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New technology, for better or for worse, will be used, as that is our nature.

Lewis Thomas

You have been given the key that opens the gates of heaven, the same key opens the
gates of hell.

Writing at the entrance to a Buddhist temple
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Preface

Each year, tens of millions of people are
diagnosed worldwide with cancer, and
more than half of these patients eventu-
ally die from this disease. The severity of
the burden of cancer becomes really clear
by knowing that there were ~ 10, 862, 496
new cancer cases (excluding skin cancer)
in the world in 2002, and the number of
deaths caused by this disease in the same
year was ~ 6,723,887 (GLOBOCAN).
The number of deaths due to cancer in the
United States was estimated to be 559, 650
(Am. Cancer Soc.). Cancer is caused by
both external factors (tobacco, chemicals,
radiation, and infectious organisms) and
internal factors (inherited mutations, hor-
mones, immune conditions, and mutations
that occur from metabolism).

All cancer types caused by cigarette
smoking and heavy use of alcohol can be
prevented. Currently, ~ 5 million people
are killed annually worldwide by tobacco
use, and by 2030, this number will increase
to ~ 10 million, with 70% of deaths occur-
ring in developing countries.

This volume contains detailed discussion
of methods of diagnosis, therapy, and prog-
nosis of gastrointestinal cancers, while
Volumes 1 and 2 detail similar aspects of
breast cancer, and lung and prostate cancers,

respectively. The following data indicate
the burden (seriousness) of gastrointestinal
cancer, liver cancer, and colorectal cancers
globally and in the United States. (Table 1)
Surgical and molecular therapies and prog-
nostic markers for gastrointestinal stromal
tumors are discussed in this volume. Role
of anticancer drugs and monoclonal anti-
bodies specific for these tumors are also
discussed. Imaging modality assessing the
effect of anticancer imatinib on these tumors
is included. Diagnostic and prognostic
markers of clinical outcomes using chemo-
therapy and hormone replacement therapy
for gastric adenocarcinoma are detailed.
Also, are discussed immunohistochemis-
try of esophageal cancer progression, and
diagnostic and therapeutic methodologies
for biliary tumors. Immunohistochemistry
of esophageal squamous cell carcinoma
is included. Screening and multimodality
therapies for advanced gastric cancer and
response to chemotherapy are presented.
Gastrointestinal cancer response to chemo-
therapy using the gene microrrays method is
included. Photodynamic therapy and stent-
ing for hilar cholangiocarcinoma are also
discussed in this volume. In addition, discus-
sion on the use of laparoscopy and ultrasound
fine needle aspiration esophagectomy and

xiii
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Preface

TaBLE 1. Comparative rates of incidence and mortality of gastrointes-
tinal cancers, liver cancer, and colorectal cancer between worldwide

and the United States.

Name of Cancer Incidence Mortality
Colorectal cancer (worldwide) 923, 152 529,978
Colorectal cancer (U.S.A) 153, 760 52, 180
Stomach cancer (worldwide) 933, 937 700, 349
Liver cancer (worldwide) 626, 162 598, 321
Liver cancer (U.S.A) 19, 160 16, 780
Pancreatic cancer (worldwide) 232, 306 227,023
Pancreatic cancer (U.S.A) 37, 170 33, 370

granulocytic sarcoma of the small intes-
tine is included. In addition, the role of
hepatoma-derived growth factor in carcino-
genesis and prognosis of pancreatic ductal
cancer is discussed. Use of the FDG-PET
technique in the prognosis of pancreatic
cancer is also explained. Advantages of
the application of chemotherapy to patients
with unresectable locally-advanced pancre-
atic cancer are detailed.

This volume has been prepared through
the efforts of 74 contributors representing
eight countries. I am indebted to them for
their promptness in accepting my sugges-
tions. Strictly uniform style of manuscript
writing has been accomplished. The very
high quality of each chapter made my work
as the editor an easy one. The methods
presented here offer much more detailed,

tested information than is available in
scientific journals. Each chapter provides
unique practical information based on
the clinical expertise of the authors. The
chapters contain the most up-to-date infor-
mation, and hopefully the volume will be
published expediously.

I am grateful to the Board of Trustees
of Kean University and its president,
Dr. Dawood Farahi and Vice President,
Dr. Kristie Reilly for recognizing the
importance of scholarship in an institu-
tion of higher education, and providing
resources to complete this project. I am
thankful to Betsy Mathew for her expert
help in completing this volume.

M.A. Hayat
May 30, 2008
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Introduction: Gastrointestinal Cancer

M.A. Hayat

INTRODUCTION

Cancer inflicts an enormous global bur-
den of disease, which becomes apparent
by considering the data shown in Table
1.1. In many countries, cancer ranks as
the second most common cause of death
following cardiovascular diseases. More
deadly than AIDS, malaria or tuberculo-
sis, is cancer. Cancer causes ~ 6.7 mil-
lion deaths globally per year compared
with a death toll of ~ 5 million from
AIDS, malaria, and tuberculosis com-
bined. Approximately, 10.9 million new
cases of cancer are reported globally, and
24.6 million persons are alive with cancer
(within 3 years of diagnosis). The most
commonly diagnosed cancer types and
causes of cancer death globally are shown
in Table 1.1. The most prevalent cancer
survivals in the world are breast cancer
patients (4.4 million, up to 5 years follow-
ing diagnosis) (http://caonline.amcancersoc.
org/cgi/content/full/55/2/74). Estimated
new cases of cancer and deaths caused
by this disease in the United States are indi-
cated in Table 1.2.

GASTROINTESTINAL CANCER

Approximately, 4,177,674, cases of gas-
trointestinal cancer are diagnosed each
year with 2,440,563 deaths globally (Table
1.3). It is estimated that 261,800 cases of
gastrointestinal cancer were reported in
2007 in the United States, resulting in
133,430 deaths (Table 1.4). In the same
year 112,340 cases of colon cancer and
41,420 cases of rectal cancer were esti-
mated to have occurred. In 2005, the
number of newly diagnosed gastric can-
cer in the United States was estimated
to be 22,000 and 11,500 deaths. These
data clearly indicate that gastrointesti-
nal cancer is one of the most commonly
diagnosed malignancies and mortalities.
The prognosis of upper gastrointestinal
tract cancer at presentation is poor with 5
year survival rates of 20-22% for gastric
cancer, 8—15% for esophageal cancer, and
only 4% for pancreatic cancer. The reason
for the low rate of survival is that many
patients already have locally infiltrating
cancer, lymph node metastases or distant
metastases at the time of presentation.
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TasLE 1.1. Global incidence and mortality cases of
major cancer types. (Am. Cancer Soc.).

M.A. Hayat

TaBLE 1.3. Estimated global cases of gastrointesti-
nal cancers and deaths.

Incidence Mortality New Cases Deaths
1. Lung 1.35 million 1.18 million Stomach cancer 1,833,937 700,349
2. Breast 1.15 million 410,712 Colorectal cancer 1,023,152 528,978
3. Colorectal 1 million 529,000 Liver cancer 626,162 598,321
4. Stomach 934,000 700,000 Esophagus cancer 462,117 385,892
5. Liver 626,000 598,000 Pancreas Cancer 232,306 227,023
Totals 4,177,674 2,440,563

TaBLE 1.2. Estimated new cases of cancer and
deaths in the United States. (Am. Cancer Soc.).

New Cases Deaths
Respiratory system 229,400 164,840
Digestive system 271,250 134,710
Genital system 306,380 55,740
Breast 180,510 40,910
Urinary system 120,400 27,340
Leukemia 44,240 21,790
Lymphoma 71,380 19,730
Brain & other
nervous system 20,500 12,740
Skin 65,050 10,850
Multiple Myeloma 19,900 10,790
Oral cavity & pharynx 34,360 7,550
Soft tissue (including
heart) 9,220 3,560
Endocrine system 35,520 2,320
Bones & joints 2,370 1,330
Eye & orbit 2,340 220

Gastrointestinal Stromal Tumors (GISTs)

GISTs constitute the most common pri-
mary mesenchymal tumors of the digestive
tract, and comprise ~ 5% of all sarcomas.
They occur in older adults (median age
55-60 years) and rarely in children. These
tumors are found throughout the intesti-
nal tract: stomach (60%), small intestine
(35%), and rectum, esophagus, omentum,
and mesentrum (< 5%), and rarely in ret-
roperitonium. The tumors are metastatic
in omentum and mesentry (Miettinen and
Lasota, 2006). GISTs originate from intes-
tilial of Cajal or related stem cells. Tumor
size and mitotic activity are the best
predictive prognostic features. The most
common presentation of these tumors is

gastrointestinal bleeding, vague upper
abdominal pain, and the presence of an
abdominal mass. GISTs may also cause
altered bowel function, bowel obstruction
or perforation, dysphagia, and fever.

It should be noted that GISTs do not
constitute a single uniform entity, but
represent a group of closely related neo-
plasms. Thus, molecular classification
of these tumors is necessary to achieve
correct diagnosis, effective clinical man-
agement, and correct interpretation of
clinical results. Most GISTs express Kit
(CD117), CD34, and heavy caldesmon,
and some are positive for smooth muscle
actin and desmin. Familial GISTs occur
in patients with inheritable germline kit
or platelet-derived growth factor receptor
alpha (PDGFRA) mutations; central to
the tumorgenesis of GISTs are gain-of-
function mutations in Kit or alternative
PDGFRA protooncogenes. These mutant

TaBLE 1.4. Estimated new gastrointestinal cancer
cases and deaths in 2007 in the United States. (Am.
Cancer Soc.).

New Cases Deaths
Colorectal 153,760 52,180
Pancreatic 37,170 33,370
Stomach 21,260 11,210
Liver 19,160 16,780
Esophagus 15,560 13,940
Gallbladder & 9,250 3,250

other biliary

Small intestine 5,640 2,700
Total 261,800 133,430
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genes confer constitutive kinase activity
to drive tumor development, which is the
rationale for using imatinib mesylate (a
selective tyrosine kinase inhibitor) for
targeted therapy.

Based on the combination of mitotic rate
and tumor size, the NIH stratified patients
with GISTs into four risk categories, irre-
spective of tumor site (Fletcher et al.,
2002). Significant prognostic heterogeneity
exists in the high-risk category of the NIH
scheme. Huang et al. (2007) have proposed
a modified classification, recommending
that GISTs with tumor size >5 cm and mito-
sis >10/50 high power fields be specified
as the risk level IV category. This observa-
tion is basically in agreement with the study
by Miettinen et al. (2005) which indicated
that tumor- specific mortality was relatively
low for tumors >10 cm with mitotic activ-
ity which behave worse than their large
but mitotically inactive counterparts. Such
GISTs are highly lethal with a priority for
genetic analysis to assess the suitability of
postoperative adjuvant imatinib therapy.

Kit/PDGFRA tyrosine kinase inhibitor
imatinib mesylate is used for the treat-
ment of metastatic GISTs. This treatment
improves the survival of patients with
not only metastatic but also inoperable
malignant GISTs, especially those whose
tumors have Kit exon 11 mutations. For
example, Nilsson et al. (2007) show that
1 year of imatinib (400mg/day p.o.)
(orally) treatment after radical surgery for
high grade GIST reduces the risk of recur-
rent disease.

Imatinib is thought to up-regulate and
down-regulate genes in GISTs. Imatinib
induces insulin-like growth factor binding
protein-3 (IGFBP-3) in GIST cell lines
and human tumor tissues obtained early in
the patient’s treatment (Trent et al., 2006).
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Thus, it is suggested that IGFBP-3 is an
early marker of antitumor activity of imat-
inib in GISTs. However, the usefulness of
this drug for GISTs is controversial with
regard to its resistance in patients with this
cancer. The disagreement also relates to
the dose of imatinib (ranging from 400 to
800 mg/day) used and the role of Kit exon
9 mutations and Kit exon 11 mutations
(Heinrich et al., 2006; Debiec-Rychter
et al., 2006). It should be noted that the
exact role of adjuvant imatinib in GIST
is not fully known, and is currently being
investigated in ongoing trials. Surgery
continues to be the treatment of choice for
non-metastatic GISTs.

Gastric Cancer

Gastric cancer is the fourth most com-
mon cancer in the world. The incidence
and mortality of this cancer are one of
the highest in some parts of the world,
e.g., China. Poor survival of patients with
locally advanced gastric cancer is due to
distant metastasis and incomplete resec-
tion. Local regional recurrence can also
be involved in diminished disease-free
survival. Although the incidence of gastric
adenocarcinomas is declining, it is still
one of the most common causes of cancer
deaths worldwide. In 2002, 934,000 new
gastric cancer cases were diagnosed world-
wide with an estimated 700,000 deaths.
In the United States and other Western
countries, the incidence of gastrointestinal
junction adenocarcinoma has risen faster
than other gastrointestinal adenocarcino-
mas during the last quarter century.

As stated earlier, gastric cancer is a
disease with a high rate of mortality
and a limited number of effective cura-
tive options. However, several surgical
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procedures, including radical gastrectomy
with modified DI lymphadenectomy, endo-
scopic mucosal resection, and pylorus-
preserving gastrectomy (PPG), have been
developed for treating early gastric cancer.
According to Hiki et al. (2006), clini-
cal outcomes of surgical treatment were
comparable for gastric cancer patients
who underwent laparoscopy-assisted PPG
and those treated with conventional PPG.
Laparoscopy is used because it is less inva-
sive and thus results in better postoperative
quality of life, especially immediately after
the procedure, as compared with conven-
tional open operation. Better quality of life
is associated with less postoperative pain
and disability, earlier return of bowel func-
tion, shorter durations of hospitalization,
and better cosmetic results. According to
Moehler et al. (2005), the combination of
irinotecan with continuous leucovorin-5-
fluorouracil represents a potentially valu-
able treatment option for metastatic gastric
cancer, but requires further evaluation. Di
Lauro et al. (2007) also suggest the use of
irinotecan, docetaxel, and oxaliplatin as a
combination therapy for treating metastatic
gastric or gastroesophageal junction adeno-
carcinoma, although this treatment resulted
in neutropaenia, diarrhea, mucositis, and
vomiting in some of the patients. It needs
to be noted that despite recent advances in
chemotherapy of metastatic gastric cancer,
the survival advantage is marginal and no
regimen has emerged that could be con-
sidered standard. Low response rate and
less than favorable toxicity are some of the
problems. Although combinations of vari-
ous drugs are being tried, survival is still
very poor. Some of the combinations of
recently developed agents used in the first-
line treatment of metastatic gastric cancer
are mentioned above.
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Esophageal Cancer

Human esophageal cancer is the eighth
most frequently diagnosed cancer and
the sixth most frequent cause of can-
cer death in the world. Globally, both
esophageal and gastric cancers account
for an estimated 1.4 million new cases
and 1.1 million deaths, which are more
than colorectal and breast cancers com-
bined. Approximately, 386,000 (5.7%
of the total cancers) deaths annually
are attributed to esophageal malignancy
worldwide. It was estimated that in 2007,
15,560 patients were diagnosed with
esophageal cancer in the United States,
with an estimated 13,940, deaths from
this disease (Table 1.4).

At least two epithelial subtypes occur
in the esophagus: esophageal squamous
cell carcinoma and esophageal adeno-
carcinoma. Most esophageal cancers are
squamous cell carcinoma that accounts for
~90% of this cancer, and arises in the mid-
dle and low-third of the esophagus. Rates
of esophageal adenocarcinoma have been
increasing during the last 2 decades, while
those of the esophageal squamous cell car-
cinoma have been decreasing, suggesting
distinct etiologies between these two sub-
types. Esophageal cancer has a very poor
survival: 16% of the cases in the United
States and 10% in Europe. The 5-year
survival rate of this cancer has improved
only slightly during the past 3 decades.
However, multimodel therapy followed
by esophagectomy have increased 5-year
survival to 30-40% in selected patient
groups, but accurate detection of the pres-
ence of distant metastasis (M stage) is
necessary to decide whether esophagec-
tomy or chemotherapy should be offered
to the patient (see later). An association
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between cigarette smoking and increased
risk of esophageal cancer has been found
(Freedman er al., 2007). Alcohol use is
also associated with this cancer, and obes-
ity may also play arole in the development
of this malignancy.

Treatments

Esophageal cancer patients generally have
a poor prognosis because many of them
already have locally unresectable or meta-
static disease at presentation. It is estimated
that 30-50% of patients at the time of pres-
entation will have advanced stage (Stage
IV) disease. Clinical outcome of this cancer
is the most dismal among many types of
digestive tumors because it is asympto-
matic at early stage. Preoperative investi-
gations commonly performed for staging
of esophageal cancer include endoscopic
ultrasonography (EUS), computed tomog-
raphy (CT), ultrasound of the neck and
abdomen, chest radiography, and bronchos-
copy. EUS is the most important modality
for evaluating local invasion of tumor into
esophageal wall (the T stage) and regional
lymph node involvement (the N stage).
Treatments of esophageal cancer include
surgery, chemotherapy, neoadjuvant treat-
ment with chemotherapy, radiation therapy
alone or in combination with chemotherapy,
photodynamic therapy, and stent placement.
The choice of the treatment for individual
patients should be based on the physician’s
ability to correctly define the extent of local,
regional, and distance disease. The role of
surgical treatment in palliation is limited,
and is reserved for those patients who may
derive some curative benefit from the inter-
vention (Wren et al., 2002). Resectioning
is recommended only for those patients
with no evidence of metastasis. Appropriate
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staging can avoid the risk of operation for
these patients who have little chance of
cure. Positron emission tomography (PET)
scan is effective for nonoperative staging
(Wren et al., 2002). Correct staging helps
to decide which patients should be offered
adjuvant therapy and which patients will
be operated on. Before deciding the type
of treatment, a physical examination and
fine-needle aspiration of suspicious lymph
nodes in the cervical area are recommended.
Also, a staging computed tomography (CT)
scan of the chest, abdomen, and pelvis area
can be carried out. EUS identifies patients
with advanced local-regional disease (T3
N1) for entrance into neoadjuvant treat-
ment. Subsequently, PET can also be used
to assess response to chemotherapy and
radiation.

Multimodel programs that include
chemotherapy and radiation are being
increasingly used for the treatment of
these patients. Concurrent chemoradia-
tion is an effective strategy for radiosen-
sitization and control of micrometastatic
disease. This combined treatment is also
more effective than radiation alone in pal-
liating dysphagia (Harvey et al., 2004).
Recently, O’Connor et al. (2007) have rec-
ommended the use of oxaliplatin in combi-
nation with 5-fluorouracil and radiation in
patients with locally advanced esophageal
carcinoma (Stage II or III). Oxaliplatin
is an important chemotherapeutic agent
that is approved by the U.S. Food and
Drug Administration for the treatment
of advanced colorectal cancer. These
authors recommend the following doses:
oxaliplatin 85mg/m?, protracted-infusion
5-FU, 180mg/m?, and radiation, 50.4 Gy.
According to these authors, the toxicities
are modest and include pneumonitis and
pulmonary fibrosis. In contrast, toxicities
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associated with cisplatin-based concurrent
chemoradiotherapy are more serious and
include emesis, nephrotoxicity, esophagi-
tis, mucositis, myelosuppression, delayed
nausea, malnutrition, dehydration, weight
loss and fluid electrolyte imbalances.

Oxaliplatin in combination with capecit-
abine has also been used for metastatic dis-
ease. Oxaliplatin (130mg/m?) can be used
intravenously once a day and capecitabine
(1,000mg/m?) orally twice daily on days
1-14 in a 21-day cycle (van Meertenet
al., 2007). The frequency of toxicity is
relatively low and quality of life is main-
tained during the treatment. This treatment
can be given on an outpatient basis, and
is thought to be less toxic than cisplatin-
based therapy.

Vagal sparing esophagectomy therapy
is recommended for intramucosal adeno-
carcinoma of the esophagus (Oh et al.,
2006). (Intramucosal carcinoma arising
in Barrett’s esophagus is a complication
of the common entity gastroesophageal
reflux disease, and occurs after a long
history of reflux). This method results in
complete removal of all malignant and
premalignant tissues, and preserves gas-
trointestinal innervations and blood supply
to the gastric conduit while removing all of
Barrett’s mucosa and eliminating the risk
of unrecognized dysplasia or synchronous
cancers. This procedure also has lower
morbidity, no mortality, and shorter hos-
pital stay compared with standard types of
resection.

Analysis of microvessel factors in
biopsy specimens of tumors is useful for
predicting the outcome of treatments. For
patients with T, , esophageal cancers,
hotspot microvessel density (MVD), total
microvessel number (TN)/ total tumor area
(TA), and total microvessel parameters (TP)
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are useful predictors for overall survival
(Zhang et al., 2006). These combinations
provide reliable assessment of chemo-
radiation. Using these protocols and a
computer-assisted image analysis system
for biopsy specimens, outcome of patients
with this cancer treated with chemoradia-
tion can be predicted (Zhang et al., 2006).
This method produces low variability
and high reproducibility (by minimizing
intraobservor and interobservor variations
in microvessel counting) for evaluating
tumor vasculature.

The available data concerning the treat-
ments for esophageal cancer are conflicting.
An agreement is lacking, for example, on
whether surgery alone or multimodel ther-
apy is most effective for patients with locally
advanced esophageal cancer. Because
there are few long-term survivors with
this disease, it is important to consider
health-related quality of life when selecting
a treatment. According to Graham et al.
(2006), the optimal treatment for locally
invasive esophageal cancer consists of
chemoradiation followed by surgery to
achieve improvement in quality-adjusted
life expectancy of 40 days compared with
surgery alone (15 days).

Pancreatic Cancer

Pancreatic cancer is the fourth leading
cause of cancer-related deaths in both
sexes, and has the highest death to inci-
dence ratio of all types of cancers. The
prognosis of patients with this disease
remains very poor, with a 5-year survival
rate of less than 5% after diagnosis. The
incidence of pancreatic cancer continues
to increase in the United States, and the
yearly incidence of this cancer is estimated
to be four cases per million. In 2007,



1. Introduction: Gastrointestinal Cancer

approximately 37,170 new cases were
diagnosed and 33,370 patients died in the
United States, yielding a relative mortality
rate of 89.8%. In Europe, 73,700 cases of
pancreatic adenocarcinoma were reported.
Poor prognosis of this cancer is related to
a high incidence of tumor cell invasion
and metastasis. In spite of recent improve-
ments in diagnostic techniques, this can-
cer is diagnosed at an advanced stage in
most patients. Because of the combination
of late stage disease presentation (local-
ized: 8%, regional: 26%, and metastatic:
52%), intrinsic resistance to conventional
treatments, and very low accessibility to
resection, pancreatic cancer has the worst
overall prognosis among solid tumors.
Smoking and alcoholism are risk factors
for this cancer.

Unquestionable evidence of malignancy
of pancreatic endocrine tumors is shown
by gross invasion of adjacent organs and
metastasis in the regional lymph nodes or
other distant sites. Among these patients,
approximately one-third are diagnosed as
having locally advanced stage radiograph-
ically confined to the pancreas and sur-
rounding tissues (Ikeda et al., 2007). The
most common metastatic sites are the liver,
lung and peritoneum.

Genetic, histological, and clinical studies
have identified three different preneoplastic
lesions as potential precursors of pancre-
atic ductal adenocarcinoma that comprises
> 90% of pancreatic cancer. Intraductal
papillary mucinous neoplasms arise in the
main pancreatic duct or its major branches,
pancreatic intraepithelial neoplasias origi-
nate within intralobular ducts, and muci-
nous cystic neoplasms are mucin-producing
epithelial neoplasms with a characteristic
ovarian type stroma. These preneoplastic
lesions represent progressive stages of the
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disease (Maitra et al., 2005). Pancreatic
ductal carcinoma comprises up to 70% of
all cases of pancreatic cancers, and has the
WOTSt prognosis.

As stated earlier, pancreatic adenocarci-
nomas arise from proliferative premalig-
nant pancreatic intraepithelial neoplasia
(PanIN) of the ductal epithelium. PanIN
lesions begin as low cuboidal epithelial
cells that become columnar owing to incre-
ased mucin production (Cruz-Monserrate
et al., 2007). This is followed by nuclear
atypia and increased proliferation, lead-
ing to luminal shedding and/or invasion
into the stroma (Hruban et al., 2001).
These morphological changes are accom-
panied by increased genetic abnormalities,
including activation of K-ras, loss of tumor
suppressors (e.g., pl6, p53, and DPC4),
and upregulation of telomerases (Hruban
et al., 2000). Recent immunohistochemi-
cal studies have shown the upregulation
and altered localization of intefrin o634
(Cruz-Monserrate et al., 2007). Integrins
are receptors for extracellular matrices that
transmit mechanical and biochemical sig-
nals to regulate cellular functions including
cell proliferation. PanIN lesions can also be
found in patients with chronic pancreatitis,
and these patients have an increased risk
of developing pancreatic cancer (Malka
et al., 2002).

Treatments

A number of chemotherapeutic agents,
such as gemcitabine, paclitaxel, capecit-
abine, bevacizumab, gefitinib, and erlo-
tinib, in conjunction with radiotherapy
have been tried against pancreatic cancer
(Czito et al., 2006). Among all the tar-
geted agents that have been studied in
patients with pancreatic cancer, erlotinib
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(an epidermal growth factor receptor
tyrosine kinase inhibitor) has shown a
modest benefit in survival for patients
(J. Bendell and R.H Goldberg, 2007,
personal communication). According to
Bria et al. (2007), platinum/gemcitabine
combinations appear to improve pro-
gression-free survival and the overall
response rate to standard treatments,
and thus can be considered for use
for selected pancreatic cancer patients.
However, no marked improvement of
survival has been found. Recently, Ikeda
etal. (2007) have tried S-1, anovel orally
administered drug, concurrently with
radiotherapy against locally-advanced
pancreatic cancer. A phase II trial of this
drug is now underway. In patients with
locally-advanced pancreatic cancer, the
concurrent external beam radiation and
S-fluorouracil therapy may offer a sur-
vival benefit in comparison with either
of these two therapies alone.

Apart from surgery there is no effec-
tive therapy for pancreatic cancer, but
even patients who undergo surgery
often die within 1 year postoperatively.
Resection is associated with high mor-
bidity and mortality. The 5-year survival
rate after surgical resection remains
poor, ranging from 26% for patients
with pancreatic adenocarcinoma to 70%
for patients with ampullary carcinoma.
Alternatively, palliative pancreaticoduo-
denectomy compared with traditional
surgical palliation has been suggested
for patients with advanced locoregional
disease to improve survival (Lillemoe
etal.,1996). Nevertheless, surgical resec-
tion of pancreatic cancer or adenocarci-
noma or periampullarea provides almost
no possibility of relatively long-term
survival.
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Gene silencing by RNA interference
(RNAi) holds a promising therapeutic
potential to suppress gene expression in
mammalian cells. RNAi can be directed
against pancreatic cancer through vari-
ous pathways, including the inhibition of
overexpressed oncogenes, suppression of
tumor growth, metastasis, and enhance-
ment of apoptosis. In combination with
chemoradiation agents, RNAi can also
attenuate the chemoradiation resistance
of pancreatic cancer (Chang, 2007).
Moreover, RNAIi has been used for defin-
ing the loss of function of endogenous
genes in pancreatic cancer. RNA1 applica-
tions in pancreatic cancer require further
exploration.

Aneuploidy and increased genetic insta-
bility, manifesting as losses, gains, and
amplifications are common characteristics
of pancreatic cancer (Kallioniemi, 2007).
Using microarray-based copy number sur-
veys, genes concealed in these aberrations
can be uncovered, which provides targets
for the development of diagnostic and
therapeutic approaches.
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INTRODUCTION

Esophageal, gastric, and pancreatic can-
cers remain frequent digestive carcinomas,
and are among the main causes of cancer
death worldwide. At the metastatic stage,
the prognosis is very poor in most cases.
Most of the 5-Fluorouracile (5-FU) based
regimens are widely used in esophageal
and gastric locations and were common
for pancreatic cancer before the advent
of gemcitabine. Attempts to improve the
antitumor efficacy of 5-FU in the gastroin-
testinal cancers have included biomodula-
tion with various agents such as folinic
acid, previously tested by Machover et al.
(1986) and Poon et al. (1991) in colorec-
tal cancer treatment. The combination of
5-Fluorouracil with cisplatin has proven
to significantly increase the efficacy and
survival of patients. The synergistic activ-
ity of this latter combination has been
demonstrated in both experimental models
by Etienne et al. (1991) and clinical stud-
ies by Kim et al. (1993). The association
of 5-FU with cisplatin is still widely used

in advanced gastric cancer; the FP regimen
(using 5-FU 800-1,000 mg/m?/day in con-
tinuous infusion for 5 days with cisplatin
100mg/m?/day on day 2) has been well
documented in three large phase II trials
reported by Lacave ef al. (1991), Rougier
et al. (1994), and Ohtsu et al. (1994),
and yielded overall response rate of 41%,
43%, and 43%, respectively, with median
survival times of 10.6, 9, and 7 months,
respectively.

In advanced pancreatic carcinoma, the
same FP regimen has been explored in a
monocentric phase II study by Rougier
et al. (1993). The response rate was 26.5%
with a median survival of 7 months. At
the time of commencing our study, this
FP schedule was evaluated in two phase
III trials, one in advanced gastric cancer
by Vanhoefer et al. (2000) and another in
advanced pancreatic cancer by Ducreux et
al. (2002). Finally the combination 5-FU-
cisplatin was considered to be the standard
treatment in esophageal location, based on
the randomized phase II study by Bleiberg
et al. (1997). Recently, various authors as
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Mitry et al. (2004) or Bouché et al. (2004)
replaced the 5-FU monthly regimen by
LV5FU?2 in the combination 5-FU-cispla-
tin in advanced gastric and esophagogas-
tric locations. They showed a similar
efficacy. The modulation of the combina-
tion 5-FU/cisplatin with folinic acid (FLP
regimen) has also been previously tested
by Ychou et al. (1996) in patients with
metastatic gastric cancer. This regimen
using leucovorin 200 mg/m?/day (given
as a short infusion of 15min) followed by
5-FU (400 mg/m?/day for 5 days given as
a 1h infusion) with cisplatin (100 mg/m?
on day 2), achieved equivalent results in
terms of efficacy to those reported above
with FP regimen by Lacave er al. (1991),
Rougier et al. (1994), and Ohtsu et al.
(1994) with better tolerance.

Considering the limited efficacy of these
treatments in these gastrointestinal loca-
tions, we think that it is important to give
priority to the quality of life during the
short survival. So, we propose to compare
in a randomized trial the safety (primary
objective), clinical efficacy, and quality
of life (secondary objectives) of FLP vs.
FP as a first line chemotherapy in patients
with metastatic esophageal, gastric and
pancreatic carcinoma, three cancers tend-
ing to show a positive response to these
molecules.

PATIENTS AND METHODS

Patient selection. The eligibility criteria
were as follows: patients with histologi-
cally proven carcinoma of the esophagus,
the stomach or the pancreas were eligi-
ble. They must have measurable meta-
static disease (=15mm), no indication of
radiotherapy and/or surgery and no prior
chemotherapy for metastatic disease. In the
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case of adjuvant chemotherapy, regimen
did not contain cisplatin. All patients had
age <75 years, World Health Organization
(WHO) performance status < 2, adequate
baseline organ function defined as neu-
trophile count >1,500/mm?, platelet count
>100,000/mm?> and creatinine level <1.25
normal level. In the cases where the patient
was older than 70 years and/or creatinine
level was between 1 and 1.25 times the
normal limit, creatinine clearance had to be
> 60ml/mm. Ineligibility criteria included
severe uncontrolled comorbidities and
brain metastases. Written informed consent
approved by the local Ethical Committee
was given by all the participants before
they entered the study.

Stratification and randomisation. Patients
were stratified according to institution,
performance status (WHO O vs. 1), and
prior adjuvant chemotherapy. The type of
primary tumor (esophageal adenocarci-
noma, vs. esophageal squamous cell car-
cinoma, vs. gastric adenocarcinoma, Vs.
pancreatic adenocarcinoma) was defined
as stratification’s factor too. Patients were
then randomly assigned to receive either
FP regimen (arm A) or FLP regimen
(arm B), by the FFCD data center (Dijon
center, France), using the minimization
technique.

Treatment plan. Treatment—A. 5-FU-cis-
platin (FP) regimen consisted of 5-FU at
a dose of 800mg/m?/day in continuous
infusion for 5 consecutive days and cispla-
tin at 100mg/m? in a 1h perfusion on day
1 or day 2.

Treatment—B. 5-FU-cisplatin-leucovorin
(FLP) regimen consisted of leucovorin
at a dose of 100mg/m?/day in bolus for
5 consecutive days, followed by 5-FU at
350mg/m?/day in a 1h infusion from day
1 to day 5 and cisplatin at 100 mg/m? given
on day 1 or day 2.
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The cycles were repeated every 28
days whatever the treatment. In case of
no grade 3—-4 (WHO grading) hemato-
logical and diarrhea toxicity at the first
cycle, the dose of 5-FU was increased for
the following cycles at 1,000 mg/m?/day
in arm A and 400mg/m? in arm B.
Treatment was continued until the dis-
ease progression in all patients and doses
were adapted to the toxicity; a reduction
of 25% was planned in case of hemato-
logical and/or digestive toxicity greater
or equal to grade 3 during the interval
between two cycles. Cycles were delayed
until toxicity levels normalized. In the
FLP arm, cisplatin could be stopped if
renal, neurological, or otological toxic-
ity precluded further administration. The
protocol treatment was stopped for tumor
progression, grade 4 life threatening tox-
icity, or at the patient’s request.

Pretreatment evaluation, follow-up,
and response evaluation. Baseline evalu-
ation included a complete medical his-
tory and physical examination, standard
biological tests, ECG, chest X-ray, and
computed tomographic scan of the measur-
able metastatic lesions. The patients were
monitored before each cycle of chemo-
therapy, including assessment of clinical
toxicity, blood cell count, serum chemistry,
physical examination, and quality of life
assessment according to Spitzer’s index
(1981). Hospitalization durations were noted
during and after the treatment. Between
the first and the second cycle, blood cell
count was performed every week, so as
to increase the dose of 5-FU at the sec-
ond cycle. Toxicities were evaluated and
graded according to WHO criteria. Tumor
response was assessed by computed tomo-
graphic scan every two cycles of chemo-
therapy (every 2 months) in both arms
and at the end of the treatment. After
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completion of the treatment, the patients
with tumor response or stable disease
were evaluated every 2 months until docu-
mented disease progression. WHO criteria
were used to define the response and the
response duration. Computed tomographic
scans were performed 4 weeks later to
confirm the response. The computed tomo-
graphic scans of patients who achieved an
objective response were centrally reviewed
by an external panel of radiologists.

Statistical considerations. The aim of
this study was to detect a difference of at
least 15% (20-5%) in grade 3—4 toxic-
ity (better tolerance expected in the FLP
group), while observing a difference of
<15% in the objective response rate (ORR)
between the two regimens. The study was
designed so as to require 116 patients per
arm to provide at least 80% power in a
one-sided test (with a o risk of 5%). After
1 year of recruitment, an independent com-
mittee was able to stop the trial in case of
too severe toxicity. The Mantel-Haenszel
test was used to compare toxicity and
responses between arms, using stratifica-
tion on tumor location. Progression-free
survival and overall survival were calcu-
lated, using the Kaplan-Meier method,
from the date of inclusion to progression
(relapse, second cancer, or cancer death)
and death from any cause, respectively.
The log-rank test was used to identify the
prognostic factors, and the Cox propor-
tional hazard model was used for all mul-
tivariate analyses. All analyses were based
on the intent-to-treat principle.

RESULTS

From April 1995 to April 1998, 232 pati-
ents with metastatic esophageal, gastric, or
pancreatic carcinoma from 28 institutions
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(classified in three classes according to
their size) were randomized. Six patients
were ineligible (3%), four patients because
of incorrect histology, one patient was not
metastatic (liver angioma) and one patient
had been treated with cisplatin previously.

The two arms (113 patients per arm)
of the study were well balanced for the
main characteristics: age, sex, prior adju-
vant chemotherapy, performance status,
location of primary tumor, number of
metastatic sites, and chronology of metas-
tases. The study comprised 173 men and
53 women; the mean age of the patient
population was 60 years. The repartition
of primary tumor was as follows: 19 squa-
mous cell carcinoma of the esophagus, 19
esophageal adenocarcinoma, 91 gastric,
and 97 pancreatic adenocarcinoma. Most
of the patients (98%) had never received
prior adjuvant chemotherapy. WHO per-
formance status was good (0 or 1) in
almost all the patients (225/226).

Toxicity and dose-intensity. There were
ten protocol violations: four patients
received FP treatment in place of FLP,
one patient (allocated in the arm B)
started the FP regimen and then continued
with the FLP regimen and five patients
were treated with additional radiotherapy
(a tongue cancer, discovered 10 days after
the inclusion, received radiotherapy). One
ineligible patient (receiving FLP regimen)
was included by mistake despite having a
poor WHO performance status (2). Two
hundred and twenty-three patients were
assessable for treatment description and
toxicity. The median number of cycles
before progression was 3 (SE = 0.3) in
arm A (range 1-12) and 3 (SE = 0.2)
in arm B (range 1-11) and a total of 387
and 412 cycles were administered in arm
A and B, respectively.
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Toxicities were assessed for the first
cycle and then for the whole range of
cycles before progression. Overall, 78.4%
and 69.6% of the patients treated by FP
and FLP regimens, respectively, expe-
rienced WHO grade 3—4 toxic reactions
(p = 0.17). Hematological toxicity was
very similar in the two groups. The major
toxicity was neutropenia (FP = 35.1% and
FLP = 33.0%). Although severe anemia
was more marked in arm B (24.1% vs.
15.3%), there was no significant differ-
ence between the two groups. The occur-
rence of nausea/vomiting was common
with the use of high dose cisplatin and was
not statistically different between the two
groups (arm A = 25.2%, arm B = 33.0%).
The only significantly different toxicity
between the two arms was mucositis, with
16.2% of the patients with grade 3—4 in
arm A vs. 4.5% in arm B (p = 0.009).
In spite of the use of cisplatin, nephro-
toxicity and hearing loss were very mild,
regardless of arm, and serious ototoxicity
showed minor differences (not statistically
significant) between the two arms (0.9% in
arm B vs. 1.8% in arm A).

The toxicity profile was assessed accord-
ing to the type of primary tumor. Compared
with the other sites (esophageal adeno-
carcinoma, squamous cell carcinoma or
pancreatic adenocarcinoma), patients with
gastric cancer developed the greatest grade
34 toxicities (81.4% vs. 57.9%, 72.2% and
70.5%, respectively p =0.04). Severe hema-
tological toxicity (60.4% whose 53.8%
neutropenia) was very high in this loca-
tion, compared with the other sites (31.6%
and 26.3% in esophageal adenocarcinoma,
33.3% and 11.1% in squamous cell carci-
noma and 36.8% and 21.1% in pancreatic
location, respectively (p = 0.0003 and p=
0.0001). Severe digestive toxicity occurred
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for 41.1% of the patients with pancreatic
cancers, 21.1% of those with esophageal
adenocarcinoma, 22.2% with squamous
cell carcinoma and 34.1% with gastric can-
cer (p =0.10).

These adverse effects were responsible
for treatment interruptions in 11.5% of the
cycles in arm A and 15.9% of the cycles in
arm B. The occurrence of treatment inter-
ruption due to toxicity was very similar in
the three sites (10.5%, 11.1%, and 11.5%
of cycles in esophageal adenocarcinoma,
squamous cell carcinomas and pancreatic
cancer, respectively); patients with gas-
tric cancer stopped their chemotherapy
because of toxicity in 17.6% of cycles.

There were six toxic deaths: two in
arm A and four in arm B. Two were due
to neutropenic sepsis (arm B), two due
to renal failure (one in arm A and one in
arm B), one due to severe diarrhea (arm
B), and one due to ischemic attack (arm
A, in a patient with predisposing factors).
Administration delays were necessary in
22.5% of the cycles (arm A) and 25% of
the cycles (arm B). The duration of the
delay was similar in the two arms: less than
or equal to 3 days in 9.6% of the cycles in
arm A vs. 10.1% in arm B, between 4 and
7 days in 9.0% of the cycles in arm A vs.
11.2% in arm B, greater or equal to 15
days in 1.6% and 1.2% of the cycles in
arms A and B, respectively. Delays >15
days were only reported in patients with
esophageal adenocarcinoma and gastric
cancer (3.9% and 3.1% of the cycles
respectively). The median doses of 5-FU
and cisplatin received before progression,
were respectively 831 and 95.7 mg/m?/day
in arm A representing a dose intensity of
89% and 95.7%, and 361.5 and 96.8 mg/
m?/day in the arm B i.e., a dose intensity
of 94.3% and 96.8%, respectively.

17

Response rate. All patients were assessed
for response. The objective response rate,
initially assessed by investigators, was
identical in the two groups (20.4%). It
remained quite similar after external review
at 18.6% (95% confidence interval (CI)
11.4-25.8) in arm A, not significantly dif-
ferent from 15% (95% CI 8.5-21.6) in arm
B, (p = 0.59). Two complete responses
were observed in each arm (21 objective
responses in arm A vs. 17 in arm B). Twenty
nine patients achieved stable disease in
arm A, compared with 28 in arm B. The
objective responses observed in patients
were 7/19 (36.8%) with esophageal adeno-
carcinoma, 4/19 (21%) with esophageal
squamous cell carcinoma, 18/91 (19.8%)
with gastric cancer and 9/97 (9.3%) with
pancreatic cancer. The median duration of
objective response was 23.9 weeks (SE =
9.3) in arm A, which did not significantly
differ from 24 weeks (SE = 4.3) in arm B
(p = 0.51). Median duration of response
was similar (p = 0.22) in the different sites
of primary tumor: 27.7 weeks (SE = 32.3)
in esophageal adenocarcinoma, 16.4 weeks
(SE = 11.5) in esophageal squamous cell
carcinoma, 24.0 weeks (SE = 6.2) in gastric
cancer and 22.8 weeks (SE = 6.2) in pan-
creatic carcinoma.

Survival. Median overall survivals were
not statistically different (p = 0.83) at
24 weeks (SE = 3.6) with FP and 24.7
weeks (SE = 3.6) with FLP. The 1- and 2-
year survival rates were 21.5 % (SE = 3.9)
and 6.7 % (SE = 2.5), respectively in arm
A and 17.3 % (SE = 3.6) and 2.8 % (SE =
1.9) in the arm B. Considering the survival
according to the location of the primary
tumor, median overall survival was worst
for pancreatic carcinoma (16.6 weeks, SE
= 2.1) than for esophageal adenocarci-
noma (31.3 weeks, SE =1.9), esophageal
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squamous cell carcinoma (20.6 weeks,
SE = 1.1) and gastric cancer (39.7 weeks,
SE =4.1).

The only statistically significant pre-
dictors of survival in univariate analysis
were tumor location (p < 0.0001) and
performance status (p = 0.0013). The
number of metastatic sites was not a sta-
tistically significant factor, but there was
a trend towards better survival (p = 0.062)
when the disease was not very extensive.
Survival in the treatment groups was com-
pared after adjustment for these prognostic
factors. The FLP regimen was not superior
to the FP regimen in terms of survival (p =
0.28) and the main factors correlated with
poor survival were the location of primary
tumor in pancreas (p = 0.0002) and the age
of the patients (p = 0.045). Considering the
median progression free survival, the two
regimens did not differ significantly, 12.4
(SE =2.6) and 12.1 (SE = 2.6) weeks with
FP and FLP, respectively (p =0.91). The 1-
and 2-year survival rates were 9.4% (SE =
2.8) and 3.5% (SE = 1.8), respectively in
the FP arm and 5.3% (SE = 2.1) and 1.2
% (SE =1.1) in the FLP arm. As observed
above, the progression free survival was
worst (p = 0.002) for the pancreatic carci-
noma, with a median survival time of 8.6
weeks (SE = 4.2), than for the other loca-
tions: 16 weeks (SE = 4.3) for esophageal
adenocarcinoma, 13.4 weeks, (SE = 3.4)
for esophageal squamous cell carcinoma
and 20 weeks, (SE 3.6) for gastric cancer.

Quality of life was fairly well assessed
until the sixth cycle (48 weeks) as ques-
tionnaire filling rates during the first six
cycles were: 97.9%, 100%, 86.7%, 90.0%,
80.9% and 78.4%, respectively. During
this period, there was no difference in
Spitzer’s scores between the two arms.
From the seventh cycle, global quality of

J. Duffour et al.

life data were available for only 34.3% of
the patients; therefore, they could not be
analyzed due to insufficient numbers.

The mean duration of hospital stay (dur-
ing or after treatment) was not statistically
different between the two arms: 38.3 days
(SE = 2.8) in arm A compared to 35.2
days (SE = 0.6) in arm B (p = 0.24). When
converted to days per month of life, the
mean duration remained similar: 8.1 days
(SE = 0.7) for arm A and 7.4 days (SE
= 0.6) for arm B, (p = 0.42). The total
duration of hospital stay was shorter in
pancreatic location (29.8 days, SE = 2.3)
than in esophageal adenocarcinoma (42.5
days, SE = 7.5), esophageal squamous cell
carcinoma (36.2 days, SE = 5.0) and gas-
tric cancer (43.0 days, SE = 3.1), but these
differences were not observed when the
duration of hospital stay was converted to
days per month of life (7.3 days, SE = 1.6)
in esophageal adenocarcinoma, 7.5 days
(SE = 1.5) in esophageal squamous cell
carcinoma, 7.3 days (SE = 0.7) in gastric
cancer and 8.3 days (SE = 0.7) in pancre-
atic location.

DISCUSSION

The primary objective of this phase III
randomized study was to compare the
tolerance between FLP and FP regimen
in metastatic esophageal, gastric, and
pancreatic carcinomas. The overall safety
of these chemotherapies is very similar to
most previous studies; grade 3—4 neutro-
penia and digestive toxicity occurred in
about 30% and 20% of the patients with
gastric and pancreatic cancers, respec-
tively, as observed by Rougier et al.
(1993, 1994), Vanhoefer et al. (2000),
Ducreux et al. (2002), and Andre et al.
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(1996). Maximum severe toxicity was
very similar in the two arms; only mild
and particularly severe mucositis was
statistically lower with FLP regimen.
This could be explained by the duration
of the injection (1-h infusion instead of
120h) combined with the lower dose
of 5-FU (350-400 mg/m?) in this arm.
Similar observations had already been
made by Ychou et al. (1996) when using
the same FLP regimen (with 1-h injec-
tion) showing no grade 3-4 mucositis
in metastatic gastric cancer. Other worst
toxicities (particularly neutropenia and
digestive toxicities) are in the range
reported by Vanhoefer et al. (2000) with
a 5-FU/cisplatin regimen in gastric cancer
(respectively 35% and 32%). Gastric can-
cer cases were associated with the highest
toxicity, which is a common observation.

Regarding the efficacy in terms of
response, survival, quality of life, and
hospital stays (which represent second-
ary objectives), no significant differences
were found between the FP and FLP
regimens. Our study confirms the activ-
ity of the combination cisplatin-5-FU in
the esophageal adenocarcinoma location,
in terms of response rate (37%), which is
slightly better than the 33% observed by
Ilson et al. (1995). This efficacy, albeit
real (19.8%) in metastatic squamous cell
esophageal cancer, is less significant than
the one of 35% observed by Bleiberg et al.
(1997). However, the number of patients
with esophageal cancer was too small to
draw any valid conclusions.

Concerning the gastric location, the effi-
cacy in terms of response rate observed
in this trial (19.8%) is lower than that
reported in previous phase II non ran-
domized studies (Lacave er al., 1991;
Rougier et al., 1994; Ohtsu et al., 1994;
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Ychou et al., 1996) using the same regi-
mens; these studies showed response rates
ranging from 41% to 52%. This can be due
to a more selected population included
in those phase II non-randomized trials.
By contrast, the response rate reported in
our trial concerns a non-selected popu-
lation, coming from a great number of
centers (including non-specialized ones).
However, this response rate is far from
the one reported by Kim et al. (1993) in
a phase III trial (51%) (unconfirmed by
external review) but equivalent to that
of 20% recently reported by Vanhoefer
et al. (2000) using FP regimen. Recently,
a slightly better response rate (27%) was
obtained by Bouché er al. (2004) in this
condition with a combination LVS5FU2-
cisplatin. In terms of survival, the overall
median survival of 40 weeks in our trial is
in the same range as that obtained by pre-
vious studies (9—11 months) and it is better
than the 7.2 months reported by Vanhoefer
et al. (2000).

As for pancreatic location, efficacy of
FP or/and FLP (with an overall response
rate of 9.3% and a median overall sur-
vival of 116 days) is rather disappoint-
ing but similar to that reported in a trial
conducted by Ducreux et al. (2002) testing
continuous 5-FU (1,000mg/m?/day for
5 days) plus cisplatin (100mg/m?) 1 day
vs. 5-FU (500mg/m?/day for 5 days).
This study showed a slight advantage for
the FP protocol compared with 5-FU alone,
with a response rate of 12% and 112 days
of median survival. In this location, gem-
citabine is now widely used but has never
been compared to a combination of 5-FU/
cisplatin in a randomized trial, even if toler-
ance to gemcitabine was shown to be more
favorable in two studies reported by Philip
et al. (2001) and Colucci et al. (2002).
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The quality of life data showed no
differences between the study arms dur-
ing the first six cycles; this is consistent
with the similar duration of hospital stays
reported in the two arms.

In conclusion, FLP regimen is substan-
tially equivalent to FP as regards safety
and quality of life as well as for antitu-
mor efficacy in advanced gastric, pan-
creatic, and esophageal cancers; the only
slight advantage of FLP in this study con-
cerns mucositis. Based on these results,
FLP could, at most, be an alternative to
FP when appropriate. However, recent
data in gastrointestinal cancers show that
oral administration of 5-FU in combina-
tion schedules would replace intravenous
administration of 5-FU in future trials.
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Gastrointestinal Cancer: Endoscopic
Submucosal Dissection (Methodology)

Atsushi Imagawa

INTRODUCTION

Endoscopic submucosal dissection (ESD)
is a new method of endoscopic therapy for
treating early gastrointestinal neoplasms.
This technique has been developed to
achieve an en-bloc resection of specimens
larger than 20mm in diameter and has
contributed to making a histopathologi-
cal diagnosis more precise than the con-
ventional method known as endoscopic
mucosal resection (EMR).

However, a major drawback of ESD
is its high rate of perforation. It requires
high levels of endoscopic skill and expe-
rience because it is one of the most com-
plex and lengthy endoscopic procedures
in use. Nevertheless, these drawbacks
are being gradually overcome through
intensive study and efforts by Japanese
endoscopists who have treated early gas-
trointestinal neoplasms and are focusing
on early gastric cancer (EGC). It is nec-
essary to fully understand this treatment
method because it is expected to become
a standard technique and gradually spread
world-wide. Therefore, I elaborate on the
actual method of ESD, mainly in regard
to EGC.

INDICATIONS

The indications for ESD for EGC in our
hospital are intramucosal invasion of the
intestinal type, in accordance with the
World Health Organization (WHO) clas-
sification. No size limitation is applied
for lesions without ulceration, whereas for
ulcerated lesions the maximum diameter
is 30 mm. It has been reported that there is
no incidence, or only a very low incidence,
of lymph node metastasis under these cir-
cumstances (Gotoda et al., 2000).

METHOD AND DISCUSSION

There are many reports on the use of
diazepam, flunitrazepam, midazolam, and
propofol as sedative medications in endo-
scopic procedures. Deep sedation during
ESD is necessary because of the com-
plexity of this procedure, and recently
the use of propofol in particular has
been increasing. Hence, we usually select
propofol for sedation in this lengthy pro-
cedure. Propofol is a very useful medi-
cation for reducing patient’s anxiety,
discomfort, and pain during treatment. It
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is administered by non-anesthesiologists,
including endoscopists and nurses who are
trained in administering propofol seda-
tion under the supervision of an anesthe-
siologist. The initial dose of propofol is
1.0-1.4mg/kg, this being followed by
additional bolus doses, if required. After
the initial dose, the propofol is admin-
istered at 1.0-2.0mg/kg/h continuously
during the procedure. Additional doses
(0.4-0.6 mg/kg) are administered if the
patient begins to move. Supplemental
oxygen, at 21/min by nasal cannula, and
Pentazocine (15mg, i.m.) are adminis-
tered just before starting the procedure.
However, propofol use has the risk of
increasing the incidence of cardio-res-
piratory complications because of the
difficulties associated with controlling
its narrow dose range. Therefore, blood
pressure has to be recorded every 5min,
and electrocardiogram (ECGQG), heart rate,
and peripheral oxygen saturation (SpO,)
also have to be measured continuously
during the procedure. In addition, we are
trying to use the BIS (Bispectral index)
monitor method to objectively evalu-
ate the patient’s sedation by brain wave
measurements for risk avoidance.

In carrying out a safe ESD, selecting
the injection solution before the incision
is very important. Various solutions for
the submucosal injection, such as glyc-
erin solution (glyceol: 10% glycerin and
5% fructose in a normal saline solution),
sodium hyaluronate, and normal saline,
have been used. For a gastric lesion, we
usually select glyceol with a small amount
of indigo carmine and epinephrine because
it is possible to maintain a sufficient pro-
trusion with this mixture. In contrast, the
esophageal and colonic mucosal walls are
thinner than the gastric wall. We usually
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select sodium hyaluronate for esophageal
and colonic lesions because it maintains
the mucosal elevation of these lesions bet-
ter than other solutions (Fujishiro et al.,
2004).

A single-channel endoscope (Olympus
GIF-Q260J; Olympus Optical, Tokyo)
with a water jet system is usually selected.
When the lesion makes the ESD proce-
dure difficult to perform, a multi-bending
scope together with a water jet system
(the “M-scope,” Olympus GIF-2T240M)
is sometimes used. The merits of using
the M-scope are: it is possible to obtain
a good endoscopic view of the opera-
tion site using this scope and if the knife
device cannot occasionally be smoothly
operated, the problem will be solved
because two channels are attached to this
scope. Both scopes have a water jet sys-
tem, which is very useful for keeping a
good view of the site and for washing out
mucus and blood, an indispensable func-
tion in treating bleeding by using hemo-
static forceps.

Several knife devices have been devel-
oped by Japanese endoscopists, for exam-
ple, the IT (insulated—-tip) knife, Flex
knife, Hook knife (Olympus Corporation,
Tokyo, Japan) and Musectome (Pentax
Ltd., Tokyo, Japan). These knife devices
can be divided into two groups accord-
ing to differences in how they cut. Both
groups also have a variety of merits and
drawbacks (Figure 3.1).

One group includes devices for cut-
ting using a knife blade (IT knife and
Mucosectome). The devices in this group
can cut and dissect the submucosal layer
of the lesion faster than those in the
other group, although maneuvering with
these knives is slightly difficult. The
other group includes devices that cut
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FiGure 3.1. The Flex knife and IT knife. The tip
of the Flex knife and the blade of the IT knife can
be used to cut mucosa and exfoliate the gastric
submucosa

with the tip of the knife (Flex and Hook
knives). It is possible to cut and dissect
the submucosal layer in as much detail
as desired using the devices in this
group, although this takes some time. It
is important to be skilled in the use of
one knife and to be able to make a good
knife for operators.

Before marking around the lesion, indigo
carmine dye should be sprayed to clearly
demarcate the target lesion. Then, several
spots are marked outside of the lesion
using the tip of a Flex knife.

After a submucosal injection, a circum-
ferential incision into the mucosa is made,
mainly using a Flex knife or IT knife.
It is necessary to prepare a transparent
hood with the knife device and to image
the strategy of treatment before the start
of the incision and dissection. A trans-
parent hood is essential for obtaining a
better position and view of the dissection
line and for performing the ESD safely.

This hood, which is attached to the tip of
the endoscope, is usually used to main-
tain a satisfactory view during treatment
(Yamamoto et al., 2002). The strategy of
an ESD differs according to the location
of the lesion and the selection of knife
devices.

When a lesion is found in the antrum of
the stomach, the control of the scope and
devices is easy during the performance
of the ESD using any knife (Imagawa
et al., 2006). The submucosal layer of
the lesion in the antrum is thicker than
lesions in other locations. In addition, it
is expected for anatomical reasons that
bleeding during the procedure would
be rare.

First, an incision is made in the anal
side of the lesion after an injection of
glyceol. The purpose of this is to deter-
mine the goal of the dissection. Next, the
oral side is cut using a Flex or IT knife
to achieve a circumferential incision. A
direct dissection of the submucosal layer
1s then carried out with a Flex knife,
an IT knife, and a Mucosectome until a
complete removal has been achieved. A
submucosal dissection should be done
parallel to the muscular layer using a
transparent hood. Finally, the vessels in
the artificial ulcer bed are coagulated by
hemostatic forceps to prevent a hemor-
rhage after the procedure.

When a lesion is found at the upper or
middle third of the stomach body, a Flex
knife is mainly used in these situations:
(Figure 3.2a-f). The anal side of the
lesion is cut first in a reverse view using
a Flex knife. This knife should splash and
cut the mucosa toward the inside of the
luminal side to avoid a perforation. When
one-half of the incision is made, the sub-
sequent incisions are made in a conventional
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FIGURE 3.2 a. A flat elevated lesion was located at the lesser curvature of the middle body of the stom-
ach. The size of the lesion was about 60mm in diameter. b. After application of indigo carmine dye, the
marking around the lesion was made using the tip of a Flex knife. c. About one-half of the incision was
made after injection. d. A direct dissection of the submucosal layer was carried out using a Flex knife.
e. Exfoliation was continued until a complete removal was achieved. f. The lesion was resected in one

piece

view using a Flex knife. After that, a
direct dissection is carried out using a
Flex knife.

When a lesion is found at the upper or
middle third of the stomach body, an IT
knife is mainly used in these situations:
The oral side of the lesion is cut with a
conventional view at first using an IT
knife. A circumferential incision is made
at a time. After that, a direct dissection
is carried out. When the dissection is dif-
ficult, an option is to use snare devices
and another knife that looks like a Hook
knife and Mucosectome according to the
situation. Finally, the vessels in the arti-
ficial ulcer bed are coagulated by hemo-
static forceps.

Setting of a High-Frequency Generator

A high-frequency generator (VIO 350,
Erbe Elektromedizin Ltd., Tiibingen,
Germany) is used for marking, inci-
sion of the mucosa, and exfoliation of
the submucosa. For marking around the
lesion and the submucosal dissection
using a Flex knife, the swift coagulation
mode, 40 VW, is selected. For the incision
of the mucosa, we select the Endo-cut 1
mode (effect 2, duration 4, cut interval 3)
when using a Flex knife or the Endo-cut
Q mode (effect 2, duration 3, cut inter-
val 2) when using an IT knife. Visible
exposed vessels on the artificially cre-
ated ulcer are coagulated with hemostatic
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forceps using the soft coagulation mode
(50-70W).

Complications

Major complications of this method are
perforation and bleeding. Perforation
was reported in 4-5% of the cases, and
we encountered it in 6.1% of the cases
(Imagawa et al., 2006). In those patients
in whom perforation occurred, the defect
was immediately and successfully closed
with hemoclips during the procedure and
treated with administration of antibiotics.
It is very important to use hemoclips to
avoid urgent surgical treatment.

In contrast, there are two types of bleed-
ing, depending on the time of occurrence.
One is bleeding during resection; the other
is bleeding after the procedure (which is a
delayed bleeding). Bleeding during the pro-
cedure can be managed in all cases with
hemostatic forceps (SDB2422; Pentax:
Figure 3.3) and hemoclips with a water-
jet system. Trimming the red vessels in
the artificial ulcer bed after a complete
resection can prevent delayed bleeding.
Hemostatic forceps is a useful device for
controlling bleeding, but it is necessary
to understand how to use it. Hemostatic
forceps with a water-jet system can be
selected and used in any situation. Also,
a water jet system supplies a continuous
jet of water at high pressure, which easily
and swiftly washes away any blood that is
obstructing the visual field.

Esophageal and Colorectal Lesions

The difficulties of the endoscopic tech-
nique for esophageal lesions and color-
ectal lesions increase with the use of
ESD. The problems associated with ESD
for these lesions are that: (a) the walls of

FiGure 3.3. Hemostatic forceps. When bleeding
occurred during the procedure, the bleeding ves-
sels were grasped and coagulated via hemostatic
forceps, after washing out the blood using a water-
jet system

the esophagus and colon are thinner than
that of the stomach; (b) the range of the
operation area is narrow; (c) the scope
is not steady (Onozato et al., 2007).
It is necessary to have enough experi-
ence and knowledge to treat such lesions
and to do so carefully. In conclusion,
the methods of ESD are not sufficiently
established for treating early esopha-
geal cancer, including Barrett’s neoplasia
and colorectal cancer. Nonetheless, ESD
for EGC has already been established.
Further study of the training system for
ESD is needed to make it known to the
world outside of Japan.
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Gastrointestinal Epithelial Neoplasms:
Endoscopic Submucosal Dissection

(Methodology)

Mitsuhiro Fujishiro

INTRODUCTION

Endoscopic resection can be theoretically
applied to the localized neoplasms without
lymph node metastases. However, pres-
ently the application is limited to small
lesions. The reason is that the conven-
tional endoscopic resection method, that
is endoscopic mucosal resection (EMR)
reported by Tada et al. (1993) and Inoue et
al. (1993), has a limitation in the resected
size. Endoscopic submucosal dissection
(ESD) technique is a new endoscopic
treatment using cutting devices, which
removes the lesion by following three
steps: injecting fluid into the submucosa
to elevate the lesion from the muscle layer,
precutting the surrounding mucosa of the
lesion, and dissecting the connective tis-
sue of the submucosa beneath the lesion.
The major advantages of this technique in
comparison with conventional EMR are:
(1) the resected size and shape can be con-
trolled, (2) en bloc resection is possible
even in a large lesion, and (3) the lesions
with ulcerative findings are also resect-
able. Using the ESD technique, we can
resect a large or ulcerative gastrointestinal
(GI) epithelial neoplasm endoscopically,

which can lead to cure the target lesion
without resection of the GI organ.

APPLICATION

From the results of large numbers of
surgically treated cases, the malignant neo-
plasms without lymph node metastases
are described in detail. It is reported by
Tajima et al. (2000) for the esophagus,
Gotoda et al. (2000) for the stomach, and
Kitajima et al. (2004) for the colorectum
that the malignant neoplasms (which are
histologically diagnosed as follows with-
out vessel infiltration) can be theoretically
cured by endoscopic treatment.

Noninvasive Carcinoma in the GI Tract
Intramucosal Carcinoma

Esophagus: invasive squamous cell carci-
noma into the lamina propria mucosae, or
invasive squamous cell carcinoma into the
muscularis mucosae, low histologic grade;
in the case of adenocarcinoma, the criteria
are the same as with the stomach.

Stomach: differentiated adenocarcinoma,
irrespective of ulcer findings, <3cm in
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diameter, differentiated adenocarcinoma,
without ulcer findings, >3 cm in diameter,
or, undifferentiated adenocarcinoma, with-
out ulcer findings, < 2cm in diameter.
Colorectum: differentiated adenocarci-
noma.

Submucosal Carcinoma with Minute
Submucosal Penetration

Esophagus: squamous cell carcinoma, low
histologic grade, <200 wm below the mus-
cularis mucosae; in the case of adenocar-
cinoma, the criteria are the same as with
the stomach.

Stomach: differentiated adenocarcinoma,
<500um below the muscularis mucosae,
<3cm in diameter.

Colorectum: differentiated adenocarci-
noma, pedunculated type, limited to head
invasion, or differentiated adenocarcinoma,
non-pedunculated type, <1,000 um below
the muscularis mucosae.

Although the number is small, the duo-
denal carcinomas are considered to be
cured as the same indication as with the
gastric carcinomas.

However, another aspect of this protocol
should be considered as an established treat-
ment, which is technical aspect to obtain
resected specimens as being histologically
evaluable, because preoperative prediction
of the fulfillment of the above criteria is not
possible in all GI neoplasms. If multi-frag-
mental resection is performed, histological
examination is difficult, and, furthermore,
it was reported by Eguchi et al. (2003) and
Tamura et al. (2004) that the local recur-
rent rate was higher than that of patients
with en bloc resection. The indication of
ESD, therefore, may be determined by each
institution or each operator, according to
the technical achievements, and the goal of
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indication after overcoming them is equal to
the lesions that are preoperatively diagnosed
as the node-negative malignant neoplasms.

ENDOSCOPIC SYSTEMS
AND EQUIPMENT

Two types of endoscopes may be prepared.
One is a slim single-channel endoscope with
good flexibility, which is a main endoscope
for ESD, and the other is a double-channel
endoscope that is an auxiliary endoscope
for difficult situations by a single-channel
endoscope. It is preferable for the endoscopes
to equip the water-jet system (e.g., GIF-
Q260J, Olympus, Tokyo, Japan, EG-2931,
Pentax, Tokyo, Japan) to wash out the
blood or mucus of the target area from their
tips. In the case of colorectal neoplasms, the
application of the above upper GI endo-
scopes is preferable to a slim colonoscope,
if they reach the target lesion consider-
ing maneuverability. The high-frequency
electrosurgical unit is Erbotom ICC 200,
or VIO 300D, ERBE Elektromedizin
GmbH, Tiibingen, Germany, which has a
special kind of cutting current, that is in
ENDOCUT mode.

Devices and solutions for ESD are listed
below:

Spraying tube for indigo carmine (stomach
and intestine) or iodine (esophagus)

23-gauge injection needle for submucosal
injection

Hemostatic forceps (FD-410LR, Olympus,
or, SDB2422, Pentax)

Transparent soft attachment which fits to
the tip of an endoscope (D201-11804,
etc., Olympus) and/or small-caliber
tip transparent (ST) hood (DH-15GR,
I15CR, Fujinon Toshiba ES Systems,
Tokyo, Japan) (Figure 4.1f)
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Spraying tube for sucralfate reported by
Fujishiro et al. (2002)

Rotatable endoscopic clipping device for
hemostasis or perforation

Electrosurgical snare in case of snaring as
the final step of resection

0.2% indigo carmine (stomach and intestine)
or 1% iodine (esophagus) for chromoen-
doscopy

Submucosal injection solution

In our institution a 10% glycerin solu-
tion (Glyceol, Chugai pharmaceutical co.
Tokyo Japan) with 0.0005% epinephrine
and 0.005% indigo carmine is prepared
for small distal gastric neoplasms without
ulcer findings and a mixture of Glyceol and
1% 1,900KDa hyaluronic acid preparation
(Suvenyl, Chugai pharmaceutical co. Tokyo
Japan) is prepared for complex or proximal
gastric neoplasms and the neoplasms in the
other GI organs. Mixing ratio of Glyceol and
Suvenyl is 7:1 for complex or proximal gas-
tric neoplasms and 3:1 for esophageal, duo-
denal and colorectal neoplasms (Fujishiro
et al., 2006a). For the gastric neoplasms, it

is reported by Gotoda (2005) that normal
saline makes a sufficient submucosal fluid
cushion when an IT knife is used as a cutting
electrosurgical knife. A small amount of
epinephrine is added to obtain vasoconstric-
tion for hemostasis and indigo carmine to
find out the seeping area of the submucosal
injection solution as operators’ preference.

One or more electrosurgical knife(-ves)
among a needle knife, an IT knife, a flex
knife, a hook knife, and a TT knife are
needed.

The selection of electrosurgical knives
(Figure 4.1a—e) depends on the operator’s
preference and expertise. The needle knife
is the oldest and simplest knife that allows
cutting sharply the tissue at the tip of the
knife. However, when applied in the verti-
cal direction from the wall plane, the knife
can easily pass through the gut wall, which
results in perforation. So, it is advisable to
employ a transparent endoscopic hood at the
same time, and to use hyaluronic acid solu-
tion as an injection solution. The IT-knife
has a ceramic ball at the top of a needle

. Needle knife (KD-1L-1, Olympus)

d. Hook knife (KD-620LR, Olympus )

b. IT knife (KD-610L, Olympus)

. TT knife (KD-640L, Olympus)

C. Flexknife (KD-630L. Olympus)

f. ST hood (DH-15GR, 15CR, Fujinon Toshiba)

FiGure 4.1. Devices for endoscopic submucosal dissection (ESD). (a) Needle knife (KD-1L-1, Olympus,
Tokyo, Japan) ; (b): Insulation-tipped electrosurgical (IT) knife (KD-610L, Olympus, Tokyo, Japan) ; (C):
Flex knife (KD-630L, Olympus, Tokyo, Japan) ; (d): Hook knife (KD-620LR, Olympus, Tokyo, Japan); (e):
Triangle-tip (TT) knife (KD-640L, Olympus, Tokyo, Japan) ; (f) Small-caliber-tip transparent (ST) hood
(DH-15GR, 15CR, Fujinon Toshiba ES Systems, Tokyo, Japan)
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knife. This knife is designed to protect the
tip so that cutting cannot be achieved at the
tip but at the needle blade. The way to use
it is to place the ceramic ball in the submu-
cosal layer to hook the mucosa or the sub-
mucosal connective tissue that is intended
to be cut, and then pulling the knife out.
This is the only way to cut smoothly by
using an I'T-knife, so the knife sometimes
has to be applied blindly, which may lead
to complications such as bleeding and per-
foration. The flex-knife has a soft, thick,
and looped tip of the knife, which acts well
to prevent perforation. Furthermore, the
tip of the outer sheath is rolled over 1 mm,
which functions as a stopper to keep con-
stant incised depth. The hook-knife has a
bending part at a right angle on the top of a
needle knife. The direction of the hook can
be controlled via handle rotation, which
should be kept parallel with the wall plane
to prevent perforation. The TT-knife has a
triangular shaped metal plate attached to
the tip of a needle knife. Because the shape
of the hook is triangular, there is no need
to rotate the tip to hook the tissue intended
to cut. But thermal damage of the tissue by
the tip of a rather large triangle plate may
occur, damaging the underlying muscle
layer and precluding precise histological
evaluation of the resected specimen.

PROCEDURE

To facilitate the understanding of the ESD
procedure, schematic drawings of the pro-
cedure are shown in Figure 4.2 and repre-
sentative cases are shown in Figure 4.3.

Marking Around the Lesion

After washing the gut wall with tapped
water containing 0.01% dimethylpolysi-
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loxane, 0.2% indigo carmine (stomach
and intestine) or 1% iodine (esophagus)
is sprayed to clarify border of the lesion.
Circumferential markings are made by
using a tip of the electrosurgical knife at
Smm outside of the lesion with 2-mm
intervals between each marking in soft
coagulation mode. The tip is pressed softly
onto the mucosa, and the electricity is
turned on only for a second. For intestinal
neoplasms markings are not made because
the margins of the lesion are clearly identi-
fied and the gut wall is thin enough to be
perforated by marking only.

Submucosal Injection

The solution mentioned above is injected
into the submucosal layer just outside the
markings where mucosal incision intends
to be made at first. The volume of injec-
tion is about 2 ml in one time, and injection
is repeated several times before starting
mucosal incision until the targeted area is
lifted enough. It is important to count the
volume of injection loudly every 0.2 ml for
the operator to find out that injection works
effectively or not. Complete marginal cut-
ting of the mucosa before submucosal
dissection is not necessary, which means
that mucosal incision and submucosal dis-
section are repeated several times before
complete marginal cutting. After expo-
sure of the submucosal layer, submucosal
injection is applicable from the exposed
submucosal layer to lift up the submucosal
layer intended to be cut.

Mucosal Incision

After lifting the lesion, mucosal incision is
started by using an electrosurgical knife the
operator selected. The mucosa of outside
the markings is incised circumferentially
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FIGURE 4.2. Schema of endoscopic submucosal dissection (ESD). (a) Marking; (b) Submucosal injection
of the distal part; (c) Mucosal incision of the distal part; (d) Additional submucosal injection in the distal
submucosal to facilitate submucosal dissection; (e) Submucosal dissection of the distal part; (f) Submucosal
injection of the proximal part; (g) Mucosal incision of the proximal part; (h) Submucosal dissection of the
proximal part; (i) Complete removal of the lesion

a. Large esophageal cancer b. Ulcerative stomach cancer C. Large colorectal cancer

FiGure 4.3. Representative cases of endoscopic submucosal dissection (ESD). (a) Wide-spread type
esophageal carcinoma (chromoendoscopy and resected specimen); (b) Ulcerative gastric carcinoma
(chromoendoscopy and resected specimen); (c) Large laterally spreading colorectal carcinoma (chro-
moendoscopy and resected specimen)
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in ENDOCUT mode. If mucosal incision
reaches below the muscularis mucosae,
the submucosal layer dyed blue by indigo
carmine comes in sight. If the blue sub-
mucosal layer does not appear, it means
that the muscularis mucosae is cut incom-
pletely. In the situation, the incising line
is just traced again until the blue submu-
cosal layer comes out. The starting point
for cutting depends on the location of the
lesion. Principally, we start cutting from a
distal part from the endoscope. Retroflex
position of the endoscope is usually used
if possible when cutting a distal part, but
cutting is done at the straight position in
non-applicable situation of retroflex posi-
tion. As the submucosal injection solution
retaining in the submucosa comes down
for the direction of the ground, it is bet-
ter to start cutting from an opposite part
of the ground as well as a distal part, or
put the lesion on an opposite part of the
ground if the patients’ body positions are
changeable.

Submucosal Dissection

Small lesions can be resected by an electro-
surgical snare only after mucosal incision
around the markings without submucosal
dissection. However, large lesions, lesions
with ulcer findings or lesions located in
a tortuous area cannot be resected by an
electrosurgical snare, which needs dis-
secting the submucosa completely. The
electrosurgical knife the operator selected
is also used for dissecting the submucosa.
The knife is put slightly onto the connec-
tive tissue in the submucosal layer and the
electricity is turned on intermittently for
a short time to confirm the cutting tissue
in forced coagulation mode. If the target
to dissect cannot be seen directly at any
way, a transparent attachment on the tip
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of the endoscope or an ST hood is very
useful to stretch the connective tissue
and make a good view field in the sub-
mucosa. Especially, in case of colorectal
neoplasms, we consider gravity for pro-
ceeding submucosal dissection and may
change the patients’ body positions. The
lesions should be positioned opposite to
the ground because the detached parts of
the specimen comes down and the con-
nective tissue in the submucosa to dissect
is stretched enough to dissect easily and
safely. The injected solution in the sub-
mucosa pours out after mucosal incision
gradually and submucosal cushion flat-
tens down as time has passed. So it is also
important to start dissecting the submu-
cosa immediately from the incising part
of the mucosa before marginal mucosal
cutting.

Bleeding

Once the bleeding occurs, it takes a long
time to achieve hemostasis and it is dif-
ficult to keep clear endoscopic views.
So, instead of cutting blood vessels, it is
important to treat them with coagulation
without bleeding. For small vessels, which
are smaller than the tip of the electrosurgi-
cal knife, the knife is usually enough to treat
them without changing hemostatic devices.
The tip is softly touched to the vessels, and
they are coagulated in forced coagula-
tion mode. For large vessels, hemostatic
forceps should be used. The vessels are
caught, pulled up a little to keep the for-
ceps apart from the gut wall slightly, and
coagulated in soft coagulation mode.
However, all vessels cannot be man-
aged before bleeding. Once bleeding
occurs, immediate hemostasis is neces-
sary. Coagulation using the tip of the knife
or the hemostatic forceps is the first choice
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to achieve hemostasis. The power settings
are the same with treating non-bleeding
vessels. In order to identify the bleeding
vessels, water-jet system is also very use-
ful. If the bleeding cannot be managed
using the hemostatic forceps after coagu-
lation for several times, we unwillingly
use endoscopic clips in order not to inter-
fere the subsequent procedure.

After the total removal of the lesion,
the visible vessels located in the post-
procedure ulcer base are treated using
hemostatic forceps in soft coagulation
mode especially in case of the stomach. In
the esophagus and the intestine, because
thinner muscle layer may cause delayed
perforation due to thermal damage and
the rate of delayed bleeding is much
lower than that in the stomach, only large
vessels should be treated by hemostatic
forceps. Or, hemoclips can be used to
control visible vessels. And finally, 20 ml
of sucralfate liquid are sprayed using the
outer sheath of the rotatable endoscopic
clip device for not only stomach, but also
for other GI organs to confirm the achieve-
ment of hemostasis and coat the post-
procedure ulcer base.

Perforation

From our experiences, the perforation
experienced during ESD is very small and
usually noticed as soon as it occurs. When
perforation occurs, immediate closure by
endoscopic clipping is necessary in order
not to deteriorate the patients’ condition.
If tensional pneumoperitoneum is uncon-
trolled only by endoscopic clipping, com-
bining with percutaneous transabdominal
air deflation using 18-gauge elastic needle
is very effective. Emergency surgical rescue
is avoidable after successful closure of the
perforations in the limited experience reported

by Fujishiro et al. (2006b), but intensive
managements with no oral intake, resting
on bed, and, intravenous antibiotics for sev-
eral days until symptoms become free and
laboratory data improve are needed. When
the perforation is closed and the patient’s
condition is not improved, continuation
of the ESD procedure is permissible until
completion of the resection.

Management After Endoscopic
Submucosal Dissection

After ESD, patients are prohibited eating
and drinking until the next day of ESD.
The laboratory findings and chest and
abdominal X-ray reveal unremarkable, then
patients are permitted oral intake from soft
foods. In case of the upper GI organs, fol-
low-up endoscopies are performed within
1 week to check up post-procedure ulcer
healing, and then discharge from the ward
is determined. A proton pump inhibitor
and sucralfate are administered until con-
firmation of healing of the post-procedure
ulcers. In case of the colorectum, patients
are discharged from the ward within
1 week without checking ulcer healing. All
the patients with ESD principally undergo
follow-up endoscopies 2 months after
ESD to confirm the healing and excluding
recurrence of the post-procedure ulcers.

FURTHER CONSIDERATIONS

Endoscopic submucosal dissection is a
novel endoscopic treatment that makes
it possible to perform en bloc resection
even for complicated GI neoplasms and
many lesions that used to require surgical
treatment are now treated endoscopically.
Endoscopic submucosal dissection brings
many patients a great deal of benefit, but
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it has been indicated that the technique
needs some refinements before becoming
a widely accepted technique. The major
problem is that there are only a limited
number of endoscopists who can per-
form ESD because of technical difficulty.
Therefore, we should establish the effi-
cient training system of ESD or develop
new devices or innovations in order to
change it to an easier technique. Without
such refinements, endoscopic submucosal
dissection carries a potential of complica-
tions such as hemorrhage and perforation,
which hampers the widespread use of this
marvelous technique.
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Inoperable Abdomino-Pelvic Tumors:
Treatment with Radio-Frequency
Ablation and Surgical Debulking

Nathan W. Pearlman

INTRODUCTION

Standard resection of most abdominal and
pelvic neoplasms entails removal of the
tumor and a margin of normal, uninvolved,
tissue. These goals come into conflict
with operative safety or patient acceptance
when the tumor abuts, or is adherent to
vertebral bodies, upper sacrum, aorta, vena
cave, superior mesenteric artery/vein, or
upper sciatic nerve. While extended resec-
tions that include one or more of these
structures have been performed in this
setting, morbidity is significant and long-
term benefit often limited. Most patients
who require such an undertaking for tumor
removal either refuse the procedure, or
are deemed inoperable at the outset, and
treated as such. Unfortunately, the pal-
liation they receive from non-resectional
therapy is also often quite limited.

Over the years, preoperative radiation or
chemoradiation has often been employed
in this situation in hopes of shrinking these
neoplasms or separating them from critical
structures enough to make them ‘“oper-
able”. This rarely happens if the tumor
is truly fixed due to critical structures
at the outset. Even if sites of adherence
are sterilized by radiation and converted

to scar tissue, this cannot be assumed
prior to operation. Experience shows that
any abnormal or thickened tissue encoun-
tered at the edge of the tumor during
surgery is potentially malignant and
must be removed, again with a margin of
normal tissue.

An alternative approach, first described
by Cushing (1928) for extirpation of brain
tumors, consists of stepwise removal of the
lesion using a combination of electrosurgical
thermal ablation and piecemeal debulking
from the center outward (“excavation’), usu-
ally over several sittings. Similar treatment
of small rectal cancers was described by
Strauss et al. (1935). This general approach
1s still used for some brain tumors, and the
electro-electrocautery is often replaced by
ultrasonic or laser dissection (Harsh and
Wilson, 1990). However, piecemeal elec-
trofulguration of rectal cancer has, for the
most part, been supplanted in recent years
by resection, which has improved safety
and better cure rates than in the past.

The electrosurgical units typically used
for this type of thermal ablation in the past
employed high voltage (500-3,000 V), low
amperage (0.1-0.5A) radiofrequency cur-
rent (500-1,000kHz), with an intermittent
duty cycle (25%) of short duration (sec-

37



38

onds) (Buysse S., August 2005, Valleylab,
Tyco Health Care, Boulder, CO, personal
communication,). The devices were pri-
marily designed for superficial coagula-
tion or cutting, not deep tissue heating.
If applied for more than a few seconds,
energy transfer would shut down due to
tissue dessication or charring around the
electrode; thermal damage lateral to the
electrode is usually < 1cm. Thus, attempts
to use these devices for ablation of tumors
>2-3cm in diameter routinely failed due
to inadequate tumor heating and/or coagu-
lation of feeding vessels at any depth.

In 1989, a newer radiofrequency genera-
tor was introduced for treatment of bone
tumors (Tillotson et al., 1989). The cur-
rent was low voltage (generally 110V),
higher amperage (0.5-2.0A), continuous
(100% duty cycle), and of long duration
(minutes) (Buysse S., August 2005, per-
sonal communication). There was much
less tissue dessication/charring around the
electrode, and deeper tissue heating/abla-
tion, than with older electrosurgical units.
Use of the device grew rapidly. Initially,
the most common application was liver
tumors (Decadt and Siriwardena, 2004;
Gillams, 2005) but soon expanded to
treatment of neoplasms in other sites, such
as lung (Fernando et al., 2004; Belfiore
etal.,2004), kidney (Zelkovic and Resnick,
2003), retroperitoneum (Abraham, et al.,
2000), and pelvis (Ohhigashi et al., 2001).
Suitable targets were treated by open sur-
gery, laparoscopy, or percutaneous tech-
niques, with ablated tissue left in situ.
Over time, however, it was found that
complete ablation of tumors over 4-5cm
was difficult with this approach (Abraham
et al., 2000), and could lead to abscesses
and/or damage to surrounding structures
when treating lesions outside the liver

N.W. Pearlman

(Ohhigashi et al., 2001; Zelkovic and
Resnick, 2003; Rhim et al., 2004).

We felt that this obstacle to ablating
larger extrahepatic neoplasms might be
overcome if the ablated tissue is removed,
and the radiofrequency probe reapplied,
in a stepwise manner, i.e., the original
“excavation” technique of Cushing. This
approach seems preferable to repeated
overlapping radiofrequency applications
to an intact tumor and then attempting to
remove it. The stepwise approach would
theoretically facilitate more precise and
predictable tissue ablation in the depths
of the tumor, minimize retained necrotic
tissue, and, hopefully, limit damage to the
surrounding tissue. In fact, that is what
generally occurred. In the sections that
follow, our technique and initial results
are reviewed.

TECHNIQUE

Lesions are approached through a laparot-
omy or generous incision in the perineum.
When possible, temperature probes are
placed at the periphery to protect adja-
cent tissue. Two different radiofrequency
probes have been used; initially, the RITA
Starburst™ expandible multitine array; in
later years, the Valleylab Cool-Tip™ triple
probe. Each device theoretically ablates
up to 4-6¢cm of tissue with 1 application
according to the manufacturer, although
we found results quite variable from
patient to patient.

The probe is placed in the center of the
tumor and heated to target temperature
(RITA), or for the prescribed 12 min (Cool-
Tip). The ablated tissue is then removed by
piecemeal debulking or suction aspiration,
depending on its consistency. Carcinomas
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FIGUurRe 5.1. General approach to stepwise tumor
debulking

generally remain quite firm after heating,
and require piecemeal removal with a
rongeur forceps or small osteotome. Some
sarcomas are similar in this respect; how-
ever, most are liquefied by the radiofre-
quency current, and can be aspirated using
an obstetric suction extraction device.
Debulking is continued until bleeding.
The radiofrequency probe is then reap-
plied and the ablate-curette/aspirate cycle
repeated in a stepwise manner out to
the tumor “capsule” (Figure 5.1). The
“capsule” (hopefully sterilized) is stripped
away from surrounding tissue if possible,
or left in situ if adherent, and the tumor
bed drained.

PATIENTS AND RESULTS

Between July, 2003, and October, 2006,
we treated 26 patients: 17 males, 9 females;
age range 28-84 years. Fifteen patients
had fixed retroperitoneal or para-aortic
tumor; 11 had bulky pelvic neoplasms.
Nine lesions were primary, 17 were recur-
rent. Median size was 10 cm. All patients
had prior treatment: 20 had received radi-
otherapy or chemoradiotherapy; 5 had
chemotherapy alone; 1 patient had under-
gone repeated tumor embolization.
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Tumor histology in 22 patients was either
adenocarcinoma (11) or sarcoma (11). Two
patients had squamous cancer, 1 had a
recurrent adrenocortical carcinoma, and 1,
a desmoid tumor. Patients were “unresect-
able” for a variety of reasons. In 9, the
lesion was fixed to lumbar vertebrae or
aorta. Seven patients had tumors adherent
to the sacro-iliac joint or lateral bony pel-
vis (theoretically resectable); but refused
hemi-pelvectomy. In 4, the neoplasm filled
the pelvis, allowing no room for exposure.
Three patients had cancers adherent to
the proximal sacrum (S1, S2), 1 refused
exenteration for radiation-induced sarcoma
fixed to the prostate, and 1 had a desmoid
tumor surrounding the superior mesenteric
artery and vein. The final patient had a
large malignancy involving stomach, left
lobe of liver, and inferior vena cava.

Treatment outcome was defined as suc-
cess if the target lesion was controlled
for a minimum of 6 months. Failure was
death from any cause within 3 months
of surgery, or tumor progression in the
treated field within 6 months. Using these
criteria, 16 (61%) patients were a “‘suc-
cess”,and 11 (42%) remain free of disease
at 8—48 months. An example is shown in
Figures 5.2 and 5.3. Five patients ini-
tially considered a success relapsed after
6 months: 3 at local and distant sites; 2
at distant sites alone. Fourteen patients
had significant pain (> 5 on scale of 10)
prior to surgery; 7 had 60% or greater
reduction in pain afterward. Ten patients
(39%) were failures at the outset. One
patient died within 30 days of surgery,
and 3 others succumbed within 3 months,
a treatment-related mortality of 16%. Six
patients survived operation, but never
achieved local control of their tumor, and
died 5-9 months after surgery.
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FIGURE 5.2. Abdominal CT scan: desmoid tumor
is root of mesentry engulfing superior mesentric
artery/vein.

FIGURE 5.3. Same patient 6 months after combined
RF ablation and debulking

Nonfatal morbidity was 16% (4 patients):
osteoradionecrosis of the iliac wing (1);
iliac arterial damage requiring a stent
(1); nonhealing buttock incision (1); per-
sistent retroperitoneal abscess cavity (1).
Kaplan-Meier survival for all patients is
presently 35% at 48 months (GraphPad
Prism™, Version 4 for Windows, GraphPad
Software, San Diego, CA).

In conclusion, our experience sug-
gests that large and/or fixed extrahepatic
tumors that would be difficult and/or
impossible to treat with standard surgery
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or radiofrequency ablation alone, can
often be addressed using both modalities
together. Nevertheless, not all patients
benefitted. In some, lesions abutting the
aorta or vena cava could not adequately
ablated, either as a result of these vessels
acting as a heat sink, or our fear of injur-
ing these with the radiofrequency probe.
Conversely, in 2 other patients, bone
and a major (iliac) artery were damaged
by overheating. Thus, there is much to
be learned with this approach, both in
regard to technique and determination
of the best candidates. The finding of
35% long-term survival is encouraging,
but still early. It does suggest, how-
ever, that many patients with seemingly
isolated bulky abdominal and/or pelvic
neoplasms have no distant metastases at
presentation. Thus, if their local disease
can be controlled, a sizable percentage
become long-term survivors.
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Gastrointestinal Neuroendocrine
Tumors: Diagnosis Using Gastrin

Receptor Scintigraphy

Martin Gotthardt, Thomas M. Behr, and Martin Béhé

GASTROINTESTINAL
NEUROENDOCRINE TUMORS

Gastrointestinal neuroendocrine tumors
(NET) are mostly malignant tumors with a
low incidence of 0.002-0.76 per 100,000
people per year. They are less malignant
than adenocarcinomas of the gastrointes-
tinal tract, most of them are highly dif-
ferentiated, and they show slow growing
patterns. Therefore, the term “carcinoid”
was introduced by Oberndorfer in 1907 to
distinguish this tumor entity from the more
aggressive adenocarcinomas. Nowadays,
to avoid confusion in the terminology, the
nomenclature of NET should follow the
WHO classification (Solcia et al., 2000).
Older classifications, such as the well-
known one from Williams and Sandler
(1963) include tumors with different clini-
cal and pathological features in the same
group (such as “foregut”) and, therefore,
should not be used.

Though it was Oberndorfer who intro-
duced the term “carcinoid” for NETs,
he failed to detect their endocrine ori-
gin. It were Ciacco in 1906 and Gosset
and Masson in 1914 who described that
“carcinoids” arose from Kulchitzky’s
enterochromaffin cells in the glands of

Lieberkiihn. Although the neural crest has
been believed to be the origin of the cells
forming NET for a long time (Pearse,
1969), it seems to be more probable that
the original ideas of Masson are correct
and NET arise from endocrine cells of
the gastrointestinal tract (van Eeden and
Offerhaus, 20006).

Symptoms, Clinical Appearance,
Therapy, and Prognosis

Many NET of the gastrointestinal tract are
functionally inactive. Because of their slow
growing pattern, symptoms often occur
late in the course of the disease and often
too late for curative therapy. Mechanical
symptoms related to large liver metastases
or gastrointestinal obstruction may lead to
the diagnosis. Often, the primary tumor
may be comparably small and only the
(liver) metastases lead to the diagnosis. In
case the tumors are functionally active, the
symptoms are related to the kind of tumor
and the hormones it produces. The carci-
noid syndrome includes flushing, diarrhea,
and bronchial obstruction which are
caused by serotonin secretion. Other well-
known syndromes are the Zollinger-Ellison
syndrome caused by gastrin-producing
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gastrinomas with peptic ulcera, reflux dis-
ease, and diarrhea or the Verner Morrison
syndrome characterized by hypokalaemia
and diarrhea caused by VIP (vasoactive
intestinal polypeptide) secretion. These
functionally active NET are often named
after the hormones they produce, such as
insulinoma, VIPoma, gastrinoma, gluca-
gonoma etc. (Arnold, 2005). Although the
patient may show impressive symptoms,
the size of the tumors may be limited,
which may complicate their detection by
imaging modalities.

The therapy of NET includes many
options. Surgery is the treatment of choice
in patients with functionally active tumors
as a curative approach. Palliative surgery
should also be considered in function-
ally active metastatic tumors to reduce
the symptoms. Symptom control or at
least relief can also be obtained by phar-
macological treatment (such as proton
pump inhibitors in Zollinger Ellison syn-
drome). Octreotide may inhibit tumor
growth as well as hypersecretion of pep-
tide hormones causing symptoms. Also
a-interferon may reduce tumor growth.
Chemotherapy is indicated in patients
with quickly-progressing metastatic dis-
ease (mostly Streptozocin, Doxorubicin,
Cisplatinum, Etoposide, Dacarbazine), but
seems to be of limited effect in NET of
the small bowel and colon. Larger liver
metastases may be treated by chemoem-
bolization, radio frequency ablation, or
radiosurgery. If the primary tumor has
been resected and metastases are limited
to the liver, these patients may in selected
cases also be treated by liver transplanta-
tion. Peptide receptor radionuclide therapy
(PRRT) with octreotide analogs labeled
with °Y or ""Lu is another option offering
the advantage of much lesser side-effects

M. Gotthardt et al.

in comparison to chemotherapy. However,
in view of the comparably low numbers
of patients, prospective randomized con-
trolled clinical trials are missing so that
there are no evidence-based guidelines
for the use of these therapies. Therefore,
treatment decisions will largely rely on
personal experience of the treating physi-
cians. Therapy should always follow an
interdisciplinary approach.

Diagnostic Imaging Procedures

The diagnosis of a functional neuroendo-
crine tumor can usually be made based on
the symptoms of the patient in conjunction
with biochemical parameters. To localize
the tumor, somatostatin receptor scintigra-
phy (SRS) is considered the central imag-
ing procedure. SRS has a high sensitivity
and specificity reaching up to 90% and
80%, respectively. In patients with func-
tional NET of the pancreas, SRS should
be combined with endoscopic ultrasound
(EUS). Especially in gastrinomas, endos-
copy will be necessary to examine the
gastric mucosa and to exclude duodenal
manifestation of the tumor. EUS is also
able to detect small lesions in the pan-
creas down to 1-2mm that may be missed
by SRS or anatomical imaging modali-
ties, such as magnetic resonance imaging
(MRI) or computed tomography (CT).
In the first work-up of pancreatic NET,
CT and MRI should be performed after
SRS and EUS but they are of value for
the definition of the exact localization of
lesions prior to invasive therapy or in the
follow-up after therapy. It has also been
shown that CT and MRI influence patient
treatment in the same extent as SRS in
patients with metastasized NET (Gotthardt
et al., 2003b). In the case of insulinomas,
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SRS shows only a low sensitivity because
many insulinomas do not express the
respective somatostatin receptor subtypes
binding octreotide. This does not exclude
positive scans in patients with insulinomas
(which may be the case in up to 50%), but
in most cases SRS will be false-negative.
Therefore, in insulinoma SRS plays a
minor role in comparison to other pancre-
atic NET. In non-functional NET of the
gut, the imaging procedures to be used are
identical with those for functional NET of
the pancreas. In NET of the gut, SRS also
plays a central role in the localization of
the primary tumor. It should be combined
with abdominal ultrasound (US) which is
also very useful for the detection of liver
and lymph node metastases. For further
work-up of the patients, CT and MRI
should be used dependent on the clinical
situation. Especially in the case of nega-
tive SRS, CT scanning of thorax and abdo-
men is the imaging modality of choice.
In NET of the colon and rectum, SRS
may have a somewhat lower sensitivity.
These tumors should then be imaged by
CT (combined with an enteroclysma) and
MRI. Algorithms for imaging of gastroin-
testinal NET have been defined by Ricke
et al. (2001).

Potential Improvement of Scintigraphic
Imaging of NET by Using Alternative
Radiopeptides

In the diagnostic work-up of NET, SRS-
negative tumors may form a considerable
problem. In the case of insulinomas, the
sensitivity of SRS lies clearly below 50%.
Other NET or their metastases may also
be SRS-negative. Therefore, alternative
receptors for targeting of tumors with
other peptides are warranted. Reubi and

Waser (2003) have defined a number
of alternative receptors that may have
potential as targets for scintigraphic
imaging. These include the GLP-1 (glu-
cagon-like peptide-1) receptor and the
CCK,(cholecystokinin)/gastrin receptor.
Indeed, insulinomas can be imaged by
targeting the GLP-1 receptor (which is
also an option for peptide receptor radio-
therapy (PRRT) ) (Gotthardt et al., 2006a;
Wild et al., 2006; Wicki et al., 2007).
For imaging of CCK2 receptors, recently
a clinical study demonstrated that gas-
trin receptor scintigraphy (GRS) had an
excellent sensitivity for the detection
of metastatic medullary thyroid carci-
noma (MTC) (Gotthardt er al., 2006b).
Therefore, clinical targeting of other
receptors than the somatostatin recep-
tor is feasible and may be of additional
value.

RADIOPEPTIDE SCANNING
VERSUS ANATOMICAL
IMAGING MODALITIES

Radiopeptide scanning is based on the
principle of injection of a radiolabeled
peptide which specifically targets a
receptor overexpressed on a tumor. This
radiopeptide is then taken up into and
accumulates within the tumor cell while
the unbound radiopeptide is cleared out
of the body, preferably via the kidneys.
In this way, high uptake into the target
tissues can be achieved while the back-
ground activity is kept low. In addition
to high target-to-background ratios, con-
ventional nuclear medicine imaging as
well as PET are very sensitive, allowing
the detection of very small quantities of
a radiopharmaceutical (in the range of
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micrograms). Furthermore, an optimal
radiopeptide will specifically accumu-
late only in the targeted tumor. It would
therefore also be possible to differentiate
between local recurrence and scar tis-
sue which is a problem of CT and MRI
scanning. Higher specificity is there-
fore a very important potential advantage
of radiopeptide scanning over anatomi-
cal imaging. Unfortunately, this is not
always true: octreotide is an example for
a radiopeptide that accumulates in tumors
as well as in inflammation/scar tissue
because somatostatin receptors are also
expressed on lymphocytes, activated leu-
cocytes, and epitheloid cells (Gotthardt
et al., 2004). A disadvantage of conven-
tional nuclear medicine imaging is the
comparably low resolution that can be
achieved. In three-dimensional SPECT
(single photon emission computed tom-
ography) imaging, the spatial resolution
of clinical scanners is limited to ~ 1 cm,
which may result in a low sensitivity for
small lesions. The use of higher-resolu-
tion systems leads to a decrease in physi-
cal sensitivity of the cameras requiring
longer acquisition times, which is not
always feasible in clinical practice. For
older PET scanners, the spatial resolu-
tion is also limited to 8 — 10 mm. New
systems with time-of-flight technique
and the use of other new technologies
are currently improving the spatial reso-
lution to 2 — 4 mm for clinical scanners.
Therefore, the disadvantage of lower
spatial resolution will be much less
important in the future. This will help
to increase sensitivity of PET for very
small lesions. Furthermore, these new
scanners are also capable of whole-body
scans in a shorter time of <15 min which
will further improve in the future.

M. Gotthardt et al.

RADIOLABELED PEPTIDES:
DEVELOPMENT,
ADVANTAGES, AND
SHORTCOMINGS

The over-expression of proteins in patho-
logical processes offers different possi-
bilities for targeted diagnosis and therapy
(Hutchinson, 2007; Suzuki et al., 2007).
In the case of radiopeptide imaging, this
is the case for several peptide recep-
tors expressed on different tumors (Reubi,
2003). These receptors can be targeted
with the respective ligand peptides which
are used as Trojan Horses to deliver radio-
activity for imaging and therapy or toxic
substances to the cancer cells (Schally and
Nagy, 2004). Radiometals can be coupled
via chelators to the peptides whereas other
nuclides may be attached via a covalent
bond (Heppeler et al., 2000).

In the chemical part of the development
of radiopeptides, problems such as complex
or covalent binding stability have to be
overcome whereas the biological aspects
are related to metabolic stability, biologi-
cal properties such as receptor affinity or
biodistribution, which are more compli-
cated. Naturally occurring peptides have a
low stability in blood with half-lives in the
range of minutes, and therefore need to be
stabilized by replacing amino acids with
other natural amino acids, D-configurated
amino acids or artificial amino acids.
Another possibility is to change the amide
bond. However, it is crucial to preserve
the biological properties such as binding
affinity or internalization rate. The bind-
ing affinity should be in the nanomolar or
better in the subnanomolar range.

Binding of a radionuclide to a peptide
highly depends on chemical properties of
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the radionuclides. Halogens may be bound
covalently to peptides and proteins. At least
for radioactive isotopes of iodine this is a
disadvantage because they are attached in
the ortho position of the hydroxy group on
an aromatic ring (tyrosine). This structure
is known from iodinated thyroid hormones
which is why it is released from cells after
internalization. Furthermore, the bound
iodine may be cleaved by deiodinases (the
same that are responsible for deiodination
of thyroid hormones). This results in free
iodine and high uptake of radioiodine in
the thyroid while the target-to-background
ratios become low. Most radiometal labeled
compounds stay within the cells after recep-
tor binding and internalization and are only
slowly released. This so-called “residual
labeling” leads to an increasing uptake in
the cells with time. The reason is metabolic
trapping of the radiometal-chelator complex
within the target cell as there is no meta-
bolic pathway for metabolization of these
compounds. Recently, some strategies for
residual radiodine labeling have also been
developed.

The choice of the most suitable chela-
tor for radiometals depends on the use
of the compound. DTPA (diethylenetri-
aminepentaacetic acid) can be used as
monofunctional or bifunctional chela-
tor. Monofunctional DTPA is coupled as
a dianhydride to free amines (lysine or
N-terminal end) to the peptide. A carbonic
acid side chain is used for coupling which
lacks for the metal chelation. Therefore, the
chelator stability is high for "''In but not
for other radiometals. This way of labeling
is preferred for proof of principle experi-
ments of newly developed peptides because
the coupling of DTPA is easy and can
be performed during a Merrifield peptide
synthesis. Labeling with '''In can be per-

formed at room temperature achieving high
specific activities. The bifunctional DTPA
chelator has a side arm for coupling to the
peptide and all of the carbonic acids arms
will remain for the metal-chelator binding.
This complex is more stable and may also
be suitable for *°Y, in addition to ''In.

A very stable chelator for different
radiometals is DOTA (1,4,7,10-Tetraazacy
clododecane-1,4,7,10-tetraacetic  acid)
which is especially important for sta-
ble labeling for therapeutic applications.
DOTA is coupled via a carbonic acid to a
free amine of the peptide or protein. It can
be labeled with %8Ga, °Y, ""'In, or ""Lu,
etc. The disadvantage of DOTA is that it
1s necessary to heat it to 100°C during the
labeling procedure which may destroy the
peptide. Several other chelators like defer-
oxamine (DFO) for %Ga or NOTA (1.4,
7-triazacyclononane-1,4,7-triacetic acid)
for ®Cu- can be used for labeling for PET
applications. A good overview of the differ-
ent coupling methods is given by Anderson
and Welch (1999).

The advantage of peptides as compared
to other proteins with a higher molecular
weight (such as antibodies and antibody
fragments) is a favorable pharmacokinetic
behavior with rapid uptake into the target
cells, fast clearance by the kidneys, and a
low background in blood, liver, and other
organs. An image with a good target to
background ratio can be obtained within
30min—24h. Rapid clearance by the kid-
neys, however, also causes problems as
the peptides are reabsorbed in the tubuli
leading to high retention of the radiolabel
in the kidney. Although this effect is of
limited relevance in radiopeptide imaging,
in peptide receptor radiotherapy it may
cause considerable nephrotoxicity. This
will be discussed in more detail later.
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MINIGASTRIN FOR
DETECTING METASTASIZED
NEUROENDOCRINE TUMORS

Targeting of the CCK, receptor with radi-
olabeled minigastrin ('''In-DTPA-DGlu -
minigastrin (MG) ) has proven to add to the
diagnosis of metastatic MTC (Gotthardt
et al., 2006c). In direct comparison with
other imaging modalities, gastrin recep-
tor scintigraphy (GRS) together with CT
imaging showed the highest tumor detec-
tion rate, better than MRI, US, and '3F-
FDG- PET. GRS may also be helpful in the
detection of other NET. Therefore, a study
has been conducted in patients with NET
comparing GRS with the standard pro-
cedure in those patients, SRS (Gotthardt
et al., 2006c¢).

Cholecystokinin 2 (CCK,) Receptor
Expression

CCK, receptors are overexpressed on
MTC tumor cells (and also in cells of
other tumors such as small-cell lung can-
cer, astrocytomas, neuroendocrine tumors
of the gut, and others). Expression in
healthy tissue is usually low (gallblad-
der, smooth muscle cells of the gut, pan-
creas, central nervous system). Only in
the gastric mucosa, expression levels are
high. In order to keep background activ-
ity low, a ligand specifically binding to
CCK, receptors is favorable for imaging
of MTC as additional binding to CCK,
receptors would further increase uptake in
organs physiologically expressing CCK|,
receptors. MG specifically binds to CCK,
receptors and has therefore, apart from
other favorable characteristics for imag-
ing, been chosen as optimal compound for
MTC imaging.

M. Gotthardt et al.

Labeling

A kit formulation was used for labeling.
The kit was prepared by adding 250 ul
of 20 uM DTPA-DGlul-minigastrin in
0.5M sodium acetate solution (pH 5.4)
through a sterile filter into an elution
flask under sterile conditions. The kit was
then lyophilized and stored at —20°C until
use. For reconstitution for patient studies,
250MBq of '""InCl, in 500ul 0.1M HCI
was added to the kit (Béhé et al., 2003).
The radiochemical purity of the labelled
minigastrin was always >95 % as evalu-
ated by HPLC with a specific activity of
55.5GBq/umol.

Scanning Protocol

GRS with '"'"In-DTPA-DGlu -minigastrin
(MG) is basically performed in the same
manner as SRS. Approximately, 180-
250MBq of the compound are injected
intravenously. It is important to keep in
mind that MG does exert the same effects as
pentagastrin, which therefore also includes
the same side effects: nausea, cough, an
itchy “strange feeling” in chest and abdo-
men, and flush-like symptoms. Therefore,
injection should be done slowly via a
venous catheter. Usually, the side effects
resolve within a few minutes. Whole-body
scans are obtained 4 and 20-24h after
injection in anterior and posterior views
using a gamma-camera equipped with a
parallel-hole medium energy collimator.
To guarantee for a sufficient count rate,
the scanning speed is set below 10 cm/min.
SPECT (single photon emission computed
tomography) images should be obtained
for higher sensitivity as well as in case of
indeterminate findings. We suggest that
120 views should be obtained with 30s per
view.
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Biodistribution of Minigastrin

Physiologically,'''In-DTPA-DGlu,-mini-
gastrin accumulates in organs with CCK,
receptor expression. The stomach has the
highest level of CCK, receptor expres-
sion and is therefore the organ with the
most prominent MG uptake, besides the
kidneys. Though kidneys show only a
low CCK, receptor expression, the com-
pound is physiologically excreted via the
kidney. A considerable part of MG is
reabsorbed in the tubuli after glomerular
filtration via the megalin/cubilin system
(Gotthardt et al., 2007). As in tumor
cells, the radiometal/chelator complex is
retained in the tubuli leading to an even
more pronounced uptake. Other organs
with physiologic CCK, receptor expres-
sion are usually not visible on scans.
Because MG is hydrophilic, it cannot
cross the blood-brain barrier and does not
accumulate in the central nervous system.
In brain tumors that disturb the blood brain
barrier (specific), uptake has been detected
(Gotthardt er al., 2003a). Accumulation
of activity in the guts of patients (as often
detected in GRS) is most likely not caused
by biliary secretion of the compound (as
had been suggested) but by secretion from
the gastric mucosa as in most patients, the
gallbladder and liver are not visible. In
addition to the organs mentioned above,
in premenopausal women the breast tissue
may also accumulate MG.

Clinical Imaging in Neuroendocrine
Tumors

In a study with 60 patients suffering from
NET, GRS was directly compared to SRS.
CT and MRI served as reference to evalu-
ate lesions negative in SRS while positive
in GRS. From the patients included in the

study, 3 had gastrinomas, 2 glucagonomas,
1 insulinoma, 3 paragangliomas, and 51 had
carcinoid tumors (meaning other gastroin-
testinal NET independent of their functional
status). In 6 of the 51 patients, the primary
tumor was unknown. A tumor detection rate
is given because the true sensitivity could
only have been determined by histological
evaluation which could not be obtained in
these patients (due to the high number of
lesions, no postmortem analyses). This had
been replaced by verification of lesions
by either CT/MRI or follow-up. The total
number of detected sites of disease was
224, of which GRS detected 165 and SRS
detected 184. The overall tumor detection
rate was 73.7% for GRS and 82.1% for
SRS. Although GRS performed not as good
as SRS in respect to the tumor detection rate,
from 11 patients with negative SRS scans,
GRS was positive in 6 (54.5% of SRS-neg-
ative patients) (Figure 6.1). Furthermore,
GRS was able to detect 18 additional sites
of tumor involvement. Therefore, GRS
detected tumor sites missed by SRS in 12
patients (20%). There was no significant
correlation between the results of scintig-
raphy and the grade of tumor differentia-
tion, but the authors found a weak inverse
correlation of GRS and SRS both being
positive and the rate of Ki-67 expression.
No correlations between the performance
of GRS or SRS and the localization of the
primary tumor or the functional status of the
NET could be demonstrated.

Because GRS detected additional tumor
sites in 20% of all patients, half of which
were negative in SRS, the authors con-
cluded that GRS may provide additional
information in patients with NET (espe-
cially if somatostatin uptake is missing).
Furthermore, a possible advantage of GRS
is that it can be performed in patients under
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FIGURE 6.1. Patient with a metastasized NET of the ileum, details from 24 h planar scans. While GRS
is positive (a, anterior view and b, posterior view) showing several lesions in the liver, SRS is negative
(c, anterior view and d, posterior view). Note the uptake in the stomach in the left upper abdomen on GRS
images while on the SRS images the spleen is visible. The kidneys are also visible

therapy with long-acting somatostatin ana-
logs without restriction as Octreotide® is
not known to interact with the CCK, recep-
tor. Apart from imaging, an alternative to
Octreotide® could also be helpful when
exploring the possibilities for optimiza-
tion of PRRT by choosing the peptide with
more favorable tumor uptake, especially in
patients showing low or missing Octreotide®
uptake.

Interestingly, one patient who had been
diagnosed as having a “bronchial carci-
noid” was later found to have small cell
lung cancer. In this patient, a high uptake
of MG could be detected. GRS might

thus also be of value in patients with
SCLC where SRS does not perform well,
although this has to be elucidated in future
studies (Gotthardt et al., 2006b). The over-
all conclusion of the authors was that GRS
will not replace SRS but may be helpful
in patients with negative or equivocal SRS
and low uptake in SRS.

FUTURE PERSPECTIVES
OF DGLU,-MINIGASTRIN

In comparison to SPECT imaging, PET
has a higher spatial resolution reaching
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2—-4mm in the scanners of the newest gen-
eration. Furthermore, PET tracer uptake
can easily be quantified. Therefore, one
would expect that PET imaging has the
potential to further increase sensitivity and
accuracy of NET imaging. For targeting of
the somatostatin receptor on other neuroen-
docrine tumors, an advantage of PET over
SPECT imaging has been demonstrated
(Buchmann et al., 2007). PET imaging
for targeting of the CCK, receptor could
be done with DOTA-DGlu,-Minigastrin
labeled with the positron emitter %3Ga,
a generator-derived emitter. The Ge/Ga
generator is ideal for local radionuclide
production. For labeling with %Ga, DTPA
(used for labeling with '''In) is not suit-
able due to a low stability of the chelate.
Therefore, the chelator DOTA is required.
Alternative radionuclides would include
897r and %Cu, radionuclides with longer
half-lives that can easily be shipped and
are therefore suitable for local labeling.
They again would require another chelator
(desferral or NOTA).

For SPECT imaging, labeling with
PmTc instead of '''In may increase the
spatial resolution due to the more favo-
rable gamma-energy of *™Tc. Therefore,
a ?"Tc-labeled MG derivative has been
developed which showed promising results
(Nock et al., 2005). Ongoing clinical stud-
ies with this compound will have to show
its clinical potential.
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Distal Esophagus: Evaluation
with 18F-FDG PET/CT Fusion Imaging

Domenico Rubello and Cristina Nanni

INTRODUCTION

Esophageal cancer is a malignant neoplastic
disease characterized by a poor prognosis.
In developed countries the incidence is
4-5/100,000 people, while a significant
higher incidence is found in China, the
Caspian region of Iran, and in South
Africa (up to 100/100,000 people). Male
individuals are affected two to four times
more often than their female counterparts,
and black men present the highest inci-
dence of squamous cell carcinoma. The
overall 5-year survival rate in patients
amenable to definitive treatment ranges
from 5% to 30%, although the occasional
patient with very early disease may have a
better chance of survival.

Several risk factors are associated with
the development of esophageal cancer
causing inflammation of the mucosa
first, metaplasia, dispalsia, and then
cancer. The strongest association was
found with tobacco use, dietary habits
(very spicy food), alcohol consumption,
obesity, Barrett’s esophagus due to
chronic persistent gastroesophageal
reflux disease (GERD), Plummer-Vinson
syndrome, caustic injury, chronic achalasia,
and tylosis.

Esophageal cancer may present with
two histopathologic types, including more
than 98% of all esophageal cancers: squa-
mous cell carcinoma (frequently arising
in the upper two third of the organ) and
adenocarcinoma (commonly located in
the distal esophagus). The remaining 2%
of esophageal malignant lesions includes
lymphomas, leiomyosarcoma, and neu-
roendocrine carcinoma.

Esophageal cancer has a very poor prog-
nosis, and presently, surgery including
esophagectomy and lymphadenectomy
is the standard therapeutic approach,
although it presents significant risks as
intraoperative or peroperative mortality is
5%. Radiotherapy and chemotherapy can
accompany surgery to improve the overall
survival. Recently, neoadjuvant chemo-
radiotherapy has been employed to reduce
the primary mass in otherwise inoperable
patients, with promising results. This pro-
cedure improves patients’ quality of life,
but whether or not it improves the overall
survival remains controversial.

The commonly used staging system for
esophageal cancer is based on the eval-
uation of primary tumor characteristics,
lymph nodes involvement, and presence
of distant metastases (TNM stage system).
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Prognosis usually depends on the stage at
disease onset, and surgery is not recom-
mended if distant metastasis is found. In
this case palliative procedures may be
required. Radiotherapy given as a single
modality to relieve dysphagia or esopha-
geal stents to relieve obstruction may be
necessary, and are frequently used.

As for other malignant tumors, staging
esophageal cancer at disease onset is a cru-
cial point to subsequently choose the best
therapeutic approach. Several classical diag-
nostic procedures are available to evaluate
local invasion, lymph node involvement, and
distant lesions (usually in the lungs, abdo-
men, or bones). Different combinations of
barium esophagogram, upper endoscopy,
whole body computed tomography, bone
scan, and endoscopic ultrasonography are
used to stage esophageal cancer and to
assess disease relapse after therapy.

18-Fluorodeoxyglucose-Positron
Emission Tomography/Computed
Tomogaphy (18F-FDG-PET/CT)

In recent years 18F-Fluorodeoxyglucose-
positron emission tomography (18F-FDG-
PET) and 18F-FDG-PET/computed tom-
ography (CT) are acquiring importance for
oncological studies. Positron emission tom-
ography is a molecular imaging technique
based on the possibility to detect a positron
emitter tracer biodistribution (in case of
FDG the tracer is a glucose analog) over the
whole body in order to visualize the meta-
bolic activity of each organ and tissue, with a
spatial resolution of 4.5mm with the newest
PET tomographs.

5.7 MBg/Kg of FDG is injected intrave-
nously. To avoid the presence of hematic
insulin that alters the tracer distribution, the
patient is required to fast for at least 6 h
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before injection and not to take insulin or
oral antidiabetic drugs. The optimal uptake
time is 60 min. During that time the patient is
hydrated and asked to void in order to avoid
intense bladder activity. Finally, the patient
undergoes the image acquisition procedure.
Positron emission tomography is acquired
for 4-5 min/bed position while the low-
dose CT parameters are 120 kV and 80 mA.
Positron emission tomography images are
usually reconstructed with an iterative method
(OSEM is the most common).

Fluorodeoxyglucose is a glucose analog
and enters the cells via the membrane GLUT
receptors proportionally to the glucose con-
sumption. Once inside the cell, FDG is phos-
phorylated and trapped inside the cell. In fact,
it cannot be metabolized and cannot exit the
cell anymore. The result is that the cell is
labeled proportionally to its glucose metabo-
lism. This is very useful because malig-
nant lesions have a high mitotic index and
are characterized by increased metabolism
(therefore, increased tracer uptake), which is
an early neoplastic occurring change before
morphological changes become detectable
by conventional imaging methods (e.g., CT).
It is possible, therefore, to identify malignant
lesions at a very early stage, possibly chang-
ing patient management in a significant per-
centage of cases (15% in case of esophageal
cancer), and to semi-quantify the metabolic
activity of the lesion. Maximum Standardized
Uptake Value (SUV max) is the most diffuse
method to quantify the uptake of a lesion and
gives an index of disease response to therapy
or disease progression if measured before and
after therapy.

Positron emission tomography has the
disadvantage of an inaccuarate spatial
localization of hypermetabolic findings.
This is particularly important when PET
is used to study anatomically complicated
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systems as head and neck, abdomen, pel-
vis, and mediastinum. To improve PET
accuracy in the localization of positive
findings, hybrid PET/CT tomographs were
implemented. Hybrid tomographs are able
to coregister a whole body PET scan and a
low-dose CT scan. Images are fused slice
by slice superimposing PET to the ana-
tomical map created from CT. Computed
tomography scan is also used for attenua-
tion correction purpose; thus, allowing an
accurate calculation of quantitative param-
eters as SUV max.

Several studies in literature are aimed
to the evaluation of the role of 18F-
FDG-PET and 18F-FDG-PET/CT in the
diagnostic work-up of esophageal cancer.
Positron emission tomography is useful
because it is a whole body scan, giving a
complete overview of disease extension,
and it allows an early detection of lymph
nodes involvement and distant metastasis
for the staging, and the assessment of
therapy response for evaluating early dis-
ease relapse during the follow-up.

On the other hand, although PET/CT is
very sensitive for the detection of primary
mass (both adenocarcinoma and squamous
cell carcinoma are clearly PET positive
and have the same metabolic activity), the
exact infiltration of esophageal wall can-
not be evaluated by means of functional
PET imaging because of the poor spatial
resolution (~ 4-5mm) compared to other
techniques such us endoscopic ultrasonog-
raphy. Nevertheless, 18F-FDG-PET/CT
plays main role in the evaluation of nodes
and distant metastasis in a single-step
diagnostic procedure (Figs. 7.1-7.3).

In the case of nodes involvement, PET is
considered more sensitive than CT because
the diagnosis of positive lesions is based on a
functional index (radiotracer uptake) instead

of on morphological basis. In fact, small
lymph nodes (negative at CT because they
are smaller than 1cm) show an increased
tracer uptake and also are metastatic at his-
tology. The same concept can be applied to
the detection of distant metastasis. Positron
emission tomography is always a whole
body scan and explores all the tissues and
organs, including bones at the same time and
with the same accuracy. Other techniques
must focus on a particular organ or appa-
ratus and must be tailored on the pathology
that is under evaluation. Furthermore, FDG
is a positive indicator of cancer and the scan
reading is somehow easier than other tomo-
graphic techniques.

18F-FDG-PET AND PET/CT
IN ESOPHAGEAL CANCER

Positivity Criteria

18F-FDG-PET/CT 1is considered consist-
ent with esophageal cancer when a focal
area of increased tracer uptake is detected
in correspondence to the esophageal wall
on CT morphological map. Maximum
Standardized Uptake Value indicates the
presence of vital malignant tissue when it
is higher that 2.0-2.5 according to inter-
national guidelines. Esophagitis due to
GERD (or, rarely, due to previous radio-
therapy on mediastinum) is frequently
associated with esophageal cancer and can
be misinterpreted. Inflammation, in fact, is
the main cause of false-positivity in PET
with 18F-FDG because it is a hypermeta-
bolic process. Its uptake pattern, therefore,
resembles cancer due to the increased
metabolism (Figs. 7.1-7.3).

The only characteristic that differentiates
esophageal inflammation from cancer is that
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Ficure 7.1. 18F-FDG-PET/CT evaluating a patient with esophageal cancer at diagnosis. MIP Image (left
side — arrows) shows primary positive mass and two tiny mediastinal positive nodes. CT axial slice (right,
upper image) shows a 6 mm carinal node, negative for neoplastic involvement according to CT criteria.
The same lymph node shows increased metabolic activity at the correspondent PET/CT axial slice (right,

lower image) and is therefore a positive finding (N+)

Ficure 7.2. 18F-FDG-PET evaluating a patient with
esophageal cancer before (left side image) and
after (right side image) neoadjuvant chemotherapy.
MIP images show primary positive mass (arrows)
demonstrating a partial response after therapy
(SUV max decreased from 12.6 to 8.4)

the former is usually diffuse and the latter
is usually focal as suggested in the study of
Rampin et al. (2005). These criteria are not
strict and the extension of the uptake cannot
be considered as a reliable method. FDG-
PET is falsely negative only for lesions
with a maximum diameter smaller than
PET spatial resolution (4—-5mm) or for flat
lesions with a thickness < 4-5mm, growing
parallel to the major axis of the esophagus.
“In situ” carcinoma and severe displasia
are, therefore, usually not detected.

Staging

18F-FDG PET/CT is a reliable and accu-
rate method to stage esophageal carci-
noma. Positron emission tomography is
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Figure 7.3. 18F-FDG-PET/CT (from the left to the right, MIP and sagittal CT, PET and PET/CT fusion
images) evaluating a patient with esophageal cancer at diagnosis. PET shows positive primary mass (indi-
cated by the arrow), mediastinal nodal involvement and several bone secondary lesions

sensitive for the detection of primary
mass, even though it cannot accurately
identify T due to the poor spatial reso-
lution. Nodal metastases are detected
with a sensitivity of ~ 80%. Abdominal
and skeletal metastasis are detected with
even higher sensitivity and specificity
approaching 100%. Staging SUV max
seems to be a prognostic index, according
to some studies as that of van Westreenen
et al. (2005). Forty patients with esopha-
geal cancer were studied with 18F-FDG-
PET for staging the disease and were
divided into two groups. Groupl had a
SUV max < 6.7; group 2 had a SUV max
> 6.7. The two groups presented a sig-
nificant difference in the overall survival
(613 + 89 vs. 262 + 47 days).

Disease Relapse

In patients operated for esophageal cancer,
the presence of post-surgical fibrotic tissue
causes difficulties in the interpretation of

morphological tests as CT scan may not
be easy to distinguish vital tissue (cancer
relapse) from nonvital tissues (post-surgical
scar) as they can have the same appear-
ance. 18F-FDG-PET/CT is proved to have
a high accuracy for the detection of early
“in loco” cancer relapse.

Neoadjuvant Therapy Response

As indicated earlier, a significant number
of patients are diagnosed with esophageal
cancer in a late phase, when the disease
is so extended that a surgical approach
is useless or even dangerous. Recently,
neoadjuvant chemo-radiotherapy has been
proposed to reduce the primary mass in
order to subsequently operate the patient.
Neoadjuvant chemo-radiotherapy is known
to obtain a high rate of response with a
complete pathological response in ~10%
of patients, but a significant modifica-
tion of overall survival is not yet clearly
demonstrated. 18F-FDG-PET/CT result is
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proved to be correlated to the pathologic
response concerning the variation of SUV
max before and after therapy, and this is
an accurate index to early and “in vivo”
evaluate therapy response. Nevertheless, it
is not clear if an early recognition of neo-
adjuvant therapy response is significantly
correlated to a better prognosis. Despite
that, Swisher et al. (2004) in their pre-
liminary study found that after neoadjuvant
chemoradiotherapy patients with SUV max
< 4 within the residual lesion had a signifi-
cantly longer overall survival compared to
patients with SUV max >4. 18F-FDG-PET
is not routinely used for the follow-up and
acquires importance only if equivocal find-
ings at conventional imaging arise.

18F-FDG-PET/CT Versus Other
Techniques

According to the classical diagnostic and
staging work-up, if a patient presents
with symptoms consistent with esopha-
geal carcinoma, the first step usually con-
sists of barium X-ray examination that
may be performed before endoscopy. It
can demonstrate the location of the tumor
and the degree of tumor obstruction. The
second and most important step is endos-
copy, that provides tissue for diagnostic
biopsy and brushings and for additional
measurement of tumor size and determi-
nation of location. Once the diagnosis is
done, the staging is performed through
CT of the neck, chest, abdomen, and
pelvis. Computed tomography is used to
identify enlarged lymph nodes, metasta-
sis to distant organs, and malignant fluid
collections (pleural effusions, ascites)
and may help in determining tumor sur-
gical resectability, placement of radia-
tion fields, and prognosis. More recently,
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endoscopic ultrasonography was used in
association with CT. It gives information
about detailed assessment of the intramu-
ral extent of tumor and the involvement
of adjacent lymph nodes.

In this regard, for the evaluation of
esophageal cancer 18F-FDG PET/CT is
proved to have the same sensitivity as that
of 18F-FDG PET alone (96%) but a sig-
nificantly higher specificity (81% vs. 59%)
and accuracy (90% vs. 83%). For staging
the disease, PET is as accurate as CT
and endoscopic ultrasonography, and these
three methods showed similar sensitivity
and specificity (82-86% and 60-67%,
respectively).

This scenario significantly changes if
these techniques are employed to evaluate
response to neoadjuvant chemo-radiother-
apy. Westerterp et al. (2005) analyzed 24
recent articles on esophageal cancer, and
found that PET and endoscopic ultrasonog-
raphy are equal and both are significantly
more accurate than CT. The maximum
joint values for sensitivity and specificity
were 54% for CT, 86% for endoscopic
ultrasonography, and 85% for FDG-PET.
Accuracy of CT was significantly lower
than that of FDG-PET (p < 0.006) and of
endoscopic ultrasonography (p < 0.003).
Instead, accuracy of FDG-PET and that
of endoscopic ultrasonography was simi-
lar (p = 0.839). In all patients, CT was
always feasible, whereas endoscopic ultra-
sonography was not feasible in 6% of the
patients, and FDG PET was not feasible in
< 1% of cases. The evaluation of disease
relapse 18F-FDG-PET is more sensitive,
specific, and accurate than CT (86% vs.
73%; p = 0.0002), but no specific studies
have been published up till now on the
additional value of PET/CT over PET for
the evaluation of disease relapse.
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PET/CT and Other Radiotracers

18F-FDG is not the only radiotracer feasi-
ble to study malignant tumors using a PET
tomograph. 11C-Choline is the second
radiotracer used in PET for clinical stud-
ies especially for the evaluation of prostate
cancer, giving an index of cell membrane
metabolism. According to literature, 11C-
Choline is feasible to study esophageal
cancer but, from preliminary studies, it
has a significantly lower sensitivity, spe-
cificity, and accuracy for the detection of
primary tumor and distant metastasis and
is not feasible for studying liver and spleen
due to their physiological high uptake.
11C-Choline PET seems to be more sensi-
tive than 18F-FDG-PET in detecting nodal
metastatic involvement and may be used to
increase the accuracy of N evaluation. 18-
F-Fluoro-thymidine (18F-FLT) is another
radiotracer that was proposed for the eval-
uation of esophageal cancer. It is a direct
marker of cell proliferation. 18F-FLT has
a lower sensitivity compared to 18F-FDG-
PET but gives a lower number of false-
positive results. Various tracers are discussed
in other chapters in these volumes.
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Endoscopic Ultrasound and Staging

of Esophageal Cancer

Kanwar Rupinder S. Gill and Timothy A. Woodward

OBJECTIVES

Accurate cancer staging allows the most
favorable therapy and prognosis of a neo-
plastic process, and allows consistency
when performing clinical trials for dif-
ferent stages of tumors. In the case of
esophageal cancer, the available therapeu-
tic options include resection, radiotherapy,
chemotherapy, photodynamic therapy,
and multimodal combination therapy. The
most important para meter in determin-
ing the prognosis and optimal treatment
is defining the anatomic extent of the
cancer. Endoscopic ultrasound (EUS) is
the most significant recent advance in gas-
trointestinal endoscopy. It provides close-
proximity imaging of the esophageal wall
and its adjacent structures and allows for
accurate identification of the layers of the
gastrointestinal wall, and is, therefore,
uniquely suited to the local staging of
esophageal cancer. Also, EUS has become
a significant tool for the assessment of
locoregional lymph nodes, and in some
cases, distant organ metastases adjacent to
luminal structures. EUS with the addition
of fine needle aspiration (FNA) allows for
minimally invasive access to these sites
through a transesophageal or transgastric

approach. The capability of performing
FNA has greatly improved the accuracy
and popularity of EUS for esophageal
cancer staging. This review will outline
the basic principals of the EUS-FNA tech-
nique, and its role in esophageal cancer
staging and restaging after chemoradio-
therapy, as well as the potential role of
newer modalities such as endobronchial
ultrasound (EBUYS).

BASIC PRINCIPLES

Squamous cell cancer and adenocarcinoma
account for the majority of esophageal
cancers. The incidence of esophageal can-
cer has increased over the last 2 decades
with adenocarcinoma of the distal esopha-
gus having the highest rate of occurrence
in the United States and Europe (Blot and
McLaughlin, 1999; Pera et al., 1993).
Survival of esophageal cancer patients
depends on the anatomical extent of tumor.
Treatment guidelines and prognosis are
principally based on the degree of tumor
invasion (T), the presence of nodal metas-
tases (N) and/or distant metastases (M) as
scored in the TNM classification system
(Sobin et al., 2005). Tumors confined to
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the esophageal wall are considered Tl1
or T2 disease, while those invading the
adventitia or adjacent structures are con-
sidered T3 and T4, respectively. The N
indicates the peritumoral nodal involve-
ment, whereas the cervical and celiac
lymph nodes, along with involvement of
visceral organs, are considered M disease
by some authors. The curative treatment is
surgical resection; however, the 5 year sur-
vival rate is only, on average, 10% among
patients with negative tumor margins on
surgical resection (Eloubeidi et al., 2003;
Enzinger and Mayer, 2003; Hulscher
et al., 2002; Pera, 2000; Rouvelas et al.,
2005). Furthermore, in patients selected
for curative resection the surgical morbid-
ity is quite high, with a mortality rate rang-
ing between 4-10%. Unfortunately, many
patients present with advanced stages may
not be candidates for curative resection
(Taylor, 1986). The esophagus lymphatics
are just below the surface of the muscula-
ris mucosa, so there is a high prevalence
of lymph node metastases even at early T
stage esophageal cancer. Tumor extending
to the mucosa (T1m) and to the submucosa
(T1sm) will demonstrate nodal metastasis
~ 5% and 25% of the time, respectively.
The nodal involvement is much higher
(40-50%) in tumors reaching muscula-
ris mucosa (T2), and this reaches up to
80% in T3 and T4 disease (Rice et al.,
2003; Sabik et al., 1995). Locoregional
lymph node metastasis is one of the most
important prognostic factors in predict-
ing the survival and resectability (Kato
et al., 2002). The accurate staging is very
important to identify patients with T2 and
T3 stage disease, who might be candi-
dates for chemoradiation therapy before
surgical therapy, and to avoid surgery
in patients T4 lesions, i.e., patients with
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advanced disease involving vascular struc-
tures or adjacent organs, thus warranting
palliative management (Rice et al., 2003).
Thus, EUS is a valuable tool in staging of
esophageal cancer. It can be used to evalu-
ate the TNM staging at initial diagnoses
and also to access for disease recurrence.

EQUIPMENT

Training in EUS-FNA techniques is available
through advanced endoscopy fellowships,
as well as short courses and tutorials,
both of which can be supplemented with
published literature, video materials,
CD ROMs, and websites. Recognizing
the variability in training, the American
Society for Gastrointestinal Endoscopy has
published minimum guidelines for compe-
tency in EUS, which include 150 super-
vised cases of which 75 should include
FNA. The EUS application in assessing
the anatomy of esophagus and application
of FNA in the mediastinum is relatively
simple. This is because the position of the
scope is straight in the esophagus without
particular angulation.

Echoendoscopes are available in two
general formats, radially oriented trans-
ducers in which the image is oriented
perpendicular in a “radial” format relative
to the endoscope, and linearly oriented
transducers that are oriented so the image
is parallel with the endoscope. Mostly the
assessment of esophageal cancer is done
by radial echoendoscope; however, linear
echoendoscopes are necessary to perform
EUS-FNA because they allow visualiza-
tion of the needle entering into the target
lesion. Olympus, Pentax, and Toshiba cur-
rently manufacture linear echoendoscopes,
which have small or standard accessory
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FiGure 8.1. Olympus linear EUS (left) and EBUS
(right) scopes

channels (2.0-2.8 mm) and larger acces-
sory channels (3.7 mm) capable of deliver-
ing needles and other therapeutic devices.
All of the available linear echoendoscopes
are capable of EUS-FNA (Figure 8.1). The
echoendoscopes require attachment to a
specific ultrasound processor, which can-
not be used with other makes of echoendo-
scope. Each of the linear echoendoscopes
is capable of oblique endoscopic viewing
in addition to the ultrasound image. The
endoscopic components (light source, air/
water supply, image processor) plug into
the standard endoscopic equipment for
each manufacturer.

Needle systems designed for EUS-FNA
are available from three different manu-
facturers (Olympus Co., GIP Mediglobe,
Wilson-Cook Co.) in a wide variety of
gauges (19-25g, usually 22g), with dis-
posable and non-disposable handles. All
needle systems are luer-locked to the
accessory channel of the echoendoscope,

and are advanced into the tissue with a
piston-like handle. The needle is occluded
with a stylet during passage through the
GI tract wall to minimize contamina-
tion from pass-through structures. Expert
cytopathology interpretation is essential to
high quality EUS-FNA. When available,
on-site interpretation during the procedure
increases the accuracy and efficiency of
EUS-FNA (Klapman et al., 2003).

PROCEDURE AND TUMOR
INVASION (T), NODAL (N)
AND DISTANT METASTASIS
(M) CLASSIFICATION

After informed consent and sedation, the
patient is incubated with the echoendo-
scope. EUS staging of esophageal cancer
involve assessment of the primary tumor
(T staging); assessment of the nodal and
distant organ involvement (N and M) stag-
ing which may also involve performing
FNA of lymph nodes. The examination
can be performed initially with a radial
echoendoscope and then with the linear
echoendoscope for targeted EUS-FNA, if
necessary.

The primary site of the tumor is exam-
ined for T staging followed by inspection of
nodal involvement. The endoscopy guided
high frequency transducers are utilized to
examine the esophageal and parasophageal
structures. Different ultrasound frequen-
cies are utilized to evaluate the anatomical
structures. At usual frequencies of 7.5 MHz,
structures up to ~5cm from the esophagus
can be imaged. By increasing the fre-
quencies to 20 MHz (Miniprobe) more
detailed images can be obtained, but with
a more limited field. Utilizing frequencies
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of 7.5-12 MHz on standard echoendo-
scope, the esophagus appears as a five
layer structure on EUS examination. The
mucosa appears as first hyperechoic layer
corresponding to superficial mucosa and
second hypoechoic layer corresponding to
deep mucosa. The third hyperechoic layer
corresponds to submucosa. The fourth hyp-
oechoic layer is muscularis propria (MP)
followed by the fifth hyperechoic layer
corresponding to adventitia. The visuali-
zation of the five esophageal layers gives
detailed information as to the T staging.
T1 tumors invade the mucosa (T1m) and
submucosa (T1sm). Tumors invading MP,
but not going through it are T2. Tumors
expanding through MP and extending into
the adventitia (manifesting endosonograph-
ically as pseudopodia) are T3 (Figure 8.2).
Involvement of any adjacent organs is T4.
Lymph nodes are round or oval hyp-
oechoic structures on EUS examination,
which when identified at the peritumoral

Ficure 8.2. Esophageal cancer with tumor pseu-
dopodia (arrow) extending through muscularis
propria and peritumoral lumph nodes (arrowheads)
consistent with T3, N1 stage
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site, are classified as N1. When nodes are
identified at cervical or celiac locations
they may be classified as metastatic dis-
ease (M), depending upon their proximity
to the primary tumor. The celiac nodes are
inspected through posterior wall of stom-
ach (Station 1). Accordingly, the liver is
inspected through the duodenal bulb and
lesser curve of the stomach. Examination
of the esophagus and mediastinum with
the radial echoendoscope is a simple pull-
back procedure. With the linear echoen-
doscope, the mediastinum is surveyed by
first finding the descending aorta at the
gastroesophageal junction, and then rotat-
ing 360° through the mediastinum until the
aorta again comes into view. The instru-
ment is withdrawn 2-3 cm and the maneu-
ver repeated until the entire mediastinum
has been inspected. Specific lymph node
stations such as the subcarinal nodes can
be found quickly by withdrawing the
instrument to ~ 25-30 cm from the incisors.
Color Doppler is not usually needed, as
vascular structures are obvious because of
their anechoic and large appearance.
EUS-FNA is usually performed using
a 22-gauge needle equipped with central
stylet (Figure 8.3). The node is punctured
under real time ultrasound guidance and
the stylet withdrawn. The needle is then
moved backwards and forwards within the
node to acquire cellular material. In most
cases, suction is not necessary to obtain
an adequate specimen. The specimen is
injected onto a slide for preparation by the
endoscopist or specially trained cytology
technicians. The slides are then interpreted
by an on-site cytotechnician or patholo-
gist. Three or four needle passes providing
lymphocytes without malignant cells are
usually sufficient to exclude malignancy in
a particular node. The EUS can determine
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Ficure 8.3. EUS-FNA of the Celiac lymph node
(black arrow) using 22 gauge needle (white arrow)

the size, number, and echogenic features
for suspicious metastatic involvement.
Also, the EUS-FNA can be utilized in a
safe manner for accurate staging.

ROLE OF ENDOSCOPIC
ULTRASOUND-FINE NEEDLE
ASPIRATION IN ESOPHAGEAL
CANCER

Endoscopic Ultrasound in Assessing
Primary Tumor (T Staging)

EUS is the most accurate method for T
staging of the esophageal cancer (Mallery
and Van Dam, 2000). Many studies
have demonstrated the high accuracy of
EUS compared to CT scan for T staging
(Holden et al., 1996; Moorjani, et al.,
2007; Rosch, 1995; Wakelin et al., 2002).
A meta-analysis of 27 primary articles
demonstrated the overall accuracy of EUS
for T staging to be 89% (Rosch, 1995).

The accuracy of the T staging with standard
EUS (7.5-12 MHz) increases as the T stage
progresses. The overall accuracy of EUS
for the superficial (T1) tumors has been
reported ~ 80% when compared to surgical
staging (Hasegawa et al., 1996; Zuccaro
Jr. et al., 2005). The staging accuracy for
T3 increases to over 90% (Rice et al.,
2003). The varying results displaying EUS
accuracy likely represent the interobserver
variation among endosonographers. The
T1 staging may be improved by use of
Miniprobe, as higher frequency (20 MHz)
provides better delineation T1m and T1sm
stages (Hasegawa et al., 1996; Murata
et al., 1996; Shimoyama et al., 2006).
This is particularly important as different
T1 lesions can be effectively treated with
photodynamic therapy (PDT) or endo-
scopic mucosal resection (EMR). The
study by Hasegawa et al. (1996) reported
an increase in accuracy with Miniprobe
for differentiating T1 and T2 lesions to
92% from the 76% accuracy achieved
with standard lower-frequency ultrasound
endoscopes. Although Miniprobe has bet-
ter accuracy for T staging, the N staging
may be compromised given the limited
depth of penetration into surrounding tis-
sues (~3cm) (Rosch and Classen, 1999).
The combination of conventional EUS
for T staging and Miniprobe for T staging
has also been described by Shimoyama
et al. (2006). In this study of 20 patients,
Miniprobe had 100% accuracy in distin-
guishing between T1, T2, and T3 stages
and 86% accuracy for differentiating T1m
and T1sm.

A major problem encountered during
EUS staging of esophageal cancer is
advanced disease with esophageal stric-
tures. A complete conventional EUS staging
examination with scope tip diameters in
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the 12- to 13-mm is prevented by luminal
obstruction or stricture in ~30% of esopha-
geal cancers (Botet et al.,1991; Fickling
and Wallace, 2003). The studies evaluating
the role of EUS in T staging for obstructive
disease report varying accuracy depend-
ing methodology used. The earlier studies
comparing EUS utility in determination of
T stage for traversable verses nontravers-
able esophageal tumors reported accuracy
of 84% versus 77%, respectively (Dittler
and Siewert, 1993; Rosch and Classen,
1999). Similarly, only small differences
were observed in another study comparing
traversable verses non-traversable tumors
(92% versus 87%, respectively). However,
much lower accuracy was reported by
Hordijk et al. (1993) in stenoses which
could be traversed only with difficulty
(46%) verses tumors which were easy to
traversable (92%). The high accuracy of
endosonography in nontraversable tumors
may be due to the fact that most of these
tumors represent advanced stage (T3 or
T4). Stenotic tumors where passage of
EUS scope is difficult, low focal distance
between the ultrasonic transducer and
tumor which hampers clear visualization
of the wall layers, and tumor penetration
depth have been suggested as causes of
poor accuracy. To deal with this issue of
decreased accuracy in advanced disease,
alternative methods have been developed
and proposed. These include (1) esopha-
geal dilation prior to staging, (2) use of
7.9-mm nonoptical, wire guided echoen-
doscope, and (3) miniprobe examination.
The esophageal dilation prior to using EUS
has been utilized; however, earlier studies
reported an esophageal perforation rate up
to 24% (Lightdale and Kulkarni, 2005).
This problem can be dealt with serial dila-
tions over several days as demonstrated
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by Wallace et al. (2000). No complica-
tions were observed when 42 esophageal
strictures were dilated in a serial, stepwise
fashion using Savory-Gilliard dilators. This
study also reported dilations of 14-16 mm
which resulted in complete EUS-FNA stag-
ing of 87% of procedures compared with
36% with dilation to <14mm (p < 0.01).
Additional 19% (8/47) patients were diag-
nosed with advanced disease as a direct
result of dilation of the malignant stric-
tures. The 7.9-mm nonoptical, 7.5MHz,
echoendoscope have a steerable tip. These
echoendoscopes are passed blindly over a
stiff guidewire passing through the malig-
nant stricture. Binmoeller et al. (1995)
and Mallery et al. (1998) demonstrated
that the nonoptical, echoendoscope could
be passed in all of 87 and 18 patients,
respectively, with malignant strictures.
In both studies the complete T and N
staging in all patients was achieved. In
the study by Binmoeller ef al. (1995), N
staging was compromised in 15 patients
because of inadequate visualization of the
celiac axis region. The histopathologic
correlation in 38 patients in this study who
underwent surgery showed an excellent
T stage accuracy rate of 89% (T2 = 80%,
T3 =95%, T4 = 87%); however, the N and
M stage accuracies of 79% (NO = 44%,
NI = 90%) and 91% (MO = 94%, M1 =
75%), respectively. The third alternative
of using Miniprobe examination is quite
attractive as the small diameter allows
the scope to pass tumor stenoses without
dilation and also the high frequency can
provide more accurate T staging than low-
frequency probes. However, as described
above, the miniprobes are limited by their
range, and thus may be unable to fully
image large tumors or regional lymph node
involvement.
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Endoscopic Ultrasound in Assessing
Nodal Metastasis (N Staging)

Utilization of EUS for assessment of N
stage is well documented in literature.
EUS is superior to the CT scan for N stag-
ing (Vazquez-Sequeiros et al., 2003). The
four EUS criteria suggestive of malignant
lymph nodes include nodal width > 10 mm,
round shape, smooth borders, and hyp-
oechogenicity (Catalano et al., 1994; Tio
etal., 1990). Among these criteria, hypoe-
chogenicity and width of > 10mm appear
to be the most specific for malignancy
(Bhutani et al., 1997; Catalano et al., 1994).
Collectively, these four EUS features pro-
duced an additive effect in the prediction of
malignant lymph node involvement; malig-
nancy can be predicted with 80-100%
accuracy when all four features are present.
The presence off all four criteria are highly
sensitive (80—-100%). However, all of the
four features are present only ~ 25% of the
time. Also, given the subjective nature of
these criteria the overall accuracy of con-
ventional EUS in predicting N stage is ~
79%, which 1s much less than for T staging
(Kelly et al., 2001; Rosch, 1995).

Given the above limitations, multiple
studies have evaluated the role of EUS-
FNA in N staging (Wiersema et al., 1997;
Giovannini et al., 1999). EUS-FNA pro-
vides cytologic confirmation of metastatic
disease from accessible nodes as long as
the primary tumor is not in the pathway of
the aspiration needle. The application of
EUS-FNA has further enhanced the accu-
racy of N staging to ~ 88—100% (Lightdale
and Kulkarni, 2005). Of these studies, the
largest study by Wiersema et al. (1997)
involving 192 patients reported sensitivity,
specificity, and accuracy for evaluation
of malignant lymph nodes to be 92%,
93%, and 92%, respectively. However, a

limitation remains for the assessment of
peritumoral lymph nodes because of the
potential contamination of needle passing
through the main tumor. The most clinical
useful information in EUS based staging
is gained from the assessment of lymph
nodes remote to the tumor, like celiac nodes
(Eloubeidi et al., 2001). The finding of a
malignant node in the celiac area is con-
sidered by some, M stage, and would be a
sign of unresectability. Therefore, particu-
lar attention should be paid to celiac area
during the EUS examination in staging
esophageal cancer patients as it can impact
patient management. Giovannini et al.
(1999) demonstrated EUS-FNA sensitivity
of 97% and specificity of 100% for detect-
ing malignancy in enlarged celiac lymph
nodes. More such studies are needed to
reproduce the reported accuracy of EUS-
FNA in celiac lymph node evaluation.

The bigger challenge in assessment of
the celiac lymphadenopathy results from
cases with advanced disease with luminal
narrowing not permitting the examination
of the celiac area. As described above, the
use of serial dilation to use standard EUS-
FNA examination or use of small diameter
echoendoscopes such as nonoptical 7.9
mm and Miniprobe can be used without
dilation. The disadvantage of both small
diameter echoendoscopes is the lack of
utilization of FNA. However, potential
access for FNA by endosonographic eval-
uation might be available via the smaller
diameter endobronchial ultrasound scope
(see below).

To evaluate the added cost of EUS-
FNA over standard EUS, a study by
Vazquez-Sequeiros et al. (2003) compared
the standard EUS features (hypoechoic,
smooth border, round, or width > 5mm)
criteria for assessing malignant lymph
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nodes to routine EUS-FNA. In this pro-
spective study involving 141 patients, the
modified EUS criteria (four standard plus
EUS identified celiac lymph nodes, > five
lymph nodes, or EUS T3 or T4 tumor)
were found to have 100% sensitivity if
> one modified criteria and specificity of
100% when > six modified criteria were
present. The study predicted that utiliz-
ing the modified criteria approach routine
EUS-FNA could have been avoided in 42%
of patients. A new approach of utilizing
endobronchial ultrasonography (EBUS)-
FNA can be used to sample the suspicious
lymph nodes in cervical region, which are
in close proximity to the primary tumor
where EUS-FNA cannot be possible (Noh
et al., 20006).

Endoscopic Ultrasound in Assessing
Distance Metastasis (M Staging)

The EUS can assess the metastatic dis-
ease in the organs in close proximity
to the gastrointestinal track. The util-
ity of EUS in the assessment of celiac
nodes has been discussed above. The
liver can be assessed for M disease and
tissue diagnosis can also be obtained if
hepatic metastases are identified. Besides
these, EUS is limited in assessing the
distant M disease. CT or MRI is the
primary diagnostic tool in assessing the
distant esophageal cancer metastasis and
is usually recommended prior to the
EUS examination. The sensitivity of CT
scan for determining distant metastasis
is ~ 90% compared to 70% with EUS
(Botet et al., 1991). If metastatic disease
is found with these modalities, then EUS
may not be required. However, when CT
is negative for M disease, the addition of
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EUS-FNA can be complimentary to assess
M disease. The authors reported increase
accuracy of combined CT and EUS-FNA
of 86% compared to CT alone (64%),
when the findings were compared to final
surgical staging. The studies using PET
scan in the preoperative assessment of
M disease have reported increased sen-
sitivity over CT (Kato et al., 2002). The
combined accuracy of PET scan with
EUS-FNA for staging is better than CT
or EUS-FNA alone. A decision-analysis
model study by Wallace et al. (2002)
comparing different staging strategies
concluded that PET + EUS-FNA was
more effective than CT + EUS-FNA.
Although slightly more expensive, PET
+ EUS-FNA offered the most quality-
adjusted life years when compared to
all other common staging modalities.
The authors proposed PET/EUS-FNA as
preferred over CT/EUS-FNA as initial
strategy in esophageal cancer staging.

RESTAGING OF ESOPHAGEAL
CANCER AFTER
CHEMORADIATION

The use of neoadjuvant chemotherapy,
radiotherapy, and the combined chemora-
diationtherapy, is being increasingly used
in conjunction with surgery in locally
advanced (T3 and/or N1) esophageal
cancer in an attempt to improve survival
(Lightdale and Kulkarni, 2005). The neo-
adjuvanttherapy goalsaretoreducethesize
of the primary tumor, increase the rate of
microscopic complete resection (R0O), and
eliminate micrometastatic disease (Ribeiro
et al., 2006). In cases with preoperative
chemoradiationtherapy, it is frequently
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desirable to evaluate the response to
treatment prior to recommending surgical
resection. EUS-FNA in the setting of
restaging of the esophageal cancer has
demonstrated less accuracy as compared
to TNM staging in non-chemoradiation
setting (Lightdale and Kulkarni, 2005).
The overall accuracy of EUS for T
staging after chemoradiation ranges from
27% to 82% when compared to histopa-
thology. This is due to the fact that the
identification of esophageal wall layers
after chemotherapy is difficult because
of significant fibrosis and edema, making
distinction between postradiation changes
and residual tumor difficult on EUS imag-
ing (Lightdale and Kulkarni, 2005).This
difficulty commonly leads to false-positive
errors and overestimates T staging after
chemoradiation. For the same reason, the
assessment of early T stages (T1, T2) is
more difficult as compared to advanced T
stage tumors (T3) tumors. A recent study by
Ribeiro et al. (2006) demonstrated EUS
accuracy of 95% for T3 stage compared to
only 26% accuracy for T1 and T2 stages.
In summary, it appears that EUS has bet-
ter restaging accuracy in nonresponders to
chemotherapy than responders who had
shrinkage in tumor size. Another less com-
mon error in this setting is the understag-
ing (false-negatives) of lesions. That is,
normal-appearing esophagus wall on EUS
examination can have microscopic foci of
cancer, which are detected in the postsur-
gical histopathologic specimen (Lightdale
and Kulkarni, 2005). The aforementioned
studies analyzing the clinical impact of T
staging after chemoradiation also suggest
that T staging may not impact the overall
survival in patients (Agarwal et al., 2004).
However, newer studies using measure-

ment parameters of > 50% reduction in
cross-sectional area of tumor, or decrease
in tumor thickness post-chemoradiation
have demonstrated better correlation in
assessment of the treatment response, and
predicting the overall survival after chem-
oradiation. In a study by Chak et al. (2000)
patients who had > 50% reduction in the
tumor area after multimodality therapy
had a median survival of 17.6 months
compared with 14.5 months in nonre-
sponders (p < 0.005). Another study by
Willis et al. (2002) demonstrated that EUS
had a positive predictive value of 80% for
pathologic tumor regression when reduc-
tion in cross-sectional area > 50% was
considered. Similarly, studies using the
pre- and post- chemoradiation percentage
reduction of maximal tumor thickness by
EUS also closely correlates with the path-
ological evaluation of treatment response.
By defining patients with > 50% reduction
of tumor maximum thickness after chemo-
radiation as responders, Ribeiro et al.
(2006), reported a non-statistically signifi-
cant but higher long-term survival (3-year
survival 80% versus 61%).

Unlike T staging, the N staging is cor-
related well with patient survival after
chemoradiation. Post-chemoradiation N1
stage has been reported to be the best pre-
dictor of survival (Ribeiro et al., 2000).
The overall accuracy of EUS for nodal
assessment has reported accuracy range of
38-71% (Lightdale and Kulkarni, 2005).
This accuracy of EUS alone is limited in
differentiating the malignant and chem-
oradiation related reactive nodes; how-
ever, EUS-FNA can be useful in this
scenario. The PET scan is more accurate
than EUS-FNA for nodal disease post-
chemoradiation (Cerfolio et al., 2005).
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ENDOSCOPIC
ULTRASOUND-FINE-NEEDLE
ASPIRATION MOLECULAR
DIAGNOSIS OF ESOPHAGEAL
CANCER

As in other tumors, EUS-FNA allows
ready access to tissue at multiple time-
points throughout the course of tumor
progression and treatment. This access
has opened up opportunities for transla-
tional research on esophagus cancer tissue.
Pellise er al. (2004) have demonstrated the
ability to assay for hypermethylated genes
(MGMT, pl6 [INK4a], and pl4 [ARF])
in lymph node aspirated of esophageal
cancer patients. Hypermethylation anal-
ysis increased the sensitivity, although
decreased the specificity of detecting
micrometastatic disease. Other impor-
tant areas for research include identifying
markers predictive of response to specific
chemoradiotherapeutic and biological
agents, as well as markers for the detec-
tion of complete pathological response
after chemoradiotherapy (and thus avoid-
ing surgery if tumor-free).

COMPLICATIONS AND SAFETY

When performed by experienced endo-
sono-graphers, EUS-FNA is a highly safe
procedure. The major risk is of esophageal
perforation in advanced disease. Although
initial studies reported an unacceptable
risk of up to 24% patients with malig-
nant stricture, newer studies have reported
no perforation when serial dilation are
done prior to the EUS examination. A
recent study by Mortensen et al. (2005)
reported no increased mortality as a result
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of esophageal perforation from EUS. The
other important safety precautions include
careful visualization of the entire length of
the needle as it passes into the target and
use of color flow Doppler prior to FNA to
visualize and avoid blood vessels in the
needle path.

In conclusion, EUS-FNA requires a
skilled endoscopist with specific experi-
ence and the necessary equipment, which
is now becoming more available at many
tertiary referral centers. Given that this is
an operator-dependent technique, experi-
ence of the endosonographer correlates
well with accuracy of staging (Fockens
et al., 1996). EUS has proven its value
in the initial staging of the esophageal
cancer; however its value in restaging
after chemoradiation therapy is not yet
established. This may be improved with
the new endoscopic techniques like three-
dimensional EUS, which may allow better
measurement of tumor volume to pre- and
post- chemoradiation. Another challenge
is the utilization of EUS-FNA in peritu-
moral lymph nodes where the tumor is in
direct path of needle pass. The combined
EUS/EBUS-FNA may have some role
in future to accurately assess the nodal
disease as the nodes can be approached
through trachea.

EUS-FNA, like all sampling techniques,
is subject to sampling error. Future molec-
ular techniques may improve the FNA
accuracy in case of micrometastasis.
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Esophageal Cancer: Role of RNASEN
Protein and microRNA 1n Prognosis

Hideyuki Ishiguro, Yoshiyuki Kuwabara, Nobuyoshi Sugito, and Yoshitaka Fujii

INTRODUCTION

Esophageal squamous cell carcinoma
(ESCC) is one of the most lethal malig-
nancies in Japan, with a 5-year survival
rate of 20-30% after curative surgery
(Isono et al., 1991). Even in early disease
stages, we have experienced many patients
developing local tumor recurrence or dis-
tant metastases within a short period after
surgery.

MicroRNAs (miRNAs) are small non-
coding RNAs thought to be involved in
physiologic and developmental processes
by negatively regulating the expression
of target genes. The human genome con-
tains up to 1,000 miRNA genes, which
constitute ~1-5% of the expressed genes
(Berezikov et al., 2005). The biological
functions of miRNA are not yet fully
understood, but it has been suggested that
they play a role in the coordination of cell
proliferation and cell death (Brennecke
et al., 2003), apoptosis, fat metabolism
(Xu et al., 2003), and cell differentiation
(Chen, 2004; Dostie et al., 2003). This evi-
dence appears to lend support to the notion
that changes in miRNA are involved in
the genesis and/or progression of various
human cancers (Berezikov et al., 2005),

revealing that miRNAs could act as poten-
tial oncogenes or repressors (Calin and
Croce, 2006).

The mechanism of the maturation of
microRNA is shown in Figure 9.1. The
primary transcripts (pri-miRNA) are gen-
erated by polymerase II. The processing
of pri-miRNAs in the nucleus is medi-
ated by RNASEN, a RNase III endonucle-
ase (Lee er al., 2003). RNASEN digests
the pri-miRNA in the nuclease to release
hairpin, precursor miRNA (pre-miRNA)
(Lee et al., 2003). Specific RNA cleavage
by RNASEN predetermines the mature
miRNA sequence, and provides the sub-
strate for subsequent processing events.
The pre-miRNAs are transported to the
cytoplasm from the nucleus by Exportin-5.

Once in the cytoplasm, a second RNase
III endonuclease, Dicer, cleaves the pre-
miRNA ~19 bp from the RNASEN cut
site (Lee er al., 2003; Yi et al., 2003).
Only one of the two strands is the mature
miRNA. To control the translation of tar-
get mRNAs, mature miRNA finally enter
the RNA-induced silence complex (RISC)
(Hutvagner and Zamore, 2002).

We have previously reported that the higher
expression levels of RNASEN detected in a
significant fraction of ESCC are associated
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FiGure 9.1. miRNA biogenesis and function

with shorter postoperative survival (Sugito
et al., 2006). Overexpression of RNASEN,
in addition to disease stage, was identified
as a significant and independent prognostic
factor for surgically treated ESCC patients
(Sugito et al., 2006). We used TagMan
real-time reverse-transcription polymerase
chain reaction (RT-PCR) and immunohisto-
chemistry of RNASEN in these studies. The
analysis of RNASEN expression with these
methods will be useful for the diagnosis and
treatment of the esophageal cancer.

REAL-TIME RT-PCR ANALYSIS
USING TAQMAN PROBES

We performed real-time RT-PCR anal-
ysis using TagMan probes (TagMan®
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Gene Expression Assays) to examine the
RNASEN expression in the esophageal
cancer specimens.

A. Isolation of RNA from Tumor Samples
and Reverse Transcription Reaction

1. Within 2-3h after resection, pieces of
tumor tissue were carefully selected for
maximum tumor content. All samples
were snap frozen in liquid nitrogen,
followed by storage at —80°C until
use.

2. Total RNA was extracted from the
esophageal cancer tissues and from
normal esophageal mucosa (as control)
taken from a site as distant as possible
from the tumor using Absolutely RNA™
RT-PCR Miniprep Kits (Stratagene, La
Jolla, CA) according to the instruction
manual. This kit is very easy and you
can get high quality RNA.

3. Concentration of total RNA was
adjusted to ~ 200ng/ml using a spec-
trophotometer.

4. Reverse transcription was carried out at
42°C for 90 min and 95°C for 5 min, fol-
lowed by incubation at 72°C for 15 min
using 10 pg total RNA, random hex-
amer primers (Roche Applied Science,
Alameda, CA) and Superscript ITI'™
enzyme (Invitrogen, Carlsbad, CA).

5. cDNA with good quality was prepared
and used to plot a standard curve (for
example, RNA was extracted from cell
lines).

B. Real-Time PCR Using TagMan Probes

1. Real-time quantitative PCR amplification
of the cDNA template after RT reaction,
corresponding to 20 ng total RNA was
performed using TagMan® Universal
PCR Master Mix (Applied Biosystems,



Foster City, CA, USA) in an ABI PRISM
7500 (Applied Biosystems).

. RNASEN-specific TagMan probes
were designed from sequences in exons
11 (it can be ordered from Applied
Biosystems. Assays-on-Demand Gene
Expression system, RNASEN-assay ID:
Hs00203008_m1, Applied Biosystems).
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7. Set into Tagman machine and click the
start button to run the machine.

8. PCR conditions were 50°C for 2min
and 95°C for 10 min, followed by
40 cycles of 95°C for 15s, 60°C for
1 min.

9. The window “The run completed suc-
cessfully” is displayed in the end of

3. Expressionlevelswerenormalizedagainst the run.
glyceraldehyde-3-phosphate dehydroge- 10. Standard curve was made by control
nase (GAPDH) (Applied Biosystems. cDNA (Figure 9.3).

Assays-on-Demand Gene Expression 11. Data analysis.
system, assay ID Hs99999905_m1,
Applied Biosystems).

4. cDNA was prepared as control. The con-
centrations are the original concentra- RNASEN protein levels were closely cor-
tion, 1/4, 1/16, 1/64, 1/128, and 1/256. related with mRNA expression quantified

Immunohistochemistry of RNASEN

5. Mix gently, master mix 10 ul by TagMan real-time RT-PCR.
Probe 1ul Immunohistochemistry of RNASEN is
D.W 7ul shown in Figure 9.4. In the normal esopha-
cDNA 2ultotal 20 ul into 96  geal epithelium, RNASEN is abundant in the
well plate (Figure 9.2) nuclei of basal and lower spinous layer cells.
6. Spin down 1,500 rpm 10-30 s. In esophageal cancer samples RNASEN was
1 2 3 4 5 6 7 8 9 10 11 12
A C1 C1/4 C1/16 C1/32 | C1/128 | C1/256 E96-1 E96-2 E96-3 E96-4 E96-5 E96-8
> Control > Sample

B | E96-9 E97-1 E97-2 E97-3 E97-6 E97-7 E97-8 E97-9 E98-1 E98-3 E98-4 E98-5

C | E98-7 E98-8 E98-9 | E98-11 | E98-12 | E98-13 | E98-14 | E98-15 | E99-1 E99-2 E99-4 E99-5

D | E99-7 E99-9 | E99-10 | E99-11 | E99-13 | E99-14 | E99-15 | E99-16 | E99-17 | E99-18 | E99-19 | E99-20

E [ EOO-1 E00-2 E00-3 E00-4 E00-5 E00-6 E00-7 E00-8 | E00-10 | EOO-11 | EO0-12 | EO00-13

F | E00-14 | EO0-15 | EO0-16 | EO1-1 EO01-2 EO01-3 EO01-4 EO1-5 E01-6 EO1-7 EO01-8 E01-9

G | E01-10 | EO1-11 | E0O1-13 | EO1-14 | E01-15 | EO1-16 | EO1-17 | EO1-18 | E01-19 | EO1-20 | EO1-21 | EO1-22

H E02-2 E02-4 E02-5 E02-6 E02-7 E02-8 E02-9 | E02-10 | EO2-11

FIGURE 9.2. The arrangement of RT-PCR in 96 well plate
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Ficure 9.4. RNASEN staining of esophageal squa-
mous cell carcinoma samples. Normal esophageal
epithelium(left); RNASEN is expressed in basal
and lower spinous layers. Tumor samples (right);
strong staining was observed

strongly expressed in the nuclei and cyto-
plasm, and particularly strong staining was
observed in the tumor periphery, where inva-
sion to surrounding tissues is taking place.
RNASEN staining was mainly seen in the
nuclei of cell lines (Sugito et al., 2006).

1. For antigen unmasking, deparaffinized
sections were boiled in citrate buffer
(10mM sodium citrate buffer, pH 6.0)
before incubation with primary anti-
bodies.

2. RNASEN protein levels were exam-
ined using rabbit polyclonal antibodies
(ab12286) and mouse monoclonal anti-

H. Ishiguro et al.

bodies (ab8191) (Abcam, Cambridge,
UK). Antibody staining was performed
using the DAKO EnVision system
(DAKO EnVision labelled polymer,
peroxidase).

Interestingly, expression of RNASEN,
but not DGCRS8 or DICERI1, is correlated
with poor prognosis in esophageal cancer.
Our experiment using RNASEN siRNA
supports the notion that the high RNASEN
expression observed in our study might
have a functional role in the development
of esophageal cancers rather than being a
mere surrogate marker (Sugito et al., 2006).
Although the precise molecular mecha-
nism of RNASEN up-regulation requires
clarification, RNASEN is a good candidate
molecular prognostic marker and a poten-
tial molecular target of the therapeutic
reagents for the patients with this intrac-
table disease.

Research on the molecular mechanisms
leading to the oncogenesis and progres-
sion of the tumor has not been as widely
applied in esophageal cancer as in the
breast, lung, or colon cancer. The research
of microRNA as the one described in this
chapter may bring a major break-through
in the diagnosis and future drug develop-
ment for the esophageal cancer. How this
microRNA is regulated is unknown and
will be the focus of further study.
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Esophageal Cancer: Initial Staging

Lana Y. Schumacher, Nicole B. Baril, and Sherry M. Wren

INTRODUCTION

The incidence of esophageal cancer is
increasing. Worldwide it is the ninth most
common malignancy and is endemic in
many parts of the world, particularly in the
developing countries. There were 14,550
new cases and 13,770 deaths from esopha-
geal cancer in the United States in 2006.
Esophageal cancer has two pathological
subtypes: squamous cell carcinoma and
adenocarcinoma. Squamous cell carci-
noma is most common in geographic
areas where esophageal cancer is endemic
due to environmental or dietary factors.
Squamous cell carcinoma occurs more
frequently among men than women, and it
is classically associated with alcohol and
tobacco use. In addition, these patients
often have a history of other squamous cell
head and neck cancers. In the economi-
cally developed world adenocarcinoma is
more common and its incidence is rapidly
increasing. The reason for the substantial
increase in the incidence of adenocarci-
noma is multifactorial and may be due to
an increasing frequency of gastroesopha-
geal reflux disease (GERD) which cur-
rently affects up to 30% of the Western
population. The majority of patients with

adenocarcinoma also have evidence of
Barrett’s esophagus, a metaplastic change
in the lining of the esophagus from normal
squamous to columnar intestinal epithe-
lium. Proper and accurate staging for
esophageal cancer is essential because
treatment modalities should be based not
only on the staging information but also
on the prognosis. Patients with metastatic
disease should not undergo surgical resec-
tion. Therefore, there is a large emphasis
on studying the most effective staging
modalities which would allow patients to
forgo expensive and invasive treatments
which would offer no survival benefit in
Stage IV (metastatic) disease.

PREOPERATIVE STAGING
MODALITIES

The modern staging of carcinoma of the
esophagus is based on the tumor/node/
metastasis (TNM) classification devel-
oped by the American Joint Committee
on Cancer (Table 10.1). While patient
outcomes correlate with the initial clinical
stage at diagnosis, survival is best cor-
related with the final pathologic stage. At
present time in the United States nearly
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half of the patients at time of diagnosis
have cancer that extends beyond the loco-
regional confines of the primary tumor.
Unfortunately, even in those patients with
confined locoregional disease > 60% can
undergo a curative resection. Pathologic
examination reveals that the vast majority,
up to 80%, of resected specimens harbor
metastases in the regional lymph nodes.
Thus, until a point in time where patients
with earlier stage disease are found through
surveillance or screening programs, clini-
cians currently are most often dealing with
advanced-stage carcinoma in newly diag-
nosed patients.

An optimal staging modality would
provide sensitive and specific information
regarding each of the three TNM param-
eters, allowing individualized treatment
based upon the specific cancer stage.
While in the future molecular tumor infor-
mation may also play a role in the initial
evaluation of the patient, this is currently
not available for clinical practice. Because
at the present time there is no single stag-
ing modality that provides accurate infor-
mation, most centers use a combination
of screening tests. Currently, the most
common noninvasive staging modalities
include computed tomography (CT) of the
chest and abdomen, for the evaluation of
local tumor extent and distant metastases,
and endoscopic ultrasound (EUS), for the
evaluation of tumor depth and locore-
gional lymph node staging. Endoscopic
ultrasound is an evolving technology
providing high resolution images of the
esophagus and surrounding tissues, but as
is true of all US technologies, it is highly
dependant upon the skill of the person
performing the technique. With some of
the limitations in CT and EUS, investiga-
tors looked to other modalities to try and

L.Y. Schumacher et al.

increase the accuracy of the initial stag-
ing. There had been high hopes and sup-
port for the addition of positron emission
tomography (PET), a physiological based
imaging study, in cancer staging evalua-
tions. 18F-fluorodeoxyglucose positron
emission tomography (FDG-PET) can
provide information regarding the func-
tional activity of some malignant lesions
rather than strictly anatomic information.
PET scans also have limitations regard-
ing lesions size and detectability and do
not illuminate all cancers. Most recently
there has been a fusion of PET with CT
images which may improve each of these
modalities. PET scans are also playing in
increasing role not only in the staging of
cancers but also to assess the response to
neoadjuvant therapy. Lastly, investigators
have examined the role of surgical stag-
ing with laparoscopy and thoracoscopy to
try and increase detection of patients with
metastatic disease. While these operative
techniques are very sensitive and specific
for detection of distant metastasis, they
have the disadvantage of being inva-
sive and their role in staging continues
to be controversial (Buenaventura and
Luketich, 2000).

An excellent online resource for up to
date evidence based medicine guidelines
which are frequently reviewed and updated
is the National Comprehensive Cancer
Network guidelines (Figure 10.1). In the
2007 guidelines the staging schema starts
with a CT scan of the chest and abdomen.
If there is no evidence of metastatic dis-
ease an EUS is then suggested with FNA
of any suspicious regional or metastatic
celiac lymph nodes. Lastly, if there is no
evidence of metastatic disease with these
imaging modalities a PET/CT should be
performed (Ajani et al., 2006).
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Workup

* History and physical, CBC, BMP

¢ Barium swallow (optional), EGD, CT Chest/Abdomen

* |f tumor is at or above the carina do broncoscopy (if no M1 disease)
¢ EUS with FNA if indicated (if no M1disease)

* Suspicion of metastatic cancer confirmed by biopsy

* PET if no evidence of M1 disease

Locoregional Cancer - Stage I-lll, IVA (celiac nodes with GEJ tumor)

Metastatic Cancer —Stage IVB

* Multidisciplinary evaluation, nutritional assessment
« Barium enema/colonoscopy if planning colonic interposition
* Medically fit for surgery
—resect T1-T4, NO-1, NX or Stage IVA (celiac nodes <1.5cm
no involvement of celiac artery, aorta or other organs)
* Medically unfit—chemotherapy or supportive care

* Chemotherapy or
* Supportive care
* stent, laser, photodynamic therapy, RT if obstruction
* Nutrition—enteral feeding
¢ Pain control
* Esophageal dilatation

Primary Treatment for Medically Fit resectable T1-4, NO-1, NX, IVA
* Cervical carcinoma— definitive chemoradiotherapy

* Esophagectomy for noncervical T1

* Preoperative chemotherapy/RT

Post-Treatment Evaluation

* Endoscopy (optional), CT scan, PET scan
* No evidence of disease or persistent local di

without metastasi

—proceed to esophagectomy
* Progressive or metastatic—palliative chemotherapy or supportive care|

FiGure 10.1. NCCN treatment algorithm esophageal cancer (V.1.2007)

PRIMARY TUMOR (T STAGE)

Primary tumor is evaluated by the depth
of tumor invasion through the esopha-
geal wall. At the present time endoscopic
ultrasound (EUS) is the best modality for
accurate T stage information. Endoscopic
sonography can differentiate the individual
layers of the esophageal wall and thereby
visualize the depth of tumor penetration
through the wall in real time. The normal

esophagus has alternating five hypere-
choic and hypoechoic layers as depicted
by endoscopic sonography; esophageal
cancers appear as hypoechoic masses that
disrupt and invade through the layers.
EUS has the limitation of being operator
dependant and may be difficult in patients
with large stenotic tumors where the endo-
scope cannot be passed through the tumor
lumen thereby not getting the transducer
into the region of interest. The overall
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accuracy of endoscopic is reported to
be between 85% and 90% (Kelly et al.,
2001). The technique can suffer from
both over and understaging for a variety
as reasons such as peritumoral edema
and if the tumor penetration is below the
resolution of sonography. Even with its
limitations comparative studies have con-
sistently shown that EUS is superior to CT
in assessing the depth of invasion (85% vs.
55%) (Vazquez-Sequeiros et al., 2003a).

As outlined in the NCCN guidelines,
CT is recommended as the initial imag-
ing study to exclude distant metastases,
which is then followed by endoscopic
sonography for local staging information.
CT has significant limitations in its ability
to accurately determine T stage because it
cannot delineate the individual layers of
the esophageal wall, and therefore cannot
diagnose early stage lesions (Tis, T1, and
T2). Unlike EUS, CT can only be used
to define the primary tumor by showing
the extent of esophageal wall involve-
ment by tumor and its invasion of the
peri-esophageal fat. CT can be highly sug-
gestive of a T3 or T4 lesion if the tumor
infiltrates into the peri-esophageal fat or
mediastinal structures. Loss of fat planes
between the tumor and the adjacent airway
is not always a specific finding for tumor
invasion, but can be highly suggestive of
disease if it is focally associated with the
tumor mass. It is vital to identify T4 dis-
ease because these patients are inoperable
and may have other problems such as infil-
tration of the tumor into the tracheobron-
chial tree or aorta (Figure 10.2). Overall
the reported accuracy of CT in diagnosing
T3 or T4 disease ranges between 59% and
82% (Saunders et al., 1997).

The role of PET scan in determining
T stage is more of a binary question of
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FIGURE 10.2. CT scan with intravenous contrast
demonstrating findings consistent with a locally
advanced T4 esophageal cancer. Note loss of fat
plane with the left main stem bronchus and thick-
ened esophageal wall

whether the tumor is present or not (Figure
10.3). The spatial resolution of PET is lim-
ited and therefore the sensitivity for iden-
tifying depth of invasion is also severely
limited (Meltzer et al., 2000). PET can
detect the presence of tumor with a sen-
sitivity of 95% (Heeren et al., 2004). The
use of PET can be difficult if the lesion is
small because the scan depends on bio-
logical activity of the lesion.

REGIONAL LYMPH NODE
(N STAGE)

Lymph node metastasis is one of the most
important prognostic factors for esophageal
cancer (Lerut et al., 2000). The probability
of nodal spread increases with greater
depths of tumor penetration (higher T stage)
and is prognostic of worse outcomes.
When tumors are limited to the mucosa
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FiGure 10.3. PET/CT coronal image demonstrates
a distal esophageal cancer with no evidence of
regional or metastatic spread. The image resolution
does not allow for formal T staging

(Tis), the likelihood of nodal disease is
<1%, increasing to 50% when they are
deeper than submucosal involvement by the
primary tumor. The number and location of
positive lymph nodes are also prognostic
factors (Rizk et al., 2006). The lymphatic
drainage pathway in the esophagus usu-
ally mirrors vascular inflow. In general,
carcinomas of the upper esophagus drain
to the cervical or upper mediastinal nodes,
while those arising from the mid or lower
esophagus spread to the lower mediastinal,
celiac and/or perigastric nodes. Metastasis
in the internal jugular, supraclavicular, par-
atracheal, hilar, subcarinal, paraaortic, and
pericardial lymph nodes is considered to be
metastatic but not regional disease. While
some authors believe that celiac lymph
nodes are regional lymph nodes for distal
esophageal cancers and supraclavicular
are regional for upper cancers, these nodal
basins are generally considered metastatic
disease.
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Ficure 10.4. PET/CT demonstrating regional lymph
node involvement in the right peribronchial region

Overall, CT and PET are not highly
accurate for the evaluation of lymph nodes
metastasis in esophageal cancer. Both CT
and EUS criteria for positive lymph nodes
are based on a size criterion; in general
nodes that are > 1cm in short axis dimen-
sion are considered suspicious for meta-
static disease. However, size is known to
be an insensitive parameter for determin-
ing nodal spread because enlarged nodes
can be from a benign hyperplasia, granu-
lomatous disease, and small nodes can
harbor metastatic deposits. PET scanning
has no size criteria for positive nodes, for
it is based on the presence of a detectable
emission that can be spatially identified as
a probable node (Figure 10.4).

CT has been the most widely used
examination in the preoperative evaluation
of patients with esophageal cancer. Most
authors conclude that it is not a highly
sensitive method for detection of metasta-
sis to lymph nodes (Rankin et al., 1998).
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Table 10.1. American Joint Committee on Cancer (AJCC) TNM Classification of carcinoma of the esophagus

(6th edition)?

Primary tumor (T)

TX Primary tumor cannot be assessed

TO No evidence of primary tumor

Tis Carcinoma in situ

T1 Tumor invades lamina propria or submucosa
T2 Tumor invades muscularis propria

T3 Tumor invades adventitia

T4 Tumor invades adjacent structures

Regional lymph nodes (N)

NX Regional lymph nodes cannot be assessed
NO No regional lymph node metastasis

N1 Regional lymph node metastasis

Distant metastasis (M)

MX Distant metastasis cannot be assessed
MO No distant metastasis

M1 Distant metastasis

Tumors of the lower thoracic esophagus:
M1la Metastasis in celiac lymph nodes

M1b Other distant metastasis

Tumors of the midthoracic esophagus:

MIla Not applicable

M1b Nonregional lymph nodes and/or other distant metastasis
Tumors of the upper thoracic esophagus:
MIla Metastasis in cervical nodes

M1b Other distant metastasis

Stage grouping

Stage 0 Tis NO MO

Stage I T1 NO MO

Stage 1A T2 NO MO

T3 NO MO

Stage IIB T1 N1 MO

T2 N1 MO

Stage III T3 N1 MO

T4 Any N MO

Stage IV Any T Any N M1
Stage IVA Any T Any N Mla
Stage IVB Any T Any N M1b

2Used with permission of the American Joint Committee on Cancer (AJCC), Chicago, Illinois. The original and primary source
for this information is the sixth edition (2002) published by Springer, New York. Any citation or quotation of this material must be

credited to the AJCC as its primary source.

The inclusion of this information herein does not authorize any reuse or further distribution without the expressed written permission

of Springer, New York on behalf of the AJCC.

The overall accuracy of CT for predicting
regional lymphadenopathy ranges between
50% and 70%. The accuracy in predicting
lymph node metastases in the abdomen is
of the order of 85%. PET does not seem to
perform much better with a reported over-
all accuracy for nodal staging between
48% and 90% (Kole et al., 1998; Flanagan
et al., 1997; Yoon et al., 2003).

EUS appears to be more sensitive in
evaluating lymph nodes and has improved
the accuracy in identifying metastasis to
regional lymph nodes when compared
with CT scans. Overall, it has a reported
sensitivity of 69%, specificity 76%, and
accuracy of 72% (Heeren et al., 2004). In
addition, EUS has the advantage of being
able to confirm lymph node metastases by
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FNA. The adjunct of fine needle aspira-
tion (FNA) to EUS significantly increases
the accuracy of identifying positive lymph
nodes (87% compared to 74% with EUS
alone), and EUS-FNA should be included
as a tool in the preoperative staging algo-
rithm (Vazquez-Sequeiros et al., 2003b).
Combining endoscopic ultrasound and CT
findings further improves accuracy for
TNM staging up to 86% and therefore
most recommend CT as the initial imag-
ing study to exclude distant metastases
followed by endoscopic sonography and
FNA for the most accurate local staging
information.

METASTATIC DISEASE
(M STAGE)

Unfortunately, esophageal cancer patients
commonly have distant metastasis at
presentation. The most common sites
of distant metastasis are to non-regional
lymph nodes, liver, lung, bones, and
adrenal glands. Typically, endoscopic
ultrasound and CT of the chest and
abdomen are performed to detect these
metastases. CT is helpful in detecting
metastases to the lungs, liver, adrenals,
bones, and lymph nodes that EUS cannot
evaluate. EUS can be useful in evaluat-
ing nodal metastasis in the celiac axis
for which the sensitivity is low in CT
(37-81%). The assessment of celiac axis
lymph nodes is relevant especially with
the rise of distal and gastroesophageal
junction adenocarcinomas. Most sur-
geons believe that celiac lymph nodes
should be classified as regional lymph
nodes in distal esophageal tumors and
EUS permits evaluation and biopsy of
these lymph nodes. When EUS identifies
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celiac lymph nodes, FNA confirmed
metastasis in 88% of cases (Reed et al.
1999). This assessment is essential for
planning preoperative therapy.

The added benefit of using PET in
staging for metastasis continues to be an
ongoing debate. Most studies evaluating
the impact of PET in the staging algo-
rithm have been with retrospective case
studies with a small number of patients.
Because PET gives information of the
functional activity of the tumor, it is spec-
ulated to be superior in detecting metas-
tasis (Figure 10.5). In the results of many
of these studies, PET has been reported
to be more sensitive than CT in the detec-
tion of the primary tumor and distant met-
astatic disease. Furthermore, it has been
consistently observed that PET appears
to be more specific than CT in identifying
distant metastatic disease. Many studies
suggest that the addition of PET imag-
ing to the staging algorithm improves the
accuracy of preoperative staging and thus
prevents inappropriate esophageal resec-
tion of up to 20% of patients who were
initially deemed to be resectable (Flamen
et al., 2000; Luketich et al., 1999; van
Westreenen et al. 2005). Obtaining this
accuracy is essential because the mor-
tality and morbidity of an esophageal
resection is high and it is important
to minimize unnecessary operations. In
order to help address this issue, a recent
prospective multi-center trial Z0060
(ACOSOG) evaluated whether PET could
detect metastatic disease that would pre-
clude esophageal resection in patients
initially believed to be surgical candi-
dates after standard imaging using chest
and abdominal CT and bone scinitgraphy.
FDG-PET identified an additional 4.8%
of patients with MI1b disease after
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FiGure 10.5 a. PET image of widely metastatic disease to multiple sites above and below the diaphragm.
b. PET/CT image of metastatic disease to a left supraclavicular lymph node

standard clinical staging, as well as an
extra 9.5% of patients with PET-detected
metastasis without confirmatory biopsy,
for an overall rate of 14.3%. This study
was limited by not including EUS which
has now become a standard modality in
staging esophageal cancer. In addition,
there was a delayed crossover of patients
who were initially excluded due to receiv-
ing neoadjuvant treatment and later added
to the cohort (Meyers et al., 2007).

PET scans seem to address bone metas-
tasis better than other modalities. This is
of significance because the incidence of
bone metastasis in esophageal cancer is
~ 15% and again detecting this is crucial
to preclude superfluous resection. When
compared to CT, PET was clearly superior
in the detection of boney metastasis (Wren
et al., 2002). Studies comparing the use of
PET to bone scintigraphy in evaluating the
detection of bony metastasis demonstrated

that PET was very accurate and PET also
detected osteolytic metastases when bone
scans had not. It is therefore recommended
that when the findings for bone scintigra-
phy are negative, PET should be utilized
for further evaluation (Kato et al., 2005).

Overall, PET scanning is accurate
in the detection of metastasis and may
help avoid unnecessary surgery in some
patients. Moreover, PET scanning can also
be implemented in the preoperative, post-
treatment evaluation of patients undergo-
ing neoadjuvant chemoradiation (this is
discussed later in the chapter). The onus of
using routine PET for staging for esopha-
geal cancer however is confirming the pos-
itive findings. Without understanding the
true rates of false-positivity in PET, more
invasive procedures (such as thoracoscopic
and laparoscopic evaluation) may need to
be performed, thus resulting in more cost
and morbidity.
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THORACOSCOPIC AND
LAPAROSCOPIC STAGING

The use of thoracoscopy and laparoscopy
(TL and LS) as a staging modality for esopha-
geal cancer has been added by some centers
to improve the detection of lymph node posi-
tive disease and metastasis. These modalities
have been shown to be safe with minimal
morbidity and mortality. TL/LS staging iden-
tified patients who had positive lymph nodes
which were occult on noninvasive tests as
well as T4 lesions and pulmonary metas-
tases. A multiinstitutional intergroup trial
confirmed that TS/LS doubled the number
of positive lymph nodes identified by con-
ventional noninvasive staging (CT, EUS, and
MRI). Furthermore, obtaining tissue samples
has the added benefit of evaluating genetic
markers for better prognostication of patients
with esophageal cancer as well as potential
treatment guided gene analysis (Krasna and
Jiao 2000). Few centers currently use tho-
racoscopy/laparoscopy in the staging algo-
rithm and the utility of these modalities is
still being debated. With the advancements
of EUS-FNA and PET, many feel that these
surgical staging modalities add very little
to the work-up, have added cost, and the
risk of mortality and morbidity of general
anesthesia and surgery (Wallace et al., 2002).
Some have recommended using TS/LS if
EUS-FNA is negative and if EUS-FNA is
positive than no further work-up with TS/LS
is needed; however, the ultimate role is yet to
be determined.

RESTAGING AFTER
NEOADJUVANT THERAPY
Concomitant chemoradiation therapy

(CRT) followed by esophagectomy has
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been widely accepted for the treatment
of locally advanced esophageal cancer
despite conflicting results from rando-
mized trials (Walsh et al., 1996). Approxi-
mately, 25% of esophageal cancer patients
experience a pathologic complete response
(pCR) to neoadjuvant chemoradiation
therapy and about another 20% have a
partial pathologic response. Because of
the extensive use of preoperative CRT,
there has been an emphasis to restage
patients post treatment. EUS, CT, and
FDG-PET imaging have all been used to
try to predict pathologic responses, deter-
mine prognosis and help direct subsequent
treatment decisions after neoadjuvant
therapy. Of these modalities, PET appears
to be the most accurate in determining
pathologic response and prognosis after
CRT. PET images can be analyzed both
visually and quantitatively to determine
the standardized uptake value (SUV).
Many studies have been able to monitor
a patient’s metabolic response to therapy
with SUVs. The decrease in SUV is a more
accurate objective measurement than the
change in tumor size measured by CT and
EUS and better correlates to a complete
response (Erasmus and Munden, 2007;
Downey et al., 2003; Levine et al., 2006).
Furthermore, pretreatment SUV values
can help predict whether a patient will
have a pathologic response. The accuracy
of PET at determining non-responders
was 75-76%. Moreover, survival can be
predicted with the use of post-treatment
PET SUV (Swisher et al., 2004).

CT and EUS have also been used to deter-
mine post-CRT responses and certain wall
thickness and mass size respectively, have
correlated with pathologic responses (CT
wall thickness 13.3 vs. 15.3 mm p = 0.04,
EUS mass size 0.7 vs. 1.7 cm p = 0.01).
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The accuracy rates of CT and EUS were
much lower, 62% and 68% vs. 75%,
in comparison to PET (Swisher et al.,
2004). Both EUS and CT have limitations
for their use in restaging patients after
therapy due to their inability to distin-
guish between inflammatory reaction and
tumor necrosis and may actually over-
stage patients. EUS however, does have an
added benefit of being able to repeat FNAs
post therapy. Alternatively, the utilization
of PET for downstaging has an advantage
because it evaluates the metabolic activity
of the tumor cells and thus can differenti-
ate between cell necrosis and viability.

If PET can reliably identify CRT
response then multimodality therapy could
be tailored to individual patients to mini-
mize treatment-related morbidity while
maximizing therapeutic benefit. Based on
post treatment SUVs, PET may also be
helpful in predicting survival; however,
more studies are need for validation. The
difficulty still remains with the inability
of any of these noninvasive modalities to
confirm the absence of residual viable dis-
ease in the primary tumor, and esophagec-
tomy should still remain as the main
therapeutic option even when post-CRT
imaging modalities are normal.

TREATMENT OVERVIEW

Treatment modalities for esophageal can-
cer include surgery, neoadjunvant chemo-
therapy and radiation therapy, photo-
dynamic therapy, and palliative stenting/
surgery (the details of which are beyond
the scope of this chapter). Surgical man-
agement may include staging, resection with
curative intent, and palliative techniques.
Patients with limited disease progression
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and early stage tumors benefit from com-
plete surgical resection. The intent of sur-
gery should be to achieve an RO resection,
and palliative resections should be avoided
in patients with clearly unresectable or
advanced cancer who can be effectively
palliated using nonsurgical modalities.
Those with locally advanced disease have
a poor prognosis in spite of aggressive
attempts at resection. The 5-year survival
after an RO resection for locally advanced
esophageal cancer is 15-20%, and the
median survival after RO resection is ~ 18
months with neoadjuvant therapy (Graham
et. al., 2007; Urschel et al., 2002). Data
from the National Cancer Data Base,
describes the outcomes in 11,154 patients
diagnosed in 1998 (Table 10.2) (http://www.
cancer.org/). The data clearly show that for
patients with carcinoma in situ and T1
lesions (those invading the lamina propria
or submucosa) a significant proportion of
these patients can be cured. Unfortunately,
as the cancer stage progresses the survival
rate drops substantially and at the present
time the majority of patients are diagnosed
at later stage diagnosis.

In conclusion, with the increasing inci-
dence of esophageal cancer it is important
that a complete preoperative staging work-
up is performed on each patient to avoid
unnecessary procedures and morbidity.
Non-invasive staging modalities continue

TaBLE 10.2. National cancer data base: esophageal
cancer.

Percent of 5-year relative sur-
Stage patients (%) vival rate (%)
0 1 52
I 10 41
I 21 26
1 18 13
v 26 3
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to improve with advancements in tech-
nology. It is clear that a multi-modality
evaluation is beneficial to guide patients
to proper treatment and to determine prog-
nosis. EUS has proven to be very sensitive
and accurate for T and N stage evalua-
tion and the adjunct of EUS-FNA notably
increases its accuracy for staging. While
costly and not always accessible to all cent-
ers, PET appears to be the most sensitive
for diagnosing metastatic disease. PET also
seems to be an applicable tool to reevalu-
ate patients after neoadjuvant therapy and
may be useful to determine those patients
that are responding to their CRT. In the
future, PET may be used to assess patients’
overall survival based on their post-CRT
SUVs. CT can also be utilized in evalu-
ation for T, N, and M staging but should
not be used as a single tool. If discrepancy
exists between some of these studies, tho-
racoscopic and laparoscopic exploration
is a worthwhile option for further staging
work-up. Overall, many studies have vali-
dated the importance of accurate complete
staging for esophageal cancer patients,
and all three non-invasive staging modali-
ties have proven benefit to this process.
Accuracy rates will continue to increase as
the expertise in technology evolves.
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Automated Disease Classification of Colon
and Gastric Histological Samples Based
on Digital Microscopy and Advanced

Image Analysis

Levente Ficsor and Bela Molnar

INTRODUCTION

The urgent need for the increase of
histological diagnostic efficiency requires
the support of automated, computerized
prescreening systems. The ability of com-
puters to render accurate diagnoses on
cytopathologic specimens such as cervical
Papanicolaou smears is well established
and well documented since the early 1980s
by Wittekind e al. (1983) and Stenkvist
et al. (1987). For many reasons, automated
analysis of histologic sections is pro-
foundly more difficult than the automated
analysis of cytopathologic preparations.
Histologic sections may have complex
architecture or high cellularity, whereas
cytologic preparations have relatively
simple architecture and relatively low cel-
lularity. Furthermore, histologic sections
are prone to artifacts such as chatter, fold-
ing, contamination, fragmentation, ther-
mal injury, and crush-related injury. These
artifacts represent noise that automated
analysis must ignore during the final
interpretation. Despite these obstacles,
recent studies demonstrate highly effec-
tive automated analysis of histological
sections, including the detection of cancer

cells (Loukas et al., 2003). Most studies
have focused on routinely-processed
hematoxylin-and-eosin-stained sections.
Usage of automated analysis has been
successfully extrapolated to quantitative
morphometry of immunostained sections
in the setting of mammary carcinoma.
Francis et al. (2000) introduced an analysis
method for estimation of proliferating
cell nuclear antigen (PCNA) in breast
carcinoma that worked on single field of
views with high accuracy. There are many
frontiers regarding automated analysis
that have yet to be explored. Many studies
have concentrated on simple variables,
such as the mere presence or absence
of epithelium. In order for automated
analysis to have maximal clinical utility,
higher order functions such as precise
architectural classification of glands and
other epithelial structures, classification
of cells into the proper type, fine nuclear
and cytoplasmic detail, and even different
types of stroma must be performed. This
is because each pathologic diagnosis is
rendered in part by assessing the architecture
and cytology of epithelium, hematopoietic
cells, stroma, and the presence or absence
of infectious agents.
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There is also a growing trend toward
computerized automated analysis of
histologic sections which is based on
higher order functions as described above.
Thompson et al. (1993) presented the
knowledge-guided segmentation method
that partitioned colorectal images to dif-
ferent histologic components where
glands were recognized with 85% accu-
racy. The knowledge-guided method was
adopted for prostate samples by Bartels et
al. (1996) and was shown that measure-
ment of progression or regression is pos-
sible by detecting and analyzing prostatic
lesions. Hamilton ef al. (1997) introduced
an image texture analysis method to locate
dysplastic fields in colorectal samples.
The automatic identification of focal areas
of colorectal dysplasia was based on co-
occurrence matrix and optical density at
low power microscopic images. The study
also showed that the combination of auto-
mated localization at low magnification
and knowledge-based image segmentation
at high magnification creates an automated
tool for supporting diagnostic decision
making. Esgiar et al. (1998) presented a
new solution for colon carcinoma identi-
fication based on geometric and texture
analysis and achieved 90% accuracy in
the classification. Four years later Esgiar
et al. (2002) extended their measurements
with fractal analysis which increased the
accuracy to 95%.

All of the above mentioned studies
showed good results but they have the
same limitation in that these methods use
single images and in this way they lack
the knowledge of the whole slide. For this
reason recent studies present automated
histological analysis based on whole slide
imaging. Petushi et al. (2006) introduced
new grade-differentiating parameters for

L. Ficsor and B. Molnar

breast cancer by examining the whole
digital slide, providing opportunity to
pathologists to support their diagnosis by
objective quantitative measurements.
Clearly, more sophisticated algorithms
are required for automated analysis to
address the issue of automated disease
classification. Furthermore, these algo-
rithms must incorporate large structures
on large fields of view on an entire slide.
For example, quantitative analysis of
cells throughout an entire slide or for a
specific region on a slide that harbors
glands might help characterize different
diseases. The recent advances in whole
slide imaging and visualization support
the development of dedicated organ spe-
cific algorithms that can be selectively
applied on the entire specimen in low or
high resolution depending on the analysis
request. Whole slide imaging technology
digitizes entire slides with high magni-
fication and enables the selection and
view of all available magnifications and
even the complete slide in one view.
Therefore, our aim was to develop effi-
cient algorithms to detect and measure
higher order architecture and nuclear and
cellular alterations in parallel and deter-
mine whether these algorithms could be
used by automated analysis to reliably
diagnose gastric or colon mucosa as nor-
mal or diseased on digital slides in the
environment of virtual microscopy.

MATERIALS AND METHODS

Samples

We retrospectively reviewed S5-micron-
thick, hematoxylin-and-eosin-stained
sections from 79 formalin-fixed, paraffin-
embedded specimens from gastric biopsies
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and 69 from colon biopsies. The 79 gas-
tric specimens showed normal mucosa
(14 specimens), gastritis (25 specimens,
including 6 nonatrophic, 17 atrophic, 12
with intestinal metaplasia) and adenocar-
cinoma, all of the intestinal type (30 speci-
mens). The initial review was made with
conventional optical microscopy. Normal
mucosa, gastritis, and adenocarcinoma
were diagnosed according to standard
morphologic criteria and Lauren’s classifi-
cation (1965) of adenocarcinoma. The 69
colon specimens included normal mucosa
(24 specimens), aspecific colitis (11 speci-
mens), colitis ulcerosa (25 specimens),
and Crohn’s disease (9 specimens).

Digitizing of Glass Slides

Automated analysis of histologic sections
involves the detection of cells on the
entire glass slide. Currently, only a few
products are commercially available,
which can digitize entire slides. We used
the MIRAX Scan equipped with a 20X
objective and a Sony DFW-X700
camera having 1024 x 768 resolution,
sufficient for very sensitive algorithms
used for cellular detection (the influence
of resolution was studied by Belien et al.
(1997)). The MIRAX Scan produces
digital slides which can be examined in
the MIRAX Viewer. This software is not
only a simple viewer application but it is
very powerful tool for research as well
because its slide file format offers plug-
in feasibility to store mask images and
measured data. In this way our detection
algorithms creates masks to cover the
different structural shape. After the seg-
mentation process finishes, the detection
algorithms measure some parameters of
the recognized objects. This flexibility
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provides more control than a simple
screening machine, which examines only
one field and discards the digital infor-
mation. The MIRAX Viewer can also
visualize results of detection algorithms
as the masked and measured parameters.
The MIRAX equipment is also capa-
ble of scanning fluorescent microscopy
developed by Varga et al. (2004), which
involves scanning fluorescent slides.

All specimens were scanned. The usual
area of tissue from one section of each
specimen was 5-6mm?, and the usual
total number of cells was 30,000—40,000.
Each specimen was reexamined using
virtual microscopy, and these results were
compared with the results obtained from
optical microscopy as was done in a
previous study.

Developer Tools

The algorithms for detection were written
by the author in Microsoft Visual C++ 6.0,
and they were run on a personal computer
with an Intel Pentium 4, 3 GHz microproc-
essor with 512MB of memory, operat-
ing under the environment of Microsoft
Windows XP SP2.

Detection of Cells, Tissue Components,
and Structures

Three algorithms were developed in our
laboratory for the purpose of recognizing
a given structure as either an individual
epithelial or an interstitial cell (such as
a fibroblast or inflammatory cell), a gland,
or a component of superficial epithe-
lium. The algorithms for the recognition
of glands and of superficial epithelium
are based on the results of cellular coor-
dinates.
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Cell Detection of Tissue Components
and Measuring of Tissue
Specific Parameters

The algorithm to detect an isolated cell
works on single fields of view, converts
the stored RGB images to HSV format,
and applies a color-threshold on them
(Laak et al., 2000). After these procedures,
minor contaminants are eliminated by
the morphological open operator. For the
conversion to HSV format, the following
formulas were used:

H = arccosine  ((1.5R-0.5G-B)/((R-G)?
+(R-B)(G-B))"),

S = 1-3a/(R+G+B), and

V = (R+G+B)/3,

where R, G, B are one pixel’s red, green,
and blue components, and ‘a’ represents
the lowest value from R, G, B (a = min
(R, G, B)).

As a result of the previous steps we
obtain a so-called mask image that contains
the objects of the nucleus sized. The meas-
ured parameters are shown in Table 11.1.
After the measurements, all the data (mask
image and measured numerical parame-
ters) are stored within the digital slide, and
can be presented in the MIRAX Viewer.

Gland Detection

As we discussed previously, automated
detection of architectural structures, such
as glands, in histological sections is an
underdeveloped area of digital image anal-
ysis. This is because traditional scanners
and digitizers only analyze small fields
rather than entire slides or entire specimens.
Furthermore, architectural structures such
as glands have attributes that are pro-
foundly more complicated than those of
individual cells. It is clear that detecting
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glands requires the entire slide to be ana-
lyzed, but analysis at high resolution is
impractical because a virtual slide is built
up from thousands of fields of view. One
image from one field has 1,024 x 768
pixels, and one small biopsy slide has
an average of 1,200 fields. This would
require at least 2.6 GB of memory per
slide. To facilitate the analysis, automated
detection must predict the position of the
glands prior to detection. This is done by
creating a smaller (eightfold reduction in
size, 64-fold reduction in memory) so-called
preview image for the whole section which
can show relevant areas of the slide for the
gland recognition algorithm. The present
concept in creating the preview image is
based on cellular coordinates that help
guide detection of cells. This image is
created in three steps. In the first step two
images are constructed. These images are
known as cell-map and cell-web. Cell-map
is a decimated schematic image of the
sample where cells are represented by
single spots. Cell-web is also created by
using the position of the cell. It shows a
very interesting sight of the sample indicat-
ing relationships of cells by drawing lines
between them. The cell-web constructor
(webbing) algorithm plays a critical role in
the detection of glands. In the second step,
the cell-map and cell-web are combined
together and the open morphological oper-
ation is done on the resultant image. There
are several spots on the final preview
image, some of them represent glands,
some of them are sample split, but most
of them are only small cell-free areas.
Determining which spots are really glands
is done in two steps. In the first step, rough
filtering is used. Rough filtering eliminates
areas which are too small or too large.
In the second phase further examination is
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TaBLE 11.1. Measured cellular and tissue related morphological parameters.

Measured parameters

Cell Gland Epith. Tissue

Position (x,y)

Surface

Longest diameter

Shortest diameter

Perimeter

Shape factor

Elliptical shape factor

Surface and cell number (SpCN) ratio
Perimeter and cell number (PpCN) ratio
Length

Cell number within the object

Cells’ average surface inside of the structure
SD of cells’ surface inside of the structure
Cells’ average perimeter

SD of cells’ perimeter inside of the structure
Cells’ average short-diameter

SD of cells’ short-diameter inside of the structure
Cells’ average long-diameter

SD of cells’ long-diameter inside of the structure
Cells’ average shape-factor

SD of cells’ shape-factor inside of the structure

. Surface of the biopsy
Bio/Gland Surf =

Total surface of the glands
Total cell number of the biopsy

Bio/Gland CC =
Total cell number in the glands

. . Surface of the biopsy
Bio/Epith Surf =

Total surface of the epithelia

. . Total cell number of the biopsy
Bio/Epith CC =

Total cell number in the epithelia

. Surface of the biopsy
Bio/Int Surf =

Total surface of the interstital area
Surface of the biopsy

Bio/Int Surf =
Total surface of the interstitial area
Total cell number of the biospy

Bio/Int CC =
Total cell number of interstitial area

Surface of interstitial area
Int Surf/CC =

Total cell number of interstitial area

Bio Surf/CC = Surface of the biopsy

Total cell number of the biopsy
_ “Int Surf/CC”

I/B =
“Bio Surf/CC”
I-B = “Int Surf/CC” - “Bio Surf/CC”

+

+ o+ o+ + o+
+
[
[

+ 4+ + + + + + +

I
I
+ 4+ o+t o+t

I
+ 4+ + 4+ + + + + + + o+
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|
+

done on remaining areas by shape and cell
number at the original resolution. After
the recognition process measurements are
done to get morphological data regarding
glands. Figure 11.1 summarizes the second

phase of gland detection.

Epithelium Detection

Epithelium detection has similar meth-
odology as gland detection. It also needs
a cell-web from the biopsy, but now we
are interested in the contour of this web
and not the texture. Therefore, the algo-
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rithm first calculates the coordinates of the
web’s contour pixels which are examined
as follows. Along this contour, cell-density
is determined and all contour-pixels are
signed as ‘part of epithelial string’ where
the density is high. The result is several
estimated epithelial strings. Only those
strings are part of the real epithelial sur-
face, which have a certain distance from
the contour of the biopsy, which is equal
to the cytoplasm thickness of the cell.

Feature Determination and Measurement

When one object (cell, gland, epithe-
lial surface) is detected by one of the
above algorithms it is measured for several
morphometric parameters (Table 11.1).
The parameters include: Shape factor =
4nS/P?, where S = the surface of the object;
P = the perimeter of the object; and Elliptical
shape factor = (perimeter of ideal ellipse)/
(measured perimeter) = 2(m?ab+4(a—b)?)%/
(measured perimeter), where ‘a’ =long
diameter and ‘b’ = short diameter. For
the epithelial surface its length and cell
number was determined. In addition, for
the glands and the epithelial surface the
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average and the SD of the single cellular
morphometric parameters were defined.

Determination of Tissue Cytometric
Parameters

We find that the cellular, glandular, or
epithelial surface morphometrical param-
eters themselves do not show significant
information for the disease of a certain
sample. For that reason we have devel-
oped tissue cytometric parameters (Table
11.1). For the tissue level characterization
of the morphological alterations a dedi-
cated parameter set was developed which
describes the area ratio of the single tis-
sue compartments to the entire biopsy.
Furthermore, cell densities in the different
tissue compartments were determined and
compared.

Statistical Analysis

The 79 gastric and 69 colon independent
samples were statistically analyzed by their
measured morphometrical and tissue cyto-
metric parameters. The examined param-
eters have skew distribution; therefore,

FIGURE 11.1. Process of gland detection: original image (left); cell-web (middle); detected shape of gland

(right)
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it is not allowed to analyze them by
t-probe or ANOVA. We used Kruskall-
Wallis nonparametric method to resolve
which cytometric parameters show dif-
ferences between the three major diag-
nostic groups, and Mann Whitney U test
to examine parameters in pairs. Finally,
linear discriminant analysis was applied
to set up equations for classification The
Statistica program package was used for
the statistical analysis (Statsoft Inc., Tulsa,
OK, USA, Statistica 7.1).

RESULTS

Gastric Samples

All 50 features were statistically ana-
lyzed by the methods described earlier.
We found that measured morphometrical
parameters on cells and epithelial sur-
face do not show significant differences.
But measured features of the gland are
adequate for classifying disease groups.
Two parameters have to be highlighted.
Elliptical shape factor (normal 0.843 =+
0.066; gastritis 0.823 + 0.072; carcinoma
0.808 + 0.072) shows that glands in gas-
tritis and carcinoma samples have less and
less regular shape. Ratio of surface and
cell number (SpCN) also shows signifi-
cant differences between groups which
can be easily confirmed by the human
pathological observations that cell con-
centration is much higher in carcinoma
glands than in the others (normal 114.9
+ 32.5; gastritis 112.1 + 32.8; carcinoma
147.2 + 45.2). We could find that higher
structures’ surface and cell number ratios,
so called tissue cytometric features, have
much higher importance in classifying
gastric samples than simple morphometri-
cal parameters. These ratios are based
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on the simple human observation that
samples with gastritis have many more
inflammatory cells in interstitial areas
than do normal samples. The same holds
for samples with adenocarcinoma, as these
samples also have high numbers of cells
in the interstitial areas. We found that
all tissue cytometric parameters indicate
differences among normal, gastritis, and
carcinoma groups except “Bio Surf/CC”
and “Bio/Epith Surf” (Table 11.2).

The Kruskall-Wallis test can show only
that differences exist between groups with
respect to certain parameters. Additional
statistical analyses are required to study
these differences in greater detail. We used
the Mann-Whitney U test to determine the
precise relationship between the diagnos-
tic groups. The analysis showed that every
group significantly differs from each other
in five or more parameters (Table 11.2).
The most significant differences were
between the group of adenocarcinoma and
the benign groups.

We found significant differences bet-
ween diagnostic groups but our ultimate
goal is to be able to distinguish whether
each specimen is normal, gastritis, or ade-
nocarcinoma. We used discriminant analy-
sis to reach this goal. By using the result
of discriminant analysis, we could classify
the samples with 86% accuracy. Normal
samples were classified with 64.3% accu-
racy, gastritis samples with 82.9%, and
carcinoma samples with 100%.

We also examined whether there are
significant differences among different
kinds of gastritis samples (17 specimens
were atrophy, 6 specimens were gastritis,
12 specimens were gastritis with intestinal
metaplasia) by the measured morphometri-
cal and tissue cytometric parameters. We
could find that the detected morphometrical
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TaBLE 11.2. Descriptive statistics and significant differences among gastric diagnostic classes.

Sign. Diff. between

Normal (1) Gastritis (2) Carcinoma (3) groups p < 0.01
Mean = SD Mean = SD Mean + SD ) 1 1 2
Kruskal-Wallis

Case number 14 35 30 test 2 3 3
Bio/Gland Surf 5.60 £2.53 6.88 £3.16 21.11 £ 16.30 p<0.01 b ¢
Bio/Gland CC 453 +1.52 9.85+5.93 18.50 = 7.57 p<0.01 a b ¢
Bio/Epith Surf 30.42 = 13.13 53.89 = 77.00 100.70 + 130.46 p=0.08 b ¢
Bio/Epith CC 2228 +12.74 32.90 £ 33.49 78.67 = 72.55 p=0,01 b ¢
Bio/Int Surf 1.36 £ 0.14 1.38 £0.32 1.02 £ 0.02 p<0.01 b ¢
Bio/Int CC 143 +0.12 1.23 +£0.13 1.10 £ 0.05 p<0.01 a b ¢
Int Surf/CC 169.55 + 59.65 123.00 +29.51 178.66 + 55.26 p<0.01 a ¢
Bio Surf/CC 158.93 + 46.72 136.39 + 34.71 166.33 + 52.73 p=0.11 ¢
I/B 1.06 = 0.06 0.92 +0.17 1.08 + 0.04 p<0.01 a b ¢
GlandShape 0.84 + 0.066 0.82 +0.07 0.81 £0.07 p<0.01 a b ¢
SpCN 1149 + 32.5 112.1 +£32.8 1472 +45.2 p<0.05 b ¢

2There is significant difference between normal and gastritis
bThere is significant difference between normal and carcinoma
¢There is significant difference between gastritis and carcinoma

features of the object have no importance
in differentiation of gastritis diseases.
However, tissue cytometric parameters
again have significance. First, we used the
Mann-Whitney U test for statistical analysis,
which showed only that the group of atro-
phy is different from gastritis samples and
the samples with intestinal metaplasia. We
could get similar results using discriminant
analysis. Atrophy samples were classified
with 94%, gastritis with 50%, and intestinal
metaplasia with 66.7% accuracy which
means that only atrophy samples can be
classified reliably.

Colon Samples

The same statistical methods were applied
for the colon samples as for the gastric
ones and very similar results were found.
We can emphasize the elliptical shape
factor of crypts morphological parameter
that showed significant differences (Table

11.3) among colon groups. The impor-
tance of cytometric features was also
examined among the colon samples. As
it was introduced for the gastric exami-
nation, Kruskal Wallis test was used to
examine parameters and for further exami-
nation Mann-Whitney U test was used
again to compare colon disease groups in
pairs. Deeper investigations showed that
the normal, aspecific colitis and colitis
ulcerosa groups highly differ from each
other but the Crohn’s disease group does
not show as many differences as the others
(Table 11.3). It is emphasized that cyto-
metric parameters have high significance
in the differentiation of diseases. Almost
every cytometric parameter showed signif-
icant difference between certain diseases.
Discrepancy of a certain disease class can
be calculated by summarizing the number
of significant differences showed by any
parameter against any group. The class
of normal samples showed difference in
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22 events, the aspecific colitis class in 18
events, the colitis ulcerosa in 20, and the
class of Crohn’s disease only in 12 events
(Table 11.3). These event numbers show
that the group of normal is the most differ-
ent from the others, and Crohn’s disease is
the last in this order. It is also evident from
Table 11.3 that the weakest difference is
between the group of colitis ulcerosa and
Crohn’s disease. Discriminant analysis
showed the same results as above: normal
samples were classified by 96% accuracy,
aspecific colitis by 91%, colitis ulcerosa
by 92%, and the group of Crohn’s disease
only by 56%; in the end, 88% overall
accuracy was given. The scatterplot of the
discriminant analysis shows clearly that
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Crohn’s disease is very similar to colitis
ulcerosa, but the significant discrepan-
cies of the other groups are also obvious
(Figure 11.2).

Results Visualized by Virtual Microscopy

As mentioned earlier, the results of the
detection algorithms can be presented in
the MIRAX Viewer software. With this
software we can check the mask to see
the accuracy of the detection and deter-
mine which obviously visible objects are
detected and which are not (Figure 11.3).
It can also visualize measured data on
scatterplots and collect certain populations
to gallery.
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Scatterplot of discriminant analysis applied on colon samples
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FIGURE 11.3. Detected glands in the MIRAX Viewer software: quick info box about measured parameters

of a gland selected by the mouse pointer

DISCUSSION

The quantification of histologic param-
eters for automated quantification and
classification is a longstanding problem.
Early attempts were made on selected
microscopic field of views. Depending on
the selected problem, low or high resolu-
tion images could only be collected. A
comprehensive analysis where architec-
tural features could be seen at low and
intermediate magnification (up to 200X)
and cytologic features could be seen at
high magnification (400X) could not be
performed. Due to these limitations and
working on single images instead, previ-
ous studies of image analysis concen-
trated on selected and specific problems
of image analysis such as nuclear detec-
tion (Nedzved et al., 2000), detection of

immunopositivity (Ruifrok, 1997), quan-
tification of vascularisation (Loukas and
Linney, 2004), mitotic counting (Belien
et al., 1997) in high resolution.

Low resolution analysis of histologic
architecture was attempted by Thompson
et al. (1993) and Esgiar et al. (1998) for
colonic carcinoma by different groups. An
interesting approach of image analysis was
introduced by Hamilton et al. (1997) for
finding dysplastic fields in colorectal sec-
tions, using neural networks on a mosaic
of pixilated images without any image
analysis or image segmentation.

Digital slides offer a flexible platform
for image analysis. Using this digital
media the same specimen can be mor-
phometrically quantified for architectural
components in the 50-200 pm range, simi-
lar to the glands, surface, follicles, and for



110

cytologic components (nuclei, cytoplasm)
in the 5-10 um range. With this media the
development of tissue specific parameters
can be started. In our opinion in stand-
ardized environment where the thickness
of sectioning, staining, and coverslipping
is automated and standardized, morpho-
metric and densitometric parameters of
the sections must be comparable to each
other.

We attempted to develop cell-specific
and tissue-specific parameters to analyze
specimens from gastric and colon biopsies.
Specimens from gastric and colon biopsies
are ideal for this purpose because they can
be frequently obtained and thus provide a
major load for the practice. As this study is
a preliminary one, we did not include all of
the available diagnostic groups. Important
diagnostic criteria, such as H. pylori were
not considered. We attempted to describe
basic tissue-specific parameters and define
the borders where additional alteration-
related parameters are required.

In our study we showed that tissue cyto-
metric parameters can distinguish major
disease groups in gastric and colon sam-
ples. However, classification between
gastritis subgroups would need study of
additional features such as detection of
goblet cells and parameters related to atro-
phy. The development of these parameters
can be done parallel to features specific
to carcinoma such as differentiation, dys-
plasia, and formation of gland. The study
also showed that Crohn’s disease needs
further research to be able to eliminate it
from colitis ulcerosa. For these types of
analyses further intraepithelial, intraglan-
dular analytical algorithms will be needed.
In our analysis linear discriminant analysis
was used which significantly reduced the
necessary feature set for the automated
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analysis. With the incorporation of artifi-
cial intelligence learning techniques (neu-
ral networks), the discriminatory accuracy
should be further increased.

Digital slides and Virtual microscopy
opens new dimensions in histopathology
which allows us to analyze whole speci-
mens rather than only single field of view.
The newly developed tissue cytometry
features (as a product of virtual microscopy)
are new milestones in histo/cytometry and
are essential in the classification of gastric
and colon samples. The study shows that
there are strong differences among major
gastric and colon disease groups, and that
a high percentage of such cases can be
correctly classified based on tissue and
cellular parameters.
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Early Gastric Cancer:
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of Metachronous Recurrence Using
Endoscopic Submucosal Dissection

(Methodology)
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Korefumi Nakamura, and Shuho Semba

INTRODUCTION

Although gastric cancer remains the sec-
ond most common malignancy worldwide,
its incidence and mortality has fallen dra-
matically during the last 50 years. Correa
(1992) reported that the consequences of
early gastric cancer (EGC) are compara-
tively good. Endoscopic treatment of EGC
is being widely applied and carries with
it some improvement for their prognosis;
therefore, it was reported by Nagano et
al. (2005) that many patients have been
able to avoid open—surgery and maintain
better quality of life. For these reasons,
endoscopic resection of EGC is now the
standard therapy in Japan and has been
increasingly accepted and regularly used
in other countries. Recently, Ono et al.
(2001) reported that an innovational tech-
nique for endoscopic submucosal dissec-
tion (ESD) has been developed for en bloc
resection. Toyonaga et al. (2006) reported
that ESD has also made it possible to
give an accurate diagnosis by pathologi-
cal examination of EGC. On the other
hand, it was reported by Hamanaka and
Gotoda (2005) that endoscopic treatment

excises only gastric carcinoma tissues,
which implies that patients are still at
risk of developing metachronous cancer
from the remnant mucosa of the stomach.
Therefore, molecular diagnosis is required
for the screening of patients expected to
have metachronous gastric carcinoma.

It was proposed by Kinzler and Vogelstein
(1996) that recent molecular biological
studies have uncovered that there are at
least two distinct genetic pathways for
gastrointestinal carcinogenesis: the sup-
pressor pathway and the mutator pathway.
The suppressor pathway is caused by inac-
tivation of tumor suppressor genes (e.g.,
APC and p53) and activation of oncogenes
(e.g., K—ras) and the tumors demonstrate
chromosomal instability; whereas in the
mutator pathway, dysfunctions of the DNA
mismatch repair (MMR) system is the
profound abnormality that leads to the
accumulation of nucleotide insertion/dele-
tion mutation at the short repeat sequences
in the genome, called microsatellites. The
repeating unit comprising a microsatellite
can be as short as one or two nucleotides.
These regions of the genome tend to
be polymorphic or variable among different
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individuals. Altered length of microsat-
ellites, called microsatellite instability
(MSI), has been reported in DNA from the
tumors of hereditary non—polyposis color-
ectal cancer (HNPCC) patients as a con-
sequence of germline defect in the MMR
system (Aaltonen et al., 1993; Ionov et al.,
1993; Thibodeau et al., 1993). Importantly,
genes with coding mononucleotide repeats
including transforming growth factor—
beta type 1l receptor, insulin—like growth
factor II receptor, BAX, E2F—4, hMSH3,
hMSH6, and MBD4 have been found to be
the targets of the MMR deficiencies. One
of the important recent findings on the
defects of MMR system in human cancer
is that multiple primary cancers including
stomach, colon, and gallbladder carci-
nomas arising in single case frequently
display MSI (Horti et al., 1994; Yokozaki
et al., 1999). This indicates the possibility
for not only the existence of background
abnormalities in some of the MMR genes
in these patients but also the detection
of MSI in a cancer may serve as a good
molecular marker for the assessment of
second cancer risk in the same patient.

In this chapter, we present the results and
detailed methodology of our retrospective as
well as prospective study designed to eluci-
date the significance of MSI as a molecular
marker for the prediction of metachronous
recurrence of gastric cancer treated endo-
scopically, especially with ESD.

APPLICATION

Retrospective analysis of 596 patients with
gastric tumor was conducted. Among them,
26 (4.4%) had gastric tumors with MSI-H
(Figure 12.1). Table 12.1 summarizes com-
parisons of clinicopathological characters
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Ficure 12.1. Representative EGC with MSI-H. (a)
H&E stain of the tumor tissue demonstrating well—
differentiated tubular adenocarcinoma. (b) Results
of microsatellite analyses on BAT—40, D2S123 and
D17S250. Arrows indicate MSI. N, normal gastric
mucosa; T, tumor. (¢) Cancer cells do not exhibit
abnormal nuclear accumulation of p53 immuno-
reactivity. (d) Nuclear expression of hMLHI1 is
silenced in the cancer cells in comparison with that
of surrounding lymphocytes

between patients with MSI-H and non-
MSI-H tumors. Student’s —test showed a
significant statistical difference between
the mean age of MSI-H and non-MSI-H
group (P = 0.001). Well-differentiated type
or intestinal type cancers predominated
within MSI-H group in comparison with
their frequency in non-MSI-H group (P =
0.0258, Fisher’s exact test). Surprisingly,
11 out of 26 (42.3%) patients with MSI-H
tumors had additional tumor(s) within the
stomach (10 cases) or colon (one case). On
the other hand, only 16 of 570 individuals
with non—-MSI-H tumors revealed multiple
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TasLE 12.1. Clinicopathological characters of cases with MSI-H gastric tumors.

MSL-H (n = 26)

Non-MSI-H (n = 570) P

Age (years)*

M/F

Histological type®
Well/Poorly

Number of cases with
multiple tumors

74 (14.0)
16/10
25/1

11 (42.3%)

65 (11.5) 0.001°
401/169 0.3822¢
448/122 0.0258¢

16 (2.8%) <0.0001¢

*Mean (SD)

*Well, well-differentiated type adenocarcinomas including papillary and tubular adenocarcinomas; Poorly,
poorly differentiated type adenocarcinomas including poorly differentiated adenocarcinomas, signet ring cell

carcinomas and mucinous adenocarcinomas
bStudent’s r—test (t = 3.907310, df = 594)
Fisher’s exact test

tumors. The two sided P value (< 0.0001)
of Fisher’s exact test suggested a very sig-
nificant association between MSI-H tumors
and existence of additional tumor.

Hasuo et al. (2007) performed a pro-
spective analysis of 110 patients who had
undergone curative resections for EGC
with ESD from 2000 to 2004. Patients with
hereditary cancer syndrome history, such
as HNPCC, Li—Fraumeni syndrome, and
familial adenomatous polyposis, and those
who had hereditary diffuse gastric cancer,
were excluded from this study. EGCs with
MSI-H and MSI-L were detected in 9 (8%)
and 16 (15%) of 110 cases, respectively.
The patients examined were regularly
followed and examined endoscopically
to monitor for secondary metachronous
tumors in the remnant stomach after ESD.
Interestingly, patients with MSI-H EGCs
had a tendency to develop secondary meta-
chronous cancer in the remnant stomach
after initial ESD (Figure 12.2), which was
statistically higher than the non—-MSI-H
tumors (P < 0.01). These retrospective as
well as prospective analyses clearly indi-
cate the clinical usefulness of microsatel-
lite analysis for predicting the potential risk
of developing metachronous gastric cancer
after curative resection with ESD.

100

P<0.01

Disease free rate (%)
(&)
o
|

— MSIH (n=9)
............. o Non-MSI-H (n = 65)

12 24 36
Time after resection (months)

FiGure 12.2. Overall disease—free curves of patients
with EGCs in relation to the microsatellite status of
the tumor. The 3—year disease free rate in the group
of MSI-H tumors was 33% but was 94% in that of
non—-MSI-H ones (P < 0.01)

EQUIPMENT

Facilities for Processing
Histopathological Specimens

The resected EGCs are extended on the
rubber plate, fixed in 10% buffered forma-
lin and step—cut (3mm in width for each
slice is recommended). Embedment in
paraffin wax, sectioning and staining can
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be performed in the conventional facilities
for histopathology, available in any medi-
cal center with pathologist(s).

Thermal Cycler for Polymerase Chain
Reaction (PCR)

Thermal cycler with hot bonnet attachment
is useful for the overlay oil-free manipula-
tion and can be used for routine PCR as
well as programmable incubator for DNA
extraction from the histological sections.

Automated DNA Sequencer
with Fragment Analysis Software

Any kind of system providing DNA frag-
ment analysis can be applied to micro-
satellite analysis. However, we prefer to
use ABI PRISM 310 Genetic Analyzer
(Applied Biosystems) with ABI Gene
Scan software (Applied Biosystems).

PROCEDURE

DNA Extraction

For DNA extraction, the deparaffinized
specimens were stained with hematoxy-
lin and eosin (H&E). The tumor areas
and corresponding non—neoplastic gastric
mucosa were scraped using a sterile nee-
dle and placed in a microtube contain-
ing 20 pl of extraction buffer (Tris—HCI,
pH 8.5; 1mmol/l EDTA and 0.2 mg/ml
proteinase K) and incubated at 55°C for
12 h. Proteinase K was inactivated by boil-
ing for Smin after inactivation and then
the DNAs were used for polymerase chain
reaction (PCR).

Microsatellite Assay

Nine microsatellite markers (BAT-25,
BAT-26, BAT-40, BAT-RII, D1S191,
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D2S123,D5S346,D17S250,and D17S855)
were analyzed according to the method by
Li et al. (2005). The forward primers were
fluorescein labeled with 6-FAM (D1S191,
D17S250, BAT-26, and BAT—40), HEX
(D17S855 and BAT-RII), VIC (D5S5346)
and TAMRA (D2S123 and BAT-25).
PCR was performed in 15 pl reaction
volumes containing 1 pl template DNA,
0.56 umol/l of each primer, 74.7 pmol/l of
dNTP, 4.5 mmol/l of MgCl,, and 0.075U
of Ampli7aqg Gold (Applied Biosystems,
Foster City, CA, USA). After the initial Taq
DNA polymerase activation step, the PCR
amplification consisted of 45 cycles (94°C
for 455, 55°C for 455, and 72°C for 455)
followed by a final extension for 10 min at
72°C. PCR products were electrophoresed
in ABI PRISM 310 Genetic Analyzer
along with GeneScan—500 (ROX) molecu-
lar weight standard (Applied Biosystems).
The size of the PCR product was ana-
lyzed using GeneScan software (Applied
Biosystems). The status of MSI in each
tumor was evaluated according to the
criterion of Boland ef al. (1998); MSI-H,
if three or more out of nine microsatellite
loci showed MSI; MSI-L, if one or two
loci had MSI; MSS, if all the microsatellite
loci examined were stable. Alleles were
defined as the two highest peaks (tumor
DNA alleles, T1, T2; normal DNA alleles,
N1, N2) and a ratio of (T1/T2)/(N1/N2) of
< 0.67 or > 1.50 was scored as a loss of
heterozygosity (LOH) as defined by Wu
et al. (2004).

Immunohistochemistry

Immunohistochemical analyses were
carried out with monoclonal antibodies
to p53 (DakoCytomation, Copenhagen,
Denmark) and hMLHI1 (BD Biosciences,
San Diego, CA, USA). Dewaxed and
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rehydrated specimens were autoclaved
in citrate buffer for the antigen retrieval.
Endogenous peroxidase activity and non-
specific binding were blocked by 0.03%
hydrogen peroxide in methanol and block-
ing reagent in LSAB2 kit (DakoCyto-
mation), respectively. The slides were
then incubated with the primary mono-
clonal antibody and incubated sequentially
with a biotinylated secondary antibody,
streptavidin, labeled with peroxidase and
3,3'-diaminobenzidine. Slides were coun-
terstained with Mayer’s hematoxylin.
Immunoreactivity of p53 and hMLH1 was
graded as reported by Li ez al. (2005): almost
no positive cells; +, < 25% of the tumor
cells showed positive immunoreactivity; ++,
25-50% of the tumor cells showed positive
immunoreactivity; +++, > 50% of the tumor
cells showed positive immunoreactivity.

FURTHER CONSIDERDATIONS

Close correlation of multiple gastric can-
cers with MSI of tumor DNA has been
reported by several groups. Nakashima
et al. (1995) examined a total of 30 gastric
cancers developed in 14 Japanese patients
with multiple cancers and reported that
MSI in multiple gastric cancers was rec-
ognized in 11 (78.5%) out of 14 cases and
in 16 (53.3%) out of 30 gastric cancers.
Ohtani et al. (2000) and Yamashita et al.
(2000) confirmed intimate association of
MSI with multiple primary gastrointesti-
nal cancers including gastric, colorectal or
duodenal cancers. Interestingly, Yamashita
et al. (2000) described that MSI-H was
found often in patients with multiple can-
cers in the same organ, especially in
multiple gastric cancer patients, while
patients with multiple primary cancers in
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different organs had a tendency to show
MSI-L or MSS phenotype. Miyoshi et al.
(2001) examined MSI retrospectively in
patients with multiple EGCs treated with
endoscopic mucosal resetion (EMR) and
found that MSI increased the frequency
of synchronous as well as metachronous
gastric cancer development. The problems
of these earlier observations are following.
(1) Researchers collected multiple EGC
tissues with the intention of analyzing the
relationship between MSI and synchro-
nous and metachronous gastric cancer. (2)
Gastric carcinoma tissues removed with
EMR may possibly be related to local
recurrence of carcinoma. The retrospec-
tive and prospective analysis presented in
this chapter may be able to eliminate the
possibility of intentional sample collection
and local recurrence of gastric cancer as
ESD is a more efficient method for cura-
tive resection of EGC and enables more
accurate histopathological diagnosis than
EMR. Together with previous reports, it
could be concluded that MSI in tumor
DNA may serve as a molecular marker
for the prediction of multiple and meta-
chronous gastric cancer.

Molecular mechanisms causing the MSI
in the tumor DNA of gastric carcinomas
has been elucidated. Fleisher er al. (1999)
studied the prevalence of the hypermeth-
ylation of the hMLHI MMR gene pro-
moter which was confirmed to be quite
common in MSI-positive endometrial and
colorectal cancers. Fleisher et al. (1999)
reported that 14 (77.8%) of 18 MSI-H
tumors showed hMLHI hypermethylation,
whereas only 1 (2.6%) of 39 MSI-negative
tumors demonstrated promoter methylation
of the gene. Toyota et al. (2000) conducted
a genome—wide analysis of the methylation
status of 5' CpG islands of gastric cancer
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DNA and demonstrated that approximately
one—half of all gastric cancers have con-
cordant methylation of multiple loci that
seem to be methylated de novo during pro-
gression, and suggested a hypermethylator
phenotype which leads to simultaneous
inactivation of multiple genes including
hMLHI and pl6. Kang et al. (1999) con-
firmed the correlation of methylation of
hMLH1 promoter with lack of expression
of the gene in sporadic gastric carcinomas
with MSI. Sakata et al. (2002) reported the
high frequency of AMLHI promoter hyper-
methylation in solitary as well as multiple
gastric cancers with MSI. Moreover, they
found methylation of the AMLHI promoter
in 50% (6 out of 12) and 63% (5 out of 8)
of non—cancerous gastric mucosa samples
adjacent to, and in 33% (4 out of 12) and
40% (2 out of 5) of those obtained from
distant portion of solitary and multiple
gastric cancers with MSI. Interestingly,
Semba et al. (1996) and Hamamoto et al.
(2007) reported the existence of MSI-L in
intestinal metaplasia, especially those sur-
rounding gastric cancer with MSI.

These observations clearly demonstrate
that epigenetic silencing of hMLHI by
promoter hypermethylation is the main
etiology of MSI in human gastric cancers.
Therefore, frequent synchronous or meta-
chronous carcinogenesis in the stomach
with MSI tumor may attribute to the global
hypermethylation of the mucosal genome
in the affected individual. In other words,
a hypothetical “carcinogenic field” may
created by epigenetic alterations that may
cause multiple tumorigenesis. Substantial
evidences for this hypothesis have been
reported. Maekita et al. (2006) indicated
that Helicobacter pylori (HP) infection
potently induced methylation of selected
promoter to various degrees. Nakajima
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et al. (2006) demonstrated that methyla-
tion levels in gastric mucosae significantly
increased in cases with a single gastric
cancer and more in cases with multiple
gastric cancers in HP negative individu-
als. Oue et al. (2006) also reported the
methylation of promoter of several target
genes in the corresponding noncancerous
gastric mucosae of the cancers with fre-
quent methylation of the genes. Detection
of promoter methylation of specific genes
in stomach biopsy may serve as a good
biomarker for the risk assessment of can-
cer development in the future.
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Helicobacter pylori-Infected Neoplastic
Gastric Epithelium: Expression of MUC?2

as a Biomarker

Halagowder Devaraj, A. Anand Kumar, and Niranjali Devaraj

INTRODUCTION

Inductive and sequential transformation of
gastric cancer has been an excellent model
for experimental search on genetic altera-
tions and marker definitions. The develop-
ment of gastric cancer is unique wherein
several etiological agents, either alone
or in conjunction feed into few common
prognostic pathways whose manifestations
can be histologically staged or verified.
Ninety percent of gastric cancer is sporadic
involving nongenomic factors such as
chronic infection with Helicobacter pylori
and food habits, especially the intake of
high-salt diets that, in common, initiates
a chronic inflammation response. A link
between the chronic inflammation and
neoplastic transformation can be serially
investigated in gastric cancers, and defini-
tive boundaries can be laid between the
reversible and nonreversible changes in
the protoplasmic properties of the inducted
cells. Intestinal metaplasia has long been
considered as the intermediate stage, pro-
gression beyond which irreversibly com-
mits the cells for neoplastic transformation.
Several molecular biomarkers have been
considered for defining the early diagno-
sis and prognosis of gastric cancer with

much emphasis on mucins (MUCs) and
its epitopes. In this chapter we will review
the molecular shifts in the expression of
biomarkers, including the evaluation of
MUC?2, during the progression of gastric
cancer with emphasis on methodology and
molecular basics for diagnosis.

MOLECULAR MECHANISM
OF GASTRIC CANCER

The pathogenesis of gastric cancer repre-
sents a classic example of gene- environ-
ment interactions. A strong association
seen between H. pylori, a class I carcino-
gen (WHO), and gastric adenocarcinoma
suggests that bacterial factors and host
responses play a vital role in initiation and
progression of the disease. It was reported
by Mandell et al. (2004) that the persist-
ence of H. pylori infection sensitizes the
pattern recognition receptors (Toll-like
receptors or TLR) and cellular mediators
of inflammation that result in chronic Thl
mediated inflammatory response. Besides,
abrogation of T cell mediated response or
a skewed response towards Th2 polarisa-
tion protects the C57BL/6 from H. pylori
induced atrophy and cancer, suggesting
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that chronic exposure to increased amount
of proinflammatory cytokines, such as
Interleukin-8 (IL-8), IL1J, tumor necro-
sis factor-a (TNF-a), and the inflamma-
tory mediator NF«B represents the switch
between the temporary inflammation proc-
ess (healing process), chronic lesion, and
gastric cancer.

Inflammatory cytokines activate several
signaling cascades that feed into apoptotic
and proliferative responses. In C57BL/6
mouse models, Cai er al. (2005) showed
that infection with H. pylori causes a con-
comitant increase in apoptosis and pro-
liferation resulting in the loss of parietal
and chief cells (atrophy) that developed
along the sequence of intestinal metaplasia
(expression of mucus metaplastic cells),
dysplasia and invasive carcinoma. Indeed,
El-Omar et al. (2003) clearly showed that
Thl cytokines such as IL1p induce gas-
tric secretion, inhibit acid secretion and
promote apoptosis, and along with TNFa
and INFy upregulate Fas antigen on gastric
mucosal cells leading to alterations in cell
growth. However, subsequent adaptive
changes in the Fas signaling appear to
increase the proliferation of cells and main-
tain homeostasis. Though the imbalance
in apoptotic and proliferation ratio could
contribute to progression from premalig-
nant to malignant conditions, the microen-
vironment that favors this outcome has not
yet been clear. The expansion of prolif-
erative zone throughout the gastric glands
suggests that additional cell populations or
recruitment of cells might contribute to the
proliferation under these circumstances.
In addition, sustained hypoxia within the
acidic inflammatory environment induces
angiogenic signals that promote neovascu-
larisation with defective podocyte cover-
age on the endothelium.
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Recruitment and activation of cell medi-
ators of inflammation (macrophages and
monocytes) to the site of gastric lesion
release products of oxidative burst such
as superoxide free radicals and nitric
oxide that might exert an oncogenic effect
through direct DNA and protein damage,
inhibition of apoptosis, mutations in genes
involved in cellular repair functions (such
as P53), and promotion of angiogenesis.
Loss of heterozygosity (LOH) that is seen
frequently associated with gastric carci-
nomas is also mediated by inflammatory
response. Erosion of gastric mucosa by the
persistent inflammatory process exposes
the fragile niche of gastric stem cells to the
inflammatory assault. The compensatory
proliferative response of the resident stem
cells to the erosion of gastric mucosa fail
to repair the lesion due to high incidence of
apoptosis of the transit multiplying popu-
lations. The hallmark of persistent inflam-
mation is, therefore, defined by Coussens
and Werb. (2002) as rapid proliferation
with concomitant cell loss by apoptosis
that fails to repair the lesion. Van den Brink
et al. (2002) reported that parietal cell loss
during gastric atrophy and progression to
metaplasia is associated with a reduction
in the amount of numerous secreted sig-
nals such as sonic hedgehog (SHH), which
modulate the growth and differentiation of
gastric progenitors. Studies by Cai et al.
(2005) further revealed that a combination
of parietal cell loss and chronic inflamma-
tion is a necessary event for progression
along the metaplasia-dysplasia-carcinoma
pathway.

Persistence of multiplication signals
remains the principle cause for genetic
mutations in the dividing cell population.
Gopal et al. (2007) and Sakakura et al.
(2005) pointed out that the spectrum of



13. Helicobacter pylori-Infected Neoplastic Gastric Epithelium

molecular pathogenesis involves activation
of protooncogenes, suppression of tumor
suppressor genes either by point mutation,
or LOH (P53), and epigenetic suppression
of gene expression (Runx genes). Down
regulation of cell surface adhesion recep-
tors (E-cadherins) and extracellular matrix
proteins promotes proliferation and metas-
tasis of gastric cancer cells.

Sustained proliferations of cancer cells
require continuous growth hormone sign-
aling. The epidermal growth factor (EGF)
family, including EGF, TGFa, IGF II,
and bFGF are commonly overexpressed
in intestinal-type carcinoma. Similarly, up
regulation of EGF receptor is highly docu-
mented in gastric cancer. It was reported
by Tahara (2004) that though EGF signal-
ing alone can contribute to proliferation of
gastric cancer cells, the interplay between
IL-1a, IL-6, and the EGF/receptor system
acts to stimulate gastric cancer growth.
Besides, Yang et al. (2005) reported that
the neovascularisation of the gastric cancer
tissue induced by VEGF and bFGF favors
growth and metastasis. Furthermore, reac-
tive stromal fibroblasts of the cancer secrete
HGF/SF (hepatocyte growth factor/scatter
factor) that functions in a paracrine manner
as a morphogen or motogen.

CELL AND TISSUE SPECIFIC
EXPRESSION OF MUCINS

Differential expression of mucins has been
a common feature of different types of
cancers whose patterns could be used
to distinguish different carcinomas. The
overlapping and heterogeneous patterns of
MUCI, MUC2, and MUCSAC expression
observed by Byrd et al. (1997) in many
tumors, particularly those of gastrointes-
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tinal origin, necessitates a clear definition
in the use of these markers in the routine
immunohistochemical assessment of pri-
mary and secondary carcinomas. Besides,
it requires a clear understanding of the pat-
tern of mucin expression in normal regions
as well.

Mucins often show a coordinated expres-
sion in tissues with cells expressing unique
mucin types reflecting on their functional
specialization. It was reported by Byrd
et al. (1997) and Reis et al. (1999) that
normal gastric mucosa expresses abun-
dant gastric mucins MUCI1, MUCS5AC, and
MUC6 and none of the intestinal mucins.
Distribution of these mucins specially varies
within the gastric epithelium. Expression of
MUC is confined to the principal and pari-
etal cells of the oxynthic region and foveo-
lar epithelium and a few mucous gland
cells of the antrum. MUCS5AC, on the other
hand, is seen in foveolar epithelium and
mucous neck cells of both antrum and body
regions. Expression of MUCS6 is detected
in the cytoplasm of the pyloric gland and
mucous neck cells in the stomach. MUC2
and MUCS3 are not detected in the normal
mucosa.

Though intestinal mucins are not expres-
sed in normal gastric tissues, it becomes
necessary to appreciate their expressive
pattern under altered environmental and
pathologic conditions. It was observed by
Mizoshita et al. (2007) that the distribution
of intestinal epithelial cell markers, MUC2
is normally seen in the cytoplasm of goblet
cells of the small intestine and colon, and
Villin is detected in the luminal surfaces
of the absorptive cells of small intestine
and colon. Nuclear staining of Cdx2, the
intestinal genes transcription factor, is
detected only in the normal epithelial cells
of the colon.
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Quantitative and qualitative alterations
of mucin expression have been frequently
reported in gastric carcinomas. Though
the mucin expression pattern of gastric
carcinomas is heterogeneous, a defini-
tive pattern emerges from several cohort
studies. Ho ef al. (1995) and Subramani
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et al. (2006) reported that the pattern of
mucin expression in gastric carcinoma
includes the expression of normal gastric
mucins (MUCI1, MUC5AC and MUC6)
and de novo expression of the intestinal
mucin MUC2 (Figures 13.1 and 13.2).
Furthermore, Filipe et al. (1994), and

Fiure 13.1. MUC2 expression in Human gastric epithelium. (A) Normal; (B) gastritis; (C) atrophic
gastritis; (D) intestinal metaplasia; (E) dysplasia; (F) adenocarcinoma. (G) Agarose gel electrophoresis
showing the expression of 348bp length of MUC2 mRNA in H. pylori infected pre-neoplastic and neo-
plastic human gastric epithelium. (Adopted from Subramani et al., 2006): Lane L: ladder (100 bp ladder);
Lane 1: normal gastric epithelium; Lane 2: atrophic gastritis; Lane 3: intestinal metaplasia; Lane 4: dys-
plasia; Lane 5: adenocarcinoma; Lane N: negative control (without cDNA).
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MUCI (+H
MucC2 (=)
MUC4 (++)
MUCSAC (++H+)
MUC6 (+H++)
MUCI (++)
MUC2 (-)
MUC4 +H
MUC5AC (++)
MUC6 (+H
MUC1 (+H)
MucC2 (++
MUC4 (+)
MUC5AC (+)
MUCé6 (+)
MUCI +)
MuC2 (+)
MUC4 )
MUCSAC (+)
MUCé6 (+)
MUCI +)
MUC2 (-t
MUC4 )
MUC5AC (+)
MUC6 +)

Ectopic expression of MUC2 in intestinal metaplasia can be taken as a
“molecular marker” for early detection of human gastric carcinoma.

FiGure 13.2. Expression profile of MUCI1, MUC2, MUC4, MUC5AC, MUCS6 in the progression of human
gastric carcinoma. (Modified after Subramani et al., 2006.)

Reis et al. (1999, 2000) reported that
the decrease in the expression of “gas-
tric” mucins and a de novo expression
of MUC2 could also be seen in the pre-
cancerous lesion of intestinal metaplasia.
These observations suggest that the rep-
ertoire of mucins synthesized by gastric
carcinoma cells is tightly associated with
their differentiation program.

Laurén (1965) classified the major types
of gastric carcinoma based on mucin
expression as intestinal and diffused types.
Histologically, the intestinal type is char-
acterised by the presence of cohesive cells
forming glandular and papillary structures
and secrete acidic mucous (as seen in
Alcian blue, pH 2.5/periodic acid Schiff
staining) and the diffuse type of gastric
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carcinoma 1is characterised by non-cohe-
sive cells, the common presence of signet
ring cells, and neutral mucous (stained by
high iron diamine/Alcian blue (pH 2.5).
Iniya et al. (2007) also reported such pat-
tern of the mucin expression. The mixed
type of gastric carcinoma has both of the
above characteristics, and both acidic and
neutral mucous. Interestingly, Parsonnet et
al. (2005) reported that the prevalence of
H. pylori in intestinal-type gastric cancer
far exceeds the prevalence of H. pylori in
diffuse type suggesting that H. pylori may
be a cofactor in the development of intesti-
nal-type gastric cancer. H. pylori infection
appears to influence not only the progres-
sion of the disease but also the spatial and
aberrant expression of mucins. Evaluation
of aberrant expression of gland-type gas-
tric mucins MUC6, MUCS5, and MUCI1
in the surface epithelium of H. pylori-
infected patients by Byrd et al. (1997)
revealed that MUCG is limited to mucous
glands of H.pylori-negative patients,
whereas 72% of H.pylori-positive patients
show MUCS6 in surface mucous cells. In
contrast, MUCS5 mucin has been found in
significantly fewer surface mucous cells
of H. pylori-positive specimens. Reis et
al. (2000) reported that unlike MUCSAC,
which is significantly associated with dif-
fuse type carcinomas and suggestive of
“gastric” differentiation, the MUCS6 is not
associated with the histological type of
the gastric carcinomas. Similarly, studies
by Kamangar et al. (2006) on conditional
logistic regression models to estimate the
odds ratios (ORs) and 95% confidence
intervals (Cls) for the association of H.
pylori seropositivity revealed a strong
association with the risk of noncardia gas-
tric cancer and an inverse association with
the risk of gastric cardia cancer. However,

H. Devaraj et al.

the trend seen with mucin expressions
is similar, with a decrease in the normal
gastric mucins MUC1, MUCSAC, and
MUCS6, and an increase in ‘“aberrant”
expression of MUC2 and MUC3 that
defines the intestinal type of cancers.

Differential expression of mucins in
carcinoma indicates the nature and type of
cancer. For example, MUCI is expressed in
most of the cancers except adrenocortical
and hepatocellular carcinomas. Expression
of MUC2 is specific and confined to tumors
of gastrointestinal origin. MUCS5AC shows
positive immunoreactivity in pancreatic
ductal and endocervical adenocarcinomas.
A MUCI1+/MUC2-/MUC5AC- immu-
nophenotype is observed in most breast,
lung, kidney, bladder, endometrial, and
ovarian carcinomas; MUCI1+/MUC2-/
MUCSAC+ is characteristic of pancre-
atic ductal adenocarcinomas and cholangi-
ocarcinomas. These molecular phenotypes
could be used to detect the metastatic
populations in ectopic sites. Attempts have
been already made to distinguish the breast
cancer metastatic populations in the gastric
tissues using mucin histochemical mark-
ers. Indeed, Yu et al. (2001) have used
MUCI, MUC2, and MUC 5AC QC RT-
PCR to detect the presence of exfoliated
gastric cancer cells in metastatic pleural
effusions with high degree of sensitivity
and specificity.

MOLECULAR GENETIC
ALTERATIONS AND MUCIN
EXPRESSION AS INDICATORS
OF MOLECULAR LESIONS

Mucin phenotypes reflect specific molec-
ular genetic alterations that can be used
to categorize the intramucosal neoplasias
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and prognosis of gastric tumors. Since
molecular genetic changes in general are
responsible for the biological character-
istics of neoplastic cells, it is likely that
mucin phenotype would specify the genetic
alterations and predict the behaviour of
such cells. Fiocca et al. (2001) found
that among differentiated-type adenocar-
cinomas of the stomach, those lesions that
show higher frequency of p53 gene muta-
tions and extensive loss of heterozygosity
(LOH) of cancer-related genes tend to
differentiate into intestinal-type carcino-
mas. On the contrary, Sugai et al. (2004)
found that diffuse-type carcinomas have
infrequent p53 gene mutations and a low
frequency of LOH. These genetic profiles
of differentiated-type adenocarcinomas of
the stomach suggest that intestinal-type
carcinomas are genetically distinct from
diffuse-type carcinomas and originate and
progress independently. Indeed, Mizoshita
et al. (2007) reported that intestinal type
cancers develop from intestinal metaplasi-
sia and assume differentiated phenotype,
whereas gastric cancers develop from
gastric proper.

Unlike gastric adenocarcinomas, which
are positive for MUCS5AC and/or HIK1083,
intestinal-type adenocarcinomas (differen-
tiated-type carcinomas) have a glandular
structure, and subclassified into three
groups based on their mucin pheno-
type: foveolar-, intestinal- and combined
types. Endoh er al. (2000a, b) defined a
foveolar-type cancer as a tumor having
gastric foveolar epithelium morphologi-
cally with intracytoplasmic mucin of the
gastric foveolar epithelium type (50% of
neoplastic cells are positive for galactose
oxidase-Schiff (GOS) stain or human
gastric mucin), which roughly corre-
sponds to gastric phenotype and derived
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from gastric proper epithelium. Intestinal
phenotype is defined as a tumor with
positive immunostaining with an MUC2
and/or a CDI10 antibody (30% of neo-
plastic cells). MUC?2 expression is seen
within the cytoplasm around the nuclei,
whereas CD10 staining was found along
the brush border. The combined-type
tumors show both foveolar and intesti-
nal phenotypes (30% of neoplastic cells
express both foveolar and intestinal type
markers).

Foveolar-type tumors are prone to lose
their glandular structure and progress to
undifferentiated-type tumors and thus can
be regarded as precursors of the undiffer-
entiated-type tumors. Histopathologically
such lesions are difficult to distinguish
from regenerative or inflammatory changes
in the foveolar epithelium, rather than the
neoplastic lesion. Endoh er al. (2000a)
found that such type of tumor often shows
a low-grade cytologic atypia even in
cases with overt invasion, but intramu-
cosal tumorous elements are generally
well preserved. Indeed, 75% of intramu-
cosal foveolar-type tumors are classi-
fied as noninvasive neoplasia, low-grade
especially when biopsy samples are taken
superficially.

Frequent microsatellite instability (MSI),
which represents mutations of short-tandem
repeat sequences, is closely related to
expression of the foveolar mucin pheno-
type. Kushima and Hattori (1993) reported
that infrequent MSI and considerable p53
mutations are seen in the tumors with a
distinct intestinal cellular phenotype (the
intestinal-type tumor). Studies on the gas-
tric phenotypes of cancers revealed that
the frequency of 3p allelic loss appears to
be higher than that of other microsatellite
markers, whereas 5q allelic loss is frequently
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found in intestinal phenotype cancers. The
genetic profiles of mixed phenotype can-
cers have two distinct genetic types: LOH
and MSI types. In the former, 5q, 3p and
18q allelic losses are seen frequently in
intramucosal carcinomas, wehereas 17p,
1p, and 9p allelic losses are associated with
the development of submucosal carcino-
mas. MSI is significantly observed only in
mixed phenotype cancers.

Epigenetic methylation-associated inac-
tivation of the AMLHI mismatch repair
gene is a potent trigger of MSI. Endoh et
al. (2000a) reported that in foveolar-type
tumors, the frequency of M Sl is significantly
higher in early lesions (mucosa and submu-
cosa) than advanced lesions (subserosa and
exposed beyond the subserosa). Similarly,
the frequency of both MSI and hypermeth-
ylation of AMLH1 is significantly higher in
the foveolar type than in the intestinal-type
tumors. Sukod et al. (2003) reported that
generally the frequency of MSI in differ-
entiated-type carcinomas is less in early
(9-19%) than in advanced (27-38%) stages
indicating that the MSI phenotype is a later
event and secondarily accumulated during
tumor progression. The high incidence of
MSI in early foveolar-type tumors (71%)
suggests that hypermethylation of AMLH]
is an initial vital event that promotes tum-
origenesis and distinguishes between fove-
olar-type phenotypic expression from the
intestinal markers.

Based on the origin of stomach cancers
from a progenitor cell specializing towards
an endocrine or exocrine-cell lineage,
Takenaka et al. (2007) classified stomach
epithelial tumors into two major types:
Exo-cell type (adenomas and carcino-
mas) and End-cell type [carcinoid tumors
and endocrine cell carcinomas (ECC)].
Expression of MUCS5AC and MUC6 are
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predominant in gastric Exo-cell pheno-
type, whereas MUC2 and villin are typi-
cal of the intestinal Exo-cell phenotype.
Similarly, Otsuka et al. (2005) found that
gastrin and somatostatin are markers for
gastric End-cell phenotype, whereas GLP-
1, GIP, and glicentin are typical of intes-
tinal End-cell phenotype. Furthermore,
Naritomi ef al. (2003) opined that the
presence of CgA, an End-cell differentia-
tion marker in majority of gastric cancers
suggest that cancer progressed from a
common progenitor of Exo-cell and End-
cell types. Stomach tumorous areas are,
therefore, further classified as endocrine-
gastric (e-G type) or endocrine-intesti-
nal (e-I type), respectively, with at least
one gastric or intestinal End-cell pheno-
type, and endocrine-gastric-and-intestinal
mixed phenotype (e-GI type) when both
gastric and intestinal markers are present.
Those showing neither gastric nor intesti-
nal phenotypic expression are grouped as
endocrine-null type (e-N type). Besides,
stomach tumorous areas positive for at
least one gastric or intestinal Exo-cell
marker are classified as gastric (G type) or
intestinal (I type) phenotype, respectively.
Those, which exhibited both phenotypes
are classified as gastric-and-intestinal
mixed (GI type), while those showing
neither are grouped as null (N type).

CHARACTERISATION OF MUC2
EXPRESSION AND EARLY
MOLECULAR DIAGNOSIS
OF GASTRIC CANCER

Altered homeostasis between apoptotic
and proliferative responses by the gas-
tric epithelium in response to H. pylori
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mediated chronic inflammation appear
to initiate cellular and molecular varia-
tions that manifest in the form of ectopic
expression of mucins and cellular phe-
notypes. Correa (1988) delineated these
earliest changes that often progress in
a predictable sequence and could be
used for differential diagnosis. Though
the Correa pathway of gastric adenocar-
cinoma sequence simplifies the iden-
tification of preneoplastic lesions, it is
essentially a complex developmental sig-
nature, often complicated by the host
response to the presence of H. pylori.
Furthermore, extensive studies have indi-
cated the convergences and preferences in
the neoplastic transformation sequences
that provide prognostic significance for
gastric carcinogenesis. Indeed, gastric
atrophy is sometimes considered as a bet-
ter indicator of progression to gastric car-
cinoma than intestinal metaplasia though
the latter is generally accepted as the
precancerous intermediary stage that can
be histologically verified easily.

Atrophic gastritis is frequently asso-
ciated with the presence of antral-type
mucosa at the site (termed antralization) of
lesions. The prevalence of atrophic gastritis
was higher in the presence of antralization
than without antralization. The associa-
tion between antralization at gastric body
and fundus also appeared to be associ-
ated with atrophic gastritis and intestinal
metaplasia of these sites. Scotiniotis et
al. (2000) compared the alterations in
the apoptotic (Al) and proliferation (PI)
indices in antral epithelium from indi-
viduals negative for H. pylori (Hp), those
with Hp-induced gastritis and those with
Hp-induced gastritis with regions having
gastric intestinal metaplasia, and revealed
that apoptosis and proliferation signifi-
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cantly increased in Hp-positive (Hp(+))
patients compared to Hp-negative (Hp(-))
patients. Significantly, within the foci of
intestinal metaplasia of Hp(+) patients
apoptosis i1s markedly reduced compared
with surrounding gastritis, whereas prolif-
eration is not altered resulting in a lower
AI/PI ratio in intestinal metaplasia than in
surrounding gastritis. Hp-induced gastritis
is thus associated with increased epithelial
apoptosis and proliferation compared with
uninfected controls. In intestinal metapla-
sia, proliferation remains increased but
apoptosis reverts to normal levels and
this perhaps contributes to Hp-associated
gastric carcinogenesis, apoptosis, and pro-
liferation.

Development of intestinal metaplasia
as a pathological protective response to
chronic inflammation is, though partially
accepted, the implications for such a
change is quite apparent as it is associ-
ated with substantial alterations in cell
surface molecules that determine adhe-
sive and functional attributes of the cells.
Classically, Correa (1988) defined intes-
tinal metaplasia as the replacement of
original gastric glands with straight tubu-
lar crypts lined by alternating absorp-
tive and goblet cells with inflammatory
infiltrates in the lamina propria or simply
the substitution of the gastric mucosa by
an epithelium that resembles the intesti-
nal mucosa. Filipe et al. (1994) showed
that the glycosylation pattern in intesti-
nal metaplasia differs from that of nor-
mal gastric mucosa. Accumulation of
simple mucin-type carbohydrate antigens
and abnormal expression of Lewis anti-
gens, i.e., aberrant expression of Lewis a
defines intestinal metaplasia of the human
stomach. Nevertheless, the presence of
these epitopes in normal gastric tissues
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albeit colocalised with mucins limited
their differential diagnostic importance.
Intestinal metaplasia is often subdivided
to reflect the prognostic importance. Based
on histopathological and histochemical
studies, Filipe et al. (1994) identified three
main types of intestinal metaplasia. (1)
type I or complete type, that show mature
absorptive cells, Paneth cells, and goblet
cells, secrete sialomucins and correspond
to the small intestine phenotype; and (2)
the types II and III, which encompasses
incomplete type, has columnar “interme-
diate” cells in various stages of differ-
entiation and goblet cells secreting sialo
and/or sulfomucins. Type II differs from
type III intestinal metaplasia regarding the
mucins produced by columnar cells: the
neutral and acid sialomucins in type II and
sulfomucins in type III. Concomitant with
the histological classification, Matsukura
et al. (1980) alternatively classified intes-
tinal metaplasia into three types, reflect-
ing on the marker enzymes they secrete.
The complete type is associated with
the intestinal marker enzymes sucrose
a-D-glucohydrolase, a,a-trehalase, ami-
nopeptidase-microsomal (APM), and
alkaline phosphatase (ALP). This type of
tissue contains goblet cells and Paneth’s
cells but not high-iron diamine (HID)-
positive mucin staining with HID-alcian
blue. The incomplete type is associated
with sucrose a-D-glucohydrolase, APM,
goblet cells, and HID-positive mucin but
not with oo~ trehalase, ALP, or Paneth’s
cells. Gastric lesions often show a mixture
of these two types and, therefore, intes-
tinal metaplasia is divided based on the
mucin expression as complete type only
(class I), incomplete type only (class II),
and a mixture of areas of the complete
and incomplete types (class III). Though
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H. pylori infection is common in pre-
neoplastic gastric lesions, the intestinal
metaplasia of type III variant is predomi-
nant only in the mucosa that is associated
with glandular and mixed (but not diffuse)
early cancers. Similarly, in type I com-
plete intestinal metaplasia, the levels of
“gastric” mucins, MUC1, MUCS5AC, and
MUCG6 are markedly decreased, though
they are maintained in incomplete intesti-
nal metaplasia (both type II and type III).
Such apparent variations in the molecular
phenotypes suggest that complete and
incomplete intestinal metaplasia repre-
sent divergent differentiation programs,
both starting from H. pylori gastritis.
Filipe et al. (1994) suggested that the
presence of nongastric, small intestine
phenotype in complete type I intestinal
metaplasia reflects a complete switch in
the differentiation program, whereas the
mixed gastric and intestinal phenotype of
incomplete (type II and type III) shows
an aberrant differentiation program with
apparent absence of phenotypes observed
in normal adult gastrointestinal epithelia.
Given the increased risk of malignant
transformation of the gastric mucosa from
type III intestinal metaplasia, despite the
apparent similarity of the mucin protein
expression in both type II, it is plausible
that incomplete type II intestinal meta-
plasia may represent a first step in the
intestinal metaplasia pathway, which may
evolve to complete intestinal metaplasia
with loss of expression of the “gastric”
mucins, MUC1, MUCS5AC, and MUCS6,
or to incomplete type III intestinal meta-
plasia by further deregulation of mucin
glycans processing with sulfation. In most
of the cases only the type III variant with
subsequent p53 gene alteration, and dys-
plasia ends in glandular cancer. In the
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other pathway, diffuse cancer apparently
arises directly from hyperplastic, some-
times atypical tissue.

Subtyping of intestinal metaplasia is
useful for identifying individuals at high
risk for gastric cancer. Reis et al. (1999)
found that the relative risk of developing
gastric cancer based on Cox’s proportional
hazards model was 2.14 for type Il and
4.58 for type III, compared with type I.
Such risk is especially increased for a sub-
group of type III secreting sulphomucins
in their goblet cells than those negative
to sulphomucins (types I-II). Despite the
advances and availability of plethora of
cell surface markers for intestinal meta-
plasia characterization, requirement for a
simple clinically oriented procedure that
distinguishes one progressive premalig-
nant lesion from the other is still lacking.
Ectopic expression of MUC2 could be
given as a marker for intestinal metaplasia
but with apparent inconsistency in defin-
ing the potential lesions. It is, therefore,
safe to look for a shift in mucin expres-
sion (increase in the expression of MUC2
and MUC3 and a decrease in MUCI,
MUCS5AC, and MUCO6) as characteristic of
intestinal metaplasia for a better prognostic
evaluation. Detailed studies of expression
of mucins in various types of intestinal
metaplasia, however, suggest that there
exist a subtle variation in the type and
degree of mucin expressed in different cell
types of intestinal metaplasia tissue. Based
on these parameters, the immunodetection
of intestinal metaplasia types can be safely
defined as:

Type I Intestinal Metaplasia

Absence or markedly decreased levels
of normal gastric mucins (MUCI,
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MUCS5AC, and MUC6) and de novo
expression of the MUC2 intestinal
mucin in most goblet cells. No expres-
sion of MUCI in goblet and columnar
cells except for few superficial stain-
ing in columnar cells. No expression of
MUCSAC and MUCG6 either in the goblet
or in the columnar cells except for rare
MUCSAC immunoreactivity in a few
superficial columnar cells.

Type II Intestinal Metaplasia

Recapitulation of normal expression of
both MUC1 and MUCS5AC in 75% of gob-
let and in columnar cells though MUCS5AC
is seen only in superficial metaplastic
glands than in the deep parts. Reduced
MUCS6 expression in goblet and columnar
cells. Fifty percent of the goblet cells and
25% of the columnar cells in all cases
expresses MUC2. Mucin expression in
type II intestinal metaplasia is thus charac-
terised by maintenance or reexpression of
MUCI1 and MUCS5AC mucins, decrease in
the expression of the MUC6 gastric mucin,
and a de novo expression of the intestinal
mucin.

Type III Intestinal Metaplasia

Identical to that of type II intestinal meta-
plasia. Both MUC1 and MUCSAC expres-
sion are seen in 75% of the goblet and
columnar cells. MUCSAC expression is
evident in superficial part of the metaplas-
tic glands. Reduced MUCG6 expression and
de novo expression of MUC2 seen in 75%
of goblet and, 25% of columnar cells.
Although cytological examination is the
most informative laboratory procedure for
diagnosis of intestinal metaplasia and gas-
tric cancers, novel approaches are being
employed to increase the efficiency and
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reliability of diagnosis in both primary and
secondary cancers. Yu et al. (2001) have
used quantitative RT-PCR to identify malig-
nant pleural effusions of gastric carcinoma
with great accuracy. The advantage of
such molecular techniques is that they are
sensitive and screen multiple markers with
consistency and reproducibility. The test
sensitivity and specificity of quantitative
RT-PCR ranged ~ 31-95% and 61-95%,
respectively, with the accuracy at 65-85%.
Similar approach albeit a modified one
was also attempted to quantify the mucin
transcripts in conjuctival samples using
competitive PCR. Quantitative analysis of
mucin transcripts using competing exog-
enous template allows us to determine the
levels of mucin by densitometric analysis
following electrophoresis using internal
standards. Because epigenetic alterations
control the MUC?2 expression, Endoh et al.
(2000a) resorted to specific techniques that
identify methylated forms of alleles that
could provide valuable information regard-
ing the expression of genes. Methylation-
specific polymerase chain reaction (MSP)
distinguishes unmethylated from methyl-
ated alleles of a MUC2 gene based on
sequence changes that are produced fol-
lowing bisulfite treatment of DNA, which
converts unmethylated cytosines to uracils,
while leaving methylated cytosines unaf-
fected. Subsequent PCR using primers spe-
cific to sequences that correspond to either
methylated or unmethylated DNA could
identify the methylated pattern. Similarly,
Reis et al. (2000) used Western blot meth-
ods to analyse the expression of antral and
carcinoma mucins after being partially
deglycosylated with trifluoromethanesul-
fonic acid (TFMSA).

Despite the recent advances in char-
acterisation and diagnosis of intestinal
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metaplasia lesions and altered mucin
expressions, it is a challenging issue to
bring them as a routine clinical diagnostic
tool. Immunohistochemistry is the best
and efficient method for characterising
such lesions and with the differential diag-
nosis involving a spectrum of mucin mark-
ers, it would provide invaluable prognostic
indications with least imperfections or
false-positivity. Nevertheless, considering
the laborious nature of screening multiple
mucin markers and the narrow definitions
and margins of imperfections involved, it
can be safely assumed that intestinal meta-
plasia with MUC?2 ectopic expression is a
prognostic marker for gastric carcinogen-
esis, which might evolve through incom-
plete type III grade.

MOLECULAR MECHANISM OF
DIFFERENTIAL EXPRESSION
OF MUC2

Though considered to be a protective
mucin for intestinal epithelial surface, the
regulatory mechanism of MUC2 mucin
production in response to normal and
pathological conditions is not completely
understood. MUC2 is a secretory glyco-
protein produced from intestinal goblet
cells and is a major component of the intes-
tinal epithelial mucus. De novo expression
of MUC?2 in gastric tissues is considered
as a marker for IM and may have potential
implications for the early diagnosis and
prediction of tumor behavior.

MUC2 is clustered along with MUCSAC,
MUC5B, and MUC6 on chromosome
11p15 that encodes for large secreted
gel-forming mucins. They are frequently
silenced in cancers due to epigenetic gene
silencing in GC-rich structure of their pro-
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moters. Studies by Vincent er al. (2007)
have indicated that MUC2 gene is regu-
lated by site-specific DNA methylation
associated with establishment of a repres-
sive histone code, whereas in MUC5B
gene hypermethylation of its promoter
is responsible for the silencing. Though
they are clustered in the same region, the
expression of MUCS5AC is not frequently
regulated by epigenetic mechanisms and
the methylation of MUC6 promoter is not
correlated to its silencing, indicating that
the molecular mechanisms regulating their
expressions are not similar. Nevertheless,
both MUC2 and MUCS5B epigenetic regu-
lations are cell-specific, depended on dif-
ferentiation status of the cell, and inhibited
by activation by transcription factors that
favor relaxed organisation of chromatin
structure.

Transdifferentiation of the gastric
mucosa to an intestinal phenotype requires
alterations in the gene expression medi-
ated by intestine-specific homeobox genes
Cdx-1 and Cdx.2. Aslam et al. (2001)
reported that intestinal metaplasia and
subset (intestinal-type) of gastric carci-
nomas show aberrant expression of Cdx-1
and/or Cdx-2 that play an important role
in intestinal differentiation program, par-
tially by upregulating MUC2 expression
at the transcriptional level. Studies on
transgenic models suggest that they act as
a transcription factor for several intestinal
genes such as sucrase-isomaltase, lactase-
phlorizin hydrolase, intestine phospholi-
paseA/lysophospholipase, and claudin-2.
It appears that Cdx-2 is the principal regu-
lator of MUC?2 expression both in gastric
and intestinal cancer cells, whereas Cdx-1
only transactivates MUC2 in intestinal
cells. Though CDX2 can initiate intestinal
metaplasia transition in the gastric mucosa,

133

Dang et al. (2006) reported that no sig-
nificant differences in the proliferation of
CDX27~ cells compared to CDX2* cells
were observed in in vitro or in vivo mod-
els, except for altered expression of genes
involved in intestinal glandular differentia-
tion and adhesion.

The promoter of MUC2 contains puta-
tive binding sites for Cdx-1 or Cdx-2,
which function as transcriptional regula-
tors of MUC2 expression. Studies by Lania
et al. (1997) revealed that MUC2 expres-
sion is also regulated by Spl family of
transcription factors, p53, lipopolysaccha-
rides, epidermal growth factor, and by
several cytokines. Ikeda er al. (2007) sub-
sequently showed that cytokines including
TNF-a can upregulate MUC?2 in human
gastric epithelial cells via signaling path-
ways, involving both NIK and PI3K/Akt,
which converge at the common IKK/I-kap-
paB/NF-kappaB pathway. Pathogen-asso-
ciated molecular patterns (PAMPs) can
also upregulate CDX2 and MUC?2 expres-
sion through TLR2 and TLR4 mediation
involving nuclear factor-xB (NF-«B).

The ability of Sp1 factor in establishing
the transcriptional competence of MUC2
is partially by preventing the methyla-
tion of CpG islands. Velcich et al. (1997)
reported that the region surrounding the
two Cdx-2 binding sites of MUC2 is GC-
rich and binds Spl. Patricia et al. (2003)
observed that though the inhibition of
Spl binding blocked the expression of
MUC?2 in the HT29 adenocarcinoma cell
line, it is not yet clear whether it is due to
epigenetic repression or due to intrinsic
transcriptional requirement. Several other
transcription factors of the zinc finger
family such as GATA-4/-5/-6 also have a
cell-specific pattern of expression along
with the gastrointestinal tract, and are
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important factors in the differentiation of
gastrointestinal cells. Synergistic activ-
ity between GATA and Cdx factors is
already suggested for other intestine spe-
cific genes, and Cdx-2 and GATA-4/-5
factors are recently suggested to be associ-
ated with gastric carcinogenesis.

Transgenic experiments in mice that
express Cdx2 provides the direct evi-
dence for intestinal differentiation of gastric
epithelium. Velcich et al. (1997) showed
that CDX2 expression in transgenic mice
resulted in a complete intestinalization of
the gastric mucosa, development of goblet
cells expressing acidic-type mucins, and
formation of enterocyte-like cells express-
ing alkaline phosphatase and enteroendo-
crine type cells. The relationship between
CDX2 expression and intestinal differen-
tiation suggests that CDX2 may serve as a
specific marker for epithelial neoplasms of
the gastrointestinal tract.

In conclusion, mucin biomarkers have
the potential to provide both sensitive and
specific tests, which can be used in the
screening, early diagnosis, staging, and
surveillance of cancer. Given the diver-
sity of gastric cancers, no one genetic
marker is likely to be useful by itself.
MUC?2 ectopic expression in intestinal
metaplastic condition comes very close to
be an independent prognostic marker for
gastric carcinogenesis. Nevertheless, its
expression is more pronounced in intesti-
nal type gastric cancers and to mucinous
differentiation. Diffuse type cancer origi-
nates independently of intestinal type and
does not involve intestinal metaplastic
sequence. Diffuse type cancers express
gastric mucins that are independent and
exclusive of MUC2 expression. Besides,
cell and tissue specific variations in the
expression of mucin bound to inflict diag-
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nostic contradictions especially when
there is inconsistency in biopsy specimens.
Considering that gastric carcinoma exhibit
cellular diversity and clonal variations,
and often with mixed types, it could be
safely assumed that probing a biological
specimen with a minimal set of both gas-
tric and intestinal mucins would provide
an excellent prognostic indication regard-
ing the stage and development of cancer.
Indeed, it would be the ideal signature for
early diagnosis and conditions such as
intestinal metaplasia.
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Gastric Cancer: Role of Intestinal
Metaplasia by Histochemical Detection
Using Biopsy Specimens

Akiko Shiotani, Ken Haruma, and David Y. Graham

INTRODUCTION

Intestinal metaplasia is a new metaplastic
type of epithelium that replaces the sur-
face, foveolar, and glandular epithelium
of the stomach. Intestinal metaplasia is
readily recognized histologically because
of the presence of goblet cells which are
not present in the normal gastric mucosa
and is a response to injury and is a form
of mucosal atrophy. Focal intestinal meta-
plasia can be seen as the damage site such
as an acute or chronic ulcer; typically it
represents the end stage of Helicobacter
pylori (H. pylori) gastritis or autoim-
mune gastritis. Until recently, intestinal
metaplasia was thought to be an important
precancerous lesion along the multistep
path to gastric carcinoma (Correa, 1992),
but its role as a direct precursor has been
challenged. However, the risk of devel-
oping gastric cancer is closely related to
H. pylori-associated progressive gas-
tric damage especially corpus atrophy
(Graham and Shiotani, 2005; Shiotani et
al., 2005; Uemura et al., 2001). It is likely
that the type, location, and extent of intes-
tinal metaplasia provide important infor-
mation regarding cancer risk (Shiotani
et al., 2005, 2006a).

DETECTION AND
CLASSIFICATION OF
INTESTINAL METAPLASIA

Since popularized by Morson (1955),
intestinal metaplasia of the stomach has
been a subject of interest both to patholo-
gists and to endoscopists. Intestinal meta-
plasia is often present at the incisura
angularis in patients with atrophic gas-
tritis, and has been characterized by its
morphology, pattern of histochemical
staining, and glycoprotein expression.
One of the most commonly used clas-
sifications of intestinal metaplasia in the
stomach characterizes it according to the
intestinal tissue that intestinal metapla-
sia closely mimics (e.g., small intestinal
or complete and colonic or incomplete
type). Another classification is based on
the staining pattern of its mucins (type I
equating with complete type and types II
and III with incomplete type).

Detection of Intestinal Metasplasia

Alcian Blue/Periodic Acid-Schiff (PAS)
Staining

Complete intestinal metaplasia is char-
acterized by the presence of goblet cells
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among the absorptive columnar cells on
the surface and Paneth cells at the base of
the pits (Figure 14.1). Normal foveolar and
surface epithelial cells are intensely stained
with periodic acid-Schiff (PAS) reagent
indicating the presence of intracellular
mucus. The foveolar and surface epithelial
cells in complete intestinal metaplasia are
replaced by absorptive cells that do not
contain PAS positive mucosubstances and
by goblet cells that contain acidic alcian
blue positive mucus (Figure 14.1). The
use of alcian blue markedly emphasizes
the presence of the goblet cells. In incom-
plete intestinal metaplasia, the epithelium
consists of a mixture of gastric surface
mucous cells, goblet cells, and columnar
cells, which are intermediate cells between
intestinal and gastric surface mucous cells
(Figure 14.2). Gastric surface mucous
cells contain neutral mucin stained with
alcian blue -PAS. The columnar cells
contain a small amount of PAS positive
mucus stained from blue-purple to purple-
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red depending on the content of acidic and
neutral moieties. lida et al. (1978) exam-
ined the columnar cells by electron micro-
scopy and demonstrated that the columnar
cells possess the properties of the both
intestinal and the gastric foveolar epithelia
(Figure 14.2b).

Alcian Blue/High Iron Diamine (HID)
Staining

The mucin of goblet cell in complete intes-
tinal metaplasia is stained with alcian blue
but not with high iron diamine (HID). In
the incomplete type some goblet cells are
stained with alcian blue, and others contain
granules giving a positive reaction with
HID. Spicer and Duvenci (1964) reported
that HID-positive cells in mouse sub-
mandibular and sublinguial glands incorpo-
rated radioactive sulfur consistent with the
HID-positive mucin being sulfomucins. In
contrast, HID-negative mucin are sialomu-
cins and do not contain sulfated esters.

FiGure 14.1. Hematoxylin-eosin (HE) and alcian blue (AB)/ periodic acid-Schiff (PAS) staining of com-
plete intestinal metaplasia. Complete intestinal metaplasia is characterized by the presence of goblet cells
among the absorptive columnar cells on the surface and Paneth cells at the base of the pits. (a) HE; (b)
and (c) AB/PAS
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FiGure 14.2. Hematoxylin-eosin (HE) and alcian blue (AB)/periodic acid-schiff (PAS) staining of incom-
plete intestinal metaplasia. Incomplete intestinal metaplasia consists of a mixture of gastric surface
mucous cells, goblet cells, and columnar cells which are intermediate cells between intestinal and gastric

surface mucous cells. (a) HE; (b) and (c) AB/PAS

MUC Staining

Mucins are heavily glycosylated (bottle-
brush pattern) proteins that constitute the
major component of the mucous protective
layer for the surface of the mucosa. Twelve
core proteins of human mucins have been
described (MUCI, 2, 3, 4, 5AC, 5B, 6, 7,
8,9, 11, 12) (Gendler and Spicer, 1995).
MUCI1, MUCS5AC and MUC6 are found
in the normal stomach. MUC2 is an intes-
tinal phenotypic marker (Tanaka et al.,
2005; Tatematsu et al., 2003; Tsukamoto
et al., 2004). MUCSAC expression is
typically found in foveolar epithelium
and mucous neck cells of both the antrum
and corpus, while MUCG6 expression is
present in pyloric glands of the antrum and
the mucous cells of the neck zone of the
corpus. MUC2 is found in areas of intes-
tinal metaplasia and is expressed as vacu-
olar staining in most goblet cells (Figure
14.3b). Ota et al. (1998) described altera-
tions of the expression pattern of mucins

in the gastric surface mucous cells by H.
pylori infection and reversible changes by
eradication.

Classifications of Intestinal Metaplasia

One widely used classification was pro-
posed by Filipe er al. (1988) in which
intestinal metaplasia was classified into
three types. Type 1 is the most com-
mon and consists of goblet cells secreting
sialomucins, absorptive cells with brush
borders, and Paneth cells. Types II and
III are characterized by the presence of
columnar cells and goblet cells secreting
sialomucins and/or sulfomucins, with few
Paneth cells. The difference between type
I and type III is that the columnar cells
secret sialomucins in type II and sulfomu-
cins in type III (Filipe et al., 1988). It has
been suggested that patients with type III
intestinal metaplasia may have a higher
risk for development of gastric cancer
(Dinis-Ribeiro et al., 2004). El-Zimaity
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FiGURE 14.3. Hematoxylin-eosin (HE) and alcian blue (AB)/high iron diamine (HID) staining and MUC2,
MUCSAC, MUC6, CDX2, and CD10 immunohistochemical staining of serial sections containing type
IIT intestinal metaplasia taken from the non-cancerous mucosa of a patient with early gastric cancer. (a)
HE staining; (b) AB—HID staining shows goblet cells and columnar cells stained in brown; (c) MUC?2 is
expressed as vacuolar staining in most goblet cells; (d) however MUCS5AC is barely expressed; (e) MUC6
staining are detected in the goblet cells and in the columnar cells; (f) CDX2 is expressed in the nucleus
of epithelial cells in areas of intestinal metaplasia; (g) CD10 staining can be seen along the brush border
of the luminal surface of the epithelium
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et al. (2002) performed detailed studies of
the gastric mucosa in patients with gastric
carcinoma and found that in all cases,
patches of Type II and III intestinal meta-
plasia were intermingled and that type III
was present in very small areas.

Intestinal metaplasia has also been clas-
sified based upon gastric and intestinal
phenotypic markers (Tatematsu et al.,
2003; Tsukamoto et al., 2004). This clas-
sification divides intestinal metaplasia into
two major types; an intestinal type express-
ing only intestinal phenotypic mark-
ers including MUC2, vill in, and CDI10
and a mixed gastric and intestinal (GI)
type expressing intestinal and gastric phe-
notypic markers (MUCS5AC and MUC6)
(Figure 14.3). Villin is an actin-bind-
ing cytoskeletal protein and is essential
for brush border formation in normal
epithelial cells of small intestine, and
CD10 is a brush border-associated neutral
endopeptidase (Figure 14.3f).

RELATION OF MUC
EXPRESSION AND TYPE OF
INTESTINAL METAPLASIA

MUCSAC expression is the most common
MUC expressed in type II and III intestinal
metaplasia. Reis et al. (1999) and Silva
et al. (2002) examined biopsy samples or
surgical specimens taken from the gas-
tric mucosa adjacent to carcinomas and
reported that every case of the incomplete
intestinal metaplasia expressed MUCI1 and
MUCSAC together with MUC2, both in
goblet cells and in columnar cells (mixed
GI type). Examination of the pyloric region
of stomachs resected for gastric cancer
has shown that the percentage of glands
expressing MUCSAC was directly related
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to the type of intestinal metaplasia (e.g.,
38% in type I, 78% in type II, and 91%
in type III intestinal metaplasia) (Tanaka
et al., 2005). These results are similar to
our recent results evaluating the pattern of
MUC expression in mucosal biopsy speci-
mens obtained from the greater curvature
of the antrum 3 cm proximal to the pylorus
and at the mid-point of the lesser and greater
curvature of the corpus (i.e., MUCS5AC was
detected in 46% of type 1, 83% of type II,
and 94% of type III intestinal metaplasia
in the antrum and in 13% of type I, 57%
of type II, and 90% of type III intestinal
metaplasia in the corpus). The most incom-
plete IM (type II and III) preserving gastric
mucin is considered to be GI mixed type,
whereas complete type is considered to be
type I, especially in the corpus lesser curve.
MUC6 was less expressed in intestinal
metaplasia than MUCSAC (46% of type I,
50% of type III intestinal metaplasia in the
antrum) (Shiotani et al., 2006a).

GRADING ON INTESTINAL
METAPLASIA USING BIOPSY
SPECIMENS

In 1990, the Sydney classification of gas-
tritis was proposed as a modification of the
Whitehead system in order to update and
standardize the morphological criteria for
classification and grading of chronic gastritis
in the H. pylori era. In 1994 the recommen-
dations were modified by the addition of a
biopsy specimen from the gastric angle and
a change in the location of the antrum and
corpus biopsies from the anterior and poste-
rior walls to the greater and lesser curves of
stomach. Five biopsy specimens are recom-
mended to be taken from the antrum lesser
and greater curve (both within 2-3 cm from
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FIGURE 14.4. The visual analogue scale of the updated Sydney system

the pylorus), the corpus lesser curve (4 cm
proximal to the angulus), the middle portion
of the corpus greater curve (8 cm from the
cardia) and the incisura angularis. Based on
the success with grading of prostate carci-
noma, a visual analogue scale was added
to assist in grading morphological variables
and guidelines for the application of the
system were proposed (Figure 14.4) (Dixon
et al., 1996). Probably the only feature of
the Sydney system that is widely used today
is the four point scale (0-3), and scoring is
generally based on comparisons to the rec-
ommended visual analogue scale. After the
Sydney system, there are few controversies
regarding grading of inflammation or H.
pylori density. However, the assessment
and interpretation of atrophy and intesti-
nal metaplasia have remained problematic,
especially for clinicians.

ASSESSMENT OF ATROPHY

Atrophic gastritis, or gastric atrophy has
been recognized since the 19th century.
The term atrophic gastritis is applied to
chronic gastritis with gland loss and a
change in epithelial type. The most com-
mon causes are H. pylori infection and
autoimmune gastritis. H. pylori infection is
initially most severe in the antrum, and as
time passes, the damage tends to progress
into the gastric corpus. This change can be
visualized as an advancing atrophic bor-
der which involves the lesser curve more
rapidly than the greater curve (Graham
and Shiotani, 2005; Kimura et al., 1996).
The loss of the normal glandular com-
ponents presents as one of two types
of gastric mucosal metaplasia, pseudopy-
loric metaplasia and intestinal metaplasia.
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Pseudopyloric metaplasia represents the
replacement of parietal and chief cells in
oxyntic glands by mucous-secreting cells
of the type found in antral mucosa. These
mucous-secreting cells are thought to arise
from surviving mucous neck cells or stem
cells in the damaged oxyntic glands.

Atrophy has proven difficult to identify
in the antrum because the intense H. pylori-
associated inflammation tends to separate
glandular elements and make the mucosa
appear atrophic. It has been suggested that
it may not be possible to accurately access
the presence of atrophy based on glandular
loss in the antrum until after H. pylori erad-
ication and subsidence of the inflammation.
In the corpus, atrophy appears as pseudopy-
loric metaplasia in which the normal gastric
mucosa is replaced by pyloric appearing
mucosa. Thus, it is difficult or impossible
for the pathologists to distinguish whether
they are seeing atrophic corpus mucosa
or antral mucosa unless they are confident
from where the specimen was taken, and
even then, the location should be confirmed
by pepsinogen I (a marker of corpus tissue)
and/or gastrin (a marker of antral tissue)
staining. The presence of intestinal meta-
plasia is unequivocal evidence of atrophy
and thus, most studies have focused on its
presence as a surrogate for the extent and
severity of atrophy.

PATHOGENESIS OF ATROPHIC
GASTRITIS AND INTESTINAL
METAPLASIA

The pathogenesis of atrophic gastritis is
complex as it represents the end prod-
uct of destructive and reparative proc-
esses which occur simultaneously. The
presence of H. pylori infection alters the
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kinetic patterns of gastric glandular epithe-
lium including gastric epithelial cell prolif-
eration, induction of apoptosis, and DNA
synthesis. lerardi et al. (1997) have sug-
gested that the development of intestinal
metaplasia is associated with an impaired
regulation of gastric epithelial proliferation
with overexpression of the oncoprotein ras
p21 being a maker.

Stomach consists of a large number
of different microenvironments such that
the host-bacterial interactions are likely
to differ remarkably and simultaneously
in the same stomach. The outcome will
also depend on the virulence of the infect-
ing organism, the genetic make-up of the
host (e.g., responsiveness to inflammatory
stimuli), and the presence or absence of
damaging or protective elements in the
diet (e.g., intake of salt vs. fresh fruits and
vegetables). The end result is seen clini-
cally as different patterns of gastritis (e.g.,
antral predominant vs. pangastritis) which
have different clinical implications (i.e.,
duodenal ulcer and antral predominant
gastritis and gastric cancer with atrophic
pangastritis). Intestinal metaplasia is an
end product of the process.

Tatematsu et al. (2003) and Tsukamoto
et al. (2004) suggested that intestinal
metaplasia may undergo a phenotype shift
from mixed GI type to intestinal type.
Their data are consistent with intestinali-
zation progressing from mixed GI type
to the intestinal type in both non-cancer-
ous and cancerous tissues. However, our
results suggest that intestinal type does
not appear to follow mixed GI type. Mixed
GI type of intestinal metaplasia seems to
associate better with the severity of corpus
atrophy and serum low levels of pepsino-
gen I/II ratios compared to intestinal type
(Shiotani er al., 2006a).
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GASTRIC CANCER AND
INTESTINAL METAPLASIA

Intestinal-type gastric cancers are thought
to evolve through a multistep process
starting with superficial gastritis and pro-
gressing through atrophy with dysplasia
preceding the appearance of carcinoma
(Correa, 1992; Shiotani et al., 2005). The
strong association of gastric cancer with
gastric atrophy has been recognized for
nearly a century and has been repeatedly
confirmed. For example, Uemura et al.
(2001) showed that the risk of develop-
ing cancer on follow-up was limited to
those with H. pylori infection and the
risk increased with increasing atrophy,
especially involving the gastric corpus.
There are many ways that the association
between cancer risk and atrophy have been
confirmed among those with H. pylori
infections including noninvasive methods
such as measuring serum pepsinogen I
levels or pepsinogen I:II ratio, identifica-
tion of hypo or achlorhydria by assess-
ing acid secretion directly or indirectly
as an increase in gastrin 17 (Shiotani et
al., 2005). In the most severe atrophy,
one expects very low pepsinogen I lev-
els, elevated gastric 17 levels, and often
the absence of H. pylori seropositivity
reflecting the fact that H. pylori are no
longer able to colonize in the stomach with
extensive atrophy. Low pepsinogen levels
or low acid secretion correlates well with
histologic findings of atrophy and also
with the extent and severity of intestinal
metaplasia.

Tahara et al. (1994) proposed intesti-
nal metaplasia as a possible precancer-
ous lesion with a wide range of genetic
changes including telomerase reduction,
microsatellite instability, and mutation
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in p53, APC, and k-ras. It is currently
thought that atrophy presents as a continu-
ous or near continuous sheet with islands
of intestinal metaplasia interspersed within
the zone of atrophy. However, the role of
intestinal metaplasia as a direct cancer
precursor is unclear with the bulk of recent
observations suggesting that it is not a
direct precursor but rather is a marker for
a mucosa predisposed to cancer develop-
ment. Several Japanese studies suggest
that cancer and intestinal metaplasia arise
from different cell lineages in the prolifer-
ative cell zone at the neck region, which is
also consistent with the opinion that intes-
tinal metaplasia is a marker for increased
risk and not a direct precursor lesion
(Tatematsu et al., 2003). The study in
animal models by Houghton et al. (2004)
has suggested that gastric cancer may arise
from bone marrow stem cells. In their
study, bone marrow-derived cells homed
to and repopulated the gastric mucosa in
a Helicobacter felis infected mouse model
of chronic infection. Bone marrow-derived
cells might contribute to metaplasia and
cancer (Houghton et al., 2004). Overall
one must conclude that the pathogenesis
of intestinal metaplasia and actual rela-
tionship to gastric cancer remains unclear
such that additional studies are warranted
to explore the relationship.

CDX?2 EXPRESSION IN
INTESTINAL METAPLASIA

The CDX proteins are intestine-specific
transcription factors encoded by the cdx!
and cdx2 genes which are the mam-
malian homologues of the Drosophilia
homeobox gene, caudal (Macdonald and
Struhl, 1986). In adult mammals, the
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expression of these genes is restricted to
the epithelium of the gut from the duo-
denum to the large intestine, where they
act as master regulators for intestinal
development and differentiation (Silberg
et al., 2000). CDXI1 is predominantly
expressed in the undifferentiated cells
of the intestinal crypts, whereas CDX2
is mostly present in the villi or differ-
entiated cell compartment of the small
intestine (Silberg et al., 2000). In par-
ticular, the maintenance of intestinal dif-
ferentiation appears to depend on the
presence of CDX2. For example, loss of
CDX2 expression leads to focal gastric
differentiation in the colon (Beck et al.,
1999). Aberrant expression of CDX2 in
the upper gastrointestinal tract is thought
to be a key event in the pathogenesis of
Barrett’s mucosa in the esophagus as well
as in intestinal metaplasia in the stom-
ach (Figure 14.3f) (Silberg et al., 2002).
Aberrant expression of CDX2 correlates
with the development of intestinal meta-
plasia and the expression of CDX?2 as well
as of MUC2 in isolated gastric glands,
which is progressively up-regulated with
intestinalization from the gastric type to
the mixed GI type to the intestinal type
(Tsukamoto et al., 2004).

The presence of CDX2 staining is likely
a surrogate marker for the presence of
intestinal metaplasia. We previously found
that its expression at the corpus lesser
curve was greater in patients with gas-
tric cancer than in the controls, and that
expression increased in relation to the
atrophy score in the ascending order of
those without intestinal metaplasia, com-
plete intestinal metaplasia, and incom-
plete intestinal metaplasia (Shiotani et al.,
2006b). CDX2 may be an essential signal
for modulation to an intestinal metaplasia
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phenotype and might function by prevent-
ing the execution of the fundic gland dif-
ferentiation pattern.

Little information is available concern-
ing the factors (e.g., transcription factors)
that cause altered differentiation of stem
cells in the gastric epithelium. Runx3,
a runt domain transcription factor, is a
major growth regulator of gastric epithe-
lial cells. Some gastric epithelial cells in
the Runx3—-/— mouse differentiate into
intestinal-type cells expressing CDX2
(Fukamachi et al., 2004). Sucrase-isoma-
ltase, glucagon, carbonic anhydrase I,
lactase, and MUC2 have been suggested
as candidates for CDX2-regulated target
genes.

H. pylori-associated corpus inflamma-
tion is associated with suppression of pari-
etal cell function (e.g., acid secretion is
suppressed). Of interest, CDX?2 expression
in an intestinal cell line has been shown to
be down-regulated under acidic conditions
(Faller et al., 2004). Overall these data
suggest that hypoacidity might allow stem
cell differentiation in a particular direction
to intestinal metaplasia and independently
to cancer (Faller et al., 2004).

CDX?2 in Gastric Cancer

The phenotypic expression of gastric can-
cer can be classified into gastric and
intestinal epithelial cell types by immu-
nohistochemistry using the same epithe-
lial cell markers for intestinal metaplasia.
CDX2 expression is associated with intes-
tinal type gastric cancer, and it is expressed
at the early stage of gastric carcinogenesis
(Mizoshita et al., 2004). Mutoh et al. (2004)
reported that gastric polyps developing
from the intestinal metaplastic mucosa in
Cdx2-transgenic mice consisted of intesti-
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nal-type adenocarcinoma containing p53
and APC gene mutations. The hypothesis
that intestinal-type carcinomas arise in
intestinalized mucosa, whereas diffuse—
type cancers develop from the phenotypic
gastric mucosa is based on morphologi-
cal similarities. However, there are sev-
eral contradictions. For example, the early
stages of gastric cancers, independent of
the histological type, are mainly gastric
phenotype and the shift to intestinal phe-
notype occurs during tumor progression
(Tatematsu et al., 2003). Mizoshita et al.,
(2004) divided gastric cancers into gastric
(G-type), gastric intestinal mixed type (GI
mixed type), intestinal type, and null type
(N type). CDX2 expression was detected in
the intestinal type region and in the N type
regions. The GI mixed and intestinal types
had significantly greater CDX2 expres-
sion than the N types (p < 0.001), while
there was no CDX2 expression in the G
type. The phenotype of gastric tumors is
independent of phenotype of intestinal
metaplasia existing in the background
mucosa and seems to be determined by
CDX2 expression.

Previous studies have suggested that
CDX2 is a tumor-suppressor gene with
regard to colorectal carcinogenesis. CDX2
up-regulates transcription of p21/WAF1/
CIP1, which plays a critical role in dif-
ferentiation and tumor suppression and
promotes intestinal differentiation as a
cyclin-dependent kinase inhibitor lead-
ing to cell-cycle arrest (Bai et al., 2003).
CDX2-positive expressing tumors show
tendencies towards less invasiveness and
fewer lymph node metastases and have a
better outcome than the CDX2-negative
tumors (Mizoshita er al., 2004). While
the data are provocative, the actual role of
CDX2 in gastric cancer remains unclear.
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It is also possible that CDX2 may have
different roles depending on the cancer

type.

HISTOLOGICAL MARKERS
FOR INCREASED RISK FOR
GASTRIC CANCER

The prevalence of intestinal metaplasia
increases with age among H. pylori-
infected individuals. Type 1 intestinal
metaplasia is commonly found in random,
particularly antral biopsies from patients
with H. pylori infection. Because the
detection of intestinal metaplasia in rou-
tinely obtained, endoscopic biopsy mate-
rial is common. The finding of intestinal
metaplasia by itself has not proven to be a
suitable marker for identifying patients at
increased risk of gastric cancer. Moreover,
El-Zimaity et al. (2001) reported that biop-
sies taken repeatedly from predetermined
sites showed that neither the presence
nor the type of intestinal metaplasia was
constant. However, the fact that intestinal
metaplasia is found on multiple biopsy
specimens taken from predetermined sites
in the corpus suggests that intestinal meta-
plasia is widespread and is consistent with
extensive and advanced corpus atrophy.
For example, we obtained biopsy samples
from the greater curve of the antrum 3cm
proximal to the pylorus as well as the mid-
point of the greater and lesser curve of the
corpus. The presence of intestinal metapla-
sia in the corpus, especially along the lesser
curve, identified those at increased risk for
gastric cancer, and as might be expected,
the presence of intestinal metaplasia along
the corpus greater curve was associated
with the presence of multiple malignant
lesions (Shiotani et al., 2005, 2006a).
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Retrospective studies by Filipe et al.
(1988) and Matsukura et al. (1980) have
demonstrated that type III intestinal meta-
plasia can be detected in 75-90% of cases
of intestinal type gastric cancer. Kabashima
et al. (2000) studied the difference in phe-
notypic expression between multiple early
gastric cancer (112 lesions) and solitary
early cancer (53 lesions) from the files of
gastric specimens which had been surgically
resected. They reported that the incidence
of mixed GI type of intestinal metaplasia in
non-neoplastic mucosa within Smm from
the margins of cancer cells was higher
(75% vs. 40%) in the patients with multiple
lesions than in the patients with a single
lesion. Although type III intestinal meta-
plasia is frequently present in patients with
gastric cancer, it is important to note that
most of the studies on intestinal metaplasia
as a risk marker have come from patients
who already had gastric cancers, and thus
little can be said regarding its predictive
value. The same problem presents itself in
regards to the role of altered mucin expres-
sion pattern in intestinal metaplasia.

Rokkas et al. (1991) followed up 26
patients with type III intestinal metaplasia
by endoscopy and biopsy, and diagnosed
early gastric cancer in 11 patients in 5
years. They concluded that early stage
gastric cancer could be diagnosed with
increasing frequency by endoscopic sur-
veillance of patients with type III intestinal
metaplasia. Filipe et al. (1994) followed
up to 1,525 Slovenian patients with intes-
tinal metaplasia (Type I n = 518 , Type 1l
n =197, Type Il n = 275), patients with
type III had a 2.7-5.8 times greater risk for
the development gastric cancer compared
with those with type I and II sulfomucin-
negative intestinal metaplasia. Another
recent cohort study of 144 patients by
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Dinis-Ribeiro er al. (2004) also demon-
strated that patients with type III intesti-
nal metaplasia may benefit from 6 to 12
monthly endoscopic examinations. In their
study, 7% of patients with type II or III
intestinal metaplasia at first biopsy pro-
gressed to high grade dysplasia, whereas
no cases with atrophic gastritis or type I
intestinal metaplasia progressed to high
grade dysplasia during the first 3 years. It
is likely that the presence of extensive type
IIT intestinal metaplasia is actually indica-
tive of extensive and advanced atrophy.
However, these studies do not indicate the
biopsy sites chosen, and whether diagnosis
of its presence significantly adds more use-
ful information compared to noninvasive
testing (e.g., pepsinogen or gastrin levels)
remains to be examined. Further large
long-term prospective studies are needed
to compare markers so as to establish the
clinical utility of the classification of intes-
tinal metaplasia using biopsy samples.
From the discussion above, it should be
clear that there are both histological and
biochemical methods of detecting and stag-
ing gastric mucosal atrophy. The presence
of severe and extensive atrophy predicts
cancer risk. The classification of intestinal
metaplasia by histochemical detection using
biopsy samples obtained from fixed points
in the corpus may add additional informa-
tion regarding risk. Recently, Rugge et
al. (2007) introduced the Operative Link
on Gastritis Assessment (OLGA)-staging
system that takes account of the location
and severity of atrophy. In 439 prospec-
tively-enrolled, consecutive, dyspeptic out-
patients who underwent endoscopy with
standardized biopsy sampling according to
the updated Sydney system, benign condi-
tions consistently clustered in stages 0-II,
whereas all neoplastic lesions clustered in
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TaBLE 14.1. The Operative Link on Gastritis Assessment (OLGA)-staging system.

Corpus stages

Atrophy Absent Mild Moderate Severe

Antrum stages Absent Stage 0 Stage 1 Stage 1T Stage 11
Mild Stage I Stage I Stage II Stage III
Moderate Stage II Stage II Stage III Stage IV
Severe Stage IIT Stage IIT Stage IV Stage IV

stages III-IV (Table 14.1). The OLGA-
staging system may provide a risk estimate
for developing gastric cancer. However,
according to the previous studies, corpus
atrophy or corpus gastritis seem to be
more useful risk markers for gastric can-
cer compared to antral gastritis or atrophy
(Shiotani et al., 2006b; Uemura et al.,
2001). Prospective multicenter studies are
needed to validate this new staging system
in different epidemiological contexts.

ERADICATION OF H. PYLORI
AND FUTURE STUDIES

Patients with corpus gastritis and reduced
acid secretion often experience an increase
in acid secretion after eradication, pre-
sumably due to the removal of the pos-
tulated inhibitory factors and possibly
improvement in parietal cell number. Wong
et al. (2004) conducted a prospective ran-
domized placebo-control eradication study
on prevention of gastric cancer in a region
of high prevalence in China after 7.5 years
of follow-up. They reported a beneficial
effect from eradication only in the sub-
group of patients without atrophy, intes-
tinal metaplasia, or dysplasia, suggesting
that the benefit of H. pylori eradication
diminishes once intestinal metaplasia is
present (Wong et al., 2004).

As noted above, the data are consistent
with the cancer risk proportional to the
severity of corpus atrophy. The fact that in
some patients corpus function may partially
recover, as reflected in a return or increase
in acid secretion and a fall in serum gas-
trin levels, suggests that the simple pres-
ence of atrophy may be a course measure
of risk. We speculate that the degree of
improvement in function probably cor-
relates inversely with the actual baseline
risk and the subsequent risk. Although the
current data do not support the notion that
H. pylori eradication results in disappear-
ance of intestinal metaplasia, we recently
showed a decrease in the expression of
CDX2 in the corpus mucosa after H. pylori
eradication of subjects at high risk for gas-
tric cancer (Shiotani et al., 2007). Of inter-
est, the improvement in CDX2 expression
in the corpus was limited to the atrophic
mucosa without incomplete intestinal
metaplasia which was unchanged follow-
ing H. pylori eradication.

As for future studies, there is a need to
examine improvements in acid secretion,
pepsinogen levels, serum gastrin levels,
or CDX2 expression as prognostic mark-
ers. One might suspect that continued
inflammation after eradication in areas
of extensive corpus incomplete intestinal
metaplasia may identify patients lack-
ing favorable biochemical responses or
changes in CDX2 expression and having
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higher residual risks of gastric cancer.
Long term follow-up studies after eradica-
tion are required to address these ques-
tions and to identify the patients suitable
for a program of targeted surveillance
following population as a cancer preven-
tion strategy for high risk populations
(e.g., Japan, Korea, China) (Graham and
Shiotani, 2005).
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Gastric Cancer: Antitumor Activity

of RUNX3
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INTRODUCTION

Although the incidence of gastric cancer
declined in the West from the 1940s to
the 1980s, it remains a major public health
problem throughout the world (Parkin et al.,
2005). In Asia and parts of South America
in particular, gastric cancer is the most
common epithelial malignancy and leading
cause of cancer-related deaths. Moreover,
gastric cancer remains the second most fre-
quently diagnosed malignancy worldwide
and the cause of 12% of all cancer-related
deaths each year (Parkin et al., 2005; Zheng
et al., 2004). Advances in the treatment of
this disease are likely to come from a fuller
understanding of its biology and behavior.
The aggressive nature of human metastatic
gastric carcinoma is related to mutations
of various oncogenes and tumor suppres-
sor genes and abnormalities of several
growth factors and their receptors (Ushijima
and Sasako, 2004). These mutations and
abnormalities affect the downstream sig-
nal transduction pathways involved in the
control of cell growth and differentiation.
Specifically, they confer a tremendous
survival and growth advantage to gastric
cancer cells. Studies have indicated the
role of several tumor suppressor genes in

gastric cancer development and progres-
sion, including the E-cadherin/CDH1 gene,
TP53, pl16 (Ushijima and Sasako, 2004),
and, recently, runt-related (RUNX) genes
(Li et al., 2002).

The Runt family of transcription fac-
tors consists of three members — RUNX1,
RUNX2, and RUNX3 - that play impor-
tant roles in both normal developmen-
tal processes and carcinogenesis (Lund
and van Lohuizen, 2002). The RUNXI
locus, which is required for definitive
hematopoiesis (Yokomizo et al., 2001), is
the most frequent target of chromosome
translocations in leukemia (Look, 1997).
RUNX2, which is essential for osteogen-
esis (Ducy et al., 1997), is mutated in
the human disease cleidocranial dysplasia
(Lee et al., 1997; Mundlos et al., 1997),
an autosomal dominant bone disorder.
RUNX3 is necessary for suppression of
cell proliferation in the gastric epithe-
lium (Li et al., 2002), neurogenesis of
the dorsal root ganglia (Levanon et al.,
2002), and T-cell differentiation (Woolf
et al., 2003). Primary gastric cancer speci-
mens have significantly lower levels of
RUNX3 expression when compared with
that in normal gastric tissues because of a
combination of a hemizygous deletion and
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hypermethylation of the RUNX3 promoter
region (Li et al., 2002). Furthermore,
the gastric epithelium of RUNX3 knock-
out mice exhibits hyperplasia, a reduced
rate of apoptosis, and reduced sensitivity
to transforming growth factor (TGF)-f1,
which suggests that the tumor suppressor
activity of RUNX3 operates downstream
of the TGF-f signaling pathway.

RUNX3 AS A GASTRIC
CANCER SUPPRESSOR

Two groups previously produced Runx3
knockout mouse strains that exhibited com-
parable defects: one involving neurogenesis
and the other involving thymopoiesis (Li et
al.,2002; Levanonetal.,2002). Surprisingly,
researchers observed a stomach defect per-
taining to gastric cancer in one of the strains
but not in the other. Authors assessed this
discrepancy and proposed several solutions
for reconciling it (Levanon et al., 2003;
Coffman, 2003). Recent studies further
challenged the hypothesis that RUNX3 acts
as a tumor suppressor gene in gastric can-
cer cases (Carvalho et al., 2005; Friedrich
et al., 2006). However, many lines of evi-
dence indicate that RUNX3 plays a critical
role in gastric cancer development and
progression.

Clinical evidence. Researchers have
studied a potential connection between
RUNX3 and gastric cancer using human
gastric cancer cell lines and primary
human gastric tumors. Of 46 primary
human gastric cancer specimens, 30% dis-
played hemizygosity of RUNX3. However,
intragenic mutation in the remaining allele
was very rare. Instead, about 45-60% of
the primary human gastric tumors exhib-
ited reduced RUNX3 expression accom-
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panied by hypermethylation of the CpG
island located in the proximal (p2) pro-
moter region (Li et al., 2002; Waki et al.,
2003). We recently determined the level of
RUNX3 expression in gastric cancer cells
and primary gastric cancer specimens and
the impact of alteration of this expression
of this protein on gastric cancer biology
and clinical outcome (Wei et al., 2005).
We found that RUNX3 protein expression
in 86 gastric tumors was lost or substan-
tially decreased as compared with that in
normal gastric mucosa (P < 0.0001) and
that this loss or reduced expression was
significantly associated with inferior sur-
vival durations (P = 0.0005). Using a Cox
proportional hazards model, we found that
RUNX3 expression independently pre-
dicted increased survival durations (P =
0.036). Moreover, various human gastric
cancer cell lines exhibited loss of or dras-
tic decreases in RUNX3 expression.

Experimental evidence. RUNX3 1is
expressed in the gastrointestinal organs
of the developing embryo and throughout
adulthood in mice. A study of targeted
inactivation of Runx3/ in mice revealed in
more detail the role that this gene plays in
gut development (Li er al., 2002). First,
the gastric epithelium of Runx3~~ mice
displayed hyperplasia resulting from an
increase in cell proliferation and a reduced
rate of apoptosis. Second, glandular stom-
ach epithelial cell lines obtained from
Runx3”~ mice on a p537~ background
were tumorigenic in nude mice, whereas
the same cell lines obtained from Runx3*'*
mice on a p537~ background were not.
This indicates that Runx3 keeps cell pro-
liferation under control, which is a typical
feature of tumor suppressors.

Using a chemical carcinogenesis murine
model of gastric cancer, Guo et al. (2002)
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found that RUNX3 was inactivated by DNA
methylation in N-methyla-N-nitrosourea-
treated mice that had gastric cancer. In
contrast, exogenous expression of RUNX3
in the gastric epithelial cells obtained from
the mice inhibited their growth in soft
agar. Although the mechanism by which
N-methyla-N-nitrosourea induces gastric
carcinoma remains unknown, Runx3 appar-
ently is one of the major targets of this car-
cinogen, because this study found that CpG
islands in the Runx! and Runx2 promoter
regions were not methylated.
Interestingly, researchers found one
incidence of a mutation in RUNX3 in
119 human gastric tumors (Li et al.,
2002). This was a single-nucleotide tran-
sition within the conserved Runt domain
that converted arginine 122 to cysteine
(R122C). Moreover, when researchers in
another study transfected gastric cancer
cells with RUNX3 followed by drug selec-
tion, only small numbers of G418-resist-
ant foci formed, whereas cells transfected
with RUNX3-R122C produced numbers
of foci similar to those in control cells
transfected with a vector only (Guo et al.,
2002). Also, a tumorigenesis assay using
nude mice revealed that RUNX3 signifi-
cantly suppressed gastric tumor growth
and that the R122C point mutation of
the RUNX3 gene found in a patient with
gastric cancer abolished this antitumor
ability (Li et al., 2002). The identifica-
tion of this loss-of-function mutation of
RUNX3 in a primary gastric tumor speci-
men significantly supports the notion that
this gene can act as a tumor suppressor.
Recently, investigators found that suberoy-
lanilide hydroxamic acid, a member of
highly potent histone deacetylase inhibi-
tors, causes growth arrest, differentiation,
and apoptosis of tumor cells (Huang et al.,
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2007). The tumor-suppressive activities
of these inhibitors include upregulation
of RUNX3 expression by suberoylanilide
hydroxamic acid.

Mechanistic evidence. Researchers have
proposed a few underlying mechanisms of
reduced RUNX3 expression. For exam-
ple, Waki et al. (2003) initially reported
that 70% of the gastric cancer cell lines
they studied exhibited RUNX3 promoter
hypermethylation and that 45% and 8%
of the neoplastic and corresponding non-
neoplastic gastric epithelial tissue sam-
ples studied, respectively, had RUNX3
promoter methylation, suggesting that
RUNX3 methylation is mostly gastric
cancer-specific. Many laboratories imme-
diately confirmed these initial findings in
gastric cancer (Homma et al., 2006) and
many other tumor types, including human
lung cancer (Yanada et al., 2005).

In addition to the deregulation of mecha-
nisms that control RUNX3 gene expression,
a mechanism that controls nuclear transloca-
tion of RUNX3 protein is impaired frequently
in gastric cancer and contributes to gastric
carcinogenesis. A study found that in nor-
mal gastric mucosa, RUNX3 was expressed
most strongly in the nuclei of chief cells as
well as in surface epithelial cells (Ito et al.,
2005). The investigators found that in chief
cells, a significant portion of RUNX3 pro-
tein was located in the cytoplasm, whereas
44% of cases of gastric cancer did not
exhibit detectable levels of RUNX3 protein
expression, 38% showed exclusive cytoplas-
mic localization of RUNX3, and only 18%
showed nuclear localization of RUNX3. In
the cytoplasm, RUNX3 is inactive as a sup-
pressor of cancer cells. Therefore, RUNX3
1s inactive in 82% of gastric cancer cases as
a result of either gene silencing or protein
mislocalization to the cytoplasm.
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RUNX3 is a target of the acetyltrans-
ferase activity of p300. The p300-dependent
acetylation of three lysine residues pro-
tects RUNX3 from ubiquitin ligase Smurf-
mediated degradation. This acetylation
is upregulated by the TGF-f signaling
pathway and downregulated by histone
deacetylase activity. Therefore, the level of
RUNX3 protein expression is controlled
by competitive acetylation and deacetyla-
tion of the three lysine residues, revealing
a new mechanism for the posttransla-
tional regulation of RUNX3 expression
(Jin et al., 2004).

Finally, the chromosome locus 1p36,
which harbors RUNX3, is among the most
frequently affected chromosomal regions in
various types of common cancers, includ-
ing gastric cancer (Weith et al., 1996).
Furthermore, introduction of a normal
human chromosome locus 1p36 into colon
carcinoma cells markedly suppresses
their tumorigenicity (Tanaka ef al., 1993).
Therefore, RUNX3 may be inactivated by
the loss of heterozygosity. Examining the
inactivation of RUNX3 to determine whether
it is also associated with other types of can-
cers that are related to 1p36 deletion would
be particularly interesting. Taken collec-
tively, the existing clinical, experimental,
and mechanistic evidence indicates that
RUNX3 acts as a tumor suppressor of gas-
tric cancer, and that its inactivation plays
an important role in human gastric cancer
development and progression.

MECHANISMS UNDERLYING
THE TUMOR SUPPRESSOR
ACTIVITY OF RUNX3

The increased proliferation and decreased
apoptosis of Runx3~~ gastric epithelial
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cells are accompanied by reduced sensi-
tivity to TGF-p1, as studies have shown
that TGF-f1-induced inhibition of pro-
liferation was only modestly affected in
Runx3~~ gastric epithelial cells, whereas
TGF-B1-induced apoptosis was signifi-
cantly impaired in these cells (Schuster
and Krieglstein, 2002). These results indi-
cate that the tumor suppressor activity of
RUNX3 is associated with the TGF-f3 sig-
naling pathway and that loss of functional
RUNX3 may impair the tumor suppressor
activity of this pathway as manifested by
aberrant cell proliferation and apoptosis.
A large amount of research is clearly
needed to understand the full potential of
RUNX3 as a tumor suppressor as well as
the underlying mechanisms of this gene.
Regulation of cell growth. RUNX3 is
expressed by gastric epithelial cells through-
out development. Researchers found that
mice whose Runx3 gene had been knocked
out died soon after birth (Fukamachi and
Ito, 2004). In these knockout mice, gastric
epithelia exhibited hyperplasia, and epithe-
lial apoptosis was suppressed. Analysis of
the epithelial cells using a primary culture
system suggested that this was caused by
reduced sensitivity of Runx3~~ gastric epi-
thelial cells to the growth-inhibiting and
apoptosis-inducing activities of TGF-p.
Exogenous expression of RUNX3 in cells
that did not express the endogenous gene
inhibited the growth of tumor cells both in
vivo and in vitro. In addition, RUNX3 is
required for TGF-B-dependent induction of
p21 expression in stomach epithelial cells,
and overexpression of RUNX3 potenti-
ates TGF-f-dependent induction of endog-
enous p21 expression. In cooperation with
Smads, RUNX3 synergistically activates
the p21 promoter. Furthermore, investiga-
tors found that areas in murine and human
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gastric epithelium in which RUNX3 was
expressed coincided with those in which
p21 was expressed (Chi et al., 2005).
These results suggest that the tumor sup-
pressor activity of RUNX3 is at least
partly associated with its ability to induce
p21 expression. Our study showed that
enforced restoration of RUNX3 expression
led to downregulation of cyclin D1 but
upregulation of p27, Caspase 3, Caspase
7, and Caspase 8 expression; cell cycle
arrest; and apoptosis in vitro, which was
consistent with dramatic attenuation of
tumor growth and abrogation of metastasis
in animal models (Wei et al., 2005).

Regulation of apoptosis. Generally,
RUNX3 is believed to regulate apoptosis
via the TGF-f1 signaling pathway. Recent
findings showed that the physical interac-
tion of RUNX3 and FoxO3a/FKHRLI1 on
the Bim promoter activated transcription
of Bim (Yamamura et al., 2006). RUNX3
cooperates with FoxO3a/FKHRLI1 to par-
ticipate in the induction of apoptosis by
activating Bim and may play an important
role in tumor suppression in gastric can-
cer. Furthermore, authors reported that
in Runx3”~ mouse gastric epithelium,
expression of Bim was downregulated,
and the level of apoptosis was reduced to
the same extent as that in Bim™~ gastric
epithelium (Yano et al., 2006; Vogiatzi
et al., 2006). These results demonstrate
that RUNX3 is responsible for transcrip-
tional upregulation of Bim expression in
TGF-B-induced apoptosis. Also, overex-
pression of Runx3 may sensitize gastric
cancer cells to chemotherapeutic drugs
by downregulating expression of Bcl-2,
MDR-1, and MRP-1 at the transcriptional
level (Guo et al., 2005).

Regulation of cell differentiation.
A study found that some Runx3~~ mouse
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gastric epithelial cells could differentiate
into intestinal-type cells that expressed
Cdx2, a transcription factor that has been
shown to induce intestinal metaplasia in
transgenic mice (Fukamachi et al., 2004).
The researchers did not find differentia-
tion of intestinal-type cells in cultures of
Runx3** gastric epithelial cells. These
results suggest that gastric epithelial cells
can differentiate into intestinal-type cells,
probably because of expression of Cdx2
in them when the function of Runx3 is
impaired. These results imply a close
relationship between loss of function of
Runx3, formation of intestinal metaplasia,
and development of gastric cancer. Also,
this study showed that when subcutane-
ously implanted into nude mice, Runx3~/~
gastric epithelial cells formed tumors in
which some cells differentiated into intes-
tinal-type cells. Clonal analysis showed
that gastric epithelial cells transdiffer-
entiated into intestinal-type cells in the
tumors. Considering that gastric epithelial
differentiation is very stable and that intes-
tinal-type cells never differentiate in the
murine stomach, the fact that gastric epi-
thelial cells transdifferentiate into intes-
tinal-type cells is remarkable. Therefore,
Runx3 plays a very important role in
the control of growth, specification, and
differentiation of gastric epithelial cells
(Fukamachi, 2006, Nakase et al., 2005).
Regulation of angiogenesis and meta-sta-
sis. The results of one study, indicate that
silencing of RUNX3 may affect the expres-
sion of important genes involved in various
aspects of metastasis, including cell adhe-
sion, proliferation, and apoptosis and promo-
tion of the peritoneal metastasis of gastric
cancer (Sakakura er al., 2005). Also, we
found both clinical and mechanistic evidence
that RUNX3 negatively regulated gastric
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cancer angiogenesis and metastasis (Peng et
al., 2006). Specifically, we found that loss of
RUNX3 expression directly correlated with
increased VEGF expression and tumor ang-
1ogenesis. We also found for the first time that
restoration of RUNX3 expression dramati-
cally suppressed the angiogenic potential of
human gastric cancer cells, which correlated
with downregulation of VEGF expression
via promoter repression in vitro and attenu-
ation of tumorigenicity and abrogation of
metastasis in animal models. Therefore, our
study provides a novel molecular mechanism
for the antitumor activity of RUNX3, further
underscores the importance of RUNX3 in
gastric cancer development and progression,
and provides a better understanding of the
molecular basis for aberrant RUNX3 signal-
ing pathways, which may help in designing
effective therapeutic modalities to control
gastric cancer growth and metastasis.

MATERIALS

1. Formalin-fixed, paraffin-embedded pri-
mary gastric adenocarcinoma specimens
and normal gastric tissue specimens
Xylene
Ethanol
Distilled H,O (dH,0)
Phosphate-buffered saline (PBS): 100 mg
of anhydrous calcium chloride, 200 mg
of potassium chloride, 200mg of mono-
basic potassium phosphate, 100mg of
magnesium chloride 6 H,0, 8 g of sodium
chloride, and 2.16g of dibasic sodium
phosphate 7H,O; bring volume to 11
with dH,O, adjust pH to 7.5
6. 50mM Tris buffer: 0.6g of Tris(hydro
xymethyl)aminomethane in 100ml of
dH,O; adjust pH to 7.6 using HC]
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7. 10mM sodium citrate buffer: add
2.94 g of sodium citrate to 11 of dH,0O,
adjust pH to 6.0

8. Trypsin  (Invitrogen
Carlsbad, CA)

9. Three percent H,O, in methanol: add
9ml of 30% H,0, to 92ml of metha-
nol

10. Blocking solution: 5% bovine serum
albumin and 5% normal horse
serum (Jackson ImmunoResearch
Laboratories, Inc., West Grove, PA) in
PBS

11. Primary antibody: a polyclonal rab-
bit antibody against human RUNX3
(Active Motif, Carlsbad, CA)

12. Secondary antibody: peroxidase-
conjugated anti-rabbit IgG (Jackson
Immuno Research Laboratories, Inc.)

13. 3,3-Diaminobenzidine tetrahydrochlo-
ride (DAB) solution: dissolve 50 mg of
DAB (Sigma Chemical Co., St. Louis,
MO) in 99.5ml of PBS and add 0.5ml
of 30% H,0,; use immediately because
solution is good for only 20 min

14. Hematoxylin (Biogenex Laboratories,
San Ramon, CA)

15. Universal mount (Research Genetics,
Huntsville, AL)

Corporation,

METHODS

Tissue Slide Preparation

1. Cut standard sections (5um thick) of
tissue specimens and mount them on
glass slides.

2. Air-dry the slides overnight at room
temperature.

Deparaffinization

1. Heat the slides at 60°C for 30 min.
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2.

Incubate the slides in xylene for 6min
at room temperature. Repeat this step
once.

Rehydration

I.

2.

Rinse the slides with 100% ethanol
(ETOH) twice for 2 min each.

Rinse the slides with 95% ETOH twice
for 1 min each.

Rinse the slides with 80% ETOH for
1 min.

Rinse the slides with 50% ETOH for
1 min.

. Rinse the slides with PBS twice for

2 min each.

Antigen Retrieval

1.

2.

Immerse the slides in 10mM sodium
citrate buffer (pH 6.0).

Heat the slides in a microwave oven for
1 min at high power followed by 19 min
at medium power.

. Cool the slides for 20min after antigen

unmasking.

Tissue Digestion

1.

Incubate sections with 0.025% trypsin
in 50mM Tris buffer (pH 7.6) for Smin
at 37°C.
Rinse slides with PBS three times for
2min each and continue the immunos-
taining.

Immunostaining Procedure

1.

2.

Use a paper towel to wipe around the
tissue on each slide.

Draw a circle with a Pap pen around the
tissue on each slide.

Place all slides in a humidified chamber
(care must be taken to prevent tissue
from drying out).

N

o0

10.

11.
12.

13.
14.
15.
16.
17.
18.

19.
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. Quench endogenous peroxidase by
placing slides in 3% H,O, methanol
for 15 min.

. Rinse the slides with PBS three times
for 5 min each.

. Incubate each slide with 300/ of
blocking solution for 1h at room tem-
perature.

. Remove blocking solution and add
200ul of diluted primary antibody
(diluted 1:200 in blocking solution)
to each slide. Incubate the slides over-
night at 4°C.

. Rinse as described in step 2.

. Incubate each slide with 300ul of

blocking solution for 1h at room tem-

perature.

Remove blocking solution and add

diluted secondary antibody (anti-rab-

bit IgG, 1:500 diluted in blocking
solution). Incubate the slides with the
antibody for 2h.

Rinse as described in step 2.

Add 150ul of DAB solution to each

slide. At this point, the slides may be

examined under a bright-field micro-
scope to monitor the staining qual-
ity. Positive staining is indicated by

a reddish-brown precipitate in the

nucleus.

As soon as the section turns brown,

immerse slides in dH,O.

Rinse the slides with dH, O three times

for Smin each.

Counterstain slides with hematoxylin

for 10s.

Rinse the slides briefly with dH,O.

Rinse the slides with PBS for 1 min.

Rinse the slides with dH,O two times

for Smin each.

Mount the slides using Universal

mount and place on a hot plate (65°C)

for 30 min to dry the slides.
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20. The slides are now ready for final
examination under a bright-field
microscope.

Specimen Analysis

1. The sections were examined by a
pathologist who was blinded to the
clinical characteristics of the patients.

2. The intensity of staining for RUNX3
was evaluated using a digital image
analysis system (Sony 3CD color video
camera; Sony, Tokyo, Japan) and a
personal computer equipped with the
Optimas Image Analysis software pro-
gram (Optimas Corp., Bothell, WA).

3. Intranuclear staining of tumor cells was
considered to indicate the presence of
constitutively activated Stat3.

Immunohistochemical staining results were
classified into three groups depending on
the percentage of cells with cytoplasm
and/or nuclei positive for RUNX3 as fol-
lows: negative (< 10%), weakly positive
(10-24%), and strongly positive (= 25%).
Specifically, if < 10% of the tumor cells
showed a staining pattern, the slide was
classified as negative. When the percent-
age of RUNX3-positive tumor cells was
10-25%, the slide was classified as weakly
positive. When the percentage of RUNX3-
positive tumor cells was 25% or higher, the
slide was classified as strongly positive.
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Early Gastric Cancer:

Laparoscopic

Gastrectomy (Methodology)

Seigo Kitano, Kazuhiro Yasuda, and Norio Shiraishi

INTRODUCTION

Gastric cancer is one of the leading
causes of cancer-related deaths worldwide
(Roder, 2002; Brennan, 2005). In Asian
countries, up to 60% of all gastric cancers
are now diagnosed as early gastric can-
cers because of widespread mass screen-
ing and improved diagnostic instruments
(Tsubono and Hisamichi, 2000; Japanese
Gastric Cancer Association Registration
Committee, 2006). Most early gastric can-
cers are cured by surgery, and it is impor-
tant to improve the short-term quality of
life of these patients after surgery.

During the last 2 decades, laparoscopic
surgery has undergone rapid develop-
ment and has been applied to a variety
of gastrointestinal diseases because of its
minimal invasiveness (Siu et al., 2002;
Draaisma et al., 2006). We first performed
laparoscopy-assisted Billroth I gastrec-
tomy for cancer in 1991 and reported our
experience in 1994 (Kitano et al., 1994).
Many studies have shown that laparo-
scopic gastrectomy is feasible and safe
for early gastric cancer (Kitano et al.,
2002), and that, in comparison to open
gastrectomy, it provides a better short-
term postsurgical outcome, including less

pain, quicker recovery of gastrointestinal
function, preserved postoperative respira-
tory function, decreased inflammatory and
immune responses, and shorter hospital
stay (Huscher et al., 2005). Moreover, a
recent multicenter study of a large patient
series showed that laparoscopic gastrectomy
for early gastric cancer provides the same
oncological curability as open gastrectomy
(Kitano et al., 2007). Laparoscopic gastrec-
tomy has become an acceptable alternative in
the treatment of gastric cancer, and its use is
increasing worldwide (Carboni et al., 2005).
This report describes the current status, indi-
cations, and technical details of laparoscopic
gastrectomy for early gastric cancer.

CURRENT STATUS
OF LAPAROSCOPIC
GASTRECTOMY FOR
CANCER IN JAPAN

The Japan Society of Endoscopic Surgery
(JSES) conducts a nationwide survey
regarding endoscopic surgery every 2 years.
The eighth survey was conducted in 2006.
Questionnaires were sent to the 2,619
facilities of which the members of JSES
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belonged to, and responses were received
from 1,373 facilities (52.4%).

According to the eighth nationwide sur-
vey, a total of 12,626 laparoscopic sur-
geries were performed for gastric cancer
during the period of 1991 through 2005.
These included 9,063 laparoscopy-assisted
distal gastrectomies (LADGs), 1,844 lapar-
oscopic local resections, 496 laparoscopy-
assisted total gastrectomies (LATGs), 433
laparoscopy-assisted proximal gastrecto-
mies (LAPGs), 416 laparoscopic intra-
gastric mucosal resections, and 374 other
laparoscopic surgeries. LADG is the pro-
cedure most frequently used to treat gas-
tric cancer and the number of LADGs has
increased rapidly. Moreover, the number
of advanced and complicated laparoscopic
gastric surgeries such as LATG and LAPG
have increased gradually with the develop-
ment of new laparoscopic surgery instru-
ments and techniques.

Laparoscopic lymph node dissections
performed in the 9,063 LADGs consisted
of 5,405 D1+a dissections (No. 7 nodes),
2,506 D1+ dissections (no. 7, 8, 9 nodes),
and 1,153 D2 dissections. The numbers
and groups of dissected lymph nodes
were defined according to the Japanese
Classification of Gastric Carcinoma. D1+
lymph node dissection includes removal of
perigastric lymph nodes and lymph nodes
at the base of the left gastric artery (no. 7),
D1+ dissection includes removal of lymph
nodes along the common hepatic artery
(no. 8), around the celiac artery (no. 9). In
addition to D1+o dissection, D2 dissection
includes removal of lymph nodes along
the splenic artery, in the hepatodudenal
ligament, and along the superior mesenteric
vein, in addition to D1+ dissection. In
2005, up to 14.6% (2,631/18,070) of all
gastric cancers treated surgically or endo-
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scopically were treated by laparoscopic sur-
gery. The rates of intra- and postoperative
complications after LADG were 1.9% and
9.0%, respectively, and the rate of conver-
sion to open surgery was 1.3%.

INDICATIONS FOR
LAPAROSCOPIC
GASTRECTOMY FOR EARLY
GASTRIC CANCER

The Clinical Guidelines for the Treatment
of Gastric Cancer published by the Japanese
Gastric Cancer Association (JGCA) pro-
vide detailed treatment strategies based on
preoperative determination of the depth
of wall invasion and status of lymph node
metastasis (JGCA, 2004). When endoscopic
treatment, such as endoscopic mucosal
resection or endoscopic submucosal dis-
section cannot be performed, early gastric
cancer is managed by laparoscopic surgery.
The recommended degrees of lymph node
dissection are as follows: (1) Dl+a for
mucosal cancer with ulceration, poorly dif-
ferentiated mucosal cancer, or submucosal
cancer measuring < 1.5 cm in diameter, (2)
DI1+p for submucosal cancer measuring
> 1.5 cm in diameter, and mucosal cancer
measuring 4 cm or less in diameter and
without ulceration, and (3) D2 for submu-
cosal cancer with lymph node metastasis.

LAPAROSCOPY-ASSISTED
DISTAL GASTRECTOMY

Patient Positioning and Operating
Room Setup

The patient under general anesthesia is
placed in a slight 10° reverse Trendelenburg
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position, and the legs are abducted on flat
padded boards. The laparoscopic and video
units are positioned at the left side of the
patient’s head. The surgical nurse’s table
is placed on the patient’s right side, at his
right foot. The surgeon stands between the
patient’s abducted legs, and the camera
operator stands on the patient’s right side.
The first assistant is on the patient’s left
and the second assistant on the right.

Equipment

The following equipment and instruments
are recommended for LADG.

« Laparoscopic unit

A 30° laparoscope

* One Hasson trocar

e Three 10 mm trocars

* One 5 mm trocars

« Three fenestrated grasping forceps

» Maryland dissection forceps

* One 10 mm clip applicator

* One “snake” retractor

» One 5 mm suction and irrigation tube for
laparoscopic application

« Ultrasonic shears

* Vessel sealing system if available

« Wound protector and retractor

e Linear stapler

Port Placement

One Hasson’s trocar, three 10 mm trocars,
and one 5 mm trocar are used. Initially, the
Hasson’s trocar is inserted at the inferior
margin of the umbilicus in an open man-
ner. Pneumoperitoneum at 10 mm Hg is
created, and the camera is inserted into the
abdomen. The left-sided surgical trocar
(surgeon’s right hand) is placed above and
to the left of the umbilicus, roughly one-
third of the distance to the left subcostal
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FIGURE 16.1. Port placement

margin, and the right-sided surgical trocar
(surgeon’s left hand) is placed above and
to the right of the umbilicus (Figure 16.1).
A third 10-mm left lateral subcostal trocar
(first assistant) is placed for the purpose of
exposure. A 5-mm right lateral subcostal
trocar (second assistant) allows retraction
of the liver.

Surgical Procedure

Technical principles of LADG include the
following: (1) dissection of the greater
omentum and division of the gastroepi-
ploic vessels, (2) dissection of the lesser
omentum and division of the right gastric
vessels, (3) division of the left gastric ves-
sels and dissection of the right paracardial
lymph nodes, (4) dissection of the extra-
gastric lymph nodes, (5) mini-laparotomy
and division of the stomach, and (6) recon-
struction.
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Dissection of the Greater Omentum
and Division of the Gastroepiploic
Vessels

The greater omentum is opened and
divided approximately 3 cm from the gas-
troepiploic arcade along the greater cur-
vature with the use of ultrasonic shears.
By retracting the stomach upward with
the first assistant’s grasping forceps, it
is easier to identify the gastroepiploic
vessels. Dissection is carried out around
the gastrosplenic ligament, and the left
gastroepiploic vessels are exposed and
divided with the use of ultrasonic coagu-
lating shears. At this time, the greater
curvature of the stomach is cleared of fat
for subsequent anastomosis. Division of
the gastrocolic ligament is then advanced
distally toward the pylorus. The infrapy-
loric lymph nodes are dissected, and the
right gastroepiploic vessels are controlled
by clipping and divided at their origin. It
is important to carefully expose the infe-
rior plane of the pancreas head to identify
the origins of the right gastroepiploic
vessels.

Dissection of the Lesser Omentum
and Division of the Right Gastric
Vessels

The liver is lifted with a “snake” retractor.
The lesser omentum is opened and then
dissected between the hepatoduodenal
ligament and the abdominal esophagus.
The right gastric vessels are carefully iso-
lated, allowing dissection of the suprapy-
loric lymph nodes, and are divided at
their origins with the use of ultrasonic
shears. When Roux-en Y reconstruction is
planned, the first portion of the duodenum
is divided at this time with a linear stapling
device.
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Division of the Left Gastric Vessels
and Dissection of the Right
Paracardial Lymph Nodes

The peritoneum along the anterior bor-
der of the right crus is incised to the
esophageal hiatus. The left gastric ves-
sels are isolated and divided at their
origin with double clips, allowing dis-
section of the lymph nodes along the left
gastric artery (Figure 16.2). To dissect
the right paracardial lymph nodes, the
upper third of the lesser curvature of the
stomach is skeletonized with the use of
ultrasonic shears.

Dissection of the Extragastric
Lymph Nodes

When DI+ or D2 lymph node dissec-
tion is planned, additional lymph node
dissection is performed. Exposure of the
common hepatic artery, splenic artery,
and celiac artery is facilitated by cau-
dal retraction of the pancreas. With the
use of ultrasonic shears, lymph nodes
along the common hepatic artery are
dissected up to the celiac axis, and the
lymph nodes along the splenic artery are
dissected.

FIGURE 16.2. Isolation of the left gastric vein
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Mini-Laparotomy and Division
of the Stomach

When Billroth I reconstruction is selected,
a 5 cm long mini-laparotomy is made at
the upper abdomen and 2 cm to the right of
the midline. If Roux-en Y reconstruction
is planned, a mini-laparotomy is made on
the upper midline. The wound is protected
with a wound-sealing device, and the fully
mobilized stomach is exteriorized through
this opening. The distal two-thirds of the
stomach is resected with a linear stapler.

Reconstruction

For Billroth I reconstruction, a hand-sewn
gastroduodenostomy is created through the
mini-laparotomy. For Roux-en Y recon-
struction (Figure 16.3), gastrojejunostomy
and jejunostomy are created through the

FIGURE 16.3. Roux-en Y reconstruction
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mini-laparotomy. These procedures are
carried out as functional end-to-end anas-
tomoes, with linear staplers. The abdomen
is then irrigated, and the hemostasis is
checked. A closed-suction drain is placed
in the subhepatic space. Finally, the wounds
are cleaned with saline and closed.

LAPAROSCOPY-ASSISTED
PROXIMAL GASTRECTOMY

In 1999, we described laparoscopy-assisted
proximal gastrectomy followed by gastric
tube reconstruction for early gastric can-
cer (Kitano et al., 1999). Previous studies
showed that open proximal gastrectomy
with gastric tube reconstruction is simple
and safe (Adachi er al., 1999) and that it
provides earlier recovery and better per-
formance status than those provided by total
gastrectomy with Roux-en Y reconstruc-
tion or proximal gastrectomy with jejunal
interposition (Shiraishi et al., 2002).

Early proximal gastric cancers confined
to the mucosa or submucosa are associated
with lymph node-negative status in most
patients, and metastatic nodes are limited to
the perigastric nodes of the upper part of the
stomach (Kitamura et al., 1997; de Manzoni
et al., 1998). Therefore, LAPG 1is applied
to early proximal gastric cancer. Patient
positioning, operating room setup, and port
placement are the same as for LADG.

Surgical Procedure

Technical principles of LAPG include the
following: (1) mobilization of the upper
half of the greater curvature of the stom-
ach, (2) dissection of the lesser curvature
and division of the left gastric vessels,
(3) mobilization of the upper portion of
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the stomach and division of the lower
esophagus, (4) mini-laparotomy and divi-
sion of the proximal stomach, and (5) gastric
tube reconstruction.

Mobilization of the Upper Half of the
Greater Curvature of the Stomach

The greater omentum is opened and divided
approximately 3 cm lateral to the gastroe-
piploic arcade along the greater curvature.
To free the greater curvature of the upper
stomach, gastrosplenic and gastrophrenic
ligaments are dissected, and short gastric
vessels are divided with the use of ultra-
sonic shears or a vessel sealing system.
For gastric tube reconstruction, it is neces-
sary to preserve the right gastroepiploic
vessels and gastroepiploic arcade.

Mobilization of the Upper Portion
of the Stomach and Division
of the Left Gastric Vessels

The left lobe of the liver is lifted with a
“snake” retractor. The lesser omentum is
then opened and divided from the esopha-
gus to the region of the lower antrum. The
left gastric vessels are doubly clipped and
divided at their origins. The peritoneum
of the right crus is incised and dissected
in the anterior to posterior direction, and
complete dissection of the left crus, gastric
fundus, and the vagal nerve is performed,
allowing circumferential mobilization of
the abdominal part of the esophagus. The
abdominal esophagus is transected with a
laparoscopic linear stapler.

Mini-Laparotomy and Division
of the Proximal Stomach

A 5-cm mini-laparotomy is created in the
upper midline, and the mobilized stomach
is pulled out of the peritoneal cavity. To
form a gastric tube 15 cm long and 4 cm
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FiGURE 16.4. Making a gastric tube with linear staplers

wide, the stomach is transected between
two points of the distal three-fourths of the
lesser curvature and one-half of the greater
curvature with the use of linear staplers
(Figure 16.4).

Gastric Tube Reconstruction

Esophagogastrostomy is achieved using a
circular stapler through mini-laparotomy
(Figure 16.5). The lower esophagus is
anastomosed to the posterior wall of the
gastric tube. Simultaneous resection of
the proximal stomach and closure of the
stapler introduction site of the gastric tube
with a linear stapler is carried out (Figure
16.6). Pyloroplasty is not performed. The
integrity of the anastomosis is tested by
indigogarmine injection via a nasogastric
tube. After the abdomen is irrigated and
hemostasis is confirmed, a closed-suction
drain is placed in the subhepatic space. The
wounds are cleaned with saline and closed.
Postoperative roentgenography should
show no stenosis of the anastomosis and
good passage through the gastric tube.
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FiGuURrE 16.5. Performing esophagogastrostomy with
a circular stapler through mini-laparotomy

FIGURE 16.6. Resection of the proximal stomach
and closure of the stapler introduction site of the
gastric tube

In summary, with the establishment
of laparoscopic gastrectomy techniques,
the operation time and morbidity of this
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procedure have been reduced (Shiraishi
et al., 2006). Laparoscopic gastrectomy
has become the best treatment option for
patients with early gastric cancer (Kitano
and Shiraishi, 2005). To determine the
future role of laparoscopic surgery in the
treatment of gastric cancer, including cases
of advanced cancer, a large prospective
randomized trial of laparoscopic versus
open gastrectomy should be performed.

REFERENCES

Adachi, Y., Inoue, T., Hagino, Y., Shiraishi, N.,
Shimoda, K., and Kitano, S. 1999. Surgical
results of proximal gastrectomy for early-stage
gastric cancer: jejunal interposition and gastric
tube reconstruction. Gastric Cancer 2: 40-45.

Brennan ML.F. 2005. Current status of surgery
for gastric cancer: a review. Gastric Cancer 8:
64-70.

Carboni, F., Lepiane, P., Santoro, R., Mancini, P,
Lorusso, R., and Santoro, E. 2005. Laparoscopic
surgery for gastric cancer: preliminary experi-
ence. Gastric Cancer 8: 75-77.

de Manzoni, G., Morgagni, P., Roviello, F., Di
Leo, A., Saragoni, L., Marrelli, D., Guglielmi, A.,
Carli, A., Folli, S., and Cordiano, C. 1998. Nodal
abdominal spread in adenocarcinoma of the car-
dia: results of a multicenter prospective study.
Gastric Cancer 1: 146-151.

Draaisma, W.A., Rijnhart-de, Jong, H.G., Broeders,
I.A., Smout, A.J., Furnee, E.J., and Gooszen,
H.G. 2006. Five-year subjective and objective
results of laparoscopic and conventional Nissen
fundoplication: a randomized trial. Ann. Surg.
244: 34-41.

Huscher, C.G.S., Mingoli, A., Sgarzini, G.,
Sansonetti, A., Paola, MD., Recher, A., and
Ponzano, C. 2005. Laparoscopic versus open
subtotal gastrectomy for distal gastric cancer:
five-year results of a randomized prospective
trial. Ann. Surg. 241: 232-237.

Japanese Gastric Cancer Association Regist-
ration Committee, Maruyama, K., Kaminishi,
M., Hayashi, K., Isobe, Y., Honda, 1., Katai,
H., Arai, K., Kodera, Y., and Nashimoto, A.
2006. Gastric cancer treated in 1991 in Japan:
data analysis of nationwide registry. Gastric
Cancer 9: 51-66.



170

Japanese Gastric Cancer Association. 2004.
Guidelines for the treatment of gastric cancer, 2nd
edition [in Japanese]. Tokyo. Kanehara-shuppan.

Kitamura, K., Yamaguchi, T., Nishida, S.,
Yamamoto, K., Ichikawa, D., Okamoto, K.,
Taniguchi, H., Hagiwara, A., Sawai, K., and
Takahashi, T. 1997. The operative indications
for proximal gastrectomy in patients with gastric
cancer in the upper third of the stomach. Surg.
Today 27: 993-998.

Kitano, S., Iso, Y., Moriyama, M., and Sugimachi, K.
1994. Laparoscopy-assisted Billroth I gastrec-
tomy. Surg. Laparosc. Endosc. 4: 146—148.

Kitano, S., Adachi, Y., Shiraishi, N., Suematsu, T., and
Bando, T. 1999. Laparoscopic-assisted proximal
gastrectomy for early gastric carcinomas. Surg.
Today 29: 389-391.

Kitano, S., and Shiraishi, N. 2005. Minimally inva-
sive surgery for gastric tumors. Surg. Clin. N.
Am. 85: 151-164.

Kitano, S., Shiraishi, N., Fujii, K., Yasuda, K,
Inomata, M., and Adachi, Y. 2002. A randomized
controlled trail comparing open vs laparoscopy-
assisted distal gastrectomy for the treatment of

S. Kitano et al.

early gastric cancer: an interim report. Surgery
131: S306-S311.

Kitano, S., Shiraishi, N., Uyama, I., Sugihara, K.,
and Tanigawa, N., Japanese Laparoscopic Surgery
Study Group. 2007. A multicenter study on onco-
logic outcome of laparoscopic gastrectomy for
early cancer in Japan. Ann. Surg. 245: 68-72.

Roder, D.M. 2002. The epidemiology of gastric
cancer. Gastric Cancer 5 (Suppl 1): 5-11.

Shiraishi, N., Adachi, Y., Kitano, S., Kakisako, K.,
Inomata, M., and Yasuda, K. 2002. Clinical outcome
of proximal versus total gastrectomy for proximal
gastric cancer. World J. Surg. 26: 1150-1154.

Shiraishi, N., Yasuda, K., and Kitano, S., 2006.
Laparoscopic gastrectomy with lymph node
dissection for gastric cancer. Gastric Cancer 9:
167-176.

Siu, W.T., Leong, H.T., Law, B.K., Chau, C.H., Li,
A.C,, Fung, K.-H., Tai, Y.P, and Li, M.K. 2002.
Laparoscopic repair for perforated peptic ulcer:
a randomized controlled trial. Ann. Surg. 235:
313-219.

Tsubono, Y., and Hisamichi, S. 2000. Screening for
gastric cancer in Japan. Gastric Cancer 3: 9—18.



17

Gastric Cancer: Overexpression
of Hypoxia-Inducible Factor 1

as a Prognostic Factor

Yoshihiro Kakeji, Eiji Oki, Noriaki Sadanaga, Masaru Morita,

and Yoshihiko Maehara

INTRODUCTION

Despite a worldwide decline in incidence,
gastric cancer remains the fourth most
common cancer and the second most fre-
quent cause of death from cancer, account-
ing for 10.4% of cancer deaths worldwide
(Parkin, 2004). Though the prognosis of
resectable gastric cancer remains fair, the
treatment of advanced or recurrent gas-
tric cancer is still far from satisfactory.
Currently, the only curative treatment for
gastric cancer is a surgical resection of
the primary tumor with an appropriate
lymphadenectomy because the disease is
considered to be resistant to chemotherapy
and radiotherapy (Griffiths er al., 2005).
Patients with early gastric cancer are in
the minority and the disease typically
presents at an advanced stage, which often
precludes a curative surgical resection.
Even in patients who have an appar-
ently curative resection, approximately, a
quarter of all individuals tend to progress
and develop either recurrent or metastatic
disease.

The process of tumor progression (i.e.,
proliferation, local invasion, and distant
metastasis) is characterized by rapid cel-
lular growth accompanied by alterations

of the microenvironment of the tumor
cells (Vaupel, 2004). To a large extent,
the alterations in the cellular microenvi-
ronment are due to an inadequate oxygen
(O,) supply and the resultant hypoxia or
even anoxia. Hypoxia is defined as a loss
of oxygen in tissues and is widespread
in solid tumors due to the ability of the
tumor to outgrow the existing vasculature
(Kimbro and Simons, 2006). The oxygen
tension in normal tissues has a mean of
~ 7% oxygen; in tumors, the mean oxygen
tension is 1.5% (Vaupel, 2004).

Lethal clones of human cancer have
the ability to adapt to the hypoxic envi-
ronments in primary or metastatic sites.
Tumor cells must survive by adapting to
a low pO, or by increasing vasculariza-
tion, or both. To grow beyond a diameter
of 1mm, newly developing tumors must
form their own vascular network and blood
supply, which they accomplish either by
incorporating preexisting host vessels or
by forming new microvessels through the
influence of tumor angiogenesis factors
(Folkman, 1990). Many gene products are
involved in tumor neoangiogenesis. One
of the most investigated and ‘drugable’
targets is vascular endothelial growth fac-
tor (VEGF), which is secreted by hypoxic
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tumor cells. In addition to increased vascu-
larization, hypoxia initiates multiple cellu-
lar responses, such as erythropoiesis, matrix
metabolism, glucose metabolism, cell pro-
liferation, and apoptosis (Ke and Costa,
2006). These adaptive changes contribute
to alterations leading to increased survival
phenotype with clinical aggressiveness.
Tumor hypoxia tends to result in a poorer
prognosis at diagnosis in several types of
cancers. In turn, these hypoxic adaptations
make the tumors more difficult to treat and
confer increased resistance to death from
chemotherapy and radiotherapy.

This report is a focused review of what
has been learned regarding a pivotal gene
in the cancer biology of hypoxic adapta-
tion and angiogenesis: the hypoxia induc-
ible factor 1 (HIF-1) complex. This review
will concentrate on gastrointestinal tract
oncology. New data on HIF-1 signaling,
the potential for targeted therapies, and the
selective investigational HIF-1o inhibiting
small molecules will also be discussed.

HYPOXIA INDUCIBLE
FACTOR-1

Cellular recognition of hypoxia, i.e.,
decreased oxygen tension, and an appro-
priate response to meet this kind of stress
is predominantly facilitated by the tran-
scription factor known as HIF (Zhou
et al., 2006). HIF-1 is a heterodimer com-
posed of one of the three alpha subunits
(HIF-1o, HIF-2a, or HIF-30) and one
HIF-1B subunit. HIF-1f is also known
to be an aryl hydrocarbon nuclear trans-
locator (ARNT). The HIF-1B subunit is
constitutively expressed independent of
cellular hypoxia, whereas the expression
and activity of the HIF-1a subunit are
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precisely regulated by the cellular O,
concentration. Under normoxia, HIF-1o
is usually unstable and virtually undetect-
able. HIF-1a is regulated post-transcrip-
tionally in normoxia by ubiquitination and
interaction with the von Hippel-Lindau
tumor suppressor protein (pVHL) and then
degraded by the 26S proteasome (Maxwell
et al., 1999). Small changes in the oxygen
supply affect enzyme activity, making
the system well suited to function as an
oxygen sensor. When cells are hypoxic,
HIF-1o hydroxylation and pVHL associa-
tion are lowered and steady-state HIF-1o
protein levels rise. HIF-1ow protein with
its nuclear localization sequence is then
translocated to the nucleus; in this process,
it forms heterodimers with HIF-1f, and
the HIF-1o complex binds to the hypoxic
responsive elements (HREs) upstream of
the hypoxic-regulated genes where it acts
as a transcription factor (Kaelin, 2002).

HIF-1a Signaling Pathway

HIF-1 is activated by both oncogenes and
the loss of tumor suppressor gene func-
tion. One of the oncogene pathways mod-
ulating and influencing HIF-10o regulation
is the Harvey rat sarcomal viral oncogene
homology/extracellular signal-regulated
kinase (RAS/ERK) pathway (Lim er al.,
2004). RAS effects the VEGF expres-
sion through HIF-1o, which is mediated
through tyrosine kinase signaling. Murine
leukemia viral oncogene homolog 1/Map/
ERK Kinase-1/extracellular signal-regu-
lated kinase (Raf/MEK1/ERK), a pathway
shared with AKT (Chun er al., 2003)
(Figure 17.1). Another oncogene that has
been shown to induce VEGF through
HIF-1ow signaling via activation of the
protein tyrosine kinase, is c-Src, and/or
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FIGURE 17.1. Under hypoxic conditions, HIF-1a is phosphorylated and stabilized through a complex
multi-responsive series of different oncogenic signalling pathways originating from RAS to either phos-
phatidylinositol 3-OH kinase (PI3K)/AKT or RAF/MEK pathway. In turn, HIF-1o dimerizes with HIF-
10/ARNT, translocates to the nucleus, and interacts with transcription factors to activate transcription.
HIF-1o activates genes which promote angiogenesis, glucose transport, glycolytic pathway, and erythro-
poiesis. HIF-1 also interacts with the tumor suppressor p53 to promote p53-dependent apoptosis

its downstream mediator phosphatidyl-
inositol 3-kinase (PI3K). Src¢ and PI3K
activation appear to increase the expres-
sion and the stability of HIF-1q; therefore,
increasing the VEGF levels (Karni, 2002).
HIF-1a physically associates with STAT3,
CBP/p300, and Redox effector factor 1/
apurinic/apyrimidinic endonuclease (Ref-
1/APE) (Gray et al., 2005).

The loss of VHL tumor suppressor
gene creates upregulation of HIF-1o in
renal carcinoma (Zagzag et al., 2005),
and mutations and the allelic loss of the
phosphatase and tensin homolog (PTEN)
tumor suppressor gene activate HIF-1o
through increased downstream signaling
from AKT-1 (Zundel et al., 2000).

Although hypoxia is the main regulator
of HIF-1a, there is emerging evidence
that it is stabilized by several non-oxygen

dependent mechanisms. Various tumor
specific genetic alterations involving onco-
genes (PAS and MYC) and tumor suppres-
sor genes (p53, PTEN and VHL) have
been associated with HIF-1o stabilization
(Semenza,2002).Cytokines, suchasinsulin,
insulin-like growth factor (IGF), epidermal
growth factor (EGF), and interleukin-1
stimulate receptor tyrosine kinases which
also influence HIF-1a levels.

HIF-1o Regulated Products

Approximately, 100 HIF-1 downstream
genes with varying functions have been
identified (Ke and Costa, 2006). HIF-1
binds to a 50-base pair cis-acting HRE
located in their enhancer and promoter
regions and activates the expression of
these genes.
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Glucose Metabolism

In the expanding tumor mass, which is
generally characterized by a limited O,
supply and a high glucose consumption
rate, anaerobic glycolysis can become the
predominant pathway of adenosine triphos-
phate (ATP) generation (Wenger, 2002).
Under conditions of a low oxygen sup-
ply, the expression of glycolytic enzymes
and glucose transporters 1 and 3 (GLUI,
GLU3) are upregulated, which switch the
glucose metabolism pathway away from
the oxygen-dependent tricarboxylic acid
(TCA) cycle to the oxygen-independent
glycolysis (Seagroves et al., 2001).

Angiogenesis

Vascular endothelial cell growth factor
(VEGF) is the most potent endothelial-spe-
cific mitogen, and it directly participates
in angiogenesis by recruiting endothelial
cells into hypoxic and avascular area and
stimulates their proliferation (Neufeld et
al., 1999). HIF-1 not only mediates ang-
iogenesis by induction of VEGF, but also
influences the tumor blood flow by more
complex mechanisms involving target genes
that play a role in vessel tone, such as, nitric
oxide synthase (NOS2), heme oxygen-
ease 1, endothelin 1 (ET1), adrenomedullin
(ADM), and the o -adrenergic receptor
(Ke and Costa, 2006). Moreover, hypoxia
induces genes involved in matrix metabo-
lism and vessel maturation such as matrix
metalloproteinases (MMPs), plasminogen
activator receptors and inhibitors (PAIs),
and collagen prolyl hydroxylase (Ke and
Costa, 20006).

Cell Proliferation

Hypoxia and HIF-1 induce growth factors,
such as insulin-like growth factor-2 (IGF2)
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and transforming growth factor-f3 (TGF- )
(Krishnamachary et al., 2003). Cytokines
and growth factors as well as hypoxia in
some cell types can activate the MAPK and
PI3K signaling pathways, which promote
cell proliferation as well as contribute to
HIF-1 activity. This leads to increased HIF-1
transcriptional activity of target genes,
including those encoding IGF2 and TGF- f3;
thereby, contributing to autocrine-
signaling pathways that are crucial for
cancer progression (Semenza, 2003).

Apoptosis

Cell adaptation to hypoxia leads not only
to cell proliferation/survival but also to
cell death in some circumstances. The
expression of HIF-1a and HIF-1P is sig-
nificantly correlated with apoptosis and
the proapoptotic factors, such as caspase-
3, Fas, and Fas ligand (Volm and Koomagi,
2000). Moreover, hypoxia depresses the
antiapoptotic protein Bcl-2, whereas the
proapoptotic protein Bcl-2/adenovirus EIB
19-kDa interacting protein 3 (BNip3) and
its homolog Nip3-like protein X (NIX) are
upregulated in a HIF-dependent manner
(Bruick, 2000). Some genes involved in
cell cycle control, such as p53 and p21, are
also found to be HIF-dependent, and p53
has been implicated in regulating hypoxia-
induced apoptosis through the induction
of apoptosis-related genes such as Bax,
NOXA, PUMA, and PERP (Schuler and
Green, 2001).

HIF-10o in Tumor

An overexpression of HIF-1ao and HIF-
20, was found in various human cancers,
probably as a consequence of intratumoral
hypoxia or genetic alteration (Talks et al.,
2000). Immunohistochemical analyses
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demonstrated detectable levels of HIF-1a
protein in benign tumors, with elevated
levels in primary malignant tumors, and
a marked amount in tumor metastases.
In contrast, it is absent in normal tissues
(Harris, 2002). In addition, the injection
of HIF-1a (or HIF-1P) positive and defi-
cient cells into immunocompromised mice
revealed that HIF-1a is a positive tum-
origenesis factor (Maxwell et al., 1997). It
seems that HIF-1o overexpression confers
selective advantages to tumor cells. A cor-
relation between HIF-1 overexpression
and patient mortality, poor prognosis, or
treatment resistance has also been noted in
many studies (Semenza, 2003).

HIF-1o in Gastric Cancer

HIF-1o is not generally expressed in nor-
mal gastric mucosa. HIF-1a, VEGF, and
IGF-2 expression patterns were examined
immunohistochemically in 126 specimens
of gastric carcinoma (Mizokami et al.,
2006a). The expression of HIF-1o. in gas-
tric carcinomas was frequently detected at
the invading edge of the tumor margin and
at the periphery of necrotic regions within
the tumor mass. Of the gastric carcinoma
specimens from 126 patients, 49 (38.9%)
were positive for HIF-lo. immunoreac-
tivity. HIF-1ow expression was positively
correlated with tumor size (P < 0.005) and
with depth of invasion (P = 0.018) and was
more frequent in cases of tumors with lym-
phatic invasion and undifferentiated adeno-
carcinomas. The expression of HIF-la,
VGEEF, and IGF-2 proteins was observed
in serial sections of several specimens. The
intratumor microvessel density (MVD),
determined using anti-CD34 antibodies,
was significantly higher in tumors from
HIF-1o positive patients than in HIF-1a
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negative sections. In gastric carcinoma,
HIF-1o seems to induce VEGF and this
event leads to the formation of vascular
networks which supply oxygen and nutri-
ents. The 5-year survival rate was 58.4%
for HIF-1o positive patients and 81.5% for
HIF-1o negative patients (P = 0.009). HIF-
1o expression is an independent prognostic
factor in gastric carcinoma (P = 0.032).
Griffiths et al. (2007) recently reported
the investigation of United Kingdom pop-
ulation containing 97 gastro-esophageal
junction tumors and 80 noncardia gastric
cancers. Their result suggested that HIF-
low was involved in gastric carcinogenesis
and disease progression, but was only a
weak prognostic factor for survival.

The expression of HIF-1ow and p53 pro-
teins was also investigated in 216 speci-
mens of primary gastric cancer (Sumiyoshi
et al., 2006). HIF-1ou(+)/p53(+) tumors
showed an undifferentiated type, an infil-
trative growth appearance, and an invasive
lymphatic involvement more frequently in
comparison to HIF-1ou(-)/p53(-) tumors.
HIF-10u(+)/p53(+) tumors also had more
lymph node metastasis in comparison to
HIF-10u(—)/p53(—) tumors. When stratified
for HIF-1a and p53 positivity, the patients
who were p53-negative and HIF-1a-nega-
tive had the most favorable prognosis,
whereas patients who were pS53-positive
and HIF-1o-positive had the worst prog-
nosis (P = 0.0018) (Figure 17.2). Using a
multivariate Cox regression analysis, the
depth of invasion, lymph node metastasis,
and HIF-1a positivity were all found to be
independent prognostic factors in patients
with gastric cancer.

Determining the relative hypoxic frac-
tion of a solid tumor is of clinical rel-
evance. Many studies have shown that the
greater the hypoxic fraction, the worse
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FiGure 17.2. Survival curves for patients with gastric
cancer, in relation to HIF-1ot and p53 expressions. a,
patients with HIF-1a-positive tumors (n = 85) had a
shorter survival time than did those with HIF-1a-neg-
ative tumors (n = 131, P = 0.0015). b, patients with
pS3-positive tumors (n = 102) had a shorter survival
time than did those with p53-negative tumors (n =
114, P =0.0353). c, there was a significant difference
among groups stratified to HIF-1a/p53 expressions
(P = 0.0018).The patients with HIF-1ou(+)/pS3(+)
tumors had the worst prognosis. (Reproduced with
permission of Sumiyoshi et al., 2006.)
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the prognosis for the patient (Hockel and
Vaupel, 2003). The reasons behind this
are multifaceted but, for simplicity, can
be divided into two categories. First, cells
that adapt to a hypoxic environment have
a growth advantage and are therefore
more aggressive. Secondly, hypoxic cells
are more resistant to both chemotherapy
and radiotherapy (Hammond and Giaccia,
2006). A loss of p53 is actively selected
during in tumor development and mutant
p53 is observed in tumor sections (Figure
17.3). In brief, HIF-1 has been described
as mediating the accumulation of p53 in
response to hypoxia, although p53 inhibits
HIF-1o stabilization (Chen et al., 2003).
Furthermore, the loss of HIF-14-dependent
p21 expression results decreased apop-
tosis, increased cell survival, and more
aggressive tumors (Mizokami et al. 2006b).
p21 mediates cell cycle arrest and is one of
the downstream genes targeted by HIF-1.
It seems that HIF-1o overexpression con-
fers selective advantages to tumor cells. A
correlation between HIF-1 overexpression
and patient mortality, poor prognosis, or
treatment resistance has been noted in
many studies (Semenza, 2003).

HIF Targeted Therapeutics

Overexpression of either HIF-1 negatively
affects patient prognosis. What remains
to be seen is where these findings will
lead cancer therapy. More recently, there
have also been exciting developments in
the search for efficacious HIF-1 inhibitors
(Kimbro and Simons, 2006). The small
molecule YC-1 3-(5'-hydroxy-methyl-2'-
furyl) -1-benzylindazole) was also shown
to reduce HIF-1 levels and gastric tumor
xenograft growth (Yeo et al., 2003). A
disruption of microtubule polymerization



17. Gastric Cancer: Overexpression of Hypoxia-Inducible Factor 1 177
Break in
blood vessel T
) CIC N
(@ [** | ©® | @L=———>Cional expansion of
N g : cells with mutant pS3

’.9 -
Blind end
Decyg. .. "o
‘ "Easmg 02 . ..I .

AV

(@A = ps3.dependent
= ' apoptosis
shunt
_—
Red flux
instability
CCR Biology Behind AC

FIGURE 17.3. Regions of hypoxia form within solid tumors as a result of the inefficient and disorganized
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These cells are also resistant to chemotherapy and radiotherapy, both of which require an efficient blood
supply. (Reproduced with permission of Hammond and Giaccia, 2006.)

by 2-methoxyoestradiol (2ME?2) has also
been shown to result in decreased HIF-
low levels and decreased VEGF mRNA
expression in cultured cells (Mabjeesh
etal.,2003). Disruption of HIF-1otupstream
signaling by attacking RAS-related pro-
teins has also been reported (Delmas et
al., 2003). Another upstream approach to
inhibit HIF-1o in normoxic tumors utilizes
the anti-epidermal growth factor receptor
monoclonal antibody cetuximab (C225;
Erbitux), which has been approved for the
treatment of metastatic colorectal cancer.
This monoclonal antibody has been known
to inhibit VEGF secretion in vitro and in
vivo. Studies show that cetuximab reduces
HIF-1ow in epidermoid carcinoma cells
under both normoxic and hypoxic condi-
tions. This inhibition occurs through the
RAS pathway and confirms that VEGF

secretion can be modulated by signal trans-
duction inhibition of HIF-1a protein trans-
lation (Luwor et al., 2005). In addition to
monoclonal antibodies, compounds that
share a 2,2-dimethylbenzopyran struc-
tural motif have been shown to inhibit
hypoxia-induced transcription activ-
ity. Small molecule 103D5R markedly
decreased HIF-1o protein levels induced
by hypoxia or cobaltous ions in a dose-
and time-dependent manner. 103D5R was
shown to inhibit the phosphorylation of
Akt, Erk1/2, and stress-activated protein
kinase/c-jun-NH(2)-kinase, is also worthy
of continued investigation of the drug as
an HIF-1o inhibitor (Tan er al., 2005).
A selective proteasome inhibitor borte-
zomib (Velcade) has been shown to disrupt
the transcriptional activity of HIF-1o via
specific effects on the COOH-terminal
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activation domain (Kaluz et al., 20006).
Nonsteroidal anti-inflammatory drugs
(NSAIDs), which have been shown to
reduce the risk of gastric cancer, can
also decrease the expression of HIF-1a
(Griffiths et al., 2005).

Hypoxia is a common characteristic of
the microenvironment in advanced solid
tumors that has lead to the epigenetic and
genetic adaptation of clones, a diminished
therapeutic response, and increased inva-
siveness and metastasis. The oxygen-
sensitive transcriptional activator, HIF-1
is a master regulator of tumor cell adapta-
tion to hypoxic stress. Hypoxia can initiate
cell demise by apoptosis/necrosis, while
also preventing cell death by provoking
adaptive responses that, in turn, facilitate
cell proliferation or angiogenesis, thus
contributing to tumor progression. In gas-
tric cancer, HIF-1o expression is correlated
with diagnostic and prognostic indicators
for early relapse and metastatic disease,
thus making HIF-1o a potential prognos-
tic biomarker in proteomic assessments of
gastric cancer. Understanding the mecha-
nisms by which HIF-1 affects the expres-
sion and/or function of other oncogenic or
tumor suppressor pathways will help to
elucidate precisely how HIF-1 induces cell
death and the manner in which cells can
overcome such signals. The targeted inhi-
bition of HIF-1o has been shown to inhibit
the growth of gastric tumors in animals.
An increased understanding of hypoxia
and the HIF-1ow pathways may therefore
hold the key to a greater individualization
of therapy and new treatments for patients
with gastric cancer.
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Pancreatic Cancer: Hepatoma-Derived
Growth Factor as a Prognostic Factor

Yasuhiko Tomita, Hirokazu Uyama, and Hideji Nakamura

HEPATOMA-DERIVED
GROWTH FACTOR MOLECULE

Hepatoma-derived growth factor (HDGF)
is a heparin-binding protein purified from
the conditioned medium of the human
well-differentiated hepatocellular carci-
noma (HCC) cell line, HuH-7, which can
proliferate autonomously in a serum-free
chemically-defined medium (Nakamura
et al., 1989, 1994). Hepatoma-derived
growth factor is highly expressed in sev-
eral cancer cells (Nakamura et al., 1994,
2002; Mori et al., 2004; Lepourcelet et
al., 2005). This growth factor is also more
highly expressed in various fetal organs
than in adult organs (Oliver and Al-Awqati,
1998; Everett et al., 2000; Enomoto et al.,
2002). In the fetus, HDGF was abundantly
expressed in the liver, heart, kidney, lungs,
and gut. Thus, HDGF is one of the devel-
opmentally regulated genes which is abun-
dantly expressed in cancer cells.
Hepatoma-derived growth factor is an
acidic 26kDa protein consisting of 230
amino acids, and does not have a hydro-
phobic signal sequence in its N-terminus,
and is a major member of HDGF family
proteins which consists of HDGF and five
HDGF-related proteins (HRP). The N-ter-

minal region of HDGEF is highly conserved
among the other five HDGF-related pro-
teins (HRP) (Izumoto et al., 1997; Dietz
et al., 2002). This region is called hath
(homologous to the amino terminus of
HDGF) region. Hepatoma-derived growth
factor family members are characterized
based on whether they contain the hath
region and nuclear localization signals
(NLS) in their gene-specific regions and
are targeting the nucleus (Nakamura and
Hada, 2004). A member of HDGF family
proteins, lens epithelial cell-derived
growth factor (LEDGF), is identical to
p54/72, which is an RNA-binding protein
and transcriptional cofactor for regulat-
ing general transcriptional factors. Hath
region, which is well-conserved in the
HDGEF family proteins contains the PWWP
domain (Qiu et al., 2002). Hepatoma-
derived growth factor contains two NLS
in the molecule. The first functional NLS1
resides in the hath region of the N-terminal
region and the second NLS2 in gene-
specific regions of the C-terminal region
of the HDGF molecule (Kishima et al.,
2002a). Hepatoma-derived growth factor
can traffic to the nucleus using these
NLSs, especially the NLS2 in its gene-
specific region (Everett et al., 2001;
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Kishima et al., 2002a). Hepatoma-derived
growth factor was dominantly localized
in the nucleus, rather than the cytoplasm.
The ability for trafficking to the nucleus
is essential to display growth stimulating
activity in HDGF-over-expressed cells.
In particular, the gene-specific region of
HDGTF, at least the bipartite NLS sequence
and both the N-and C-terminal neighbor-
ing portions, is essential for the mitogenic
activity. Hepatoma-derived growth factor
is a unique factor that is categorized in the
nuclear targeting growth factors.

In contrast, exogenously supplied HDGF
stimulates the proliferation of fibroblasts,
endothelial cells, vascular smooth muscle
cells, pulmonary epithelial cells and hepa-
tocytes, as well as HCC, lung cancer
and colon cancer cells. Hepatoma-derived
growth factor has a high affinity for the
glycosaminoglycans heparin and heparan
sulphate (Dietz et al., 2002; Sue et al.,
2004). A possible receptor-binding site is
estimated to reside at amino acid residues
81-100 within the hath region (Abouzied
et al., 2005). Exogenous HDGF stimulates
the Erk phosphorylation in endothelial cells
(Everett et al., 2004). Hepatoma-derived
growth factor exerts its proliferating activ-
ity via two different pathways; (1) via a
putative plasma membrane-located HDGF
receptor for which signaling depends on
the hath region, especially amino acid
residues 81-100, resulting in MAP kinase
activation, and (2) via targeting to the
nucleus by NLS.

Role in Carcinogenesis
and Cancer Progression

HDGF 1is expressed more abundantly
in various cancers including that of the
liver, lung, stomach, esophagus, colon and

Y. Tomita et al.

pancreas than in non-malignant tissues.
HDGF significantly stimulates the pro-
liferation of HCC, lung cancer and colon
cancer cells.

The Fatty Liver Shionogi (FLS) mouse
is an inbred strain that develops spontane-
ous fatty liver without obesity, resulting
in HCC development in about 45% in 52
weeks and 90% at 72 weeks after birth
in male mice. In the liver of FLS mice,
HDGF expression has already increased at
an early stage before the tumors develop
microscopically in the liver (Yoshida et al.,
2003). By differential subtractive chain
reaction from strong anchorage-independ-
ent growth to its negative HCC cells,
HDGF was cloned as one of the genes
related to anchorage-independency (Huang
et al., 2004). Furthermore, HDGF expres-
sion is dramatically increased in human
colorectal cancers, especially in tumors
proficient in DNA mismatch repair,
and HDGF expression in fetal intestine
explants inhibits maturation, suggesting a
significant and important role in epithelial
differentiation (Lepourcelet et al., 2005).
Conversely, down regulation of HDGF by
use of HDGF-siRNA has a minimal effect
on the anchorage-dependent growth but
significantly reduces anchorage-independ-
ent growth of non-small cell lung cancer
(NSCLC) cells in soft agar (Zhang et al.,
2006). The HDGF-over-expressing NIH3T3
cells generate sarcomatous tumors in nude
mice, but do not show significant anchor-
age-independent growth in soft agar assay.
However, HDGF-over-expressing NIH3T3
cells develop more small colonies in soft
agar than parent or neomycin-resistant
cells (Okuda et al., 2003). Thus, these
findings suggest that HDGF is an onco-
genic protein which plays a role in cancer
development.
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Hepatoma-derived growth factor protein
is abundantly expressed in various human
cancer cell lines, including pancreatic cell
lines (Uyama et al., 2006). The HDGF-
over-expressing hepatoma cell line HepG2
proliferates more rapidly and produces
larger tumors, showing more rapid growth,
in nude mice than neomycin-resistant cells
in vivo. Recombinant HDGF stimulates
the growth of HCC and colon cancer cells,
while antisense HDGF oligonucleotides
or polyclonal anti-HDGF antibody sup-
presses their growth (Nakamura et al.,
2002; Kishima et al., 2002b). Exogenously
supplied HDGF promotes the proliferation
of bronchial squamous cell carcinoma
cell line, A549 cells, knock-down expres-
sion of HDGF by small interfering RNA
(siRNA) in NSCLC cells significantly
show more slow growth, less colony for-
mation in soft agar and lesser in vitro
invasion activity (Mori et al., 2004; Zhang
et al., 2006). By proteomic differential
display analysis and mass spectrometry,
HDGF is down-regulated in regressive
cancer cells as compared with that in
inflammatory cell-promoting progressive
cells of the murine fibrosarcoma cell line
(Hayashi et al., 2005). The higher expres-
sion of HDGF showed more malignant
potential for cancer progression.

Hepatoma-derived growth factor is
intrinsically related to angiogenesis and
vasculogenesis. HDGF expression was
induced in the regenerating process of
vascular vessels in wound repair, and
is highly expressed in the fetal stage of
the cardiovascular system (Everett et al.,
2000). Additionally, HDGF is a candidate
endothelial growth factor for involvement
in glomerulus formation (Oliver and Al-
Awqati, 1998). Tumors developed from
HDGF-over-expressing NIH3T3 cells
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inoculated in nude mice were macroscopi-
cally red-colored and were histologically
rich in vasculature. Hepatoma-derived
growth factor stimulated the proliferation
and tubule formation of human umbilical
vein endothelial cells (Okuda et al., 2003).
Using chick chorioallantoic membrane
(CAM) as a biological assay for angiogen-
esis, recombinant HDGF stimulated blood
vessel formation, and stimulated cellular
reorganization within the CAM from a
loose network into a more compact, linear
alignment reminiscent of tube formation
(Everett et al., 2004). Furthermore, HDGF
induces a potent angiogenic factor, vas-
cular endothelial growth factor (VEGF)
gene expression. Hepatoma-derived
growth factor shows potent angiogenic
activity via its own direct stimulation of
the proliferation of endothelial cells and
vascular smooth muscle cells, and through
the induction of VEGF in the nucleus.
The growth stimulating activity of HDGF
is more potent in vivo than in vitro, and
must be brought on by both the direct cell
growth activity and its angiogenic activity.
Hepatoma-derived growth factoris a potent
angiogenic factor.

IMMUNOHISTOCHEMICAL
AND ANALYTICAL METHODS

Materials

1. Rabbit polyclonal antibody raised
against C-terminal amino acids (amino
acids 231-240) of the human HDGF.

2. Dulbecco’s phosphate-buffered saline
without magnesium and calcium -
Tween 20 (PBS-T): 200mg potassium
chloride, 200 mg monobasic potassium
phosphate, 8¢ sodium chloride, and
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10.

2.9 g dibasic sodium phosphate -12H,0,
bring vol to 11 with deionized distilled
water, pH 7.4. Add 0.1 ml Tween 20
and mix well.

.Fixative: 10% formalin in distilled
water.
.10 mM citric acid buffer (pH 6.0):

294.10 g Trisodium citrate - 2H,0O, bring
vol to 11 with deionized distilled water
to prepare 1 M trisodium citrate. 210.14 g
Citric acid -H,O, bring vol to 11 with
deionized distilled water to prepare 1M
citric acid. Add 5 ml of 1M trisodium
citrate and 0.8 ml of 1 M citric acid to
494.2 ml of deionized distilled water to
prepare 10 mM citric acid pH 6.0.

. Methanol containing 0.2% hydrogen

peroxydase: 9 ml of 31% hydrogen
peroxydase in 150 ml methanol.

. Blocking serum (goat serum) diluted at

1/50 in PBS-T.

. Primary antibody (rabbit polyclo-

nal anti-HDGF antibody) diluted at
1/5,000 in PBS-T.

. Secondary antibody (biotinylated goat

polyclonal anti-rabbit antibody) diluted
at 1/100 in PBS-T.

. Avidin-biotin-complex solution: Add 20

ul of VECTASTAIN Elite REAGENT
A and B to 1ml PBS-T. Mix well and
stand more than 30 min.
3,3’-Diaminobenzidine, tetrahydrochlo-
ride (DAB) solution: 75mg of DAB
powder in 150ml PBS-T. Stir well.
Add 1 ml of 31% hydrogen peroxydase
to 150ml of DAB solution.

Method

1.

2.

Samples are fixed in 10% formalin,
dehydrated, and embedded in paraffin.
Cut the paraffin block at 4 um thickness
and mount sections on poly-L-Lysine-
coated glass slides.

10.

11.

12.

13.

14.

15.

16.

17.
18.
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. Deparaftinize the slide in xylene three

times for 15min and in 100% ethanol
three times for 5 min.

. Immerse the slide in PBS-T.
. For antigen retrieval, heat the slide

in 10mM citrate buffer (pH 6.0) for
15 min using microwave at 600 W.

.Rinse the slide three times in PBS-T

for 5Smin.

. Immerse the slide in methanol con-

taining 0.2% hydrogen peroxidase for
20min to block the endogenous per-
oxidase activity at room temperature.

.Rinse the slide three times in PBS-T

for 10 min.

. Incubate the slides with 2% goat serum

in PBS-T for 30min in a humidity
chamber at room temperature to block
the non-specific binding of the primary
antibody.

Lightly tap off excess serum from each
slide, then apply anti-HDGF primary
antibody diluted in PBS-T. Incubate
the slides overnight in a humidity
chamber at 4°C.

Rinse the slide three times in PBS-T
for 5 min.

Prepare Avidin-biotin-complex solution.
Incubate the slides with secondary
antibody diluted in PBS-T for 30 min
in a humidity chamber at 37°C.

Rinse the slide three times in PBS-T
for 5 min.

Incubate the slides with Avidin-biotin-
complex solution for 45min in a
humidity chamber at 37°C.

Rinse the slide three times in PBS-T
for 5 min.

Prepare DAB solution.

Immerse the slide in DAB solution for
I min.

19. Wash the slide in distilled water five

times.
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20. Immerse the slide in methyl green for
10 min.

21. Wash the slide in distilled water five
times.

22. Dehydrate with 100% ethanol three
times for 5min, and xylene three times
for Smin, then mount with mounting
medium.

EVALUATION OF
HEPATOMA-DERIVED
GROWTH FACTOR
EXPRESSION IN PANCREATIC
DUCTAL CANCER

Observe the slide under light microscope.
Epithelial cells of the pancreatic ducts
in the non-neoplastic lesion consistently
show weakly positive HDGF staining both
for the nucleus and cytoplasm. Cancer
cells showing stronger staining than the
noncancerous ducts can be regarded as
positive. Carefully examine the positiv-
ity ratio of all the cancer cells in the slide
for both the nucleus and the cytoplasm.
HDGEF labeling index (LI) can be deter-
mined as follows: samples with less than
90% of cancer cells showing positive
staining are regarded as HDGF LI Level
1, and those with more than 90% as Level
2. Determine the HDGF LI separately for
the nucleus and the cytoplasm.

PROGNOSTIC SIGNIFICANCE
OF HDGF IN PANCREATIC
DUCTAL CANCER
AND OTHER CANCERS

Rate of Level 2 HDGF LI in pancreatic
ductal cancer is 54% and 56% for the
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nucleus and the cytoplasm, respectively
(Uyama et al., 2006). Nuclear HDGF LI is
an independent prognostic factor of pan-
creatic ductal cancer. Patients with Level
2 HDGF LI show a poorer 5-year survival
rate than those with Level 1. No signifi-
cant difference is observed in the cytoplas-
mic HDGF expression. Besides pancreatic
ductal cancer, HDGF is a prognsostic
factor of HCC (Hu et al., 2003; Yoshida
et al., 2006), lung cancer (Ren et al., 2004;
Iwasaki et al., 2005), gastric cancer
(Yamamoto et al., 2006) and esophageal
cancer (Yamamoto et al., 2007).
Hepatoma-derived growth factor is a
unique nuclear targeted growth factor, which
is expressed abundantly in cancer cells and
promotes their malignant potential. HDGF
generates tumors and promotes their growth
in vivo via its mitogenic activity and ang-
iogenic activity deriving from both its own
direct angiogenic activity and the induction
of VEGF. Multivariate analysis of the rela-
tionship of HDGF expression and overall
survival in patients with pancreatic cancer
confirms that HDGF expression, as deter-
mined by immunohistochemistry, can be
used as a new prognosticator for pancreatic
ductal cancer. Additionally, radiosensitive
esophageal cancers show higher expression
of HDGF than radioresistant ones, suggest-
ing that HDGF may be a biomarker for
radiosensitivity for cancer cells (Matsuyama
et al., 2001). Future studies should focus on
HDGF in pancreatic ductal cancers and
the relationship between HDGF expres-
sion and chemotherapy sensitivity and/or
radiosensitivity. Although further study is
still needed to clarify the role of HDGF in
the malignant behavior of pancreatic ductal
cancer, HDGF may serve as a potential
target for drug design regulating the car-
cinogenesis and cancer progression.
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Pancreatic Cancer:

18F-Fluorodeoxyglucose Positron Emission
Tomography as a Prognostic Parameter

Tatsuya Higashi

INTRODUCTION

Patients with pancreatic cancer are known
for their poor survival; this caner is the
cause of death of ~21,100-28,600 patients,
and is the sixth and fourth leading cause of
cancer death each year in Japan and in
the United States, respectively (National
Cancer Center, 2001; National Cancer
Institute, 1999). At the time of diagnosis
after the appearance of symptoms, ~ 80%
of patients have an advanced stage that is
not suitable for curative operation. The 5-
year survival rate of patients with unresect-
able or metastatic pancreatic cancer is only
0-5%, at the same time the 5-year survival
rate of patients who have undergone cura-
tive resection is only ~ 10-25%. The inci-
dence of pancreatic cancer in Japan has
increased 1.5-fold over the past 3 decades;
on the other hand, incidence and mortal-
ity rates are identical even now. Although
systemic treatment procedures, including
operation, chemotherapy, and radiation,
are necessary to improve this poor thera-
peutic outcome, there has been no estab-
lished treatment method with improved
prognosis so far (Oya, 2004).

Tumor imaging using fluorine-18 fluor-
odeoxyglucose (FDG) positron emission

tomography (PET) has been established
as a useful clinical tool in a variety of
cancers, including pancreatic cancer. As
already mentioned in other chapters in this
volume, FDG-PET has shown its excellent
diagnostic ability as a pretreatment evalua-
tion of pancreatic cancer. As a predictor of
prognosis, however, we have only limited
information on this subject. Regarding this
clinical background, it is better to look
at this issue assuming that prognosis of
pancreatic cancer is mainly regulated by
the invasiveness or aggressiveness of can-
cer itself, but not influenced by selection
of patient management. In this chapter,
the following three subjects will be dis-
cussed; (1) predicting malignant potential
or aggressiveness by pretherapeutic FDG-
PET, (2) improving accuracy of clinical
staging by pretherapeutic FDG-PET, and
(3) monitoring therapeutic effect by
pre- and post-therapeutic FDG-PET.

PREDICTING MALIGNANT
POTENTIAL OR
AGGRESSIVENESS

Recently, the survival-prediction of
cancer patients by means of quantitative
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evaluation of FDG uptake has become
an important topic in the field of PET
oncology. Many studies evaluating the
relationship between FDG uptake and
prognosis have been reported for a variety
of cancers, including non-small-cell lung
cancer, head and neck cancer, and malignant
lymphoma (Higashi K. et al., 2002; Jeong
et al., 2002; Minn et al., 1997). These
studies have shown positive relation-
ship between poor prognosis and high
FDG uptake in the primary tumor before
treatment. As for the results of multivari-
ate analysis are concerned, most studies
demonstrated that a specific threshold
standardized uptake value (SUV) pro-
vides prognostic information independ-
ent of the clinical stage and lesion size,
while other studies showed that clinical
stage and other factors were independent
predictors of survival, but SUV was not
(Minn et al., 1997). One study showed
that there was difference in the prognostic
value of FDG uptake between squamous
cell carcinoma and adenocarcinoma of the
lung (Jeong et al., 2002). Thus, it seems
that there are different tendencies in the
prognostic value of FDG uptake between
each malignancy or each pathological
type or each reporting institute.

As for prognostic pretreatment evalua-
tion of pancreatic cancer using FDG-PET,
to the best of our knowledge, there have
been only five studies at four institutions
reported so far. Nakata er al. (1997, 2001)
reported consecutive two studies with 14
and 37 patients concerning the predictabil-
ity of SUVs achieved before treatment for
the prognosis of patients with pancreatic
cancer. They reported that a group with
SUV of 3.0 or smaller had a longer survival
period than the other group with SUV of
3.0 or higher when SUV = 3.0 as the cut-
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off value is a median SUV of total cases.
These two studies have patient number
< 37, therefore, statistical significance
is not strong. Their multivariate analysis
showed a positive significance for SUV
(p < 0.05), but did not show a significant
value in any factors of TNM in UICC ‘97
staging (T: p = 0.874, N: p = 0.363 and
M: p = 0.214). Zimny et al. (2000) also
reported a similar tendency of prognos-
tic difference, although the cut-off value
(SUV = 6.0) was different. Their cut-off
value (SUV = 6.0) seems to be a median
SUV of total cases. They also performed
multivariate analysis with positive sig-
nificance for SUV (p < 0.05), while their
multivariate analysis did not show signifi-
cant values in UICC ‘87 and ’97 staging
(p = 0.109 and 0.76). Thus, in these three
studies it was concluded that a group with
a specific threshold SUV or smaller had a
longer survival period than the other group
with higher SUV when the cut-off value is
a median SUV of total cases, although the
difference in clinical staging did not show
any influence on patient survival.

Sperti et al. (2003) reported a similar
tendency of prognostic difference using
the different cut-off value (SUV = 4.0).
Their cut-off value (SUV = 4.0) was also
a median SUV of total cases. However,
their multivariate analysis revealed that
SUV (p = 0.005) and UICC 1997 tumor
staging (p = 0.001) are the only inde-
pendent predictors of survival. They also
separated the patients into three groups
according to treatment methods; resec-
tion (n = 16), bypass (n = 22), and
palliative therapy (n = 22), and found
that in each group median survival time
of low SUV patients was longer than that
of high SUV patients (p = 0.006, 0.043,
0.082, respectively).
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On the other hand, the report from
our university differs from their find-
ings. Lyshchik et al. (2005) evaluated
65 pancreatic cancer patients using dual-
phase FDG-PET and calculated the reten-
tion index (RI) by dividing the difference
between SUV2 (SUV at 2 h after injection
of FDG) and SUV1 (SUV at 1h after
injection of FDG) by SUV1. In our data,
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multivariate analysis revealed only three
factors that had an independent associa-
tion with longer patient survival: female
gender (p < 0.01), TNM stage I-III (p <
0.05), and higher RI (p < 0.01) (Figure
19.1). In the single-variate analysis, SUV1
and SUV2 showed positive correlation
with clinical TNM staging (p = 0.01 and
0.01, respectively), but did not show any

a. Pre chemoTX CT

b. Pre chemoTX PET ¢. Post chemoTX PET

FiGure 19.1. Evaluation of therapeutic effect of chemotherapy using FDG-PET. Sixty-six years old female,
3-years-survivor with pancreatic cancer. (a) CT findings show direct infiltration to the surrounding arter-
ies and retroperitoneal tissues at the time of initial diagnosis. This tumor was diagnosed as unresectable
and chemotherapy with weekly-based venous-infusion of gemcitabine was performed. (b) FDG-PET
before chemotherapy shows intense uptake in the pancreatic head (white arrow). Semiquantitative analy-
sis revealed that SUV at 1 and 2 h after injection were calculated as 5.4 and 7.3, respectively, with reten-
tion index (RI) 36%. High RI means a possibility of long survival. (¢) FDG-PET was performed 1 month
after the beginning of chemotherapy. The uptake observed before the chemotherapy in the pancreatic
head remarkably disappeared (white arrow), although CT findings of cancer did not show any change in
shape of the tumor at that time (not shown). Chemotherapy using weekly-based gemcitabine had shown
effective therapeutic outcome for 2 years, and then multiple lung metastases were detected finally. chem-
oTx: chemotherapy
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relationship with survival (p =0.2 and 0.5,
respectively). The single-variate analysis
also showed that thresholds of RI = 10%,
15%, and 20% could make a significant
difference in prognosis, but that RI = 10%
was the strongest value for survival. The
RI = 10% was also a significant prognostic
factor in several clinical subgroups, such
as histologically confirmed postoperative
cancer patients (p < 0.05), patients diag-
nosed at stage I-III (p < 0.01), and patients
diagnosed at stage IV (p < 0.05). In order
to analyze the discrepancy between these
five reports, it is necessary to focus on
the following three important aspects: (1)
clinical staging, (2) cut-off value of SUV,
and (3) correlation with other cellular
characteristics.

Prognostic parameters for pancreatic
cancers, including clinical staging, have
been evaluated from several clinical points
of view. The close relationship between
prognosis and clinical staging has been
reported by several studies with large
patient numbers (Morganti et al., 2005).
A meta-analysis revealed that surgical
resection is the only significant prognostic
factor for longer survival in patients with
pancreatic cancer, which suggests that the
evaluation of the resectability is an impor-
tant prognostic parameter (Stojadinovic
et al., 2003). Other studies showed that
curative resection with the grade of LN
metastasis has prognostic significance
(Gebhardt et al., 2000; Kuhlmann et al.,
2004). Tumor size was reported to be
the primary prognosticator for pancreatic
cancer by several reports (Morganti et al.,
2005; Gebhardt et al., 2000; Kuhlmann
et al., 2004). These data suggest the
importance of TNM classification as a
prognostic parameter. Thus, clinical staging
including each factor of TNM classifica-
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tion has a solid prognostic value in these
large-scale studies. From this standpoint,
the studies by Nakata et al. (2001) and
Zimny et al. (2000) are not convincing,
because their results lack the statistical
significance in the factor of clinical stag-
ing. On the other hand, data by Sperti
et al. (2003) and Lyshchik et al. (2005)
seem to be plausible. It was reported in
several institutes that SUV has a tendency
to show a positive linear progression with
tumor size or tumor staging in the diag-
nosis of preoperative pancreatic cancers
(Higashi et al., 2003). Therefore, these
factors may affect prognostic value of
SUV because the factor of clinical stag-
ing may counterbalance the factor of SUV
in the multivariate analysis. It would be
fair to compare SUVs of tumors only in
patients with cancer of a similar size or
with the same clinical stage.

Higashi et al. (2002) reported a similar
positive relation between prognosis and
SUVs in lung cancers. In their study,
they separated the patients into several
groups according to the clinical stages
and showed a similar correlation in each
group. This is the same approach as that
taken by Sperti ef al. (2003) and Lyshchik
et al. (2005) for pancreatic cancers. The
former study showed that the threshold of
SUV = 4 had a predicting value not only
in total cases, but also in stratification for
the following factors; clinical stage III
to IVa, stage IVb, tumor resection, and
others. The latter study revealed that RI
= 10% was a significant prognostic factor
not only in total cases but also in several
clinical subgroups, such as histologically
confirmed postoperative cancer patients,
patients diagnosed at stage I-III, and
patients diagnosed at stage IV. In order
to evaluate the malignant potential or
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aggressiveness of this cancer, this kind
of approach is important in the prog-
nostic evaluation of cancers in general.
Further investigations with this approach
are needed for the improvement of prog-
nosis of pancreatic cancer patients.

In addition, cut-off values between better
and worse prognosis should be discussed
because each cut-off value is different
between these reports. Absolute values of
SUV can be influenced by several institu-
tion-dependant factors, such as method of
reconstruction and the size and shape of
the ROI or others. Keyes (1995) suggested
that most of the currently published find-
ings on SUV in tumors are of little or no
value for investigators in other laborato-
ries. An average SUV of total cases may
have a universal value and is easy to apply
as a threshold value. However, there should
be a wide borderline area around the cut-
off line, and a minor error or change in
average SUV may affect the results. In a
clinical situation, it is impossible to apply
strictly this kind of threshold value to all
cancer patients with all stages or all sizes
in a prospective manner. For example, it is
difficult to predict which one has a better
prognosis; a cancer with SUV of 2.0 and
size of 6¢cm or a cancer with SUV of 6.0
and size of 1cm. It is unclear whether a
cancer with SUV of 2.0 and liver metas-
tasis or a cancer with SUV of 6.0 without
distant metastasis would show better prog-
nosis. Again, evaluation of clinical staging
(T- or M-factor) is important for the prog-
nostic prediction in FDG-PET.

RIis an index measuring changes between
1 and 2 h; therefore, it is supposed to have
a universal value. As for the borderline
area around the cut-off line, Lyshchik et
al. (2005) also showed convincing statisti-
cal evidence. In our data, the single-variate
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analysis showed that not only thresholds
of RI = 10%, but also thresholds of RI =
15% and 20% could perform a signifi-
cant difference in prognosis. One of the
drawbacks in the study by Lyshchik ef al.
(2005) is its methodological quality. In our
study, we included two different data sets
obtained by two different PET machines;
PCT3600W (1997-1999) and GE Advance
(1999-2003). There might be a distribu-
tion bias in SUV which could affect the
prognostic value of SUV or RI in the total
results. In order to determine an appropriate
cut-off value in SUV or RI, further study
with larger population of patients with pan-
creatic cancer are needed.

Furthermore, the correlation of FDG
uptake with other cellular characteristics
is important. There are many factors that
are related to the prognosis of pancre-
atic cancer. Among these factors, glucose
transporter-1 (GLUT-1) expression is the
most important. FDG uptake of tumor
is related to GLUT-1 expression in the
membrane of cancer cells in a variety
of cancers, including pancreatic cancer
(Higashi et al., 1997). Some studies also
support the positive correlation of GLUT-1
expression and proliferative activity or
aggressiveness of the cancer. In pancre-
atic cancer, Ito et al. (2004) reported that
GLUT-1 gene expression is associated
with invasiveness of the tumor. This result
may support the data from Nakata et al.
(2001), Zimny et al. (2000), and Sperti
et al. (2003). On the other hand, there
has been no established biochemical or
histopathological marker reported so far
that could explain the biological meaning
of RI as a prognostic parameter. Our
recent data revealed that hexokinase-II
(HK-II) expression in the cytosol of pan-
creatic cancer cells has a close relationship
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with RI of FDG-PET and survival of
patients, while GLUT-1 has no correla-
tion with survival (Higashi T. et al., 2002;
Lyshchik et al., 2007). These data sug-
gest the possible role of RI in glucose
metabolism and cancer aggressiveness in
pancreatic cancer. As a histopathological
background, we hypothesize that Rl is also
related to lymphocytic-immune response
to cancer, because several studies have
already reported the prognostic value of
intratumoral CD4 and CDS8 lymphocyte
infiltration in a variety of cancers, includ-
ing pancreatic cancer (Fukunaga et al.,
2004). Further evaluation concerning RI
in dual-phase FDG-PET and lymphocytic
immune response is now ongoing in our
university.

Tumor cell cellularity is also an indis-
pensable histopathological factor of FDG
uptake in pancreatic cancers. Several in
vitro and in vivo studies reported that
tumor cell cellularity was an important
factor for FDG tumor uptake in a vari-
ety of tumors (Higashi et al., 1998).
Especially in pancreatic cancer, which is
known to be rich in desmoplastic reac-
tion, it is necessary to be aware of the
possibility of low FDG uptake due to
poor cellularity even when tumor size
is fairly large. It is still controversial
whether cancer cells use the extracellular
matrix for growth factor storage and for
their progression, or if this reaction is a
defense mechanism of the human body
against cancer cell spread (Armstrong
et al., 2004; Hartel er al., 2004). If
desmoplastic reaction plays an invasive
role in pancreatic cancer progression,
FDG uptake may be lower in a cancer
with higher progressive nature. Further
investigation is needed to clarify this
problem in pancreatic cancers.
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IMPROVING ACCURACY
IN THE EVALUATION
OF CLINICAL STAGING

Approximately, 40% of patients with pan-
creatic cancer that is diagnosed as resect-
able by preoperative imaging modalities
turned out to be unresectable at the time
of operation. Clinical staging is supposed
to be the most important prognostic factor
in predicting prognosis in pancreatic can-
cer because, as mentioned earlier, meta-
analysis revealed that surgical resection
is the only prognostic significance for
longer survival in patients with pancreatic
cancer (Morganti et al., 2005). These data
suggest the importance of accurate preop-
erative diagnosis of T-, N- and M-fac-
tors in TNM classification as prognostic
parameters. Hicks et al. (2001) reported
the high impact and powerful prognostic
stratification of FDG-PET in clinical stag-
ing of lung cancer. They concluded that
staging that incorporated PET provided
a more accurate prognostic stratification
than did staging based on conventional
investigations. Evaluation of prognostic
stratification in staging of pancreatic can-
cer by PET should be discussed in T-, M-,
and N-factors.

Detection of direct invasion to large
vessels or to adjacent visceral structures
(T-factor) is one of the most important
aspects for the staging of pancreatic can-
cer. Positron emission tomography (PET)
is not supposed to be useful in the diag-
nosis of T-factor because of its relatively
low resolution. Recently, the introduction
of multi-detector row (MD)-CT technology
has changed the situation in the staging
of pancreatic cancer. This technology has
the capability of whole body scanning
with a single breath-hold, and can easily
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cover the patient body from the neck to
the thigh. It possesses a definite superiority
over FDG-PET because the resolution
of MD-CT with the multi-axis or curved
planar image reformations can provide
detailed information of direct invasion of
pancreatic cancer to large vessels or adja-
cent organs easily (Prokesch et al., 2002b).
Despite the higher resolution, differential
diagnosis between pancreatic cancer and
chronic pancreatitis, and detection of LN
metastasis in supraclaviclar area, bone
metastasis or peritoneal dissemination are
often difficult even by the use of MD-CT
(Prokesch et al., 2002a, b; Beyer et al.,
2002). Therefore, the development of PET/
CT occurred in order to combine the use-
fulness of morphological and functional
imaging modalities. PET/CT, a dual-
modality scanner that has a capability of
latest PET and MD-CT alone, is now the
most promising imaging tool in the diag-
nosis of pancreatic cancer (Heinrich et al.,
2005). In addition, the use of digital image
fusion of PET and CT is now in progress
(Lemke et al., 2004). Howeyver, the clinical
usefulness of these multi-modality imag-
ing procedures is not yet established in the
diagnosis of pancreatic cancers (see other
chapters in this volume).

Liver or other distant metastasis is usu-
ally suggested as a contraindication of
pancreatic cancer resection (M-factor).
Fujino et al. (2003) also concluded that
liver metastasis and peritoneal dissemina-
tion were significant prognostic factors
for survival of patients with unresectable
pancreatic cancer in their multivariate
analysis of 187 cases. FDG-PET can
show a powerful prognostic value by the
detection of liver and distant metastasis.
Frohlich et al. (1999) reported that the
detection rate for metastatic liver lesions

197

>1cm was 97% while that for lesions <
or = 1cm was 43%. On the other hand,
FDG-PET can often detect a small lesion
that CT scan cannot differentiate, because
even if a small lesion with a size of Smm
has strong radioactivity, it can be detected
as a relatively larger lesion by FDG-
PET. Nakamoto et al. (1999) reported
that FDG-PET accurately differentiated
metastatic lesions from cysts when the
diagnosis using US or CT was unreliable
because of the small size of the lesion
(< or = 1cm). The introduction of multi-
detector row CT (MD-CT) has raised the
detectability of pancreatic cancer much
higher than that by single-detector CT
(McNulty et al., 2001). Recent report of
PET/CT revealed that PET/CT staging of
distant metastasis showed higher sensitivity
and specificity than those of CT and
other standard modalities (Heinrich et al.,
2005). Further evaluation is needed in the
detection of liver or other distant metastasis
by PET/CT (see other chapters in this
volume).

It is also known that LN metastasis
(N-factor) is one of the most impor-
tant factors of clinical management as
an independent prognostic indicator for
pancreatic cancer patients (Benassai et al.,
1999). However, there has been no imag-
ing modality that can detect lymph node
metastasis in the diagnosis of pancreatic
cancer with high accuracy. Zimny et al.
(1997) reported an accuracy rate of FDG-
PET for the detection of LN metastasis
of only 46%. Even the use of PET/CT
machine or digital image fusion of PET
and CT did not improve the detectablity of
lymph node metastasis, where sensitivity
of LN metastasis was < 40% (Heinrich
et al., 2005; Lemke et al., 2004). It was
reported that polymerase chain reaction
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(PCR) amplification could detect occult
LN metastases that were not detected
by routine histopathological examination
(Demeure et al., 1998). There is little
hope as yet in the diagnosis of lymph node
metastasis from pancreatic cancers.

MONITORING THERAPEUTIC
EFFECT

Monitoring cancer therapy and thereby
predicting outcome is one of the most
promising roles for FDG-PET. This type
of approach to prognostic prediction using
FDG-PET is commonly performed and
believed to be useful in various cancers
(Weber et al., 2005). The use of FDG-
PET for this purpose, however, has not
been thoroughly evaluated in pancreatic
cancer. This is partly because there has
been no established treatment procedure
for pancreatic cancer, except for surgical
resection, and partly because the prognosis
of patients with pancreatic cancer is poor
only with short follow-up period.

In post-operative patients with pan-
creatic cancer, the use of chemoradio-
therapy after operation is an important
factor affecting prognosis, however, its
role is still controversial (Oya, 2004). A large
randomized phase III trial (n = 218) was
conducted by European Organization
for Research and Treatment of Cancer
(EORTC), comparing two aspects, cura-
tive operation alone vs. curative operation
with chemoradiation (40Gy with 5-FU
based chemotherapy) (Klinkenbijl er al.,
1999). They concluded that there was no
significant difference between the two
aspects. Another large randomized trial
(n = 289) with similar treatment methods
was conducted by European Study Group
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for Pancreatic Cancer (ESPAC-1), in
which they concluded that post-opera-
tive chemoradiotherapy had a negative
effect on survival in patients with resected
pancreatic cancer (Neoptolemos et al.,
2004). On the other hand, a retrospec-
tive cohort study (n = 396) of registered
patients in the National Cancer Institute’s
(NCI) Surveillance, Epidemiology, and
End Results (SEER) program analyzed
the prognostic factors following curative
resection for pancreatic cancer (Lim et al.,
2003). Their conclusion using multivariate
analysis was that the strongest predictor of
survival was the factor of adjuvant com-
bined chemoradiotherapy. These studies
were performed without the use of gem-
citabine (GEM), one of the most feasi-
ble chemotherapeutic agents. The trends
in chemoradiotherapy have already been
changed to the GEM-based chemoradio-
therapy. Several trials are under evaluation
using GEM. In the near future, there may
be a great need of FDG-PET to evaluate
the therapeutic effect of post-operative
chemoradiotherapy.

In patients with locally-advanced unre-
sectable pancreatic cancer, chemoradio-
therapy is the first choice of treatment
method. Various dose and regimen have
been reported, but not established yet (Oya,
2004). Our previous study reported the
usefulness of FDG-PET in the evaluation
of the therapeutic effect of IORT (intra-
operative radiation therapy)-based treat-
ment in unresectable pancreatic cancers, in
which FDG-PET showed that the metabolic
change in irradiated cancer after [ORT was
significantly earlier than the morphological
change detected by CT scan (Higashi et al.,
1999) (Figure 19.2). However, although
FDG-PET effectively evaluated the local
control of the primary site, there was no
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FIGURE 19.2. Evaluation of therapeutic effect of IORT and EBRT by FDG-PET. Seventy-three years
old female patient with unresectable pancreatic cancer without distant metastasis was initially treated
with IORT (30 Gy) and then followed with EBRT (50.4 Gy). PET and CT studies were performed before
treatment (a) 3 months after IORT and just after the end of EBRT (b) and 8 months after the IORT (c).
The decreased FDG uptake was observed at 3 months after IORT, whereas CT findings did not show any
change in size at that time. Eight months after IORT, tumor finally showed decrease in size at CT. PET
showed marked decrease in FDG uptake around the pancreatic head in general, but there was an intense
hot spot remained, which suggest viability within the irradiated mass. This patient died 4 months later
after this PET study because of multiple liver metastasis. IORT: intraoperative radiation therapy EBRT:

external beam radiation therapy

relation between FDG-PET results and
prognosis in the patient population.
Recently, we evaluated 27 patients with
locally-advanced unresectable pancreatic
cancer (age: 58 £ 10 years-old, male:
19 cases, female: 8 cases), who received
external-beam radiation treatment (EBRT/
total 50.4 Gy with 20-30 fraction) or EBRT
with chemotherapy (5-FU daily venous
infusion) (not published). Before treatment
and after the end of treatment, FDG-PET
studies were performed with the results of
SUV 7.2 £4.6 and 4.3 + 2.2, respectively.
In all cases, SUV showed a decrease from

pre- to post-treatment at the primary site,
and it was diagnosed that local control of
cancer was excellent. However, survival of
the patients (mean: 277 days) was defined
not by local control of the primary tumor,
but by the appearance of distant metas-
tasis, mainly liver metastasis. Therefore,
we evaluated prognostic factors in these
patients according to the separation of two
groups as follows; short-time survivor
(STS: survival days < 300 days/mean +
SD: 192 + 57 days/stage III: n = 0, stage
IV: n = 10) and intermediate- and long-
time survivor (ILTS: survival days > 300



200

days/mean + SD: 437 + 208 days/stage
II: n = 3, stage IV: n = §). Multivariate
analysis revealed that decreased rate of
serum CA19-9 was the only significant
prognostic factor, whereas SUV or its
change rate did not show any signifi-
cant difference between STS and ILTS.
Average SUV before treatment was higher
in ILTS (8.2) than that in STS (6.1); there-
fore, pretreatment SUV did not show any
prognostic value.

We also evaluated the same patients
using Kaplan-Meier analysis with the
difference between high-response group
(HRG) and low response group of serum
CA19-9 (LRG), which revealed that HRG
survived significantly longer than LRG (p
< 0.05). Thus, local change of FDG uptake
in the primary tumor may not have prog-
nostic value for radiation or chemoradia-
tion. Franke et al. (1999) also reported the
diagnostic benefit of follow-up of pancre-
atic cancers in their brief reports with 19
cases, but the benefit was basically limited
in the detection of distant metastasis by
FDG PET. Further evaluation is needed
(see other chapters in this volume).

Maisey et al. (2003) reported in their
pilot study that the absence of FDG
uptake at 1 month following chemo-
therapy for pancreatic carcinoma is an
indicator of improved overall survival.
This is a promising study, but the patient
number is only 11. Further investiga-
tion is necessary. Chemotherapy alone
with gemcitabine or combination of other
agents is considered as an acceptable
alternative of chemoradiation (Louvet et al.,
2005). Our limited data also suggest its
efficacy (Figure 19.1). Several clinical
trials are now under investigation. Much
still remained to be done for the treatment
of pancreatic cancer.

T. Higashi
CONCLUSION

As a prognostic parameter, FDG-PET is
promising, but not established yet. FDG
uptake (SUV) and/or its uptake pattern
(RI: retention index) are supposed to
be feasible in pretreatment prediction
of malignant potential. Further investiga-
tion with more patient number or with
additional indications of histopathological
backgrounds is needed. Clinical staging
by FDG-PET is a useful predictive tool in
the evaluation of resectability and thereby
prognosis of pancreatic cancer, especially
by the detection of distant metastasis.
PET/CT will be a great help in this respect
in the near future. Monitoring cancer ther-
apy is one of the most promising roles
for FDG-PET, but there has been little
information so far. There is a real need
for systemic treatment approaches to the
devastating survival of patients with pan-
creatic cancer.
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Imaging and Pathologic Findings
of Peculiar Histologic Variants
of Pancreatic Endocrine Tumors

Nobuyuki Ohike, Masaaki Kawahara, Manabu Takahashi,
Ayako Sugihara, Takehiko Gokan, and Toshio Morohoshi

INTRODUCTION

Pancreatic endocrine tumors (PETs) are
relatively uncommon, representing 1-2%
of all pancreatic neoplasms. The detec-
tion of PETs has increased due to the
development of sensitive diagnostic tools
such as imaging techniques and reliable
laboratory tests. This increased detec-
tion has resulted in the identification of
a clinical and morphologic variety of
PETs and a variety of histologic altera-
tions including oncocytic changes, rhab-
doid features, clear cytoplasm, mucin
accumulation resulting in goblet cell
formation, and spindle cell morphology
(Chetty and Asa., 2004; Frankel, 2006),
although they are rare. Such peculiar
histologic features may make diagnosis
difficult, especially in biopsy specimens.
Therefore, diagnosis of PETs may bet-
ter be performed according to radiologic
findings. There are few reports concern-
ing imaging findings of peculiar PETs.
We report three cases, with imaging and
pathologic findings: oncocytic PET, PET
with rhabdoid features, and PET with
clear cell cytology.

CASE 1

This case was reported by Sugihara et al.
(2006). A 65-year-old woman consulted
a doctor because of occasional symptoms
of nausea, diarrhea, and discomfort in the
stomach after meals. She received a diag-
nosis of nonfunctioning tumor in the body
of the pancreas and metastases in segments
6 and 8 of the liver, for which she under-
went distal pancreatectomy and partial
hepatectomy. The postoperative course was
favorable, and there have been no signs of
recurrence 5 months after surgery.

Imaging Findings

Computed tomography (CT) imaging
showed a solitary, well-circumscribed mass
extending from the body to the head of the
pancreas. The tumor was identified by
contrast-enhanced CT (CE-CT) imaging as
a mildly enhancing, somewhat heterogene-
ous mass in the early phase (Figure 20.1) that
enhanced equally to the surrounding pan-
creas in the late phase. Metastatic lesions
to the liver were strongly enhanced in the
early phase (Figure 20.1).
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Ficure 20.1. Imaging findings of an oncocytic pan-
creatic endocrine tumor (PET) (Contrast-enhanced
CT (CE-CT), early phase). A solitary mass (arrow)
extending from the body to the head of the pan-
creas is identified by contrast-enhanced CT imag-
ing as a mildly enhancing mass. Metastatic lesion
in the liver is strongly enhanced (arrowhead).

Pathologic Findings

The pancreatic tumor was well demar-
cated, 4.8 x 5.5cm in size, and yellowish-
white on the cut surface. The tumor cells
were arranged in trabeculae or solid nests
separated by a fibrous or loose fibrovas-
cular stroma. All tumor cells were large
and polygonal in shape with abundant,
eosinophilic, and finely granular cyto-
plasm (Figure 20.2). The nuclei were
large, round, and vesicular, containing one
or two prominent nucleoli. The number
of mitoses was 1 per 10 high-power fields
(HPFs). There was no tumor necrosis.
Electron microscopy showed that the
abundant cytoplasm of the tumor cells
was packed with mitochondria varying in
size and shape and also contained some
electron-dense neuroendocrine granules.
Immunohistochemically, tumor cells
stained intensely for mitochondrial antigen
and were positive for chromogranin A but
were negative for hormones and enzymes
such as amylase and trypsin. The tumor
was diagnosed as a nonfunctioning onco-
cytic PET and classified as a well-differen-

Ficure 20.2. Pathological findings of an onco-
cytic PET (Histology, hematoxylin and eosin (HE)
stain). Tumor cells are large, and have an eosi-
nophilic cytoplasm and a large nucleus with one or
two prominent nucleoli.

tiated endocrine carcinoma according to the
World Health Organization (WHO) histo-
logic classification (Heitz et al., 2004).

CASE 2

A 76-year-old woman was found to have
a mass in the pancreatic head with direct
invasion to the second portion of the
duodenum, causing a duodenal ulcer and
hemorrhagic anemia, and another mass
extending from the third portion of the
duodenum to the jejunum. Atypical signet
ring cells were detected by preoperative
duodenal biopsy. Pancreatic cancer and
jejunal stromal tumor were diagnosed, and
pancreatoduodenojejunectomy was per-
formed. There have been no signs of recur-
rence 5 years after surgery.

Imaging Findings

CT imaging showed a comparatively well-
circumscribed mass in the head of the pan-
creas that appeared to protrude into the body
of the pancreas or the third portion of the duo-
denum. CE-CT imaging showed the tumor
to be strongly enhanced in both the early
and late phases (Figure 20.3). Hemorrhage
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or necrosis was considered in the areas of
the tumor that were not enhanced. True fast
imaging with steady precession magnetic
resonance imaging (True FISP MRI) of the
pancreas showed a heterogeneous mass in
the head of the pancreas and in the body of
the pancreas or along the third portion of the
duodenum. The mass in the head pressed
against the common bile duct. A celiac
angiogram showed a highly abnormal stain
in the pancreas head with vascularization of
small vessels and feeding by a dilated supe-
rior pancreaticoduodenal artery, indicating a
hypervascular tumor.

Pathologic Findings

The pancreatic head tumor was 3.0 x
3.0cm in size, yellowish-white on the cut
surface, and directly invaded the second
portion of the duodenum. In addition, a
metastatic mass of 10 x 6cm was identi-
fied in the third portion of the duodenum.
Histologically, the tumors were lobulated
by a fibrous stroma and tumor cells were
arranged predominantly in a trabecular or

FIGURE 20.3. Imaging findings of a PET with rhab-
doid features (CE-CT, early phase). A well-circum-
scribed mass (arrow) in the head of the pancreas
appears to protrude into the body of the pancreas
or the third portion of the duodenum (arrowhead).
CE-CT imaging shows the tumor to be strongly
enhanced in the early phase.
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solid pattern. Approximately, one-third of
the tumor cells showed prominent pale or
eosinophilic intracytoplasmic inclusions
resulting in a rhabdoid, plasmacytoid, or
signet ring-like appearance (Figure 20.4).
The inclusions were negative when stained
with periodic acid Schiff stain. Tumor cells
without inclusions showed the typical,
finely granular, eosinophilic cytoplasm of
classic endocrine cells. The mitotic count
was 1 per 10 HPFs. Widespread tumor
necrosis was not present. Electron micros-
copy showed that the inclusions consisted
of aggregates of juxtanuclear intermediate
filaments with entrapped neurosecretory
granules. Immunohistochemically, the
rhabdoid cells were positive for keratin
as well as chromogranin A (endocrine
marker) but were negative for vimentin,
indicating that the main component of
the juxtanuclear intermediate filaments
was keratin. The tumor was diagnosed
as a nonfunctioning PET with rhabdoid
features and classified as a well-differenti-
ated endocrine carcinoma according to the
WHO histologic classification (Heitz
et al., 2004).

FiGURe 20.4. Pathological findings of a PET with

rhabdoid features (Histology, HE stain). Tumor
cells show prominent pale intracytoplasmic inclu-
sions resulting in a rhabdoid, plasmacytoid, or
signet ring-like appearance.
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CASE 3

A 51-year-old man with von Hippel-Lindau
(VHL) disease had nonfunctioning tumors
in the head of the pancreas, for which a
pylorus-preserving pancreatoduodenectomy
was performed. The patient died of hemor-
rhage of a hemangioblastoma of the central
nervous system 2 months after surgery.

Imaging Findings

CT imaging showed a comparatively well-
circumscribed mass in the head of the
pancreas. Postcontrast CT imaging per-
fomed in the early phase showed that the
tumor was highly enhancing, heterogene-
ous and clearly distinguished from the sur-
rounding pancreatic tissue (Figure 20.5).
The enhancement continued into the late
phase. A Tl-weighted MRI scan of the
pancreas showed a low-signal-intensity

Figure 20.5. Imaging findings of a PET with clear
cell cytology (CE-CT, early phase). Postcontrast
CT imaging perfomed in the early phase shows
that a well-circumscribed mass (arrow) in the head
is highly enhancing and clearly distinguished from
the surrounding pancreatic tissue.

N. Ohike et al.

mass that was mildly increased in intensity
with respect to the normal pancreas on T2-
weighted images.

Pathologic Findings

A 2.5 cm firm tumor was noted in the head.
The surroundings contained multiple smaller
tumors of various sizes and colors includ-
ing bright yellow. Microscopically, all of
the tumor cells were arranged in a solid or
trabecular architecture, and they showed
typical cytology. However, tumor cells in
the bright yellow lesions showed a lipid-rich,
multivacuolated, clear cytoplasm (Figure
20.6) accompanied by prominent stromal
collagen bands. Involvement of tumor cells to
peripancreatic lymph nodes was obsereved.
In addition, minute serous cysts or adenomas
were found incidentally. The mitotic count
was O per 10 HPFs. Tumor necrosis was
not present. Immunohistochemical studies
showed expression of endocrine markers but
not of hormone markers. The tumors were
diagnosed as nonfunctioning PETs with
clear cell cytology associated with VHL and
classified as well-differentiated endocrine

FiGure 20.6. Pathological findings of a PET with
clear cell cytology (Histology, HE stain). Tumor
cells in the bright yellow lesions show a lipid-rich,
multivacuolated, clear cytoplasm.



20. Imaging and Pathologic Findings of Peculiar Histologic Variants

carcinoma according to the WHO histologic
classification (Heitz et al., 2004).

DISCUSSION

Oncocytic changes occur infrequently in PETs.
Volante et al. (2006) examined 227 PETs and
found that 11 (4.85%) were oncocytic. Of
18 reported oncocytic PETs (Volante et al.,
2006; Sugihara et al., 2006), 15 were nonfunc-
tioning, and 14 were malignant, indicating
that oncocytic PETs may be more aggressive
than most PETs. Oncocytes are tradition-
ally defined by the presence of an abundant,
granular, acidophilic cytoplasm. These cells
are also rich in mitochondria as determined by
special cytochemical or immunohistochemi-
cal stains or ultrastructural studies. Therefore,
the histologic diagnosis of oncocytic PETSs
should involve determination of both abun-
dant mitochondria and endocrine differen-
tiation. Differential histologic diagnoses are
acinar cell carcinoma or mixed acinar-endo-
crine carcinoma with oncocytic or acidophilic
degeneration and extremely rare oncocytoma
of the pancreas. Primary hepatocellular carci-
noma and metastatic oncocytic tumors from
other sites should also be considered.

Rhabdoid phenotype is defined by the pres-
ence of cells containing inclusion-like masses
of acidophilic, homogeneous, cytoplasmic
material that characteristically displace the
nucleus toward the cell periphery. The rhab-
doid inclusions are composed of whorls of
intermediate filaments and variable numbers
of entrapped neurosecretory granules. Serra
et al. (2006) reported a characteristic rhab-
doid morphology in 5 of 84 (5.95%) PET
cases. Of a total of 11 reported cases (Serra et
al., 2006; Perez-Montiel et al., 2003; Stokes
et al., 1998; Shia et al., 2004) including our
present case (case 2), 10 were nonfunction-
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ing, and eight were malignant, indicating that
rhabdoid PETs may also be more aggressive
than most PETs. However, rhabdoid PETs
are typically well-differentiated, low-grade
malignancies and differ from poorly differ-
entiated or dedifferentiated malignancies in
which rhabdoid features are thought to por-
tend highly aggressive behavior. Differential
histologic diagnoses include signet ring cell
carcinoma, poorly differentiated adenocarci-
noma, and anaplastic carcinoma with rhab-
doid features, and metastatic melanoma with
rhabdoid phenotype.

Clear cell changes are rarely found in larger
PETs and are frequently found in PETSs in
patients with VHL disease (Lubensky et al.,
1998). PETs arise in 8-17% of these patients.
Tumors tend to occur in young patients (mean
age, 35 years) and in a multicentric fashion
(Lonser et al., 2003). The fact that the major-
ity of VHL-associated PETs are nonfunction-
ing can be used to distinguish them from
PETs of multiple endocrine neoplasia type
1. Progression of PETs can be a cause of
death in VHL patients, but VHL-associated
PETs are usually slow growing, similar to
common PETs. The clear cytoplasm is finely
vacuolated, representing abundant intracy-
toplasmic lipid droplets or glycogen deposi-
tion. The reason for clear cells in tumors in
VHL patients is uncertain, but it is speculated
that the tumor cells are exposed to ischemia
by multicentric occurrence and a fibrous
stroma due to the slow tumor growth or that
the microvasculature may be delicate due to
VHL-associated abnormalities. A clear cell
appearance is also characteristic of other
neoplasms in VHL patients such as renal
cell carcinoma and pancreatic serous cystad-
enoma. This is also important with respect to
differential diagnosis.

The three peculiar PETs described in this
report were larger than 2.5 cm and were read-
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ily detected by contrast-enhanced CT. The
imaging features were of well-circumscribed
and enhancing hypervascular masses, simi-
lar to common PETs. Several other types of
radiologic examinations, including MRI and
angiography, also supported these features.
Thus, there were no specific imaging find-
ings for these three cases. Generally, PETs
are strongly enhanced during the arterial
(early) phase in several imaging techniques.
The mass reported in case 1 of the present
study did not show strong enhancement in
the early phase of contrast-enhanced CT
but was clearly enhanced in the late phase.
However, this does not appear to be specific
to oncocytic PETs; fibrosis associated with
slow-growing PETs may result in differen-
tial enhancement and heterogeneous imaging
features. Compared to more common PETs,
PETs with peculiar histology appear to have
a high malignancy rate, and the present cases
were also malignant. One reason may be that
almost all such tumors are nonfunctional
(asymptomatic) and are detected late. Thus,
the histology alone may not explain the high
rate of malignancy. Analysis of additional
cases will aid in the elucidation of the bio-
logic behavior of these types of tumors. It
is also important to localize not only the
primary tumors but also metastatic tumors
in peculiar PETs. Differential diagnoses
include all hypervascular primary and meta-
static tumors. Differential diagnosis with
respect to metastatic renal cell carcinoma
and pancreatic serous cystadenoma may be
difficult in VHL patients. In VHL patients,
multicentric tumors must be considered upon
radiologic examination.
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Periampullary Adenocarcinoma:
Diagnosis and Survival After
Pancreaticoduodenectomy

Kanika A. Bowen and Taylor S. Riall

INTRODUCTION

Periampullary adenocarcinomas arise
within 2 cm of the major papilla in the
duodenum. They arise from different tis-
sues in the periampullary region: the head/
neck/uncinate process of the pancreas,
the distal common bile duct, the duode-
num, and the ampulla of Vater. Pancreatic
cancer is the most common periampul-
lary adenocarcinoma, followed by distal
bile duct cancers, ampullary cancers, and
duodenal cancers (Jemal et al., 2007).
There are an estimated 40,000 incident
cases of periampullary cancer annually in
the United States with pancreatic cancer
accounting for over 33,000 cases annually
(Jemal et al., 2007). The overall 5-year
survival for all patients with pancreatic
cancer is > 5%.

Because of their close proximity, peri-
ampullary cancers have similar clinical
presentations with jaundice, abdominal
pain, nausea, and vomiting. However, the
S-year survival following surgical resec-
tion differs greatly based on the tissue of
origin. At the current time, surgical treat-
ment is the only potentially curative option
for periampullary adenocarcinoma. In a
large series of resected patients, pancre-

atic cancers account for ~ 60% of resected
periampullary cancers, while distal bile
duct cancers account for 10-20%, amp-
ullary cancers account for 10-20%, and
duodenal cancers account for 3—7% (Riall
et al., 2006a).

Resectability is based on the presence or
absence of distant metastasis and the extent
of locoregional disease at the time of pres-
entation. Patients with distant metastatic
disease including liver metastases, lung
metastases, and lymph node metastases
outside the resection field are considered
unresectable. Locally advanced periamp-
ullary cancer, which includes invasion of
the surrounding major vessels and the ret-
roperitoneal nerve plexus, is also consid-
ered to be unresectable. This chapter will
discuss the risk factors, clinical presenta-
tion, diagnostic workup, resection rates,
and long-term prognosis for resected and
unresected periampullary cancers.

RISK FACTORS

Pancreatic cancer is the fourth leading
cause of cancer related deaths in men and
women in the United States. Increasing
age is a risk factor for pancreatic cancer,
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with 80% of cases occurring in patients
aged 60-80 years. The gender distribu-
tion is roughly equal, with the incidence
being slightly higher in males. African-
American patients have a 30-40% higher
risk of developing pancreatic cancer than
Caucasians (Jemal et al., 2007). Smoking
increases the risk of pancreatic cancer
nearly two-fold and is associated with
point mutations in codon 12 of the K-ras
oncogene which is a known early event in
the molecular progression of pancreatic
cancer (Tada et al., 1990; Wilentz et al.,
2000). Genetic alterations of the K-ras
oncogene and loss of tumor suppressor
genes p53, pl6, and BRCA-2 have also
been implicated in pancreatic cancer. The
molecular progression of the development
of pancreatic cancer from noninvasive
precursor lesions is shown in Figure 21.1
(Wilentz et al., 2000).

There are six known genetic syndromes
that are risk factors for pancreatic cancer,
which include Familial Atypical Multiple
Mole Melanoma (FAMMM) syndrome,
familial breast cancer associated with
BRCA-2 mutations, Peutz-Jeghers syn-
drome, hereditary nonpolyposis colorectal
cancer, ataxia telangiectasia, and heredi-
tary pancreatitis. Family history accounts

K.A. Bowen and T.S. Riall

for ~10% of pancreatic cancers. Even
without identification of a known genetic
syndrome, there is an 18-fold increased
risk with a first degree relative with pan-
creatic cancer and a 30-fold risk with
two first degree relatives. In the subset of
familial pancreatic cancer, kindreds with
three or more affected family members
at the time of enrollment produced a 57-
fold increased risk of pancreatic cancer
(Tersmette et al., 2001).

The risk of common bile duct can-
cer increases with conditions that cause
chronic inflammation of the bile duct.
The majority of these cancers are found in
persons older than 65. Sclerosing cholan-
gitis and common bile duct stones are
risk factors for common bile duct cancer
(Chapman, 1999). Other diseases with
associated risk are choledochal cysts,
Caroli’s disease, polycystic liver disease,
and cirrhosis (Dayton et al., 1983; Lipsett
et al., 1994). In Asian countries with poor
water purification, liver flukes Clonorchis
sinensis and Opisthorchis viverrini invade
the bile duct, leading to chronic inflam-
mation and bile duct cancer (Watanapa,
1996; Watanapa and Watanapa, 2002).
Obesity causes an increased risk due to its
association with gallstones and common

+——Her-2/neu —» +

K-ras

pi6 » + p53 -
DPC4
BRCA2

FiGUrE 21.1. Progression model for duct adenocarcinoma of the pancreas (From Wilentz et al., 2000; with

permission.)
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bile duct stones, which are independent
risk factors. Patients with inherited heredi-
tary nonpolyposis colon cancer (HNPCC)
have an increased risk for bile duct can-
cer (Mecklin et al., 1992). Thorotrast,
dioxin, nitrosamines, and polychlorinated
biphenyls also increase the risk of cholan-
giocarcinoma. This is true for all cholan-
giocarcinomas and not just those arising in
the distal common bile duct.

Ampullary cancers can arise from amp-
ullary adenomas, which are a premalignant
precursor lesion displaying a similar ade-
noma-carcinoma sequence to that observed
in colorectal neoplasia. Moreover, patients
with Familial Adenomatous Polyposis
(FAP) have a significantly increased inci-
dence of both ampullary and colorectal
cancers relative to the general population,
suggesting that the mechanism of ampul-
lary and colorectal carcinogenesis may
be similar (Kadmon et al., 2001). FAP
patients often develop benign ampullary
adenomas, which may progress to cancer.
The incidence of periampullary cancer is
200-300 times greater in this group than
in the general population (Jagelman et al.,
1988). Environmental risk factors include
the use of cigars, pipes, or cigarettes.

TaBLE 21.1. Frequency of the presenting symptoms of
pancreatic cancer.

Head Body and tail
Symptoms Patients (%) Symptoms Patients (%)
Weight loss 92 Weight loss 100
Jaundice 82 Pain 87
Pain 72 Weakness 42
Anorexia 64 Nausea 43
Dark urine 63 Vomiting 37
Light stools 62 Anorexia 33
Nausea 45 Constipation 27
Vomiting 37 Food intolerance 7
Weakness 35 Jaundice 7

(From Dimagno EP: Cancer of the Pancreas and Biliary
Tract. In Winawer SJ, editor: Management of Gastro-
intestinal Diseases, 1992, Crower.)
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Cancer of the duodenum is rare when
compared with other gastrointestinal malig-
nancies. Crohn’s disease and celiac dis-
ease are associated with an increased risk
of duodenal cancer. FAP, HNPCC, Peutz-
Jeghers syndrome, and Gardner’s syndrome
are familial syndromes associated with the
development of duodenal cancer (Delaunoit
et al., 2005). Radiation exposure has also
been linked to development of this cancer
and frequent consumption of red meat and
salt-cured/smoked foods have been linked
with increases in risk (Chow et al., 1993).

CLINICAL PRESENTATION

The most common presenting signs and
symptoms in patients with periampullary
adenocarcinoma are jaundice, abdominal
pain, weight loss, nausea, and vomiting
(Table 21.1). Intractable back pain is an
indication that the cancer has invaded the
retroperitoneal nerve plexus. Jaundice is
caused by obstruction of the bile duct by
tumor. Nausea and vomiting may represent
enlarged tumor size impeding on the gas-
tric/duodenal outflow. New onset diabetes
is seen in 15% of patients and is a sign of
tumor infiltration of the normal pancreas.
A sign of incurable periampullary cancer
is ascites or a palpable abdominal mass
which can represent omental caking or
locally advanced disease. Palpable supra-
clavicular, umbilical, or rectovesicular/
rectovaginal nodes may be present with
distant lymph node metastasis.

DIAGNOSIS

Patients presenting with jaundice will usu-
ally have initial evaluation with abdominal
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ultrasonography. Abdominal ultrasound
will detect a dilated extrahepatic biliary
tree and a mass in the periampullary
region, which will then prompt computed
tomography (CT) or magnetic resonance
imaging (MRI). High resolution 3-D spi-
ral CT has a sensitivity and specificity, of
72% and 100%, respectively, in detecting
tumors arising within the periampullary
region that are 2cm or smaller in size
(Bronstein et al., 2004). High resolution
3-D spiral CT today is considered reliable
at evaluating vascular involvement prior
to laparotomy and angiographic evalu-
ation is no longer necessary. The abil-
ity of a high-quality CT to determine
vascular invasion, distant metastasis, and
retroperitoneal lymph node involvement
approaches 100% (Mortele et al., 2002).
An evaluation of high resolution 3-D spi-
ral CT to determine diagnosis and resecta-
bility of pancreatic cancer was found to
have a diagnostic sensitivity, specificity,
and accuracy of 97%, 80%, and 96%,
respectively, and provided a diagnosis of
unresectability with a sensitivity of 96%,
specificity of 86%, and accuracy of 93%
(Catalano et al., 2003).

Endoscopic retrograde cholangiopan-
creatography (ERCP) is used to evaluate
the biliary anatomy. However, the need
for ERCP is lessened with the advent
of (MRCP) and improved quality CT
scans. Approximately, 95% of pancreatic
cancers will be detected with ERCP, but
tissue diagnosis by ERCP is less reliable.
ERCP brush cytology will only produce a
diagnosis in ~ 50% of pancreatic cancers.
Differentiation between signs of chronic
pancreatitis and pancreatic cancer can
also be difficult with ERCP. ERCP is
performed less commonly for diagnostic
purposes and should now be reserved for
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the palliation of obstructive jaundice in
patients with intractable itching, cholangi-
tis, or unresectable cancer.

A reliable test to obtain tissue diagnosis
is endoscopic ultrasound (EUS). EUS is the
most sensitive and specific test for pancre-
atic cancer. It has a 99-100% detection rate
for pancreatic cancer and EUS-guided core
needle biopsy can be performed simultane-
ously. Vascular invasion by the tumor can
also be delineated by EUS. Although EUS
has a high detection rate for periampul-
lary cancers, it is often unnecessary. The
presentation is often pathognomonic with
obstructive jaundice and a mass in the head
of the pancreas or periampullary region.
Biopsy adds little information if resection
is planned. It is most useful in the setting of
neoadjuvant therapy or palliative therapy
when a tissue diagnosis is critical prior to
treatment. EUS is also useful in the setting
of cystic lesions. EUS aspiration can help
differentiate mucinous and serous lesions,
as mucin-containing lesions have malig-
nant potential.

Positron emission tomography (PET)
using the radiolabeled glucose analogue
18-fluorodeoxyglucose (FDG) has been
suggested as a promising method for non-
invasive differentiation between benign
and malignant tissue (Avril et al., 1996;
Strauss and Conti, 1991; Wahl et al., 1994).
A drawback to PET scan is an association
with false-positives in chronic pancreati-
tis. Some false-positive PET findings may
be explained by nonspecific inflammatory
reactions after diagnostic procedures such
as ERCP and by stenting of the bile duct
(Sendler et al., 2000).

CA19-9 is a laboratory modality that
is frequently tested with the suspicion of
pancreatic cancer. CA 19-9 is a tumor
marker that was first used in the detection
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of colon cancer, but was found to be sen-
sitive for pancreatic cancer. Although it is
not a screening tool for pancreatic cancer,
in patients that have been found to have an
undiagnosed pancreatic mass, the tumor
marker provides important information. It
is commonly used to monitor a patient’s
response to chemotherapy, radiation, and/
or surgical treatment. Levels higher than
37U/ml are considered abnormal and the
higher the number, the more advanced the
disease may be.

STAGING

The current American Joint Committee
on Cancer (AJCC) TNM (tumor, nodes,
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metastasis) staging system for pancre-
atic cancer is currently the most widely
accepted forum for staging of pancre-
atic cancer (Table 21.2). Stage I disease
includes tumors localized to the pancreas
without lymph node or distant metastasis.
Stage II disease includes larger tumors
with invasion into adjacent organs within
the resection field. Patients with Stage I or
IT disease are considered resectable.
Patients with Stage III disease have
locally advanced disease involving major
vascular structures and are considered
unresectable. Nearly two-thirds of patients
with pancreatic cancer present with stage
IV or metastatic disease defined as disease
involving spread to distant organs such
as the liver, lungs, or peritoneal surfaces

TABLE 21.2. American Joint Committee on Cancer (AJCC) pancreatic cancer staging, SEER historic

staging, and technical resectability.

Primary tumor(P)

TX: Primary tumor cannot be assessed
TO: No evidence of primary tumor
Tis: Carcinoma in situ

T1: Tumor is limited to the pancreas and is 2cm or less in greatest dimension
T2: Tumor is limited to the pancreas and is more than 2cm in greatest dimension
T3: Tumor extends beyond the pancreas without involvement of the celiac

axis or superior mesenteric artery

T4: Tumor involves the celiac axis or the superior mesenteric artery

(unresectable primary tumor)
Regional lymph Nodes (N)
NX: Regional lymph nodes cannot be assessed
NO: No regional lymph node metastasis
N1: Regional lymph node metastasis
Distant metastasis (M)

MX: Distant metastasis cannot be assessed
MO: No distant metastasis
M1: Distant metastasis

AJCC staging groups SEER historic staging Resectability
Stage 0: Tis, NO, MO Localized Resectable
Stage IA: T1, NO, MO Localized Resectable
Stage IB: T2, NO, MO Localized Resectable
Stage IIA: T3, NO, MO Regional Resectable
Stage 1IB: T1-3, N1, MO Regional Resectable
Stage III: T4, any N, MO Regional Unresectable
Stage IV: Any T, any N, M1 Distant Unresectable
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(Jemal et al., 2007; Riall et al., 2006b).
One-third of patients present with stage I,
I, or III (locoregional) disease.

The Surveillance, Epidemiology, and
End Results (SEER) database uses historic
staging which includes three categories:
localized, regional, and distant pancre-
atic cancer. Localized pancreatic can-
cer includes stage O and I disease. It is
defined as disease confined to the pan-
creas. Regional disease includes stage
II and III pancreatic cancer. Stage II
includes larger pancreatic cancers that
may directly involve adjacent organs such
as the duodenum, ampulla of Vater, distal
bile duct, stomach, peripancreatic soft tis-
sue, regional lymph nodes, portal vein,
superior mesenteric vein, splenic artery,
splenic vein, or spleen. Involvement of the
celiac axis or superior mesenteric artery
indicates a cancer stage III, which is clas-
sified as unresectable.

Gallbladder
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PANCREATICODUODENECTOMY

At the current time, surgical resection is
the only hope for cure. Surgical resec-
tion is achieved via pancreaticoduodenec-
tomy. This treatment involves the enbloc
resection of the head of the pancreas, the
duodenum, the gallbladder, with or with-
out resection of the first portion of the
gastric antrum, and the common bile duct
(Figure 21.2). The extensive operation is
required for cancer of the periampullary
region due to the vascular supply. The
vascular network of the pancreas and duo-
denum are interconnected to the degree
that excision of one segment would likely
lead to devascularization of the other.
Pancreaticoduodenectomy was described
by Alessandro Codivilla in 1898 and
Kausch in 1912. Kausch performed the
first successful pancreaticoduodenectomy
and provided the surgical building blocks

Head and Neck

of Pancreas

——

Distal Biliary
Tree

Duodenum

Uncinate
Process

Proximal
Jejunum

FIGURE 21.2. Pancreaticoduodenectomy specimen (with permission CAmeron JL. (1990). Atlas of Surgery,

Volume 1. Toronto, B.C. Decter. p. 399)
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for a successful operation. Allen Oldfather
Whipple popularized the procedure in the
1930s. Mortality rates of > 25% and 5-year
survival rates of < 5% led many surgeons
to abandon this procedure in the 1960s
and 1970s (Crile et al., 1970; Herter et al.,
1982; Nakase et al., 1977). During the last
3 decades, the mortality following surgical
resection has decreased to < 5%. The 5-
year survival has improved significantly to
15-20% for pancreatic cancer, 20-25% for
distal common bile duct cancer, 30—-40%
for ampullary cancer, and 50-60% for
duodenal cancer (Cleary et al., 2004; Riall
et al., 2006a; Sohn et al., 1998; Talamini
et al., 1997; Winter et al., 2006).

A midline incision or bilateral subcos-
tal incision is made to gain entry into
the abdomen. A complete exploratory
laparotomy is performed. Careful exami-
nation of the omentum and peritoneum is
required to assess for possible metastatic
disease. Suspicious lesions are sent for
frozen section and if found to be cancer-
ous, the operation is aborted. Enlarged
lymph nodes should also be sent for frozen
section, but the finding of cancer within
lymph nodes in the planned resection field
is not an indication for termination of the
procedure. Inspection and palpation of the
liver is important in the surgical evaluation
of the abdomen to evaluate for liver metas-
tasis. If there is a question of liver metas-
tasis after palpation and visual inspection,
intraoperative ultrasonography should be
utilized. Liver metastasis is a contraindica-
tion to pancreaticoduodenectomy.

The hepatic flexure of the colon is
first mobilized from its attachments to
allow for visualization of the duodenum.
A Kocher maneuver is performed to allow
inspection of the duodenum, pancreas,
and other retroperitoneal structures. The
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duodenum and the head of the pancreas
are separated from their retroperitoneal
attachments to create a plane for the palpa-
tion of the superior mesenteric artery and
to evaluate for possible vascular invasion
by the tumor. The gallbladder is removed
from the gallbladder fossa at this time and
the common bile duct is carefully dis-
sected away from the portal structures and
transected above the entry of the cystic
duct. Division of the gastroduodenal artery
allows for extended visualization and room
for the dissection of the portal vein behind
the pancreatic neck. After the left gastric
and gastroepoploic vessels are divided in
close approximation with the gastric wall,
an antrectomy or pylorus preserving tech-
nique is performed. A pancreatic line of
transection is determined based on tumor
size. A Penrose drain is placed posterior to
the neck of the pancreas and stay sutures
are placed around the planned area of
transection. Electrocautery is then used to
slowly transect the pancreas. The ligament
of Treitz is mobilized and the jejunum is
transected with a stapler, ~ 10 cm past the
ligament of Treitz. The last step in removal
of the specimen from the abdomen is to
divide branches from the uncinate process
of the pancreas to the superior mesenteric
artery and vein. This includes dissection
of the lymphatics. Once the specimen is
removed, metal clips at the tumor field
margins should be placed in the event that
focused radiation therapy is needed.
Pancreatic, biliary, and bowel recon-
struction follows. The pancreaticojejunos-
tomy is usually created in an end to side
fashion and distal to this anastomosis an
end to side hepaticojejunostomy is fash-
ioned. The last step in bowel continuity is
the gastro- or duodenojejunostomy anas-
tomosis. Drains are placed in the abdomen
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posterior to biliary and pancreatic anas-
tomosis prior to abdominal closure. The
drains help to identify biliary or pancreatic
leaks that may occur (Figure 21.2).

In the early 1900s, Kausch (1912) and
Whipple et al. (1935) reported pancrea-
ticoduodenectomy resections involving
pylorus preservation, but by the 1970s
the majority of pancreaticoduodenecto-
mies involved distal gastric resection. The
change to distal gastrectomy was based on
the premise that: (1) distal gastric resec-
tion led to better oncologic therapy, with
obligate resection of the peripyloric and
perigastric lymph nodes, (2) the need to
resect the duodenum and proximal stom-
ach because of close tumor proximity, and
(3) the reduction in marginal ulceration at
the site of gastrojejunostomy by perfor-
ming antrectomy, thereby decreasing cir-
culating gastrin levels and reducing acid
secretion (Sohn et al., 1998). Through vari-
ous studies, it has been shown that although
distal gastric resection results in decreased
delayed gastric emptying in the early post-
operative period, there is no significant
long term difference between pylorus pres-
ervation and distal gastrectomy in delayed
gastric emptying, quality of life, or survival
(Di Carlo et al., 1999; Mosca et al., 1997,
Warshaw and Torchiana, 1985).

Tumor invasion of the superior
mesenteric-portal vein (SMPV) conflu-
ence is often considered a contraindication
to pancreaticoduodenectomy for patients
with malignant tumors of the pancreas or
periampullary region. Most centers report
higher rates of positive margins in the ret-
roperitoneal area. When positive margins
are present after a pancreaticoduodenec-
tomy is performed, there till remains a
significant increase in survival when com-
pared to palliative treatment. Studies con-
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ducted at M.D. Anderson Cancer Center
indicate that SMPV resection and recon-
struction can be safely performed with
no increase in hospital stay, morbidity,
mortality, tumor size, margin positivity,
nodal positivity, or tumor DNA content
(Fuhrman et al., 1996). These data sug-
gest that venous involvement is a function
of tumor location rather than an indica-
tor of aggressive tumor biology. Tumor
involvement of the SMA remains a con-
traindication to pancreaticoduodenectomy
because of the high morbidity and mortal-
ity rates associated with arterial resec-
tion and reconstruction (Nagakawa et al.,
1991; Sindelar, 1989).

SURVIVAL

In all localized periampullary cancer
types, S-year survival is improved with
surgical resection. Winter et al. (2006)
reviewed 1,423 patients that underwent
pancreaticoduodenectomy for a malig-
nancy originating in the pancreas. Using
multivaritate regression, the most impor-
tant predictors of long term survival
included tumor diameter < 3 cm, negative
lymph node status, negative resection
margin status, well or moderately dif-
ferentiated cancer, the absence of COPD,
the absence of postoperative bile leak,
and the administration of adjuvant ther-
apy. Patients that demonstrated all of
the above positive predictors of long
term survival had a median survival of
44 months. The median survival for all
patients with ductal adenocarcinoma was
18 months and 1, 2, and 3-year survival of
65%, 37%, and 18%, respectively.

In a recent, unpublished analysis of
the SEER database, 58,735 patients with
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periampullary adenocarcinomas were
identified between 1988 and 2002. For
the overall cohort, 48.9% of patients
were male, 80.5% of patients were white,
11.2% were black, and 8.3% were other
races. Mean age at presentation for all
tumors was 69.6 = 12.5 years. The distri-
bution of tumor type was predominantly
pancreatic in origin (n = 50,140; 85.3%)
followed by bile duct type (n = 4,162;
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7%), ampullary (n = 2,431; 4%) and
duodenal (n = 2,002; 3.4%). At the time
of diagnosis, the majority of periampul-
lary cancers were found at an advanced
stage. Only 35.9% of patients were found
to have locoregional disease. The demo-
graphics and tumor characteristics by site
of primary tumor are shown in Table 21.3.
Patients with duodenal adenocarcinoma
were younger (66.7 vs. 69-70 years for

TaBLE 21.3. Demographics and tumor characteristics for entire cohort by tumor type.

All groups Pancreatic Bile duct Ampullary Duodenum P-value*

Age in years 69.6 = 12.5 69.6 £ 12.3 70.9 = 13.0 69.3 +13.2 66.7 = 14.1 <0.0001
Gender (% Male) 48.9 484 50.2 52.7 52.3 <0.0001
Race

White 80.5 81.0 80.2 80.1 69.7 <0.0001

Black

Other
Married (%) 53.7 53.4 54.2 574 54.9 0.0012
SEER region

San Francisco-Oakland 9.7% 9.8% 8.5% 10.1% 9.3% <0.0001

Connecticut 10.1% 10.3% 9.2% 9.2% 8.6%

Metropolitan Detroit 11.9% 11.9% 11.7% 9.0% 14.0%

Hawaii 3.3% 3.2% 4.3% 3.9% 3.7%

Towa 8.0% 8.1% 8.4% 7.6% 7.3%

New Mexico 3.6% 3.7% 3.4% 3.6% 3.8%

Seattle-Puget Sound 8.9% 9.0% 9.0% 7.1% 7.4%

Utah 3.0% 3.0% 2.7% 2.9% 2.5%

Metropolitan Atlanta 4.3% 4.3% 4.3% 4.0% 5.0%

Alaska 0.2% 0.1% 0.3% 0.2% 0.2%

San Jose-Monterey 3.3% 3.4% 2.8% 4.3% 1.9%

Los Angeles 14.6% 14.1% 16.8% 18.7% 15.0%

Rural Georgia 0.2% 0.2% 0.1% 0.1% 0.3%

Greater California 8.9% 8.9% 9.1% 10.0% 8.3%

Kentucky 2.1% 2.1% 2.3% 2.6% 2.5%

Lousiana 2.7% 2.7% 2.3% 2.1% 3.5%

New Jersey 5.2% 5.2% 4.8% 4.6% 6.7%
Tumor Stage

Locoregional 35.9% 31.9% 50.4% 74.8% 59.7% <0.0001

Distant 46.6% 51.2% 22.3% 10.0% 24.4%

Unstaged 17.5% 16.9% 27.2% 15.2% 15.8%
Nodal Status

Positive 18.7% 19.3% 6.2% 18.9% 26.3% <0.0001

Negative 25.0% 22.9% 33.5% 38.1% 44.4%

Unknown 56.3% 57.8% 60.3% 43.0% 29.3%
Percent Resected 14.0% 11.5% 19.3% 38.8% 35.9% <0.0001

*Chi-square p-value for overall differences among all four groups
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other tumor types, P < 0.0001) and less
likely to be white (69.7% vs. ~ 80% for
other tumor types, P < 0.0001). The dis-
tribution by SEER region differed slightly
for each tumor type. Only 31.9% of
patients with pancreatic cancer had loco-
regional disease at the time of resection,
while 50.4% of patients with bile duct
cancer, 59.8% of patients with ampullary
cancer, and 74.8% of patients with duo-
denal cancer presented with locoregional
disease (Table 21.3, P < 0.0001). In addi-
tion, patients with bile duct cancer were
more likely to have unstaged disease than
patients with other types of periampullary
adenocarcinomas. Similarly, patients with
bile duct cancer were most likely to have
unknown lymph node status, consist-
ent with unstaged tumors. The positive,
negative, and unknown status of lymph
nodes for each tumor type is shown in
Table 21.2. However, these data are more
meaningful for resected patients and are
shown later. The overall survival for each
tumor type is shown in Figure 21.3-A.
Actuarial 5-year survival for resected
locoregional pancreatic cancer was found
to be 17.2% and unresected locoregional
pancreatic cancer had a 5-year survival
rate of 2.3% (Figure 21.3B). Five-year
survival was also increased in patients
that underwent surgical resection versus
unresected locoregional bile duct can-
cer (22.9% vs. 7.2%), ampullary cancer
(35.7% vs. 22.7%), and duodenal cancer
(58.1% vs. 27.1%) (Figures 21.3C-E).
Many studies have reported actuarial
S-year survival data after pancreaticoduo-
denectomy for periampullary adenocarci-
noma, but a recent study evaluates actual
S-year survival and the subsequent 10-
year survival in patients surviving 5 years
after initial surgery (Riall et al., 2006a).
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The 5-year actuarial survival rates in this
study were 55% for pancreatic, 74% for
bile duct, 66% for ampullary, and 85% for
duodenal cancer. Similar rates were found
in the SEER analysis. When patients attain
S-year survival after resection for pancre-
atic adenocarcinoma, there is a favorable
outcome for the subsequent 5 years; 65%
of initial 5-year survivors lived for another
5 years, bringing them to a 10-year post
resection landmark. Positive predictors
for the 201 patients who survived 5 years
or longer included a younger age at diag-
nosis, negative margins, negative lymph
node status, and well differentiated tumors.
Adjuvant therapy was not associated with
an increase in survival in this study.

ADJUVANT THERAPY

Adjuvant therapy involves the use of
chemotherapeutic agents and radiation in
the postoperative period. There is still
much debate upon the best adjuvant
therapy in the treatment of pancreatic
cancer. 5-Fluorouricil (5-FU) has been
the clinical chemotherapeutic treatment
for pancreatic cancer for several years.
The Gastrointestinal Tumor Study Group
(GITSG) was a prospective, randomized
trial which used split course irradiation
with concurrent bolus 5-FU, followed by
maintenance 5-FU for a duration of up to
2 years (Kalser and Ellenberg, 1985). The
trial showed a survival advantage for adju-
vant chemoradiotherapy (median survival
20 months) in comparison to surgery alone
(median survival 11 months). The GITSG
was the first trial to document a survival
advantage in pancreatic adenocarcinoma.
Several other studies have confirmed
the improved survival with modification
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FiGure 21.3 (a) The Kaplan-Meier actuarial 5-year survival by site of tumor origin for the cohort of 58,735
patients with periampullary cancer (includes resected and unresected patients). Pancreatic cancer
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pancreas, 7.8% for bile duct, 23.3% for ampulla, and 30.0% for duodenum. (b). Kaplan-Meier actuarial sur-
vival for resected and unresected patients with locoregional pancreatic cancer. Resected patients are shown
in black (n = 4,925) with a 5-year survival rate of 17.2%, unresected patients are shown in red (n = 11,070,
p-value < 0.0001) with a 5-year survival rate of 2.3%. (c) Kaplan-Meier actuarial survival for resected and
unresected patients with locoregional bile duct cancer. Resected patients are shown in black (n = 730) with
a 5-year survival rate of 22.9%, unresected patients are shown in green (n = 1,369, p-value < 0.0001) with
a 5-year survival rate of 7.2%. (d) Kaplan-Meier actuarial survival for resected and unresected patients with
locoregional ampullary cancer. Resected patients are shown in black (n = 911) with a 5-year survival rate
of 35.7%, unresected patients are shown in green (n = 907, p-value < 0.0001) with a 5-year survival rate of
22.7%. (e) Kaplan-Meier actuarial survival for resected and unresected patients with locoregional duodenal
cancer. Resected patients are shown in gray (n = 629) with a 5-year survival rate of 58.1%, unresected
patients are shown in black (n = 568, p-value < 0.0001) with a 5-year survival rate of 27.1%.
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of the amount and cycles of 5-FU and
radiotherapy for pancreatic cancer (Kalser
and Ellenberg, 1985; Whittington et al.,
1991; Yeo et al., 1997). Currently, chemo-
radiation is considered the standard of care
in the United States.

The European Study Group for Pan-
creatic Cancer (ESPAC) was designed to
test whether postoperative treatment with
5-FU chemoradiotherapy, 5-FU chemo-
therapy alone, chemoradiotherapy and
chemotherapy, or observation would result
in a significant difference in survival. It is
currently the largest randomized clinical
study investigating chemoradiotherapy in
pancreatic cancer (Neoptolemos et al.,
2004). The median survival for patients in
the chemotherapy group was 19.7 months
versus 14.0 months for the no-chemotherapy
group. The median survival for the chemo-
radiation group was 15.5 months versus
16.1 months for the no-chemoradiation,
which was not statistically significant (Chu
et al., 2003). There are currently ESPAC
trials being conducted to investigate the
effect of gemcitabine and radiation ther-
apy on survival, but to date chemotherapy
alone is considered the standard of care in
European countries.

NEOADJUVANT THERAPY

A drawback of adjuvant therapy is that
~20-30% of patients who undergo pancre-
aticoduodenectomy do not receive postop-
erative chemoradiation (Spitz et al., 1997,
Yeo et al., 1997). A few of the arguments
for neoadjuvant use of chemoradiation
are: neoadjuvant therapy provides sys-
temic treatment within days of diagnosis,
patients undergo systemic therapy prior
to pancreatic resection, and are, therefore,
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more likely to complete their therapy and
less likely to have complications or delays
associated with being in the early postop-
erative period. Neoadjuvant therapy might
decrease the risk of disseminating micro-
scopic tumor during resection and also
result in fewer positive margins, and radia-
tion therapy generally is more effective as
well. The concerns of neoadjuvant therapy
are the risk of making the surgery more
difficult because of an irradiated field and
the possibility that a resectable patient
may progress during the course of therapy
and miss the ‘window of opportunity’ for
curative resection. Prior to neoadjuvant
therapy a tissue diagnosis is required.
Recent studies suggest that neoadjuvant
chemoradiation can downstage locally
advanced pancreatic tumors, but a large
randomized prospective trial has not been
performed. Most current studies agree
that although chemoradiation is associated
with improved overall survival in locally
advanced disease, it rarely leads to surgi-
cal “downstaging” allowing for potentially
curative pancreatic resections (Kim et al.,
2002). Chemoradiation therapy prior to
pancreatic cancer surgery is still clini-
cally debated and at the current time
chemoradiation is most commonly given
postoperatively. At this time, there are no
prospectively randomized studies for neo-
adjuvant therapy, but the Interdisciplinary
Study Group of Gastrointestinal Tumours
of the German Cancer Aid is investigating
the effect of neoadjuvant chemoradiation in
locally resectable and probable respectable
cancer of the pancreatic head on overall sur-
vival compared to surgery alone (Brunner
et al., 2007). This trial also analyzes
adjuvant chemotherapy. If the hypoth-
esis that neoadjuvant chemoradiation leads
to improved survival proves true, this
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would be the first prospective, randomized
clinical trial to establish a role for neoad-
juvant chemotherapy in the treatment of
pancreatic cancer.

UNDERUTILIZATION
OF SURGICAL RESECTION

A review of the SEER data indicates that
surgical resection for pancreatic cancer is
underutilized in comparison with other peri-
ampullary cancers. In a recent analysis of
the SEER database, 31.9% of patients with
pancreatic cancer had locoregional disease
at the time of presentation, while 50.4%
of patients with bile duct cancer, 59.8% of
patients with ampullary cancer, and 74.8%
of patients with duodenal cancer presented
with locoregional disease. For patients
with locoregional disease, ampullary and
duodenal cancers were more likely to be
resected (50.1% and 52.6% respectively)
than patients with pancreatic (30.8%) and
distal bile duct (34.8%) cancer. Pancreatic
cancer was the least likely of the periamp-
ullary locoregional cancers to be resected,
with only 30.8% undergoing resection.
While we continue to strive for earlier
diagnostic techniques and improved ther-
apy, we can improve outcomes in patients
with periampullary cancer by maximizing
surgical resection rates. Recent studies
show that surgical resection is underuti-
lized in patients with pancreatic and other
periampullary cancers. In the SEER data-
base, the percentage of patients undergo-
ing curative resection for pancreatic cancer
increased from 19% in 1988 to 30% in
2001 (p < 0.0001) However, fewer than 1/3
of patients with locoregional pancreatic
cancer underwent surgical resection (Riall
et al., 2006b). A recent study using the
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National Caner Database (NCDB) shows
similar findings (Bilimoria et al., 2007).
Bilimoria et al. (2007) evaluated 9,559
patients with clinical stage I (T1-2NOMO)
disease. Only 28.6% of patients with stage
I disease underwent cancer-directed sur-
gery. This difference may be explained
by the fact that duodenal and ampullary
cancers may be treated more aggressively
due to their increased 5-year survival post
resection. Pancreatic cancer does see an
increase in survival after resection, but
the result is not as profound as the sur-
vival for duodenal and ampullary cancers.
This may lead some surgeons and physi-
cians not to explore the option of surgical
resection for locoregional pancreatic can-
cer. It is our hope that making this infor-
mation available will lead to a change in
attitude towards pancreatic resection.
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Unresectable Locally Advanced Pancreatic
Cancer: Concurrent Chemotherapy
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INTRODUCTION

Pancreatic cancer (PC) is one of the
most troublesome solid tumors, and
remains a major challenge to oncologists.
Approximately 40% of patients with PC
present with locally advanced disease, and
generally the treatment of this situation is
not curative. Locally advanced PC (LAPC)
is commonly defined as the tumor invad-
ing the celiac axis, superior mesenteric
artery, inferior vena cava, aorta, or the
encasement or occlusion of the superior
mesenteric vein-portal vein confluence.
The most common clinical evaluations for
the determination of disease extension are
obtained from the computed tomography
scan and magnetic resonance imaging of
the abdomen, endoscopic ultrasound with
fine needle aspiration biopsy, angiography,
and endoscopic retrograde cholangiopan-
creatography. Being an effective diagnostic
intervention, 18-fluorodeoxyglucose-posi-
tron emission tomography gives additional
information on the findings of these more
conventional examinations. More invasive
diagnostic utilities, such as laparoscopy
and laparoscopic ultrasonography, may be
helpful in selected cases, which are able to
show the hepatic and peritoneal dissemi-

nation as well as the vascular invasion of
a pancreatic tumor more accurately (Russo
et al., 2007).

TREATMENT OF LOCALLY
ADVANCED PANCREATIC
CANCER

The optimal treatment of LAPC is still
being debated. However, concurrent
administration of chemotherapy (CT) and
radiotherapy (RT) is generally accepted
as the standard treatment for patients with
unresectable LAPC, based on the results
of the several randomized studies. The
effectiveness of chemoradiotherapy (CRT)
was first demonstrated in a landmark study
by Moertel et al. (1969) from the Mayo
Clinic, in which patients with locally
advanced gastrointestinal cancer were
randomized toreceive either RT (3540 Gy)
alone or with 5-fluorouracil (5-FU). The
study demonstrated a statistically mean-
ingful positive effect of concurrent CRT
over RT alone in terms of median survival.
This study was followed by a number
of studies that started to define the exact
role of CRT in LAPC. In the Gastrointes-
tinal Tumor Study Group (GITSG) trial

227



228

(Moertel et al., 1981), patients with
LAPC were randomized into three arms;
high-dose irradiation alone (60 Gy, split
course), moderate-dose irradiaton (40 Gy,
split course) plus 5-FU, and high-dose
irradiation plus 5-FU. The patients in the
combined-modality arms received several
months of maintenance 5-FU after CRT.
Both moderate-dose RT plus 5-FU and
high-dose RT plus 5-FU groups had simi-
lar survival rates, which were significantly
better than those from irradiation therapy
alone. The study, therefore, confirmed the
superiority of CRT over RT alone. Another
GITSG trial compared concurrent bolus
5-FU and RT (54 Gy) followed by adju-
vant SMF (streptozotocin, mitomycin-C,
5-FU) to the same CT alone, and showed
the difference for survival in favor of the
combined-modality treatment (GITSG,
1988). Subsequent reports, as well as meta-
analyses, confirmed the fact that CRT
improves upon the survival rates achieved
by best supportive care or RT alone (Yip
et al., 2006; Sultana et al., 2007). In an
attempt to investigate the effectiveness of
the other chemotherapeutic agents, doxo-
rubicin was compared with 5-FU; both
were given with 60Gy split course of
RT in unresectable, LAPC in a study by
GITSG (1985). The study showed that
survival times were similar in both groups,
but the doxorubicin group exhibited unac-
ceptable treatment-related toxicities.

The above-mentioned studies made 5-
FU-based concurrent CRT the most widely
used treatment modality in the treatment of
LAPC. On the other hand, there are some
contradictory reports in the literature, in
particular when CRT or CT alone has been
compared in locally advanced disease. An
Eastern Oncology Group (ECOG) study
that was reported by Klaassen et al. (1985),
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in which RT (40 Gy) plus 5-FU (600 mg/
m?/day for 3 days in week one of the RT)
was compared 5-FU alone (600 mg/m?,
weekly) in patients with locally advanced
gastrointestinal cancer, suggested that con-
current 5-FU-based CRT and 5-FU alone
have equal efficacy with respect to time
to progression and median survival of the
patients. In fact, as stated in a meta-analysis
by Yip et al. (2006), there is no clear evi-
dence to propose CRT as a distinctly supe-
rior treatment modality over CT, and there
is still a need to perform well-designed,
randomized studies comparing CRT and
CT. However, presently most authors agree
that CT alone is a suboptimal treatment
that has to be reserved for unfit patients
only, and CRT should be added into the
treatment schedule for LAPC (Mancuso
et al., 2006). In support of this belief, a
recent retrospective analysis by Huguet
et al. (2007) delineated that concurrent
CRT given after initial CT improves sur-
vival in patients with LAPC compared to
those who received CT alone. Actually, the
majority of the reports regarding the treat-
ment of LAPC have consistently pointed
out the importance of CRT in this situation,
although the best schedule for the integrat-
ing of EBRT and CT remains to be elu-
cidated. Taken together, it is conceivable
to recommend the use of CRT in LAPC.
Additionally, the question is not whether
EBRT should be added to CT, but rather
how.

Radiotherapy

With regard to RT, external-beam RT
techniques using high-energy photons
with conventional fractionation are usu-
ally employed in PC. A typical protocol
delivers a total dose of 45-50.4Gy in



22. Unresectable Locally Advanced Pancreatic Cancer: Concurrent Chemotherapy

1.8 Gy daily fractions (5 days per week)
to gross tumor plus regional lymphatics
with a usual 2-3 cm margin using three or
four fields. These are followed by a boost
dose delivered to gross tumor only with
1-2 cm margin. The stomach, small intes-
tine, liver, kidneys, and spinal cord are the
main dose-limiting organs in patients with
LAPC receiving RT (Calvo et al., 2004;
Wilkowski et al., 2005). Therefore, a com-
puted tomography-based treatment plan is
required to minimize the irradiation expo-
sure to these adjacent organs, which yields
lower treatment-related toxicities, and per-
mits the application of effective irradiation
doses on the involved sites. During the last
few decades, conformal RT techniques
such as three-dimensional RT, intensity-
modulated RT (IMRT), and stereotactic
RT have increasingly been studied in many
tumors, including LAPC. These modalities
allow more precise application of irradia-
tion and optimization of the dose intensity
onto specific target volumes while sparing
the doses to critical normal structures. The
use of IMRT in the treatment of LAPC
conferred lower acute and chronic treat-
ment-related toxicities with no increase
in loco-regional failures, despite highly
conformal radiation treatment (Milano et
al., 2004).

Apart from the conventional fractiona-
tion schedule, altered fractionations have
also been examined in PC. With hypof-
ractionation, higher daily fraction dose
of irradiation is given one to three times
per week for a shorter treatment period
than conventional fractionation. With
hyperfractionation, the total dose and the
total daily dose of irradiation are higher
than conventional fractionation by using
smaller per fraction dose for two times a
day. Hence, ~ 10-15% more irradia-

229

tion doses can be delivered compared to
standard fractionations. In PC, it has been
reported by Ashamalla et al. (2003) that
hyperfractionated RT (63.8 Gy) and con-
current weekly paclitaxel with a maximum
tolerated dose (MTD) of 60 mg/m?/week
was an active regimen, and needed to be
explored in further trials. To date, there is
no randomized study showing that altered
fractionations are associated with bet-
ter survival rates in patients with LAPC
compared with the use of conventional
fractionation.

To improve local control rates, spe-
cialized irradiation techniques, including
interstitial brachytherapy with Iodine-125
and palladium-103, intraoperative elec-
trons alone, or in combination with exter-
nal-beam RT (EBRT) as a boost dose,
have been introduced into the treatment
of LAPC. Generally, the application of
these modalities revealed increased local
control rates, but at the cost of increased
procedure-related toxicities, and with no
impact on overall survival (Calvo et al.,
2004; Dobelbower et al., 1986; Mohiuddin
et al., 1988). An important question is
whether or not higher local control rates,
which would be best achieved with mini-
mal morbidity by recent conformal RT
techniques, are associated with improved
survival. In a phase II study by Koong et
al. (2005), the efficacy of concurrent CRT
consisting of IMRT (45Gy) plus 5-FU
followed by a 25 Gy stereotactic radiosur-
gery boost was examined in patients with
LAPC. Albeit the results concerning local
control were promising, the median over-
all survival was only 33 weeks, and most
patients succumbed to the occurrence of
distant metastasis. Accordingly, it is appar-
ent that the higher RT doses (> 50.4 Gy) to
tumor delivered via specialized irradiation



230

techniques may improve local control, but
overall survival is unlikely to be affected
by this approach, because PC has a ten-
dency towards the development of systemic
metastases, which justifies the applica-
tion of more effective systemic therapies.
However, considering the increased local
control rates obtained by these modalities,
the small but unresectable or marginally
resectable tumors may particularly ben-
efit from the use of specialized irradiation
techniques (Russo et al., 2007).

Concurrent Chemotherapy

The most frequently used concurrent
chemotherapeutic agent during the course
of RT for LAPC is 5-FU, which has
been extensively studied, and has been
demonstrated to be effective in many
randomized trials as summarized earlier.
In fact, there are many different ways to
administer 5-FU in this situation; a pro-
tracted intravenous infusion at the doses of
200-250 mg/m?/day during the entire RT
course, continuous intravenous infusion
at the dose of 300 mg/m?/day, 5 days per
week, or 500 mg/m?/day intravenous bolus
given on the first and last 3 days of RT.
Among these schedules, protracted intra-
venous infusion has gained a wide accept-
ance by most practitioners, although there
has been no randomized study comparing
protracted intravenous infusion with intra-
venous bolus administration. However, a
retrospective study by Poen et al. (1998)
showed that concurrent CRT with pro-
tracted intravenous infusion of 5-FU was
better tolerated, and permitted more CT
and RT dose intensity when compared to
intravenous bolus administration.

Given the fact that the impact of 5-FU-
based CRT on the outcome of patients with
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LAPC is modest and distant metastases are
the major causes of treatment failures,
attempts have been directed toward the
development of different CRT regimens
exhibiting more systemic activity. For this
purpose, various modalities, such as sub-
stitution of another effective drug instead
of 5-FU for concurrent treatment, using a
number of CT cycles before and/or after
CRT, using a combination CT regimen
during RT, and the application of the tar-
geted therapies into the CRT, have been
investigated in LAPC.

Gemcitabine has become the most
attractive agent for concurrent CRT after
its beneficial effects were observed in
patients with advanced stage PC in an
important randomized study by Burris
et al. (1997). Along with the cytotoxic
activity, gemcitabine also has radiosensi-
tizing properties in PC (Lawrence et al.,
1996). In concurrent treatment of LAPC,
gemcitabine has been administered in
different ways and schedules, none of
which are considered a standard approach.
While various doses and schedules have
been examined in many trials, weekly and
twice weekly doses as 30-min intrave-
nous infusion are usually preferred. With
conventionally fractionated RT, the MTD
of twice weekly gemcitabine was docu-
mented to be 40mg/m? in a phase I study
by Blackstock et al. (1999). Weekly doses
between 200 to 600 mg/m? have been used
in different trials. In general, the clinical
efficacy obtained by the use of gemcit-
abine-based CRT has been comparable
to those achieved by 5-FU-based CRT.
Presently, there has been no randomized
study comparing gemcitabine-based CRT
with protracted intravenous infusional
5-FU-based CRT in LAPC, although a
small randomized study suggested that
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gemcitabine-based approach was more
effective than bolus 5-FU-based CRT (Li
et al., 2003).

The major obstacle for using gemcit-
abine as a concurrent agent with RT is
the toxicity of the treatment. Indeed, the
therapeutic index of concurrent gemcitab-
ine-based CRT is very narrow, and severe
gastrointestinal toxicities may occur, espe-
cially if uninvolved regional lymphatics
are included in the RT target volume (Crane
et al., 2002). Several factors contribute to
the development of the toxicities resulting
from concurrent gemcitabine-based CRT,
including the dose and the administra-
tion schedule of the drug, and the dose
fractionation and field size of irradiation
(Crane et al., 2001; Murphy et al., 2007).
The severe gastrointestinal toxicities are
especially encountered if irradiation frac-
tion dose is > 2.2-2.4 Gy (Wilkowski et
al., 2005). Among various factors influ-
encing the therapeutic index of gemcitab-
ine-based CRT, one of the most important
is the irradiation field size. It is impossible
to give the full cytotoxic dose of gemcit-
abine if the irradiation field size contains
both gross tumor and draining lymph
nodes areas. In the case of elective nodal
irradiation, either gemcitabine dose or RT
should be reduced to prevent the severe
toxicity of treatment, which means the
diminished systemic or local effective-
ness of the concurrent therapy as can be
expected. In order to solve this problem,
researches have focused on the applica-
tion of the limited treatment volume of RT
concurrently with full cytotoxic dose of
gemcitabine, which is able to exert better
systemic activity.

In a phase I study, McGinn et al. (2001)
established a concurrent CRT approach
consisting of full cytotoxic dose of gem-
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citabine (1,000mg/m? on days 1, 8, 15
of each 28-day cycle) plus escalating
doses of conformal RT (24-42Gy) with
1.6-2.8 Gy fractions. RT volume covered
gross tumor volume only with 1cm mar-
gin, leaving the regional lymph node areas
outside the treatment target volume. This
study and subsequent studies have clearly
proven that the use of conformal RT with
avoidance of elective nodal irradiation
permits the application of full cytotoxic
doses of gemcitabine with acceptable
toxicity profile without compromising
loco-regional efficacy (Talamonti et al.,
2006; Yamazaki et al., 2007). Presently,
the irradiation of the uninvolved regional
lymphatics is unnecessary in the treatment
of LAPC regardless of the concurrent
chemotherapeutic agent used, because
excessive gastrointestinal toxicity may
occur while there is no meaningful effect
on overall survival (Crane et al., 2007).
Besides 5-FU and gemcitabine, the role of
the other chemotherapeutic agents has also
been investigated in LAPC. Capecitabine,
a prodrug taken by oral route, mimics the
effects of protracted intravenous infusional
5-FU, and has been used in a wide variety of
solid tumors. In LAPC, concurrent treatment
with capecitabine and EBRT has been dem-
onstrated as a well-tolerated regimen, and the
efficacy data were comparable 5-FU-based
CRT (Schneider et al., 2005). Ben-Josef
et al. (2004) suggested that concurrent
CRT with capecitabine (1,600 mg/m?/day)
plus IMRT revealed excellent preliminary
efficacy with low toxicity in patients with
PC. For eight patients who had unresect-
able disease, 1-year actuarial survival rate
was 69%, and the disease converted to the
resectable stage in two out of eight patients.
Hence, capecitabine should replace 5-FU
after phase III non-inferiority studies have
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been accomplished, owing to the more con-
venient usage of the drug in comparison to
protracted intravenous infusional 5-FU that
is required for the replacement of a venous
pump for the drug infusion.

Another chemotherapeutic agent, pacli-
taxel, has been studied in LAPC in a
phase II study by the Radiation Therapy
Oncology Group (RTOG) (Rich et al.,
2004). In this study, weekly paclitaxel
at the dose of 50 mg/m? was given with
50.4 Gy EBRT in patients with LAPC. In
spite of the use of elective nodal irradia-
tion, toxicity of the treatment was accept-
able and the efficacy of the treatment was
encouraging.

Because distant metastases are the main
causes of treatment failures for LAPC,
much attention has been focused on the use
of more systemic treatments. Some authors
examined the efficacy of the numerous
cycles of CT before and/or after concur-
rent CRT. It seems that this approach gives
no additional benefit over concurrent CRT
alone (Schneider et al., 2005; Mishra et
al., 2005; Kurt et al., 2006). In addition,
CT after CRT has been found to be diffi-
cult to administer due to poor compliance
of the patients (Schneider er al., 2005;
Kurt et al., 2006). However, induction CT
may discern the patients with LAPC, who
could optimally benefit from concurrent
consolidative CRT (Krishnan ef al., 2007).
Another strategy to exhibit more systemic
efficacy is a combination CT regimen for
concurrent treatment. However, it should
be kept in mind that the toxicity of such
treatment may be considerable as demon-
strated by an ECOG trial (Talamonti et al.,
2000), and most of the studies examining
this issue reported similar efficacy as with
more traditional CRT approaches (Haddock
et al., 2007).
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Novel Approaches

Apart from the classical chemotherapeutic
agents, the targeted therapies seem to be
attractive interventions for the treatment
of PC. The expression of both epider-
mal growth factor receptor (EGFR) and
its ligands is one of the most important
molecular abnormalities in PC, and is
associated with malignant and aggressive
phenotypes. This led to clinical studies
integrating EGFR inhibitors into the treat-
ment of advanced PC.

In advanced stage PC, addition of an
EGFR tyrosine kinase inhibitor (TKI)
erlotinib to gemcitabine exerted signifi-
cant survival advantage over gemcitabine
alone in a randomized study by Moore
et al. (2007). The experience concerning
the use of the small molecule EGFR TKIs
in LAPC is premature. Although another
EGFR TKI gefitinib resulted in signifi-
cant toxicity or limited activity in LAPC
in different studies (Czito et al., 2006;
Maurel er al., 2006), erlotinib seems to be
a valuable therapeutic agent that can be
administered concurrently with EBRT. In
a phase I study by lannitti et al. (2005), a
novel CRT approach consisted of EBRT
(50.4Gy to the primary tumor and drain-
ing lymph nodes), erlotinib (50-100mg/
day), paclitaxel (40mg/m?, weekly for
6 weeks), and gemcitabine (75mg/m?,
weekly for 6 weeks), followed by mainte-
nance erlotinib (150 mg/day), was exam-
ined in LAPC. Authors concluded that the
MTD of erlotinib for concurrent CRT with
the presented schedule was 50 mg/day, and
full dose maintenance erlotinib was well
tolerated. Moreover, the preliminary activity
of the regimen was found to be promis-
ing with a median survival of 14 months
and an objective response rate of 46%
for 13 patients with LAPC. Accordingly, it is
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apparent that targeted therapies, especially
EGFR inhibitors have noticeable clinical
activity for the treatment of advanced
PC. Trials evaluating the role of EGFR
inhibitors as well as a broad spectrum of
the targeted therapies, in particular, vas-
cular endothelial growth factor (VEGF)
inhibitors and the multitargeted agents in
advanced PC are currently underway, and
it is hoped that these agents will provide a
safer and more effective ways of adminis-
tering CRT in PC.

Recently, interesting chemobiologic
approaches have evolved in the treatment
of LAPC. TNFerade, a replication defi-
cient adenoviral vector carrying the human
tumor necrosis factor (TNF)-a gene regu-
lated by the radiation inducible promoter,
Egr-1, plus concurrent 5-FU-based CRT
showed encouraging efficacy in LAPC
according to the first interim analysis of a
recent trial by Posner et al. (2007). These
results should be confirmed by the second
interim analysis of the study and by further
studies.

CONCLUSIONS AND FURTHER
CONSIDERATIONS

As a consequent, it can be concluded
that currently available treatments have
only modest influence on the outcome of
patients with LAPC. Briefly, 5-FU-based
CRT remains the treatment of choice
according to most practitioners worldwide.
Certain chemotherapeutic agents including
gemcitabine, capecitabine, and paclitaxel,
seem to be plausible alternatives to 5-FU
as concurrent chemotherapeutic agents for
the CRT of LAPC. However, it is empha-
sized that the administration of these
newer drugs has not been demonstrated
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to be associated with better survival rates
in comparison to the use of protracted
intravenous infusional 5-FU. The routine
use of elective nodal irradiation appears
to be unnecessary, the avoidance of which
does not result in excessive loco-regional
failures, and does not compromise overall
survival. In this way, effective cytotoxic
doses of CT could be given to the patients
receiving RT with acceptable treatment-
related toxicities. It is likely that the novel
agents targeting the important molecular
abnormalities involved in the PC will take
an important place in the CRT for LAPC in
the future. One of the most suitable candi-
dates of these agents seems to be erlotinib,
an EGFR TKI, which has been the first
targeted therapy to show an extended sur-
vival time among patients with advanced
PC. The activity of erlotinib as well as
TNFerade, cetuximab, bevacizumab,
and other agents belonging to the family
of multitargeted TKIs needs to be tested
in further trials in locally advanced
disease.
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single-channel endoscope for, 30
solutions for, 30-31
Endoscopic ultrasonography (EUS), 7, 44, 60, 214
for esophageal cancer staging, 63-72, 84, 85-86
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Fractal analysis, 100



Index

Galactose oxidase-Schiff (GOS), 127
GAPDH. See Glyceraldehyde-3-phosphate
dehydrogenase
Gastric cancer, 5-6, 33f. See also Early gastric
cancer
as adenocarcinoma, 29-30
automated classification of, 105-106
biopsy and, 146
CDX2 in, 145-146
FLP for, 19
FP for, 19
hereditary diffuse, 115
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High-iron diamine (HID), 130
for intestinal metaplasia, 138
High-response group (HRG), 200
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NCCN. See National Comprehensive Cancer
Network

Index

NCI. See National Cancer Institute
Needle knife, 31, 31f
Neoadjuvant therapy, for PC, 222-223
Neoplastic gastric epithelium, HP and, 121-134
NET. See Neuroendocrine tumors
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Precursor miRNA (pre-miRNA), 77
pre-miRNA. See Precursor miRNA
Primary microRNAs (pri-miRNA), 77
pri-miRNA. See Primary microRNAs
Proliferating nuclear antigen (PCNA), 99
Propofol, 23-24
Proteinase K, 116
Proton pump inhibitors, 35
for Zollinger-Ellison syndrome, 44
Proximal stomach, 168, 169f
Pseudopyloric metaplasia, 143
PTEN. See Phosphatase and tensin homolog
pVHL. See von Hippel-Lindau tumor suppressor
protein
PWWP, 183
Pylorus-preserving gastrectomy (PPG), 6

Quality of life
FLP and, 18
FP and, 18
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Radiation Therapy Oncology Group (RTOG), 232
Radiofrequency ablation, for abdomino-pelvic
tumors, 3740
Radiometals, 46
Radiotherapy, for LAPC, 228-230
Random hexamer primers, 78
RAS/ERK. See Harvey rat sarcomal viral
oncogene homology/extracellular
signal-regulated kinase
Real-time polymerase chain reaction (RT-PCR),
78-80
for gastric cancer, 132
Residual labeling, 47
Reverse Trendelenburg position, 164—165
Rhabdoid, 207, 207f
Right gastric vessels, 166
Right paracardial lymph nodes, 166
RISC. See RNA-induced silence complex
RITA, 38
RNA interference (RNAI), 10
RNAI. See RNA interference
RNA-induced silence complex (RISC), 77
RNASEN
esophageal cancer and, 77-80
immunohistochemistry of, 79-80
Roux-en Y reconstruction, 166, 167, 167f
RTOG. See Radiation Therapy Oncology Group
RT-PCR. See Real-time polymerase chain reaction
RUNX3
apoptosis and, 156
regulation of, 157
gastric cancer and, 153-160
TGF-f and, 156
VEGEF and, 158

SCLC. See Small cell lung cancer
SEER. See Surveillance, Epidemiology, and End
Results
SHH. See Sonic hedgehog
Signet ring-like appearance, 207
Single photon emission computed tomography
(SPECT), 46
Single-channel endoscope, for ESD, 30
siRNA. See Small interfering RNA
Small cell lung cancer (SCLC), GRS for, 50
Small interfering RNA (siRNA), 184-185
Small-caliber-tip transparent hood (ST), 31f, 34
SMEF. See Streptozotocin, mitomycin-C, 5-FU
ESCC and, 83
esophageal cancer and, 7, 55

Index

Sodium hyaluronate, 24
Somatostatin receptor scintigraphy (SRS), 44
for insulinoma, 4445
for NET, 49-50
US with, 45
Sonic hedgehog (SHH), 122
SPECT. See Single photon emission computed
tomography
Squamous cell carcinoma. See Esophageal
squamous cell carcinoma
SRS. See Somatostatin receptor scintigraphy
ST. See Small-caliber-tip transparent hood
Standardized uptake value (SUV), 56, 192-194
for PET, 91
Starburst, 38
STAT3, 173
Stem cells, 4
Stents, for hilar cholangiocarcinoma, xiii
Streptozocin, 44
Streptozotocin, mitomycin-C, 5-FU (SMF), 228
Suberoylanilide hydroxamic acid, 155
Sucralfate, 35
Sucrase-isomaltase, 133
Sulphomucins, 131
Superscript II, 78
Surgical debulking. See Debulking
Surveillance, Epidemiology, and End Results
(SEER), 198, 216
SUV. See Standardized uptake value
Sydney system, 142, 147

TA. See Total tumor area

TagMan probes, 78—-80

TCA. See Tricarboxylic acid

1,4,7,10-Tetraazacy clododecane-1,4,7,10-
tetraacetic acid (DOTA), 47

TFMSA. See Trifluoromethanesulfonic acid

TGF-a. See Transforming growth factor-o

TGF-B. See Transforming growth factor-3

Thl, 122

Th2, 121

Thermal cycler, for PCR, 116

Thoracoscopy (TL), for esophageal cancer
staging, 91

Thymopoiesis, 154

TKI. See Tyrosine kinase inhibitor

TL. See Thoracoscopy

TLR. See Toll-like receptors

TN. See Total microvessel number

TNF-o.. See Tumor necrosis factor-o.
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TNFerade, 233

Toll-like receptors (TLR), 121, 133

Total microvessel number (TN), 8

Total microvessel parameters (TP), 8

Total tumor area (TA), 8

TP. See Total microvessel parameters

TP53, 153

Transforming growth factor-o. (TGF-ar), 123

Transforming growth factor-f (TGF-f), 114, 174

RUNX3 and, 156

o,o-trehalase, 130

Triangle-tip (TT) knife, 31, 31f, 32

Tricarboxylic acid (TCA), 174

Trifluoromethanesulfonic acid (TFMSA), 132

Trojan Horses, 46

True fast imaging with steady precession magnetic
resonance imaging (True FISP MRI), 207

True FISP MRI. See True fast imaging with steady
precession magnetic resonance imaging

TT. See Triangle-tip knife

Tumor necrosis factor-o. (TNF-o), 122, 133, 233

Tylosis, 55

Tyrosine, 47

Tyrosine kinase inhibitor (TKI), 5, 232

Ultrasound (US), See Endoscopic ultrasonography
EBUS, 63
EUS-FNA with, 72
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with FNA, 70
with SRS, 45
US. See Ultrasound

Valleylab Cool-Tip, 38
Vascular endothelial growth factor (VEGF),
171-172, 174, 177, 233
HDGEF and, 187
RUNX3 and, 158
Vasoactive intestinal polypeptide (VIP), diarrhea
from, 44
VEGF. See Vascular endothelial
growth factor
Velcade. See Bortezomib
Verner Morrison syndrome, 44
VHL. See von Hippel-Lindau disease
Villin, 141
VIP. See Vasoactive intestinal
polypeptide
VIPoma, 44
von Hippel-Lindau disease (VHL), 208-210
von Hippel-Lindau tumor suppressor protein
(pVHL), 172

Water-jet system, 30

Zollinger-Ellison syndrome, 43
proton pump inhibitors for, 44
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