apt diagnoses were made, mature cystic
teratomas do not need to be resected because they arc
benign, although a small percentage of them may de-
velop into malignant forms."* If they cause a mass effect,
or if the possibility of MCTs or IPMTs is undeniable,
they should be totally resected. External drainage and
marsupialization has failed in the past because of the
development of chronic draining fistulas.?
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Introduction

Surgical resection represents the only radical treatment for
liver metastases from colorectal cancer, and has been inves-
tigated at many centers.'™ Prospective comparative studies
are needed to more accurately verify the advantages of
resection. However, now that surgical resection is consid-
ered to have a certain survival benefit and other treatment
modalities show a low likelihood of cure, the studies that
are actually being conducted should be those comparing
surgical resection with non-surgical treatment in patients
for whom surgical resection is of some limited use.
Surgeons express differing opinions regarding the selec-
tion of resection procedures (anatomical hepatectomy vs
nonanatomical limited hepatectomy) and the extent of sur-
gical margins. The present report discusses the findings of a
literature review focusing on these contentious issues.

Indications for surgical resection of colorectal
liver metastases

Surgical resection is indicated in patients with metastatic
liver cancer if the preoperative and intraoperative diag-
noses indicate that the tumor mass can be safely and com-
pletely resected. The safety of liver resection depends on:
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(1) functional hepatic reserve after resection; and (2) the
degree of difficulty of the surgical procedure. These factors
are, in turn, determined by the location of the tumor(s)
within the liver and the extent of liver involvement. Hepatic
reserve is evaluated by estimating anticipated residual liver
volume and function based on liver function tests, and im-
aging information obtained using computed tomography
or other methods. Hepatic reserve does not often limit the
indications for resection, because liver metastasis usually
occurs in normal livers. In patients who require extensive
resection of uninvolved sections of liver (e.g., extended
right hepatectomy plus partial resection of the left liver and
trisegmentectomy plus partial resection of the remaining
segments), the risk of postoperative liver failure due to
massive parenchymal loss can be reduced by performing
portal vein embolization of the area to be resected, rather
than one-stage hepatectomy. ™™

The degree of difficulty of liver resection is determined
by the relationship between the tumor and the hilar hepato-
portal region, inferior vena cava, and major hepatic veins.
As both liver resection itself and vascular reconstruction
can now be performed safely, few patients are considered to
have “nonresectable” disease as a result of tuior character-
istics (tumor diameter, distribution, and location), other
than the number of metastases. Liver resection combined
with resection and reconstruction of the hepatic veins and
inferior vena cava should also be performed whenever pos-
sible if complete resection can be achieved.®* Even if the
tumor has infiltrated the confluence of the hepatic veins and
inferior vena cava, complete resection can be achieved by
resecting and reconstructing the main hepatic vein.”

Previously, the conditions that were considered to pre-
clude resection in patients with colorectal liver metastasis
comprised: (1) liver metastases that cannot be completely
resected; (2) regional hepatic lymph nodes positive for me-
tastasis; and (3) extrahepatic remote metastases.* How-
ever, now that liver resection can be performed extremely
safely, indications for surgical resection are expanding in
some areas. For example, relatively good outcomes have
been reported even in patients with pulmonary metastasis if
liver resection is also performed, provided that the pulmo-
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nary metastases are completely resectable.* Clinicians
must recognize that failing to operate on patients with com-
pletely resectable localized metastases overlooks those
patients who may be curable. :

Outcomes after surgical resection of colorectal liver
metastases

Surgical outcomes in the main studies of resection for
colorectal liver metastases are shown in Table 1. Operative
mortality in recent studies was 0-3%, and the 3-, 5-, and
10-year survival rates after surgery were 31%—-57%, 16%—
51%, and 19%-28%, respectively. Overseas studies also
included a recent study that reported a 5-year survival rate
exceeding 50%." Establishment of patient selection criteria
and improvements in resection techniques were thought
to have contributed to this result. The breakdown of data
on patients who have undergone resection is important.
In most European and American studies, 50% or more of
patients had tumors with a maximum diameter of more than
5c¢m. In contrast, only around 30% of patients in Japanese
studies had tumors of this size. Conversely, around 40% of
patients in Japanese studies displayed multiple bilobar
disease, compared to only about 10%-30% in overseas
studies. Patients with four or more metastases comprised
less than 10% of subjects in European and American stud-
ies, contrasting sharply with the 23% in Japanese studies.
These differences suggest variations in patient selection
criteria based on resection techniques.

Factors influencing surgical sutcome

Direct comparison of factors affecting surgical outcome
after resection of colorectal liver metastases is difficult, as
the factors included in analysis differ from study to study
(Table 2). Little divergence of opinion is seen with regard to
the following as prognostic factors: (1) stage of the primary
disease; (2) number of metastases (<4 vs =4); (3) status of
surgical margins (positive vs negative); (4) metastasis to
hepatic regional lymph nodes; (5) extrahepatic disease; and
(6) satellite nodules. The following have been reported as
special prognostic factors based on pathological examina-
tions of resected specimens: (1) tumor pseudocapsule; (2)
macroscopic invasion of the bile duct; (3) intrahepatic
vascular invasion;? (4) lymphatic duct invasion;* and (5)
islands of entrapped liver cells in metastases.” In contrast,
evaluations of the following differ depending on the study:
(1) time of diagnosis of liver metastasis (synchronous vs
metachronous); (2) intrahepatic distribution of metastases
(unilobar vs bilobar); (3) resection procedure (nonanato-
mical resection vs anatomical resection); and (4) extent of
surgical margin (=10mm vs <10mm). Obtaining uniform
results would, presumably, be difficult because the criteria
used to select patients for resection differ from study to
study, and numerous factors are involved in the prognosis

of metastatic liver cancer, due to a complex pathology that
includes the primary tumor.

Liver resection procedures

Hepatocellular carcinoma is well-known to display a high
affinity for the portal vein, and shows a transportal pattern
of spread.”® If colorectal liver metastases show marked
secondary intrahepatic spread, the resection procedure
used should be in accordance with the pattern of spread.
Our review showed that, in colorectal liver metastases, both
the number of metastases and invasion of the portal vein by
metastases were indicators of poor postoperative outcome,
but that the two indicators were unrelated. Multiple liver
metastases thus appear to occur not as a result of intrahe-
patic metastasis by invasion of the portal vein, but, rather,
as a result of the formation of multiple metastases from
the outset® Accordingly, surgical treatment of liver me-
tastasis does not require close adherence to a systematic
approach based on anatomy of the portal tract. Instead,
limited hepatectomy is generally used, so that complete
resection can be achieved in as many patients as pos-
sible ¥#*% Using intraoperative ultrasonography, tumors
are resected so as to maximize the sparing of uninvolved
liver parenchyma and achieve tumor-free surgical margins.
If patients display multiple metastases in one hemiliver
and hemihepatectomy or segmentectomy appears consider-
ably easier than individually resecting tumors by limited
resection, hemihepatectomy or segmentectomy will be
used. In overseas studies, major anatomical resections such
as hemihepatectomy represent the basic procedure used, as
shown in Table 1.

Surgical margins

When considering surgical margins, a distinction needs to
be made between “whether tumor involvement is present at
the surgical margin” and “whether the surgical margin is
10mm or more, or less than 10mm”. Postoperative outcome
is known to be appreciably worse in patients with tumor
involvement of the surgical margin, as has already been
shown. The involvement of the surgical margin by the tu-
mor would increase the likelihood of microscopic residual
disease; thus, why this should be avoided wherever possible
is easy to understand. However, the effects of the extent of
surgical margins on postoperative outcome are not as clear.
Some studies have found that postoperative outcomes
differ depending on whether the surgical margin was 10mm
or more, or less than 10mm,'*”*® whereas others have
identified no such differences.”* Our review showed that
postoperative survival rates tended to be lower in patients
with surgical margins of 10mm or more than in patients
with surgical margins of less than 10mm on univariate
analysis. However, the extent of surgical margins does not
represent an independent prognostic factor on multivariate
analysis. Extent of surgical margins has been shown to be
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Table 2. Factors affecting surgical outcome after resection of colorectal liver metastases

Sex Age Preoperative Synchronous Disease-free Site Stage of Size of
(vears) CEA value vs interval of primary primary metastatic
metachronous tumor tumor tumor(s)
Positivity rate (%) 20 10 33 38 0 10 50 20
Ekberg" (1986) % X X X b X
Registry of Hepatic (=70 vs X O O X
Metastases™ (1988) <70
Holm” (1989) o) % X 4 X
Scheele™ (1990) s X O X O A
Sugihara® (1993) e O X X <
Gayouski® (1994) O X e X < X
Jatzko®™ (1995) X % X X O <
Nordlinger'® (1987) X X O O O
Beckerts (1997) X X O X
Jaeck (1997) e X O
Jamison (1997) X
Jenkins (1997) X b O X
Rees® (1997) N « o
Yasui (1997)
Cady* (1998) O X X .
Elias (1998)
Yamamoto™ (1999) s pd X X
Mina%awa}0 (2000) P % X b S % e} X
Choti’ (2002) @) X ~ < X

O, Significant; X, not significant; A, not determined significant

related to number of metastases.” When removing tumors
that require multiple resections, surgical margins will more
often have to be less than 10mm to ensure sufficient re-
sidual liver volume. While some studies have reported a
higher frequency of micrometastases in the liver paren-
chyma within 10mm of the tumor margin,”® these are in the
minority, and satellite configurations such as that seen with
fungating intrahepatic cholangiocarcinoma are rarely seen
with colorectal liver metastases. Kokudo et al.*’ conducted a
detailed study of micrometastases around resccted liver
metastases, using K-ras and p53 mutations as genetic mark-
ers. Micrometastases in the liver parenchyma were seen in
2% of specimens, while metastases via the portal tract were
seen in 14.3%. All micrometastases were within close prox-
imity (=5mm) of the tumor. They proposed a surgical
margin of 2mm as the minimum requirement for colorectal
liver metastases, and stated that margins of less than
2mm carried a risk of margin-related recurrence of
approximately 6%.

Specifying the extent of surgical margins as a require-
ment for resection is undesirable, as this limits the number
of patients for whom resection is indicated. For example,
the requirement that a surgical margin of 10mm or more
is the necessary condition for curative resection would
exclude numerous patients with multiple bilobar liver
melastases. When choosing suitable procedures for liver
resection, a degree of flexibility is useful, and surgical mar-
gins of 10mm should be used only as a guiding principle.
This allows resection to be safely performed in a large num-
ber of patients. In a relatively recent paper, by Cady et al.,®

ability to ensure surgical margins of 10mm was considered
a condition for resection, but this criterion would markedly
lower the resection rate. A comparison of studies conducted
in Europe and the United States with those conducted in
Japan shows distinct differences in the indications for
patients with multiple bipolar disease and patients with
multiple disease with four or more metastases (Table 1).
The extent of surgical margins that can be ensured should
not be made a condition for liver resection, as the extent of
surgical margins should be determined as a balance be-
tween the number of metastases, locations of metastases
within the liver, and the resection procedure.

Conclusions

The present article has discussed resection of colorectal
liver metastases based on a review of the literature. Al-
though the response rate for nmonsurgical treatment of
colorectal liver metastases has increased, such treatment is
frequently not curative. To reiterate, the goal of treatment
should be to completely remove tumors by resection when-
ever possible. The treatment of first choice for resectable
colorectal liver metastases is surgical resection, and surgical
margins should be sufficient to safely achieve complete
resection.
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SUMMARY

Inflammatory myofibroblastic tumors (inflammatory
fibrosarcomas) of the pancreas are extremely rare.
We report a 29-year-old woman who underwent pan-
creatoduodenectomy for a 6-cm tumor of the pan-
creas head causing obstructive jaundice. Tumor
involvement was local, without apparent metastasis.
The tumor was composed of proliferating fibroblas-

tic/or myofibroblast-like spindle cells and aggregates
of chronic inflammatory cells in a fibromyxoid
matrix. Immunohistochemical examination demon-
strated reactivity only to vimentin. This tumor has
often been found in the peritoneal cavity, the
retroperitoneum, or the pelvic cavity, but only very
rarely in the pancreas.
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INTRODUCTION

Most tumors originating in the pancreas are
epithelial tumors, with soft tissue tumors being
uncommon. In general, histopathologic criteria for
diagnosis soft tissue tumors have been reexamined in
recent years, and new disease categories including
inflammatory myofibroblastic tumor (IMT) and
inflammatory fibrosarcoma (IFS) have been proposed
(1-3). This is a report of a very rare occurrence of IMT
in the pancreas of a young woman.

CASE REPORT

A 29-year-old woman consulted a private hospital
because of nausea and upper abdominal pain. Ultra-
sonography disclosed a mass in the head of the pan-

" * FIGURE 1 Abdominal Uttrasonography showing a heterogeneous, 6-cm

solid mass in the head of the pancreas.
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FIGURE 2 Abdominal computed tomography with contrast
administration demonstrates a heterogeneously enhancing solid mass
compressing the duodenum.

creas. She was referred to our hospital and admitted
on February 27, 2001. Jaundice and pallor were
observed. A firm mass was palpable in the upper
abdomen. Blood analyses showed a typical obstructive
jaundice pattern with a total bilirubin concentration
of 3.8mg/dL, and mild anemia with a hemoglobin
value of 10.2g/dL.

Abdominal ultrasonography demonstrated a het-
erogeneous solid mass 6cm in diameter in the pancre-
atic head, as well as dilation of the biliary duct and
main pancreatic duct (Figure 1). Computed tomogra-
phy with intravenous contrast administration showed
heterogeneous enhancement of the mass; neither
metastasis to the liver nor lymphadenopathy was seen

Myofibroblastic
Tumor (IMT);
Inflammatory
Fibrosarcoma
(IFS); o-Smooth
Muscle Actin
(0-SMA)
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suring 6x5cm. While relatively well circumscribed the
mass encased the common bile duct and extended
toward the adjacent duodenum (Figure 4).

Results

Microscopically the tumor represented a prolifera-
tion of fibroblastic/or myofibroblast-like spindle cells,
often admixed with cells resembling atypical ganglion
cells. Individual and clustered chronic inflammatory
cells were scattered in a fibromyxoid matrix (Figures
5 and 6). The tumor cells rather diffusely permeated
into adjacent pancreatic tissue (Figure 7). No mitotic
figures could be demonstrated in 50 consecutive high-

power fields (x400). No resected lymph nodes con-
FIGURE 3 Angiography reveals a bilateral narrowing of the tained metastases,

gastroduodenal arteries and extension and displacement of the
posterior superior and anterior superior pancreaticoduodenal arteries.

Immunohistochemical analyses demonstrated
strong cytoplasmic labeling for vimentin, but no reac-
tivity for desmine, o-smooth muscle actin (0-SMA),
CD34, cytokeratin, or S-100 protein. Expression of the
c-kit protein was not detected.

FIGURE 4
Macroscopically
the fumor is a

6x5-cm solid, On the basis of histologic pattern, cellular mor-
grayish white phology, and immunohistochemical staining, the final
mass that is pathologic diagnosis was low-grade malignant inflam-
relatively well matory myofibroblastic tumor (inflammatory fibrosar-

circumscribed.
Encasement of
the common bile
duct (arrowhead)
and dilation of
the main
pancreatic duct
(arrow) can be
observed as well
as tumor growth
toward the
duodenum
(small arrow).

coma).
The postoperative course was uneventful, and the
patient was discharged on postoperative day 28. No

(Figure 2). To treat obstructive jaundice, percuta- S v ST . M
neous transhepatic bile duct drainage was performed  FIGURE 5 Microscopically, spindie cells are compactly arranged in a
on the day of admission. Selective angiography indi- fascicular pattern. Chronic inflammatory cells also are noted

cated narrowing of the gastroduodenal artery and (hematoxylin and eosin; original magnification, x40).
extension and displacement of the posterior superior

o

and anterior superior pancreaticoduodenal arteries ,—f , R T T
(Figure 3). Upper gastrointestinal endoscopy  °. . oY e o,
revealed duodenal ulceration, but no tumor could be ﬁ'f . ; e s T v,
demonstrated in biopsy specimens. From the various |, , - ' o o _'; s R
findings we suspected a solid pseudopapillary tumor - *, _ v R R Y
with no eystic component. N S o N
Lo f . . & - o ° L
Materials s ! v e D
The patient underwent abdominal exploration " /k‘ Ly - » N T : 4
through a upper midline skin incision in the Depart- se T o~ " s 17
ment of Surgery II of Nagoya University Hospital. A ” . P - v e Ve
large tumor was observed in the head of the pancreas ~ ¥¢ ” ) L, , ft, SR T {‘ e ;
& o pe b4 - A <

and seemed to invade into the first portion of the duo-

denum. Pancreatoduodenectomy and lymphadenecto- X ; ) o . X i
. .. myofibroblast-like spindle cells in a fibromyxoid matrix (hematoxylin

my were carried out. Gross examination of the resect- and eosin; original magnification, x400)

ed specimen revealed a grayish white, solid massmea- ...~ U .

FIGURE 6 The tumor shows a proliferation of fibroblastic/or
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FIGURE 7 The tumor cells diffusely invade the pancreas (hematoxylin
and eosin; original magnification, x100).

recurrence has been observed in one year.

DISCUSSION

Disease concepts relating to fibrous tumors have
been reexamined in recent years. New categories
including inflammatory myofibroblastic tumor (IMT)
and inflammatory fibrosarcoma (IFS) have been pro-
posed (1-5). The lesions are characterized by prolifera-
tion of myofibroblasts and the presence of inflamma-
tory cells. The term IMT was suggested by Pettinato
et al. (1) based on the finding that myofibroblasts con-
stituted the major component of the lesions in their
study of 20 "inflammatory pseudotumors" of the lung:
Coffin et al. (2) subsequently reported 84 extrapul-
monary cases of this tumor in detail. IMT often is seen
in children and young adults (mean age, 9 yr), and can
occur at any site. In most cases (73% of 61), the tumor
has been found in the peritoneal cavity, retroperi-
toneum, or pelvic cavity. Tumor size averaged 6.4cm
(range, 1 to 17). IMTs located in the peritoneal cavity
tended to be large. No tumors among the 84 cases
reported by Coffin ez al. (2) originated in the pancreas.
Systemic manifestations, such as fever, weight loss,
and anemia have been reported to occur in 15 to 30%
of cases of this tumor, Our IMT patient was a young
adult (age, 29) who had a 6-cm tumor of the pancreas
that was associated with obstructive jaundice and mild
anemia, and showed the reported characteristics of
IMT (2).

Histopathologically, IMTs exhibit morphologic
characteristics. Myofibroblasts or fibroblasts assume a
spindle shape and grow densely within myxoid matrix
in a fascicular or storiforni arrangement. Various
inflammatory cells, including lymphocytes and plasma
cells, are interposed (2). The number of mitoses
observed varies from case to case, but atypical mitoses
have not been reported (2). Based on these features,
our patient’s tumor was diagnosed as IMT.

The category of IMT remains associated with diffi-
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Para-aortic lymph node metastasis in
carcinoma of the head of the pancreas
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Background. Metastasis to para-aortic lymph nodes often occurs in pancreatic head cancer, but factors
that predict it are not well known.

Methods. Using histopathologic data of 178 patients who underwent extended lymph node dissection for
pancreatic head cancer, we analyzed the distribution of metastases to lymph node groups classified in
detail and attempted to identify the lymph node groups that have a strong relation with metastasis to
para-aortic lymph nodes.

Results. A high incidence of lymph node metastasis was found in para-aortic lymph nodes (No. 16,
19%) as well as in regional lymph nodes, such as those on the posierior aspect of the pancreas head (No.
13, 47%), on the anterior surface of the pancreas head (No. 17, 29 %), along the superior mesenteric
artery (No. 14, 28%), and along the hepatoduodenal ligament (No. 12, 19%). Statistical analysis
showed that metastases to para-aortic lymph nodes had a strong correlation with metastases to Nos. 12,
13, 14, and- 17 lymph nodes. Para-aortic lymph node metastases were seldom observed among the
patients who had no metastases to Nos.13, 14, and 17 lymph nodes.

Conclusions. Examination of Nos. 13, 14, and 17 lymph nodes may be useful to predict the involvement
of para-aortic. lymph nodes. (Surgery 2005;137:606-11.)

From the Department of Surgery II, Nagoya University School of Medicine

PANCREATIC CANCER Temains a disease with a dismal
outcome despite continuous efforts to improve its
survival rate. Systemic resection of lymph nodes
has been performed in various cancer types in an
attempt to improve survival in patients who have
node metastases; long-term survivors among those
with node metastases may serve as proof of the
benefits achieved from such a procedure. Extend-
ing the range of node dissection may, in theory,
increase the chance for cure, but the survival
benefit of extended lymphadenectomy for gastric
carcinoma, for instance, has not been proven
clearly in prospective randomized trials.! The issue
of adequate extent of lymphadenectomy for pan-
creatic cancer also is currently a matter of contro-
versy.” Para-aortic lymph nodes usually are outside
the range of resection in the standard surgical
treatment for pancreatic cancer. Metastases to the
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para-aortic lymph nodes, however, are observed
commonly among patients with carcinoma of the
head of the pancreas.g’6 The true indication for
systematic resection of these lymph nodes is unde-
termined currently.

Since 1981 we have performed isolated pancre-
atectomny with extended lymphadenectomy that
includes systematic dissection of the para-aortic
lymph nodes, in addition to the standard range of
lymph nodes, and coresection of the portal vein
using a catheter bypass procedure.‘”'9 As a result,
a relatively large body of cumulative data from a
single institution on the lymph node involvement
of cancer of the head of the pancreas has enabled
us to conduct a retrospective analysis. On the basis
of these data, we analyzed the distribution of
metastases to lymph node groups classified in
detail and atiempted to identify the “junctional
lymph nodes” to para-aortic lymph nodes. The
concept of “junctional lymph nodes” has been
advocated recently in an attempt to choose be-
tween limited and more extensive lymphadenec-
tomy.' In this view, cancer cells are considered to
spread to distant lymph nodes via the junctional
lymph nodes, the examination of which allows
the surgeon to decide whether to stop the dissec-
tion of lymph nodes there or to proceed to more
extensive lymphadenectomy. According to our




