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Foreword

The prognosis of patients with adenocarcinoma of the pancreas remains poor not-
withstanding the enormous progress achieved in the imaging of this disease during
the past two decades by the introduction of the cross-sectional new imaging modali-
ties including Pet-CT

Because this disease remains an important cause of death, due to oncological
cause in men and women, big efforts have been made to clarify its epidemiology and
pathology genetics as well as to develop new strategic concepts for therapy. Moreover
the large spectrum of available modern imaging methods requires critical scrutiny of
their cost-effectiveness.

The editor has adopted a new and original view on the problem of pancreatic
adenocarcinoma. On the base of new discoveries in the area of molecular biology the
book develops a multidisciplinary approach on the best strategies for diagnosis and
therapy of this disease.

Andrea Laghi is an internationally leading academic radiologist, well-known and
recognized for his original research and his numerous publications mainly related to
abdominal CT and MRI. For this volume he is surrounded by an impressive group of
Italian and International experts in the field. The text is concise, well written, and
easy to read. The volume is completed by the judiciously selected and numerous
up-to-date superb illustrations

I would like to thank Andrea Laghi for his outstanding performance as the editor
of this work. I would like to congratulate him as well as all contributing authors for
their outstanding contributions offering the latest in our knowledge on the topic.

This book offers an excellent update of our actual insights on the diagnosis and
multidisciplinary management of pancreatic carcinoma and can be warmly recom-
mended to certified radiologists and radiologists in training as well as to all other
medical and surgical specialists involved in the care of patients with this disease.

Together with the two previous volumes on the pancreas, published earlier in this
series, this “trilogy” offers one of the best comprehensive overviews on modern
imaging of the pancreas.

I am convinced that this work will encounter the same success as previous volumes
published in this series.

Leuven Albert L. Baert






Preface

Pancreatic adenocarcinoma is the fourth leading cause of cancer-related death in the
USA and the fifth in Europe. It is an insidious disease, with the vast majority of
patients presenting at an incurable stage at the time of diagnosis. In practice, despite
the enormous progress in imaging and therapy, patient prognosis is still very poor;
with a 5-year survival rate, which does not exceed 20% even in those suitable for
radical surgery.

Patient management is usually complex and typically involves multiple clinical
specialists during the course of the disease, namely gastroenterologists, radiologists,
pathologists, surgeons, and oncologists. Only a multidisciplinary approach can guar-
antee the best diagnosis, treatment, and ultimately, care for patients.

For this reason, when Prof. A. Baert asked me to edit this book, I strived to involve
leading experts from these different fields in order to provide the readers with a com-
prehensive and multidisciplinary overview of pancreatic adenocarcinoma. I would
like to express my sincere appreciation and gratitude to all the authors, who in their
respective discipline made the effort to summarize the immense amount of knowl-
edge in order to provide immediate, concise, and extremely up to date information for
the benefit of a larger audience.

The book as we intended it, is recommended for different specialists as well as
general practitioners who are eager to keep up to date on new diagnostic techniques
as well as treatment options for Patients presenting with pancreatic adenocarcinoma.

The book is divided into three sections. The first is devoted to analyze epidemiology,
clinical aspects, and risk factors. In particular, the perspective of potential primary and
secondary (in patients at high risk) prevention strategies will be discussed. While patho-
logical aspects, (with the description of the recognized precursors of disease), and
genetics, will be presented in a synthetic but exhaustive chapter. The second section
focuses on critically exploring the new advances of different imaging techniques: from
contrast-enhanced ultrasound to multidetector-row CT, MR Imaging (including the
additional value of new sequences), PET-CT and Endoscopic Ultrasound. Cost-effective
considerations are also included as a way to propose to readers the most cost-effective
and efficient diagnostic pathway to undertake according to the clinical conditions of
the Patients. Finally, in the third section, different modern treatments are presented
according to Patient status: surgery in those presenting with resectable disease; chemo-
therapy, chemoradiation therapy, or percutaneous ablative techniques in those with a
locally advanced nonmetastatic disease; and systemic chemotherapy for those with
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Preface

metastatic disease. The role of interventional endoscopy in the management of biliary
obstruction and pancreatic pain will be discussed as well as the new frontiers repre-
sented by drug-eluting stents and brachytherapy.

It is my personal hope that readers will appreciate the efforts made by the authors
and find this book useful for their clinical practice.

Rome, Italy Andrea Laghi
September 2010
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Epidemiology, Risk Factors
and Clinical Presentation

Gabriele Capurso, Cesare Hassan,
Gianfranco Delle Fave, and Emilio Di Giulio

> Pancreatic cancer (PDAC) is a deadly disease.

1 Epidemiology and Disease Presentation. . ... .... 3 It has an incidence ranging 8—12 per 100,000
2 RiskFactors ................ ... .. .......... 4 per year, with a similar mortality, as more than
2.1 Genetic Risk Factors. . ........................ 4 95% of patients diagnosed with PDAC will
2.2 Non-genetic Risk Factors ultimately die
for Pancreatic Cancer......................... 6 ] y die. . .
2.3 TFactors Associated with Decreased > Prevention policies are therefore particularly
Risk and Potential Chemoprevention. ............ 8 important and they should be distinguished in:
References. .................. ... . .. ... ..., 8 (1) Primary prevention, aimed at reducing risk

factors for PDAC and possibly favouring pro-
tective habits. (2) Secondary prevention, aimed
at the early diagnosis through appropriate
screening tests in subjects with a particularly
high risk.

> The most important risk factors for pancreatic
cancer are family history of pancreatic cancer,
smoking, obesity, diabetes, alcohol and chronic
pancreatitis. Diabetes of recent onset should be
considered a possible alarm symptom. In
patients with defined genetic syndromes such
as “familiar pancreatic cancer”, and Peutz—
Jeghers syndrome screening for pancreatic
cancer as a part of research protocols are per-
formed in selected Centres. There are no suf-
ficient data to suggest that vitamins or aspirin
may have a role for PDAC chemoprevention.

G. Capurso (P<), G.D. Fave, and E. Di Giulio
Digestive and Liver Disease Unit, II Medical School,

University “La Sapienza”, Rome, Italy 1 Epldem|0|ogy and Disease

e-mail: gabriele.capurso@ gmail.com Presentation

C. Hassan . . .

Department of Gastroenterology, “Nuovo Regina Margherita” Pancreatic ductal adenocarcinoma (PDAC) is not one of
Hospital, Rome, Italy the commonest cancer types, with an incidence ranging
A. Laghi (ed.), New Concepts in Diagnosis and Therapy of Pancreatic Adenocarcinoma, 3
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8—12 per 100,000 per year, but it is now the fourth lead-
ing cause of cancer-related death in the United States,
with an estimate of some 35,000 deaths per year, and the
fifth in Europe. Up to 80-85% of patients have incurable
disease at the time of diagnosis (Jemal et al. 2007; Ferlay
et al. 2007). The peak incidence is in the seventh and
eighth decades with the average age at diagnosis being
60-65 years of age, with some 10% of cases, indicated
as “early onset” occurring in people aged <50 years. The
incidence of PDAC is slightly higher in males than
females (relative risk 1.35), although this difference is
decreasing, and the risk seems higher in black males.

The disease presents in a subtle way, with symp-
toms including weight loss, fatigue, abdominal pain,
newly diagnosed diabetes mellitus, jaundice and nau-
sea, which are non-specific and typically occur late in
the course of the disease.

As a result, at the time of diagnosis some 50% of
patients have metastatic disease, and only some 20%
are considered for potentially radical surgery. The
median survival of unresectable pancreatic cancer is
4—6 months, and not surprisingly more than 95% of
patients diagnosed with PDAC will ultimately die from
the disease (Berrino et al. 2007), and even in these
receiving potentially radical surgery the 5-year sur-
vival rate is well below 20%. Unfortunately, there have
been few progresses in the treatment of the disease
either with chemotherapy, and radiotherapy. Prevention
policies are therefore particularly important and they
should be distinguished in:

1. Primary prevention, aimed at reducing risk factors
for PDAC and possibly favouring protective habits.

2. Secondary prevention, aimed at the early diagnosis
through appropriate screening tests in subjects with
a particularly high risk.

As PDAC is arelatively rare disease, and tests are inva-
sive and expensive, screening of the general popula-
tion cannot be recommended and a better understanding
of the role of genetic and environmental risk factors is
particularly important.

2 Risk Factors

Several risk factors have been identified that increase
an individual’s risk of developing PDAC. They can be
distinguished in “genetic (familial)” and “non-genetic
(environmental)” factors.

2.1 Genetic Risk Factors

2.1.1 Family History of Pancreatic Cancer

A percentage of PDAC patients ranging from 5 to 10%
reports family history of PDAC. A family history of
PDAC in a first-degree relative is associated with an
increased risk of developing PDAC between 2.5 and
5.3 times. The risk increases if more relatives are
affected (see familial pancreatic cancer (FPC)), with a
risk of 6.4 in subjects with two affected relatives,
increasing to more than 30 if three relatives are affected
(Brand et al. 2007). Accordingly, the risk of dying of
PDAC is around 4% in relatives of PDAC patients,
increasing to 7% if the relative with PDAC was aged
under 60 at diagnosis (Del Chiaro et al. 2007).

These data highlight the importance of the genetic
component of the disease. However, unfortunately, a
specific “familial pancreatic cancer” gene has not been
identified, but apart from other genetic syndrome, cri-
teria for this condition have been defined in the last
few years. These conditions and the related risk of
developing PDAC are summarized in Table 1.

2.1.2 Familial Pancreatic Cancer

FPC is defined as a clinical syndrome in which a fam-
ily has at least two first-degree relatives affected with
pancreatic cancer without accumulation of other can-
cers or familial diseases (Klein et al. 2004). It accounts
for 1-3% of all PDAC cases (Brand et al 2007), and
apart from single reports (Pogue-Geile et al. 2006) not
confirmed in other families, a definite gene has not
been identified, although the transmission is known to
be autosomal dominant. These families are character-
ized by an early onset of disease and by the high life-
time risk of developing PDAC, therefore are now
considered for screening as a part of research protocols
in highly specialized Centres in the US (Brentnall et al.
1999; Canto et al. 2006) and Europe (Langer et al.
2009).

2.1.3 Other Genetic Syndromes
Associated with PDAC

Familial atypical multiple mole melanoma (FAMMM)
syndrome, is an autosomal dominant condition charac-
terized by multiple atypical naevi, familial clustering
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Syndrome

Familial pancreatic cancer ?
Two first degree relatives
>3 first degree relatives

Familial atypical multiple mole CDKN2A/pl6
melanoma

Peutz—Jeghers syndrome LKBI1/STK11
Familial adenomatous polyposis APC

Hereditary non-polyposis colorectal
cancer

Breast and ovarian cancer syndromes BRCA2
BRCA1

Cystic fibrosis CFTR

Hereditary pancreatitis PRSS1

Table 1 Major genetic syndromes associated with the risk of developing pancreatic ductal adenocarcinoma (PDAC)

MSH2, MLH1, MSH6...

Cumulative PDAC Other cancers

risk at age 70 (%)

3

16

17 Melanoma
Breast

60 G tract
Breast

2 Colon
Ampulla

24 GI tract, biliary
Ovary, urinary
endometrium...

5 Breast, ovary, prostate...

1

2-3 G tract

40 -

of cutaneous malignant melanoma and an increased
incidence of other malignancies, particularly of PDAC
. The mutated gene is the tumour suppressor gene
(TSG) p16, and the estimated cumulative risk of devel-
oping PDAC in carriers of the p16-Leiden mutation by
75 years of age is above 15% (Vasen et al. 2000; Borg
et al. 2000).

Peutz—Jeghers syndrome (PJS) is a rare, autosomal
dominant disease with characteristics features of hamar-
tomatous GI polyps and labial mucocutaneous pigmen-
tation which is associated to a high lifetime risk of
developing cancers, including PDAC. The risk of PDAC
in PJS has been reported to be as high as some 130 times,
with a lifetime risk reported to range from 30 to 60%
(Giardiello et al. 2000). Most cases are associated with
mutation of the TSG LKB1/STK11. Screening for PDAC
in patients with PJS is performed in different Centres,
with a relatively high incidence of significant findings.

Familial adenomatous polyposis (FAP) is an auto-
somal dominant inherited disease caused by germline
mutations of the adenomatous polyposis coli (APC)
gene, and characterized by thousands of adenomatous
polyps in the GI tract. There are few reported cases of
PDAC in FAP.

Hereditary non-polyposis colorectal cancer (HNPCC)
is an autosomal dominant condition characterized by
the development of colon cancers, which are usually of
the proximal colon, at an early age. HNPCC is caused
by mutations in one of the DNA mismatch repair genes.

PDAC cases have been described, but are not common
in HNPCC patients (Lynch et al. 1985).

Familial ovarian and breast cancer (FOBC) is an
important syndrome mainly caused by germline muta-
tions in the BRCA1 or BRCA2 genes. The BRCA2
gene is mutated in sporadic PDAC cases, and, at higher
rates, in subjects with important family history (Couch
et al. 2007). On the other hand, the risk of PDAC is
increased significantly in FOBC families, especially
when BRCA2 is mutated (Lal et al. 2000; van Asperen
et al. 2005).

Hereditary pancreatitis is a rare disorder character-
ized by recurrent idiopathic acute pancreatitis episodes
which usually start at a paediatric age. The disease is
autonomic dominant, and most cases are associated
with mutations of the cationic trypsinogen gene,
PRSS1. The lifetime risk of developing PDAC is pretty
high, with reported percentages around 40% (Lowenfels
et al. 1997). Smoking further increases the risk
(Lowenfels et al. 2001).

Cystic fibrosis (CF) is one of the most common life-
threatening autosomal recessive disorders in the
Western World, affecting about 1/2,000-3,000
Caucasian newborns. It is caused by mutations in the
cystic fibrosis transmembrane conductance regulator
(CFTR) gene. The main consequence for the pancreas
is pancreatic insufficiency, but heterozygous mutations
in the CFTR gene may result in CP. As a result, a
slightly increased risk of PDAC has been reported
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(Maisonneuve et al. 2003). Interestingly, the CFTR
carrier status has also been linked with early onset of
PDAC (McWilliams et al. 2005).

2.2 Non-genetic Risk Factors
for Pancreatic Cancer

Most cases of PDAC are caused by non-genetic (envi-
ronmental) risk factors, as summarized in Table 2.
Many of them, such as smoking and overweight, may
be controlled by definite health politics, with the poten-
tial of saving lifes, and eventually reducing the costs
due to PDAC cure.

2.2.1 Smoking

Smoking is by far the major environmental risk factor
for PDAC. Its role is biologically plausible, clear, and
consistently reported in numerous case—control and
cohort studies conducted worldwide, and related
meta-analyses (Iodice et al. 2008). Smoking causes a
75% increase in the risk of developing PDAC, and
explains at least 25% of all PDAC cases. The risk is
dose and time related, with former smokers still at
risk for at least 10 years after quitting smoking. It has
been calculated that if all smokers would quit, the
number of new cases of pancreatic cancer in the EU
could be reduced by at least 15% (Mulder et al. 2002).

Table 2 Non-genetic factors consistently associated with an
increased risk of PDAC

Risk factor for PDAC Estimated OR compared

to non-exposed®

Smoking 1.75

Overweight/obesity 1.12 per increased 5 kg/m?
Heavy alcohol drinking 1.2

Type I diabetes 2

Long standing type II diabetes 1.5
New onset type II diabetes 2
Chronic pancreatitis 14

Occupational exposure to nickel 1.9

“The reported odds ratio are estimates of data obtained from the
literature, taking in account the highest quality evidence when
available (i.e. meta-analyses or large cohort studies)

Smoking is also associated with an higher risk of can-
cer and a younger age of onset, in sporadic cases
(McWilliams et al. 2006; Brand et al. 2009) in sub-
jects with family history of pancreatic cancer (Rulyak
et al. 2003), and those with hereditary or chronic pan-
creatitis (Howes et al. 2004; Talamini et al 1999).
Smoking has also been reported to act synergistically
with diabetes and family history of pancreatic cancer
in a wide, well-designed recent case—control study
(Hassan et al. 2007a). There is no evidence for passive
smoking as a risk factor (Hassan et al. 2007b), while
the risk for pipe or cigars smokers seems much lower,
yet significant.

2.2.2 Overweight and Obesity

Overweight and obesity are also biologically plausible
risk factors for pancreatic cancer (reviewed in
Giovannucci and Michaud 2007). A recent meta-anal-
ysis of prospective studies reported a risk of some 12%
per increase of 5 kg/m?, and a risk exceeding 30% in
obese subjects (Larsson et al. 2007). The risk has pre-
viously been reported to be slightly lower, and close to
20% for obese subjects in a meta-analysis of both ret-
rospective and prospective studies (Berrington de
Gonzalez et al. 2003). A case—control study conducted
in Italy reported no significant relationship (Pezzilli
et al. 2005). However, of course the risk may be under-
estimated in case—control studies due to recall bias,
and to weight loss frequently occurring before diagno-
sis. Some data suggest that this risk is far more relevant
in the US than in Europe, possibly due to the higher
prevalence of obesity (Renehan et al. 2008). Moreover,
it has recently been reported that the risk of PDAC is
related with overweight and obesity throughout life-
time, particularly during early adulthood, with an ear-
lier age of PDAC onset in subjects who have been
overweight since adolescence (Li et al. 2009a). This is
a very relevant issue, as public health politics deemed
at reducing overweight and obesity in children and
young adults may tackle this deadly disease.

2.2.3 Alcohol

The evidence for a causal association between alcohol
intake and PDAC is much weaker than these reported
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for smoking and overweight. A minority of the pub-
lished cohort studies, and some case—control study sug-
gest a moderate risk. However, as alcohol is a risk factor
for chronic pancreatitis and diabetes, a “confounding”
effect is likely. Moreover, heavy drinkers tend to be
heavy smokers and to have a “unhealthy” diet, and most
case—control studies are not corrected for these interfer-
ences. Accordingly, the risk of pancreatic cancer is not
different in alcoholic and non-alcoholic chronic pan-
creatitis. Some recent well-conducted cohort studies,
however, reported a moderately increased risk with
heavy alcohol use, particularly for liquor (RR 1.62)
(Jiao et al. 2009a), or a risk of 1.22, comparing subjects
drinking more than 30 g of alcohol compared to non-
drinkers, which is only significant among women, pos-
sibly suggesting that this topic deserves further attention.
(Genkinger et al. 2009).

2.2.4 Other Dietary Factors and Lifestyle

A high consumption of red meat has inconsistently
been reported as a risk factor. Cooking method may be
a factor determining the different results (Anderson
et al. 2002). Similarly fat intake cannot be considered a
significant risk factor (Michaud et al. 2003). Most of
these studies were performed in the US or Northern
Europe, where consumption of fat and red meat is
highly prevalent, possibly masking a small risk differ-
ence. However, it is more likely that the entire diet style,
and its interaction with other habits, such as smoking
and drinking may influence the risk of developing
PDAC. Interestingly, a very recent study investigated
the role of a “healthy lifestyle score”, combining smok-
ing, drinking, weight, diet and physical activity, and
found that compared with the lowest combined score,
the highest score was associated with a 58% reduction
in risk of developing PDAC (Jiao et al. 2009b).

2.2.5 Diabetes

Diabetes is a significant risk factor for pancreatic can-
cer. Type I diabetes is associated with a significantly
increased risk, with a RR=2 in a recent meta-analysis
of both case—control and cohort studies (Stevens et al.
2007). Type II diabetes is also a significant risk factor,
but in the last few years it has become clear that the risk

is different for long standing diabetes (some 50%
increase in risk compared to non-diabetic subjects) and
patients with recent onset diabetes in whom the risk is
as high as 100% of that of healthy individuals, as
reported in a meta-analysis of 36 studies (Huxley et al.
2005). More recent data have confirmed this association
highlighting the diabetogenic nature of the neoplasm.
Indeed, new onset diabetes, recognized by alterations
found up to 3 years before PDAC diagnosis has a higher
prevalence in PDAC patients than in controls, and is
resolved by surgery in some 60% of patients (Pannala
et al. 2008). For this reason a sudden onset of diabetes,
especially in people aged > 60 requires particular medi-
cal attention (Pannala et al. 2009).

Moreover, amongst diabetic patients, a protective role
has been recently reported for metformin, while diabetic
patients treated with insulin or insulin secretagogues
have an higher risk of PDAC (Li et al. 2009b).

2.2.6 Chronic Pancreatitis

Chronic pancreatitis is a risk factor for pancreatic cancer,
while data about acute pancreatitis are scanty and incon-
sistent. The risk for chronic pancreatitis has been vari-
ably reported to range from some twofold to a figure as
high as 19-fold (McKay et al. 2008). Initial misdiagnosis
of chronic pancreatitis in patients with early cancer may
be a confounder, but the risk is still elevated when cases
of cancer diagnosed in the first years after chronic pan-
creatitis diagnosis are excluded (Talamini et al. 1999).

2.2.7 Occupational Exposure

As far as regards occupational exposure, a meta-analy-
sis examining data from 92 studies suggests that expo-
sure to chlorinated hydrocarbon solvents (OR 1.3) and
nickel compounds (OR 1.9) is associated with an
increase risk of PDAC (Ojajérvi et al. 2000).

2.2.8 Peptic Ulcer and H. pylori

Data regarding H. pylori infection as a risk factors for
PDAC are conflicting, with some older studies reporting
an excess risk (Stolzenberg-Solomon et al. 2001), not
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confirmed subsequently (de Martel et al. 2008). The
putative mechanism is also still unknown and specula-
tive, as diseases associated either with acid hyperse-
cretion (peptic ulcer) and hyposecretion (pernicious
anaemia) have also been associated with PDAC. Inter-
estingly, the risk after peptic ulcer is only elevated
many years after surgery and not increased in unoper-
ated (Luo et al. 2007) subjects, suggesting that an
unbalance in the oxidative stress due to achlorhydria,
may be the factor associated with an increased risk
(Capurso et al. 2004).

2.3 Factors Associated with Decreased
Risk and Potential Chemoprevention

Unfortunately, there are few protective factors for
PDAC, and no chemoprevention policies are advis-
able. One of the few protective factors is atopy which
amongst other allergic conditions, has been associated
with the lowest risk (RR 0.7), in a well-conducted
meta-analysis. (Gandini et al. 2005). As far as regards
diet, a meta-analysis of pooled data from clinical trials
employing vitamin supplement vs. placebo, reported
no evidence for a benefit of either beta-caroten, vita-
mins A, C, E or their combinations (Bjelakovic et al.
2004). On the other hand, there is some evidence for a
protective role of folates (Larsson et al. 2006).

Some in vitro data, and observational data also sug-
gested a protective role for statins, which although bio-
logically plausible, should be considered unproven, at
least at the clinically employed doses, as suggested by
a recent meta-analysis (Bonovas et al. 2008).

Finally, as for other cancers, reduction of inflamma-
tion through aspirin and NSAIDS has been considered
as a possible therapeutic strategy for PDAC (Garcea
et al. 2005). This is supported by findings of increased
expression of COX-2 in PDAC and in pre-invasive
ductal lesions (Panln) compared with normal pancre-
atic ducts, and by in vitro data (Maitra et al. 2002).
However, while the use of aspirin and NSAIDs is asso-
ciated with a reduced risk of most gastrointestinal can-
cers (oesophagus, stomach, colorectal), this is not true
for PDAC in a meta-analysis of case—control and
cohort studies adjusted for different doses (Capurso
et al. 2007), and some studies even reported an
increased risk (Schernhammer et al. 2004).
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> PDAC is an aggressive disease and early infil-
trates peripancreatic tissues and adjacent organs,
and gives distant metastasis and peritoneal
involvement, making often surgical resection
impossible. About 80% of PDACs are inoperable
at the time of diagnosis. However, even if radio-
logically resectable, some PDAC microscopi-
cally involves the resection margins (pancreatic,
retroperitoneal, or biliary, the retroperitoneal
being the most important because it cannot be
evaluated intraoperatorially) resulting in a non-
radical excision. Local aggressiveness consists in
the invasion of contiguous structures and organs
(spleen, stomach, left adrenal gland, colon, and
peritoneum), whereas distant metastases can
occur in liver, lungs, adrenals, kidneys, bones,
brain, and skin.

> Most PDACs arise in the head of the pancreas
often involving and occluding the intrapancre-
atic biliary duct and the main pancreatic duct,
typically resulting in their upstream dilation
associated with jaundice and cholangitis when
the former is involved, and cystic formation
with a variable degree of scleroatrophy of the
surrounding parenchyma when the latter is
involved. PDAC can spread through the papilla
of Vater and duodenal wall with or without
ulceration, raising the problem of differential
diagnosis with primary duodenal and ampulla
of Vater carcinomas infiltrating the pancreatic
parenchyma. Less frequently, PDACs occur in
the tail, where they are usually larger at diag-
nosis, determining weaker symptoms mainly
due to loco-regional invasiveness.

A. Laghi (ed.), New Concepts in Diagnosis and Therapy of Pancreatic Adenocarcinoma,
Medical Radiology, DOI: 10.1007/174_2010_4, © Springer-Verlag Berlin Heidelberg 2011



12

A.Scarpaetal.

PDAC is an aggressive disease and early infiltrates peri-
pancreatic tissues and adjacent organs, and gives dis-
tant metastasis and peritoneal involvement, making
often surgical resection impossible. About 80% of
PDAC:s are inoperable at the time of diagnosis. However,
even if radiologically resectable, some PDAC micro-
scopically involves the resection margins (pancreatic,
retroperitoneal, or biliary, the retroperitoneal being the
most important because it cannot be evaluated intraop-
eratorially) resulting in a nonradical excision. Local
aggressiveness consists in the invasion of contiguous
structures and organs (spleen, stomach, left adrenal
gland, colon, and peritoneum), whereas distant metas-
tases can occur in liver, lungs, adrenals, kidneys, bones,
brain, and skin (Hamilton and Aaltonen 2000).

Most PDACs arise in the head of the pancreas often
involving and occluding the intrapancreatic biliary duct
and the main pancreatic duct, typically resulting in their
upstream dilation associated with jaundice and cholan-
gitis when the former is involved, and cystic formation
with a variable degree of scleroatrophy of the surround-
ing parenchyma when the latter is involved. PDAC can
spread through the papilla of Vater and duodenal wall
with or without ulceration, raising the problem of dif-
ferential diagnosis with primary duodenal and ampulla
of Vater carcinomas infiltrating the pancreatic paren-
chyma. Less frequently, PDACs occur in the tail, where
they are usually larger at diagnosis, determining weaker
symptoms mainly due to loco-regional invasiveness
(Cubilla and Fitzgerald 1984; Kloppel 1994).

1 Pathology

Macroscopically, PDACs can show a prevailing solid
or, less frequently, cystic appearance. They usually
present as a white firm solid mass with infiltrative
vanishing borders often extending into peripancreatic
structures (duodenum, ampulla of Vater, main biliary
duct, retroperitoneum) (Fig. 1). Necrotic areas and,
rarely, extracellular mucinous deposition can result in
the formation of cystic or pseudo-cystic cavities.
Peripancreatic lymph nodes can be very small and
grossly undetectable, and only the extensive sampling
of peripancreatic fat permits the microscopic evalua-
tion of lymph node status and accurate staging.
Microscopically, PDACs are constituted by atypical
epithelial cells arranged in glands, or singularly infil-
trating, scattered in an abundant sclerotic-desmoplastic

stroma (Fig. 2). Periendoneural infiltration is almost
constantly present and vascular and lymphatic emboli
can be detected even in major vessels (Fig. 3). The
hypovascularized stromal component determines the
characteristic radiological appearance of PDAC.
Fibrous areas are also a feature of pancreatitis and ren-
der sometimes impossible a differential clinical radio-
logical diagnosis between benign inflammatory disease
and cancer (Zamboni et al. 2009).

Rarely, immunohistochemical markers are needed
to discriminate between pancreatic ductal, nonductal,
and other nonpancreatic neoplasms. The most impor-
tant are MUC1, MUC3, MUC5/6, citokeratin CK19,
CEA, Cal9.9, EGF, and EGFR (Westgaard et al. 2009),
although these markers cannot be considered as
unequivocal markers of PDACs.

Fig. 1 Gross appearance of pancreatic adenocarcinoma. The
neoplasia (dotted line) presents vanishing borders, infiltrates the
major pancreatic duct (square) causing upstream dilation, and
gets close to biliary duct (star), without macroscopically involv-
ing it. The retroperitoneal margin is posterior
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Fig. 2 Neoplastic glands (asterisk), intermingled to abundant
fibrous stroma (square)

Fig. 3 Nerves (circle) infiltrated by adenocarcinomatous glands
(asterisk)

2 Prognostic Parameters of Resected
Adenocarcinomas

For PDACs undergoing surgical resection, the progno-
sis is defined by the status of the resection margins (R),
grading (G), and TNM staging.

The resection margins (R) are three: pancreatic,
biliary, and retroperitoneal. Biliary and pancreatic
margins are usually evaluated intraoperatorially by

microscopic examination of cryostatic sections to per-
mit enlargement of resection if they are involved.
Retroperitoneal margin is constituted by adipose tissue
containing the lymph nodes of the superior mesenteric
artery. This is the preferential draining station for most
pancreatic neoplasms. Unfortunately, the retroperito-
neal margin can be evaluated only after formaline fixa-
tion, so it is the real “hot point.” When involved by the
neoplasm (R1), the probability that residual neoplasm
causes loco-regional recurrence is high and this influ-
ences prognosis and survival.

According to the grade of nuclear atypia and glandu-
lar architecture, PDAC can be defined as well, moder-
ately, or poorly differentiated adenocarcinomas (Gl,
G2, G3).

For TNM evaluation, the pathologist applies a stan-
dardized sampling procedure to assess the diameter of
the neoplasia and its extension into peripancreatic
structures (T). PDAC characteristically tends to form
nodal micrometastasis, and it is, therefore, very impor-
tant to sample and examine extensively the adipose
peripancreatic tissue in which lymph nodes are con-
tained. The assessment of lymph node status should
include the evaluation of at least 15 lymph nodes and
the report of the “lymph node ratio” (LNR) that is the
number of involved nodes over the total number of
examined nodes. In fact, LNR has been reported as one
of the most powerful independent prognostic factors
(Pawlik et al. 2007; Riediger et al. 2009).

3 Pancreatic Adenocarcinoma Arises
from Precursor Lesions

PDAC:Ss develop through a stepwise progression model.
The preinvasive microscopic lesion is the pancreatic
intraepithelial neoplasia (PanIN). PanINs are classified
according to the degree of cyto-architectural abnor-
malities. PanIN-1 are characterized by flat (1A) to pap-
illary (1B) mucinous epithelium with minimal atypia.
PanIN-2 show a more pronounced cyto-architectural
atypia, pseudo-stratification, and loss of polarity (low-
grade dysplasia), whereas PanIN-3 can be considered
an in situ carcinoma according to their marked cellular
atypia, complex papillary architecture, pronounced
mitotic figures, and rarely necrosis, although they are
limited within basal membrane. PanINs are variably
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represented within PDAC specimens, ranging from
75% for PanIN-1, 65% for PanIN-2, and 50% for
PanIN-3 (Hruban et al. 2004; Ottenhof et al. 2009).

Although most frequent, PanIN lesions are not the
only precursor of PDAC as it may also arise from other
pancreatic lesions: intraductal papillary-mucinous
tumors (IPMTs) and mucinous cystic tumors (MCTs).
At variance with the more frequent PanIN lesions,
these entities are clinically and radiologically relevant
because they are macroscopically evident.

IPMTs are lesions constituted by proliferating epi-
thelium arranged in papillae that grow inside the ducts
and cause their dilation, leading to the formation of a
clinically detectable lesion. They are classified as ade-
noma, border-line IPMT, or noninvasive carcinoma
according to the grade of cellular atypia (Zamboni
et al. 1999). IPMTs showing areas of invasive carci-
noma are associated with a poorer prognosis (Furukawa
et al. 2005; Sohn et al. 2004).

MCTs are cyst-forming and mucin-secreting epi-
thelial neoplasms. MCT is usually a multilocular well-
demarcated cyst, not communicating with pancreatic
ducts, with focal peripheral calcifications. Its stromal
cells have progesterone and estrogen receptors that are
identified by immunohystochemistry, suggesting a
hormone influence in the pathogenesis of MCTs
(Basturk et al. 2009). As for IPMNs, a sequence ade-
noma-carcinoma is also recognized in MCTs, and they
are classified according to the grade of epithelial atypia
into adenomas, border-line tumors, or noninvasive car-
cinoma (Wilentz et al. 1999).

4 Benign Solid and Cystic Lesions
May Mimic Malignancy

A number of benign solid and cystic lesions affecting
the head or tail of the pancreas may present with clini-
cal and radiological features fitting with the diagnosis
of malignancy, and only histology can reveal the true
nature of the lesion (Zamboni et al. 2000).
Autoimmune pancreatitis and chronic obstructive
pancreatitis may mimic PDAC, because of obstructive
symptoms associated with the presence of a solid, firm
mass, usually involving the head of pancreas and bile
ducts. These benign lesions are distinguished on

histological basis from PDAC, remarking the relevance
of cyto-histological preoperative diagnosis (Zamboni
et al. 2009; Kloppel and Adsay 2009).

Para-duodenal pancreatitis (also referred to as para-
ampullary duodenal wall cyst or cystic dystrophy of
the duodenal wall) is an inflammation affecting duode-
nal wall mimicking an infiltration or determining its
cystic dilation. Two main pathologic forms have been
described: a “pure type,” showing only an intraduode-
nal pancreatic tissue involvement; and a second type
associated with chronic calcifying pancreatitis, often
developing a solid mass. The solid variant has to be dif-
ferentiated from common PDACs. Alternatively, rare
cystic variants of PDAC can be misdiagnosed as para-
duodenal pancreatitis (Zamboni et al. 2000, 2009).

Sometimes the presence of a PDAC of very little
dimensions, not evident radiologically, can cause obstruc-
tion followed by a marked dilation of upstream pancre-
atic ducts, leading to a preoperative misleading diagnosis
of cystic neoplasm (Klimstra et al. 2009).

Usually developing as well-circumscribed masses,
endocrine neoplasms and acinar adenocarcinoma of
the head of the pancreas may clinically and radiologi-
cally mimic a PDAC (Klimstra et al. 2009).

Fine needle aspiration (FNA) and biopsy are help-
ful in defining a correct preoperative diagnosis with
a reasonable rate of adequacy (Larghi et al. 2009;
Bellizzi and Stelow 2009), but in cases where it is
doubtful whether the sample is representative of the
entire lesion, surgery cannot be avoided and the diag-
nosis is warranted by the histological examination of
the surgical specimen.

5 Genetics

Pancreatic cancer is a sporadic disease, although it
may arise in the context of hereditary syndromes.

5.1 Hereditary Syndromes

The hereditary syndromes that have an increased risk
of the development of pancreatic cancer are listed in
Table 1. Of note, these syndromes are either associated
with the defects of development and cellular
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Table 1 Familial genetic alteration associated with an increased risk of pancreatic cancer

Individual history

Relative risk® Other cancer associated

None None
Hereditary breast-ovarian cancer (van der BRCAI
Heijden et al. 2003; Couch et al. 2005) BRCA2
Familial atypical multiple mole melanoma CDKN2A
(FAMMM) (Kluijt et al. 2009)
Familial pancreatic cancer” (van der Heijden Unknown
et al. 2003; Couch et al. 2005)
Familial pancreatitis (Hruban et al. 2007) PRSS1
Peutz-Jeghers (Hruban et al. 2007) STK11/LKB1
Hereditary non polyposis colorectal cancer MLHI
(HNPCC) (Yamamoto et al. 2001) MSH?2
others
Young-age-onset pancreatic cancer (van der FANC-C
Heijden et al. 2003; Couch et al. 2005) FANC-G

1 None

3.5-10 Breast, ovary, prostatic cancer

2

20-34 Melanoma

32 Unknown

50-80 None

132 Gastroesophageal, small bowel,
colorectal and breast cancer

Unknown Colorectal, endometrial, gastric, ovarian,
biliary, urinary, renal and SNC cancer

Unknown unknown

“Relative risk is expressed as number of folds of increased risk of developing pancreatic cancer
®Familial pancreatic cancer: 3 or more first-degree relatives with pancreatic cancer

differentiation or with the impairment of DNA repair
mechanisms. The first group includes FAMMM and
Peutz-Jeghers syndromes (Kluijt et al. 2009; Hruban
et al. 2007), and the second comprises HNPCC, hered-
itary breast-ovarian cancer, and young onset pancre-
atic cancer (Yamamoto et al. 2001; van der Heijden
et al. 2003; Couch et al. 2005). The syndrome that
bears one of the highest risks of pancreatic cancer is,
however, the “Familial Pancreatitis” associated with
the mutation of PRSS1, which encodes for the cationic
trypsinogen (Hruban et al. 2007). Although a family
history of pancreatic cancer is considered one of the
most relevant risk factors (Klein et al. 2004), pancre-
atic cancer is not the most frequent neoplasm in any of
these syndromes, and this renders difficult the identi-
fication of subjects to screen for pancreatic neoplasia
in addition to those that characterize the syndrome
(Goggins et al. 1996; Lynch et al. 2007; Kim et al.
2009). The knowledge of specific mutations may also
be important for therapeutic choices. For example,
pancreatic cancer carrying BRCA2 mutation is more
sensitive to Mitomicin C and radiation (van der
Heijden et al. 2005).

5.2 Sporadic Carcinomas

The genetic aberrations associated with PDACs include
anomalies in the anatomy and function of DNA. The
anatomical lesions consist of chromosomal anomalies
(numerical and structural) and epigenetic changes that
regulate gene transcription. The third anatomical lesion
of DNA is mutation in single genes. The functional
genomic alterations are those found at the gene expres-
sion level and involve two main types of RNAs: protein-
coding mRNAs and regulatory small RNAs known as
“noncoding RNAs” (microRNAs and small noncoding
RNAs or sncRNAs) (Maitra and Hruban 2008).

5.3 Chromosomal Anomalies

Sporadic PDAC characteristically contains aneuploid
DNA due to a large number of complex chromosomal
anomalies (Harada et al. 2008). These are responsible
for the changes in copy numbers of several genes,
some of which play a role in cancer development and
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progression of malignancy. Chromosomal deletions
cause loss of genes; chromosomal gains are associated
with an increase in copy number of genes with conse-
quent overexpression of their products.

5.4 Epigenetic Changes

Epigenetic changes do not affect the sequence of the
DNA, but its structure and conformation due to chemi-
cal modification of its components and consist in DNA
methylation and/or acetylation of DNA-associated his-
tonic proteins. Epigenetic modifications determine the
activation or silencing of genes crucial for cell prolif-
eration, survival, and differentiation. The most frequent
epigenetic change found in PDAC is the methylation of
P16/CDKN2A tumor suppressor gene causing its
silencing at early stages of neoplastic development, but
numerous other genes seem to be affected.

5.5 Mutation in Single Genes

The basic set of genetic anomalies characteristic of
PDAC is represented by the activation of one onco-
gene and inactivation of three tumor suppressor genes
by mutation of one allele and loss of the second allele.
Activating mutation of the KRAS oncogene is found in
95% of cases. Inactivation of P16/CDKN2A occurs in
over 80%, P53 in about 60%, and SMAD4 in 50%
of cases. A recent report based on next generation
sequencing technologies has suggested that any single
case of PDAC contains an average of 63 genetic altera-
tions. These mutations affect members of 12 cell sig-
naling pathways and processes that are altered in
67-100% of the tumors. Six pathways are altered in
100% of cases due to mutations in variable members
belonging to these pathways/processes: KRAS-MAPK
pathway, Apoptosis, G1-S transition, Hedgehog, TGF,
Wnt/Notch (Fig. 4).

Hedgehog and Wnt/Notch signaling pathways are
developmental signaling cascade of stem cells involved
in embryogenesis, maintenance of adult tissue homeo-
stasis, and tissue repair during chronic persistent inflam-
mation. These pathways are also activated in cancer
stem cells (Lewis 2006) and result involved in almost all
the PDACs (Jones et al. 2008). The cancer stem cell

GFR
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Fig. 4 Twelve signaling pathways and processes altered in pan-
creatic ductal adenocarcinomas. Each pathway is altered due to
mutations affecting any of the genes coding for proteins involved
in the signaling processes

hypothesis states the existence of a small number of
neoplastic cells that acquire staminal properties and are
involved in carcinogenesis and resistance to major che-
motherapeutic agents (Ischenko et al. 2008). Hedgehog
and notch have been demonstrated to be aberrantly acti-
vated in PDAC. They initiate neoplastic cascade by
transcriptional activation of a number of downstream
pathway. The presence of hedgehog and notch pathways
is also described in precursor lesions of PDAC, remark-
ing the hypothesis of their early activation in the car-
cinogenesis (Katoh and Katoh 2006). These two
pathways may play an important role in developing new
therapeutical agents for different tumor and particularly
for pancreatic cancer (Wang et al. 20006).

A visual description of the different pathways
and processes involved in the cell signaling, whose
alterations can cause malignant transformation and
cancer development, is drawn in Fig. 5 (Hanahan and
Weinberg 2000).

5.6 Functional Genomic Alterations

Expression profiling studies have furnished novel
databases with long lists of protein-coding genes;
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Fig. 5 Different cellular pathways and their cross-talk involved
in cell growth, proliferation, differentiation, and induction of
apoptosis. Some of the most important genes that are frequently

microRNAs are small noncoding RNAs that regulate
gene expression, which are differentially expressed in
PDAC vs. normal tissues or pancreatitis (www.mold-
iagpaca.eu). These differentially expressed molecules
are now pieces of the fascinating puzzle of PDAC
pathogenesis that awaits the discovery of keystones to
be constructed.
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Conventional ultrasonography is often the initial non-
invasive imaging modality chosen for the first eval-
uation of the pancreas, as it is inexpensive, easy to
perform, and widely available (Martinez-Noguera and
D’Onofrio 2007).

Herein, we present the technical background, the
examination protocols, and the new developments of
ultrasound (US), currently applied in the study of pan-
creatic ductal adenocarcinoma. In the last paragraph,
the typical US features of pancreatic ductal adenocar-
cinoma are summarized.

2 Conventional Imaging

Conventional ultrasonography (US) is often the first
diagnostic step in the evaluation of the pancreas. The
more precise and accurate the initial evaluation is, the
more adequate management of the patient will be. In
the last decades, the introduction of new technologies
that improve image quality resulted in conventional
imaging of the gland with very high spatial and contrast
resolution (Martinez-Noguera and D’Onofrio 2007).

By using multifrequency transducers and being
based not only on the amplitude but also on the phase
information of the return echo (Coherent Image
Formation, Acuson, Siemens), conventional US gives
images with more information and greater details. The
two types of compound technology available today
(frequency compounding and spatial compounding)
also improve contrast resolution and border detection,
by reducing speckle in the B-mode image (Martinez-
Noguera and D’Onoftrio 2007).

Pancreatic US examination is performed after a
minimum fast of 6 h, to improve the visualization of
the gland, limit bowel gas, and ensure an empty stom-
ach. By transverse, longitudinal, and angled oblique
scans, a complete visualization of all the portions of
the pancreatic gland is possible. The main pancreatic
duct, the common bile duct, the splenic, superior mes-
enteric, and portal veins, together with the celiac and
superior mesenteric arteries must also be identified.

At conventional US, pancreatic ductal adenocarci-
noma usually presents as a solid mass, with infiltrative
margins, markedly hypoechoic (Fig. 1) to the adjacent
pancreatic parenchyma due to the very low US acoustic
impedance of the tumor (Martinez-Noguera and
D’Onofrio 2007). Furthermore, the difference in

Fig. 1 Conventional ultrasound. Ductal adenocarcinoma of the
pancreatic body with the typical aspect presenting as a solid
hypoechoic mass (arrow) with infiltrative margins

impedance between the lesion and the pancreatic adjacent
parenchyma is sometimes greater than that at CT between
beam attenuation in both pre- and post-contrastographic
phases (Martinez-Noguera and D’Onoftrio 2007). It often
determines dilatation of the upstream main pancreatic
duct and, if located in the head, also of the common bile
duct (double-duct sign). In highly aggressive lesions,
necrosis and colliquation are common.

Although conventional US has proved its value,
diagnostic difficulties have been encountered during
examination (Oktar et al. 2003; Hohl et al. 2004) mainly
due to the losses in lateral resolution and signal-to-noise
ratio (SNR) owing to defocusing or phase displacement
effects produced by inhomogeneities in biological tis-
sues. To increase the accuracy of this method, a new
approach is the tissue harmonic imaging.

3 Tissue Harmonic Imaging (THI)

THI takes advantages of non-linear harmonic fre-
quencies generated by the propagating main US beam
(Schoelgens 1998) and emitted by the transducer to
correct the defocusing effects. Compared to the fun-
damental (f,), harmonic overtones, which are whole
numbered multiples of the f, frequency, have much
lower amplitudes and generate contents developing
only from the high amplitude pulses. Thus, this new
approach extensively reduces artifacts, caused by low
amplitude pulses (Hohl et al. 2007).

Two methods have been mainly implemented for
the generation of harmonic images: the harmonic band
filtering, realized applying a high-pass filter to the
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received signal and so utilizing only the higher har-
monic frequency components for image creation
(Shapiro et al. 1998); the phase inversion, realized
applying two sequential pulses where the last is phase
reversed, so removing the fundamental component and
leaving only the harmonic portions of the echoes
(Chapman and Lazenby 1997).

Compared to conventional B-mode US, THI can
increase spatial and contrast resolution, providing an
enhanced overall image quality (Shapiro et al. 1998;
Desser and Jeffrey 2001), better lesion conspicuity (Hohl
et al. 2004), and advantages in fluid—solid differentiation
(Desser and Jeffrey 2001), so achieving a better detec-
tion of ductal adenocarcinoma (Hohl et al. 2007).

4 Acoustic Radiation Force Impulse
Imaging (ARFI)

ARFI imaging is a new promising technique to assess
the mechanical strain properties of deep tissues
(Nightingale et al. 2001; Nightingale et al. 2002a)
without a need for an external compression (Fahley
et al. 2007). By short-duration acoustic radiation
forces (less than 1 ms) (Zhai et al. 2008), it gener-
ates shear waves through a region of interest (ROI)
(McAleavey et al. 2007; Nightingale et al. 2002b;
Nightingale et al. 2003), producing localized displace-
ments. The response is monitored with US and depends
on the elastic modulus, which is mainly related to the
resistance offered by the tissue to the wave propaga-
tion (Shan et al. 2008; Sumi 2008 ): the more elastic a
tissue is, the more displacements it experiences.
Virtual Touch tissue quantification is a quantitative
implementation of ARFI technology, which provides
numerical measurements (wave velocity values, measured
in meters per second) of the tissue stiffness: the stiffer
(non-elastic) a tissue is, the greater the shear wave speed
will be. Only few data are available regarding the useful-
ness of this technique (Gallotti et al. In press; D’Onofrio
et al. In press a), so its basic features are illuminated here.
Virtual Touch tissue quantification is performed
on the Siemens ACUSON S2000 ultrasound system
(Siemens, Erlanger, Germany), with the preliminary
selection of an anatomical location identified utilizing
a target ROI on a conventional US image. An acoustic
push pulse is transmitted through the tissue, inducing a
shear wave immediately on the right side of the ROI. A

Fig.2 ARFI imaging. Ductal adenocarcinoma of the pancreatic
head with the high wave velocity value at Virtual Touch tissue
quantification measured inside the lesion

numeric value, proportional to the tissue stiffness and
expressing the shear wave speed (measured in meters
per second), is then reported, as a result of multiple
measures made for that spatial location.

Virtual Touch tissue quantification provides a
numerical measurement of tissue stiffness and is poten-
tially able to allow tissue characterization (Gallotti
et al. In press). It might be a feasible alternative to inva-
sive needle-biopsy, allowing a tissue analysis by imag-
ing. The identification of normal wave velocity values
for the healthy organs should be the first step (Gallotti
et al. In press), followed by the definition of the shear
wave speed for the main parenchymal lesions.

Pancreatic ductal adenocarcinoma is a firm mass,
stiffer than the adjacent parenchyma, owing to the pres-
ence of fibrosis and marked desmoplasia (Seo et al.
2000). According to this, at Virtual Touch tissue quanti-
fication, the wave velocity value measured inside the
lesion is higher (usually >3 m/s; Fig. 2) than that resulted
in the adjacent parenchyma (mean wave velocity value in
the healthy pancreas of 1.4 m/s) (Gallotti et al. In press).

5 Doppler Imaging

Further than B-mode evaluation, color and power-
Doppler of the lesion and surrounding vessels inte-
grate the conventional US study, assessing the patency
and characteristics of vessel blood flow (Bertolotto
et al. 2007).
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By utilizing abdominal multifrequency probes, the
detection of tumor vessels within the lesion often char-
acterizes hypervascular masses (i.e., endocrine tumors),
while no tumor vessels are usually detectable within
hypovascular ones (Bertolotto et al. 2007; Angeli
et al. 1997).

The pancreatic study must be comprehensive of the
evaluation of the adjacent vascular structures, mainly to
distinguish between resectable and non-resectable
lesions. The preserved echogenic fatty interface between
tumor and vessels or a short contiguity between them
suggests the resectability of the lesion, whereas the
infiltration or compression or encasement implies the
unresectability (Koito et al. 2001). Localized aliasing
and mosaic pattern are waveform changes due to
increased flow velocities and turbulent blood flow at the
site of a vascular stenosis, since the presence of a pan-
creatic disease (Koito et al. 2001; Ueno et al. 1997).
Downstream the infiltrated tract, the flow velocity
decreases, with the typical “parvus et tardus” waveform
(Yassa et al. 1997).

At Doppler study, pancreatic ductal adenocarci-
noma shows poor or no vascularity (Fig. 3). The
vascular invasion is defined by a focal disappear-
ance of the echogenic interface forming the vessel
wall, or by a narrow lumen, with changes in blood
flow velocity.

The latest-generation equipment significantly im-
proved the diagnostic performance of color-Doppler
ultrasonography, increasing sensitivity, spatial, and
temporal resolution (Bertolotto et al. 2007). However,

Fig. 3 Doppler ultrasound. Ductal adenocarcinoma of the pan-
creatic head presenting as a solid hypoechoic mass (a) without

intrinsic limitations still remain and tend to be over-
coming since the introduction of ultrasound contrast
media.

6 Contrast-Enhanced Ultrasound
Imaging

The introduction of second-generation microbubble
contrast agents, characterized by harmonic responses
at low mechanical index (MI <0.2) of the US beam, has
improved the diagnostic accuracy of ultrasonography
(D’Onofrio et al. 2007a). The application of a blood
pool contrast medium (Sulfur hexafluoride contrast
agent — SonoVue; Bracco, Milan, Italy), the dynamic
real-time observation of the contrast-enhanced phases,
and the high contrast and spatial resolution allow the
evaluation of the pancreatic tumor microvasculature
(D’Onofrio et al. 2007a). A microbubble-specific soft-
ware filters all the background tissue signals, so that
the vascular enhancement is only related to the pres-
ence of microbubbles (Cosgrove 2005).

Two technologies have been mainly introduced for
enhanced US imaging: the Cadence coherent contrast
imaging (Siemens-Acuson, mountain View, CA, USA),
based on inversion of the phase of alternate pulses, leaving
only non-linear signals; and Cadence contrast pulse
sequencing (CPS; Siemens-Acuson), based on precise
changes in the amplitude and phase of transmitted pulses,
leaving only non-linear imaging (D’Onoftio et al. 2007a).

intratumoral vessels at Doppler (b). Tumor infiltration of the
superior mesenteric vein is also appreciable (b)
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One of the most interesting applications of pancre-
atic CEUS is the tumor characterization and local and
liver staging with a single bolus (2.4 mL) injection of
contrast medium. A complete dynamic evaluation of
the pancreatic mass during the arterial and venous
phases, with the correct identification of the contrast-
enhancement pattern, is compulsory for an adequate
therapy and for the immediate prognostic evaluation.
In fact, association between intratumoral microvessel
density and tumor aggressiveness has been already
proved (D’Onofrio et al. In press b; Kloppel and
Schliiter 1999). Moreover, the judgment of the relation
between tumor and adjacent vessels is mandatory for
the depiction of tumoral margins (Faccioli et al. 2008)
and, together with the liver study during the late phase,
so to exclude the presence of metastases (D’Onofrio
et al. 2006), is crucial to define the resectability or
unresectability of the pancreatic lesion.

At CEUS examination, pancreatic ductal adenocar-
cinoma usually presents as an ill-defined mass, show-
ing poor enhancement (Fig. 4) in all dynamic phases
(D’Onofrio et al. 2005). The finding of a poorly vascu-
larized lesion could suggest its undifferentiated grade
(Numata et al. 2005) and is related to intratumoral
fibrosis and necrosis, and to reduction in the microvas-
cular density and in perfusion (D’Onofrio et al. 2007a;
Nagase et al. 2003). Moreover, CEUS can be helpful in
confirming vascular infiltration and liver involvement
(D’Onofrio et al. 2007a).

Fig. 4 CEUS. Ductal
adenocarcinoma of the
pancreatic head with the
typical aspect presenting
as a solid hypovascular
mass (asterisk) in respect
to the adjacent pancreatic
parenchyma (P)

7 Ultrasound-Guided Interventional
Procedures

The identification of an unresectable pancreatic mass,
or of a resectable lesion with uncertain diagnosis at
imaging, or of a suspected rare or metastatic malig-
nancy requires a pathological confirmation (Zamboni
et al. 2009). Fine-needle-aspiration (FNA) under
US-guidance is the procedure of choice if available,
because it is sensitive, safe, and accurate for tissue
sampling of focal pancreatic lesions (Zamboni et al.
2009).

Depending on the site of the lesion, probes with lat-
eral or central support may be used (Fig. 5). The entry
point has to be chosen avoiding important structures
such as gallbladder, common bile duct, and main peri-
pancreatic arteries and veins. Transcolonic passage is
avoided, while transgastric passage is not (D’Onofrio
et al. 2007b). After local anesthesia in the abdominal
wall at the chosen entry point, the pancreatic lesion is
reached, and the needle subtly moved in and out. FNA
procedure is performed with fine needles (22-20-G
caliber), and the material rises due to capillarity or
aspiration. When a histopathological evaluation is
required, a core-biopsy is performed: a core of the pan-
creatic lesion is taken with a suction or guillotine
mechanism, by using a Menghini-type or a Trucut-
type needle, respectively (22-16-G).

Pot=-21dB
MIF=.16

Mi=21
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Fig. 5 FNAC. Doppler US-guidance of fine-needle-aspiration
of a ductal adenocarcinoma infiltrating the superior mesenteric
artery

8 Typical Features of Pancreatic Ductal
Adenocarcinoma

At conventional US, pancreatic ductal adenocarci-
noma usually presents as a solid mass, hypoechoic
to the adjacent pancreatic parenchyma, with infil-
trative margins. It often determines dilatation of
the upstream main pancreatic duct and, if located
in the head, also of the common bile duct (double-
duct sign). In highly aggressive lesions, necrosis and
colliquation are common (Martinez-Noguera and
D’Onofrio 2007). The tumor may be better detected
by using THI, that increases the lesion conspicu-
ity, because of its superior soft tissue differentiation
(Hohl et al. 2007).

At ARFI imaging, the wave velocity value mea-
sured inside the pancreatic ductal adenocarcinoma is
higher (usually >3 m/s) than that resulted in the adja-
cent parenchyma (mean wave velocity value of 1.4
m/s) (Gallotti et al. 2010) owing to the presence of
marked desmoplasia (Seo et al. 2000).

At Doppler study, pancreatic ductal adenocarci-
noma shows poor or no vascularity (Bertolotto et al.
2007). The vascular invasion is defined by a focal dis-
appearance of the echogenic interface forming the ves-
sel wall, or by a narrow lumen, with changes in blood
flow velocity (Koito et al. 2001; Ueno et al. 1997;
Yassa et al. 1997). In these cases or if liver metastases
are detected (usually in the late phase of CEUS study,
as hypovascular lesions) (D’Onofrio et al. 2006), the

tissue pathological characterization is required
(Zamboni et al. 2009), before starting a palliative
therapy.

At CEUS examination, pancreatic ductal adeno-
carcinoma usually shows poor enhancement in all
dynamic phases (D’Onofrio et al. 2005). The evi-
dence of a poorly vascularized lesion, related to intra-
tumoral fibrosis and necrosis with reduction of
tumoral mean vascular density and perfusion
(D’Onofrio et al. 2007a; Nagase et al. 2003), could
suggest the undifferentiated grade (Numata et al.
2005). CEUS can be also helpful in the evaluation of
vascular infiltration and liver involvement (D’ Onofrio
et al. 2007a).
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1 Introduction

Multidetector computed tomography (MDCT) has been
introduced in 1998 and it has changed the way to do
imaging. Compared with single-detector helical CT,
MDCT improves spatial resolution with a decrease
in image acquisition time and tube heating. The high
examination speed enables defined perfusion phases to
be obtained thatenhance tumordetection. Submillimetric
acquisition leads to voxel isotrophy and it has opened
the way to multiparametric analysis and postprocessing
technique which improve tumor assessment and stag-
ing. This also means a better delineation of tumor rela-
tionship with adjacent structures without volume
averaging problems.

The advent of MDCT changed the diagnostic
approach to pancreatic adenocarcinoma improving
tumor detection and early assessment. Nowadays,
multiphasic imaging of the pancreas should be advo-
cated as routine examination in patient investigated for
pancreatic adenocarcinoma. The application of a
biphasic protocol gives the best results, using a pancre-
atic phase for tumor identification and arterial infiltra-
tion, and portal phase for the assessment of venous
infiltration and liver metastasis. Shorter volume acqui-
sition and faster scan time also allow better contrast
enhancement of vessels and pancreatic Parenchyma, in
addition to a reduction in respiratory artifacts. As a
matter of fact, there are different examination and
reconstruction protocols available for different multi-
detector technology (Table 1).

Table 1 MDCT study protocols

Channels 4

Moreover, the data set obtained could be easily
analyzed with several postprocessing algorithms,
which can improve tumor detection, staging, and
follow-up.

2 Study Protocol

2.1 Patient Preparation

The administration of 500-1,000 mL of water as an
oral contrast agent improves delineation of the pan-
creatic gland and could be useful for evaluation of
gastric or duodenal wall infiltration. Positive contrast
agents are not suitable for vascular delineation and
can mask bile duct stones. A spasmolytic drug can
also be administered in order to improve bowel
distensibility.

2.2 Precontrast Scan

A precontrast scan of upper abdomen should be acquired
from diaphragmatic dome to iliac crest in order to evalu-
ate abdominal Parenchyma and in particular to show
bile duct stones, blood clots, or pancreatic calcifications
as sign of chronic pancreatitis (Tunaci 2004). Precontrast
scan is also important to set the postcontrast phases
acquisition.

Pancreatic Portal Pancreatic Portal
phase phase phase phase
Collimation 4x1.25 4x2.5 8x1.25 8x2.5
(mm)
Slice 1.25 2.5 1.25 2.5
thickness
(mm)
Rotation 0.5 0.5 0.8 0.8
time (s)
Kvp 120 120 120 120
mASs 200-240 200-240 360 360
Scan delay 40 70 40 70
Scan Craniocaudal Craniocaudal Craniocaudal

direction

Craniocaudal Craniocaudal

Pancreatic Portal Pancreatic Portal
phase phase phase phase
16x1.25 16x1.25 64 x0.625 64 x0.625
1.25 1.25 0.625 0.625

0.8 0.8 0.8 0.8

120 120 120 120
Automatic Automatic Automatic Automatic
BT BT BT BT

Craniocaudal Craniocaudal Craniocaudal
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2.3 Early Arterial Phase

Early arterial phase starts about 15-20 s after contrast
administration or using a bolus tracking technique 3 s
after abdominal aorta peak enhancement at 150 HU,
which allows to obtain a perfect vascular depiction
(CT Angiography) without parenchymal enhancement
(Shioyama et al. 2001). In the absence of specific indi-
cations, this phase can be avoided in pancreatic evalu-
ation because we have the same vascular information
with a pancreatic phase, reducing patient radiation
exposure especially in young subjects.

2.4 Pancreatic Phase

Pancreatic phase is a term coined by Lu et al. (1996)
and starts about 35-40 s after contrast administration
or using a bolus tracking technique 15-20 s after an
aortic peak of 50 HU (Kondo et al. 2007), correspond-
ing to a late arterial phase. During the pancreatic
phase we obtain the higher parenchyma contrast
impregnation and have a better delineation of pancre-
atic adenocarcinoma, which is an ipovascular lesion
due to its stromal tissue. Pancreatic phase is also more
reliable in tumor measurement providing a more
accurate evaluation, instead of portal phase in which

we have an underestimation of tumor dimension due
to vascularized peripheral tumor tissue. Pancreatic
phase should be considered mandatory in tumor
extension evaluation because it improves the tumor
conspicuity when compared with portal phase

(Fig. 1).

2.5 Portal Venous Phase

The venous phase starts about 70 s after contrast
administration and provides a better opacification of
superior mesenteric vein and portal vein. In this phase
we can evaluate the presence of vascular involvement
and assess the extension of infiltration. It is also neces-
sary to detect liver metastasis.

2.6 Late Phase

In late venous phase we have a pancreatic wash out
with a reduction in mean pancreatic density.
Persistence of high density area can be suggestive
of pathological process, such as fibrosis. This phase
could also be implemented in liver metastasis
evaluation.

Fig. 1 In pancreatic phase (b) there is a better delineation of pancreatic adenocarcinoma and an increase in tumor conspicuity when
compared with portal phase (a) (arrows)
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In summary, the following should be performed
for a complete pancreatic study: (1) precontrast scan
of upper abdomen; (2) pancreatic phase, for tumor
conspicuity assessment and arterial delineation;
(3) portal phase for superior mesenteric vein and
portal vein involvement, and for liver metastasis
evaluation.

3 Image Postprocessing

MDCT volumetric acquisition with isotropic voxel
permits several postprocessing techniques which can
improve tumor detectability, peripancreatic invasion,
and vascular infiltration assessment (Raptopoulos et al.
1997; Prokesch et al. 2002a; Baek et al. 2001; Nino-
Murcia et al. 2001).

Multiplanar reconstruction (MPR) is useful to
define the spatial relationship of the tumor with the
peripancreatic structures such as duodenum, stom-
ach, spleen, omentum, and mesocolon. Maximum
Intensity Projection (MIP) contributes to additional
information regarding vessels enhancement and
invasion. Curved reformat can be useful for a better
analysis of the relationship between the tumor and
curved structures like common biliary duct, pancre-
atic ducts, and vessels. Minimum Intensity Projection
(Min-IP) can easily detect postoperative aerobilia
and it clearly visualizes biliary morphology and late
complications such as stenosis of hepaticojejunal
anastomosis. Volume rendering (VR) technique
could be useful in vascular assessment enhancing
vessels distortion and stenosis (Fig. 2). The applica-
tion of postprocessing techniques increases tumor
diagnosis and permits also an accurate preoperative
staging.

4 Pancreatic Ductal Adenocarcinoma:
Signs and Pitfalls

4.1 MDCT Tumor Identification

Pancreatic adenocarcinoma is classically visualized
as an ill-defined solid mass, not capsulated, isodense
to the pancreatic Parenchyma in precontrast scan and

hypoattenuating in the pancreatic-portal phases.
Hypoattenuation is due to the low tumor vasculariza-
tion with the presence of flourish extracellular matrix,
often associated with small necrotic foci (Schima
et al. 2007; Freeny et al. 1988). At the MDCT diag-
nosis, tumor often presents with a small dimension
(<2 cm) if localized in the head or uncinate process
than if it is localized into the body-tail (5-7 cm).
Usually calcifications are not present (Warshaw et al.
1992) (Fig. 3).

Small tumors (<2 cm) can be difficult to recognize
at CT and radiologists should pay attention to sec-
ondary signs. Ancillary signs can be helpful in the
diagnosis of pancreatic tumors. Any distortion to the
normal glandular lobulated outline associated with a
mass effect (adjacent structures displacement) should
alert the radiologist, in particular if there is also
an observed pancreatic atrophy distal to the mass,
which is suggestive of chronic obstructive pancreati-
tis. The presence of both pancreatic and biliary duct
dilation (double duct sign) associated with their
abrupt interruption (interrupted duct sign) is also
suggestive of a pancreatic mass (Fig. 4). Small tumor
can also be hidden from associated pathological con-
ditions such as acute pancreatitis and chronic obstruc-
tive pancreatitis. In the first case, a small lesion can
determine the rupture of the pancreatic duct instead
of its occlusion, with the onset of an acute focal
inflammation.

The presence of a chronic pancreatitis represents a
risk factor for the development of adenocarcinoma and
can also mask the tumor. The diffuse parenchymal
atrophy associated with ductal dilatation and diffuse
calcification can make it difficult to assess small
lesions. Also in this condition, the presence of ancil-
lary signs should be recognized, such as the mass effect
of the calcification with a peripheral dislocation and
the presence of an area with difference in tissue tex-
ture. MDCT cannot always differentiate this confound-
ing conditions and other imaging technique should be
applied.

4.2 Isoattenuating Adenocarcinoma

Some tumors show remarkably little attenuation dif-
ference compared with the normal pancreas basing
their recognition only on ancillary signs. Isoattenuating
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Fig.2 Postprocessing techniques. (a) Multiplanar reformation; (b) maximum intensity projection; (¢) minimum intensity projection;
(d) volume rendering

pancreatic adenocarcinoma represents a well-differen-
tiated pancreatic carcinoma with a higher number of
microvessels as opposed to hypovascular adenocarci-
noma (Wang et al. 2003; Zhongqiu et al. 2004). This
tumor has an incidence of about 10% (Prokesch et al.
2002b) and the mean size is significantly smaller than
of hypoattenuating tumor at the diagnosis (Ishigami
et al. 2009). The combined presence of interrupted
duct sign with mass effect should alert the radiologist.
Also, the evidence of atrophy of pancreatic paren-
chyma distal to the mass can be useful. In this case
secretine study with MRI could help make the

diagnosis by showing the “penetrating duct” sign
(Fig. 5). Endoscopic Ultrasound (EUS) and biopsy are
fundamental in order to obtain a diagnosis.

Since pancreatic adenocarcinoma contains fibrotic
tissue, as reported by Ishigami et al. (2009), isoattenu-
ating adenocarcinoma could be detected with a delayed
phase as a slightly hyperattenuating tumor such as is
described in the case of intrahepatic cholangiocarci-
noma. If an “interrupted duct” sign is detected without
the evidence of any mass, a delayed acquisition should
be performed in order to visualize a small hyperen-
hanced lesion.
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Fig. 3 Typical pancreatic adenocarcinoma presentation. (a) An
ill-defined solid mass of pancreatic head hypodense to the pan-
creatic parenchyma (arrowhead) in portal phase; (b) An head
tumor with central necrosis (arrowhead)

4.3 Tumors Mimicking
Adenocarcinoma

Several other neoplastic conditions can mimic pan-
creatic adenocarcinoma. Papillary adenocarcinoma is
arare tumor associated with ductal dilatation and dis-
tal pancreatitis, but with a better prognosis than duc-
tal adenocarcinoma. It is visualized as a papillary
mass with an extrapancreatic growth protruding into
duodenal lumen; it also presents a slight hypervascu-
larization in pancreatic phase. Both neoplastic dis-
eases have the same surgical treatment (Kim et al.
2007).

Fig.4 Ancillary signs. (a) Double duct sign, consisting in com-
mon bile duct (arrow) and main pancreatic duct (arrowhead)
dilatation. (b) Interrupted duct sign, abrupt interruption of the
main pancreatic duct

Pancreatic lymphoma is a very rare condition repre-
sented by a large hypoattenuating pancreatic mass.
Imaging differentiation between the two condition is
difficult. Other signs suggestive of lymphoma are the
presence of diffuse adenopathy, secondary localization
in kidney and spleen, and a larger extension unusual
for a typical adenocarcinoma.

Nonfunctional neuroendocrine tumor represents
30% of neuroendocrine neoplasia and has a better
prognosis than adenocarcinoma. It is visualized as
hypovascular solid lesion with a greater dimension
(5—6 cm) and clear margins for the presence of capsu-
lar structure (Fig. 6). Mucinous cystic tumor may pres-
ent a rare microcystic pattern which appears as a solid
mass indistinguishable from pancreatic adenocarci-
noma (Visser et al. 2004).
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Fig. 5 Isoattenuating adenocarcinoma. (a) Dilatation of the
main pancreatic duct with interruption at the body level (arrow-
head) without evidence of any pancreatic mass; (b, ¢) MR exam-
ination confirmed CT findings both in T1- and T2-weighted

images (arrowheads); (d) Cholangiopancreatic MR study with
secretin stimulus revealed the lack of the “penetrating duct sign”
(arrowhead), confirming the presence of a isoattenuating pan-
creatic mass

Fig. 6 Nonfunctional neuroendocrine tumor. (a, b) A cystic lesion (arrow) in pancreatic tail with necrotic foci and clear margins for
the presence of a capsular structure (arrowhead); a liver metastasis was also noticed (dashed-arrow)
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Pancreatic metastasis from other tumors is infrequent.
However, CT patterns can mimic adenocarcinoma and
the knowledge of a primitive neoplasia is fundamental to
the diagnosis. Pancreatic adenocarcinoma with extensive
intratumoral necrosis and hemorrhagic area can also
mimic other pancreatic tumors such as cystic, anaplastic,
small cell, and giant cell types (Ichikawa et al. 2000). A
CT differential diagnosis of this conditions could not be
easily obtained, and as a result, the final diagnosis is
often obtained with EUS biopsy or FNAB (fine needle
aspiration biopsy) (Brugge 1998).

4.4 Benign Conditions Mimicking
Adenocarcinoma

The pancreatic region contains several structures with
complex anatomic relationships that represent a diag-
nostic challenge. Several benign conditions can mimic
pancreatic adenocarcinoma (To’o et al. 2005; Lawler
et al. 2003).

Anatomic variants represent a common confound-
ing problem in pancreas evaluation. Duodenal diver-
ticula and duplications may be misinterpreted as
pancreatic masses, especially cystic tumors, due to
their fluid content. Duodenal duplications are usually
found on the mesenteric side of the second duodenal
portion and are typically noncommunicating with the
lumen. Diverticulum is easily differentiated because of
its communication with duodenal lumen and the
appearance of an air-fluid level with ingested material.
Barium studies can help to distinguish these conditions
demonstrating the lumen communication. Also, chole-
docal cysts can appear as fusiform cystic masses
located in the pancreatic head. MR cholangiopancre-
atography allows confirmation of the diagnosis.

Both focal acute pancreatitis and adenocarcinoma
appear hypoattenuating on CT making it difficult to
assess masses. In this case it is possible to observe the
so-called “black and white” sign where we have clear
delimitation in pancreatic phase between the hypoat-
tenuating area containing the tumor with the inflam-
mation and a proximal normal area of pancreatic
enhancement.

Severe acute pancreatitis with a heterogeneous pre-
sentation due to hemorrhagic area can also mimic a
pancreatic tumor. Clinical presentation and follow-up
can be useful in the diagnosis.

Chronic pancreatitis is normally associated with a
widerangeofpancreaticabnormalities. Approximately
20% of patients with chronic pancreatitis develop a
focal inflammatory mass, which may closely simu-
late pancreatic adenocarcinoma (Boll and Merkle
2003). Another uncommon inflammatory condition
is represented by groove pancreatitis. The presence
of ectopic pancreatic stroma in duodenal wall can
induce a micro- or macrocystic pattern which can
mimic both a cystic tumor or a solid mass. Patient
history is important since patients usually are mid-
dle-age men with a history of alcohol abuse (Procacci
et al. 1997).

Focal pancreatitis could be indistinguishable from
adenocarcinoma on the basis of morphological fea-
tures and enhancement pattern. MR imaging with
secretin can be useful in the demonstration of a “pen-
etrating duct” sign which is characteristic of benign
conditions (Ichikawa et al. 2001). When the MRI is not
resolutive, a strict follow-up or FNAB is mandatory
(Fig. 7).

In autoimmune pacreatitis a diffuse glandular
enlargement is observed with a typical peripancreatic
hypodense rim representing inflammatory exudation
and the absence of calcification or vascular encase-
ment. Other typical features are represented by multi-
ple biliary strictures and diffuse irregular narrowing of
the main pancreatic duct. These findings are frequently
observed in young women with a coexisting autoim-
mune diseases (Wakabashi et al. 2003).

5 Tumor Staging

5.1 T Parameter

Multidetector CT with multiplanar reformation is highly
sensitive for assessment of T stage. T1 stage is defined
as tumor <2 cm in the largest diameter and entirely con-
fined to the pancreas. T2 stage is defined as tumor
>2 cm, still confined to the pancreatic gland. In stage T3
there is a local invasion as extension into the peripancre-
atic soft tissue and/or invasion of the tumor into the
duodenum or common bile duct. The infiltration of sur-
rounding organs, such as spleen, stomach, or transverse
colon, is defined as stage T4; also the infiltration of the
peripancreatic vessels such as superior mesenteric vein
and artery, portal vein, hepatic artery, or celiac trunk is
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Fig.7 Anhypodense lesion in pancreatic head (a) (arrow) caus-
ing a double duct sign (b) (arrowhead) was misinterpreted as
pancreatic tumor. MRI and FNAB revealed a focal pancreatitis

classified as T4 (Fig. 8). T3 tumors are potentially resec-
table, but pancreatic tumor infiltrates lymphatic vessels
earlier producing a perivascular cuff of soft tissue, which
can be underestimated in the radiological assessment.
The infiltration of adjacent organs and the invasion of
peripancreatic vessels is a contraindication against sur-
gical resection. A limited invasion into the superior
mesenteric vein or the portal vein, typically less than
2 cm, is considered a relative contraindication to the sur-
gical approach with vascular reconstruction, although it
has been shown that survival is not improved (Park et al.
2001) (Table 2 and Fig. 9).

MDCT permits an accurate evaluation of vascular
involvement, in fact the possibility to obtain curved
multiplanar reformations better displaying the tumor
relationship with the adjacent vessels. Vargas et al.
(2004) reported an accuracy of 99% with a negative

Fig. 8 Stage T4. (a) Tail tumor with an invasion into the peri-
pancreatic fat tissue (arrow) and splenic ilium (arrowhead). (b)
Body tumor occluding splenic vena (dashed-arrow) and infil-
trating the anterior pararenal fascia (arrowhead); there is also a
focal pancreatitis of the tail (arrow)

predictive value of 100%. A grading system of vascular
invasion probability based on the circumferential conti-
guity of tumor to vessel has been proposed by Lu et al.
(Lu DSK, Reber HA et al 1997. Am J Roentgenol 168),
which found that when more than 50% of the vessel cir-
cumference is in contact with a vessel the tumor would
not be resectable (Table 3 and Figs. 10-12).

Although loss of the fat plane does not automatically
mean vascular involvement, it can also be surrounded
by fibrous tissue or inflammatory stranding (Nakayama
et al. 2001). Tumor thrombus, vascular occlusion or
changes in vessel caliber, or the so-called teardrop sign
(Hough et al. 1999) of the superior mesenteric vein rep-
resent reliable signs of vascular invasion.

5.2 N Parameter

MDCT is not accurate in the assessment of nodal
involvement with an overall accuracy of 58% (Zeman
et al. 1997), since it is based purely on dimensional and
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Table 2 TNM staging of pancreatic adenocarcinoma

TNM Definition

Tumor

Tis Carcinoma in situ

T1 Tumor limited to pancreas, <2 cm in
any direction

T2 Tumor limited to pancreas, <2 cm in
any direction

T3 Infiltration into peripancreatic tissues,
duodenum, and/or common bile duct

T4 Infiltration into peripancreatic
vessels, stomach, spleen, large bowel

Lymph nodes

NO No lymph node metastasis

N1 Metastasis in peripancreatic lymph
nodes

Nx Unknown

Distant metastasis

MO No distant metastases

M1 Distant metastases present

Mx Unknown

morphological criteria. A lymph node with a greater
diameter than 1 cm in short axis is usually described as
significant. But normal-sized nodes may be involved
and some enlarged nodes can be inflammatory. Hence,
CT cannot accurately predict nodal metastasis, and pre-
operative evaluation should include an accurate descrip-
tion of visualized nodes. MPR images represent a power
tool also in nodal distribution analysis. The name-based
classification AJCC-UICC of the lymph nodes distribu-
tion allows an accurate intraoperative guide for the sur-
geon and for the subsequent pathological dissection.
AJCC-UICC system divides lymph nodes into four
groups: (1) superior to the body and head of the pan-
creas; (2) anterior, including anterior pancreaticoduode-
nal, pyloric, and proximal mesenteric; (3) inferior to the
body and head of the pancreas; (4) posterior, including
posterior pancreaticoduodenal, common bile duct, and
proximal mesenteric. Other lymph nodes metastases
distant from peripancreatic sites are defined as stage
MI1. Another classification has been created by the
Japanese Pancreatic Society which identifies 18 differ-
ent sites, but this approach does not improve lymph
nodes yield.

Fig.9 Venous infiltration. (a) Head tumor infiltrating the superior mesenteric vein more than 2 cm (arrow); (b) Body tumor infiltrat-
ing the superior mesenteric vein less than 2 cm (arrow)
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Table 3 Vascular invasion criteria

Degree of contiguity (%) Resectability
0 Resectable
<25 Resectable
25-50 Resectable
50-75 Unresectable
>75 Unresectable

5.3 M Parameter

The commonest causes of CT understaging are
small liver and peritoneal metastasis. MDCT permits
a high resolution whole-body examination for the
assessment of distal tumor involvement. The sub-
millimetric liver assessment associated with multi-
phasic imaging increases detection rate of small
hepatic lesions (Catalano et al. 2003) (Fig. 13).
However, CT remains limited in peritoneal localiza-
tion which can upstage patient to stage IV; for this
reason, laparoscopic assessment is often performed
prior to laparotomy in order to evaluate peritoneum
(Fig. 14).

L

5.4 Resectability Criteria

MDCT presents positive predictive values for unre-
sectability between 89 and 100%, with accuracies of
85-95% (Luetal. 1997; Freeny et al. 1993). However,
we have a lower positive predictive values for resect-
ability that range between 45 and 79% (Freeny et al.
1993; Bluemque et al. 1995; Tabuchi et al. 1999).

Absolute criteria of unresectability are the presence
of metastases, lymphadenopathy beyond the peripan-
creatic chain, malignant ascites or pleural effusion,
peritoneal deposits, arterial invasion, and extensive
venous involvement (>2 cm) (Table 4).

Contiguous invasion of the duodenum, stomach,
right colon, or regional lymph nodes is not a contrain-
dication to surgery (Alexakis et al. 2004). However, a
positive retroperitoneal margin, that is the soft tissue
to the right of proximal superior mesenteric artery,
represents a relative contraindication to surgery since
the median survival after pancreatic resection in
patients with a positive margin is not significantly dif-
ferent from those who undergo palliative therapy
(Neoptolemos et al. 2001).

In some condition equivocal findings are present
and it is not possible to clearly evaluate the tumor

Fig. 10 (a-b) The presence of a preserved fat plane (arrowheads) between tumor and vessel with a contiguity less than 180° is sug-

gestive of vascular sparing
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Fig. 11 (a-b) A circumferential vessel enchasement with lumen
narrowing (arrowheads) is indicative of vascular infiltration

extension, in particular when the tumor is greater
than 3 cm, there is a contiguity between tumor
and vessel between 25 and 50% and a stranding of
the perivascular fat plane is present (Cameron et al.
1991).

6 Perioperative Findings

6.1 Preoperative Planning

MDCT allows a complete preoperative planning in
patients who underwent curative or palliative surgery.
CT angiography provides precious information to the
surgeon of normal vascular anatomy or variant relevant
to the Whipple procedure. Also, the knowledge of vari-
ant anatomy of arteries and veins is important in consid-
ering resectability. The presence of multiple jejunal
branches with a high insertion on the superior mesen-
teric vein near the portal confluence may make vein

Fig. 12 Collateral circulation. (a) Body tumor occluding the
splenic vena (arrow) with hypertrophic short gastric veins

(dashed-arrow) and left gastric vein (arrowhead). (b)
Compensatory hypertrophy of short gastric veins (arrow) and col-
lateral vessels along the great gastric curvature (arrowhead)

reconstruction difficult or impossible. Arterial anatomic
variants that make resection impossible include a
replaced common hepatic artery from SMA (Fig. 15).
For this reason it is important to differentiate a replaced
artery from an accessory that can be ligated during
resection without liver inflow impairment. Anatomical
variants may also make resection more likely, for exam-
ple, the presence of a common hepatic artery arising
separately from the aorta with the celiac artery only sup-
plying splenic or gastroduodenal arteries (Lall et al.
2007). MDCT angiography demonstrated a perfect
depiction of abdominal arterial anatomy and high accu-
racy in aberrant hepatic arteries recognition (Ferrari
et al. 2007; De Cecco et al. 2009).
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Fig. 13 Liver metastasis. (a) Head tumor adjacent to the com-
mon hepatic artery (arrow) with extensive liver involvement

6.2 Postoperative Complications
and Tumor Recurrence

MDCT enables to recognize both early and late surgi-
cal complications. Early complications include pan-
creatic fistula, anastomotic leakage (pancreatic, biliary,
and intestinal anastomosis), hemorrhage, acute pan-
creatitis, fluid collections, abscess, biloma, cholangi-
tis, and peritonitis (Scialpi et al. 2005).

4

(arrowheads); (b) Multiple hepatic metastasis with ring enhance-
ment (arrowheads). (c—d) Small subglissonian metastasis (arrows)

Retroperitoneal abscess represents the most common
early complication and it is visualized as a fluid collec-
tion which can present gas bubble inside. In the suspect
of retoperitonal abscess, oral contrast should be admin-
istrated in order to distinguish between infected fluid
collection and unopacified anastomotic bowel loop; for
this reason the suspect should be administrated oral con-
trast. MDCT permits also a good anatomical delinea-
tion of fluid collection and relationship assessment,
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Fig. 14 (a) Pancreatic tumor recurrence as a solid ill-defined
mass into the mesenteric root (arrowhead). (b) Malignant ascites
(arrow) with associated multiple mesenteric lymph nodes
(arrowhead)

fundamental in the planning of percutaneous drainage,
especially for the identification of multiloculated
abscesses that are not suitable of drainage.

Another frequent complication after Whipple pro-
cedure is the pancreatico-jejunal fistula, defined as
concentration of amylase and lipase in the drainage
fluid than three times the serum concentration and
drainage volume of more than 500 mL per day. MDCT
is important in the exclusion of infected fluid collec-
tion and in delineating complex fistulous tracts.

Anastomotic leakage occurs in the first 1-2 weeks
after surgery and it is involved more frequently in
pacreaticojejunal anastomosis (Pessaux et al. 2001).
MDCT could be useful in leak identification, espe-
cially with the administration of positive contrast into
the drainage with the opacification of the perianasto-
motic collection.

Table 4 Resectability criteria

Irresectability Equivocal findings

Metastasis Tumor >3 cm

Distal lymph nodes Contiguity 25-50% between

tumor and vessels

Malignant ascites Venous invasion >2 cm

Peritoneal implants Stranding of perivascular fat

planes

Arterial vessels contiguity
>50% or signs of vascular
invasion (thrombosis/
occlusion)

Fig. 15 Preoperative planning. (a) Replaced right hepatic artery
from SMA (arrow) and replaced left hepatic artery from left gas-
tric artery (arrowhead); (b) Replaced right hepatic artery from
SMA (arrow), left hepatic artery (arrowhead), and accessory
left hepatic artery from left gastric artery (dashed-arrow)

Late complications include chronic fistula, aneu-
rysm, perianastomotic ulcers, and stenosis of hepatico-
jejunostomy. Arterial aneurisms are caused by enzymatic
arterial wall destruction and represent a threatening life
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Fig. 16 (a-b) Extensive aerobilia (arrowhead) after ampullectomy

condition;, MDCT angiography allows an excellent
delineation also of small distal aneurisms and a preop-
erative planning. Biliary stenosis represents a frequent
complication; MDCT is accurate in its detection with
postprocessing technique such as MinIP.

Pneumobilia is considered a normal postoperative
finding in pancreatic head surgery, given that it is present
in 67-80% of the cases on postoperative CT examination
(Bluemke et al. 1992; Mortele et al. 2000) (Fig. 16).

MDCT permits an accurate evaluation of local and
distant recurrences. Local recurrence presents an inci-
dence of 60%. The accuracy of CT for the detection of
disease recurrence is 93.5% (Mortele et al. 2000; Dalla
Valle et al. 2006). The knowledge of tumor recurrence
is important to assess patient prognosis and response to
adjuvant therapy. In early postoperative period the evi-
dence of hyperplastic lymph nodes and perivascular
fibrosis could represent a confusing factor that may
simulate recurrent disease. The pancreatic bed is a com-
mon site of recurrence (Cameron et al. 1991; Johnson
et al. 2002), in particular the area around the common
hepatic arteries and proximal superior mesenteric artery.
A gastric and jejunal loops opacification is also impor-
tant to differentiate recurrent or residual tumor from
unopacified anastomotic bowel loops in the surgical bed
(Coombs et al. 1990). Also, the presence of surgical
clips for vascular ligature can obscure the bed of the
pancreatic head making difficult the detection of recur-
rence (Mortele et al. 2000). Perivascular soft tissue
around these vessels may create a diagnostic challenge

when distinguishing postoperative change from recur-
rent disease. As reported by Ishigami et al. (2008),
patients with a perivascular cuff of soft tissue should be
monitored for at least two years to exclude recurrence,
since size and enhancement criteria would not be help-
ful in distinguishing the two conditions.

Patients who underwent adjuvant chemo or radio-
therapy frequently present fibrosis which appears as a
hypovascular mass and represents a confounding
problem. The knowledge of tumor marker CA 19-9
serum level is useful in discriminating between recur-
rence and postoperative changes (Bluemke et al.
1997); CT-PET examination can recognize the meta-
bolic activity of hypovascular tissue permitting to dif-
ferentiate the two conditions (Ruf et al. 2005).
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1 Introduction ............................... 48 . . .
tance in the evaluation of pancreatic pathology

2 MR Tgchnique ............................. 48 and especially pancreatic tumors thanks to its
2.1 T2-We1 ghted Sequences. .. .................... 48 capacity for noninvasively exploring the pancre-
2.2 T1-Weighted Sequences....................... 48 . h d d 1
2.3 Diffusion Weighted Imaging (DWI). . ... ......... 51 atic parenchyma, ducts and vascular structures.
2.4 MR Cholangiopancreatography (MRCP). ... ... ... 54 > The past limits due to movements artifacts, high
2.5 Secretin MRCP (S-MRCP) .................... 54 acquisition time for T2W Sequences and poor
3 MR Features of Pancreatic Carcinoma . . ... . ... 58 quality dynamic imaging are now swept away
3.1 Identification. .................ccouiiiiiio... 58 by several innovations, as rapid sequences,
3.2 Differential Diagnosis ........................ 62 respiratory trigger compensation, fast high reso-
4 Staging.................... .. 70 lution sequences for dynamic imaging with con-
4.1 Differential Diagnosis .............. ... ... ... 76 trastagent, 2D or 3D cholangio-pancreatography
5 Post-treatment Evaluation. ................... 77 sequences with or without the use of secretin.
References. ... ........ ... ... ... ... .. .. ... 80 > State of the art MRI equipment with high field

magnets, powerful and fast gradients, phased-
array surface coils and dedicated sequences pro-
vides detailed information about a suspicious
pancreatic mass, differentiating it from benign
conditions. MR-cholangiopancreatography
sequence, with or without secretin, delineates
its relations with the main pancreatic duct and
the biliary tree, as well as the dynamic findings
after secretin injection, useful in the differential
diagnosis between benign and malignant stric-
tures. Dynamic imaging with contrast agent
allows staging of the tumor and, similarly to CT,
determines if it is resectable or not.

> In this chapter these aspects will be extensively
analyzed to provide a valid help to understand
all the issues of this pathology and to obtain all
the information, fundamental for the surgeon
and the patient, from a complex examination
as MRI seems to be.

G. Morana (D<), R. P. Mucelli, G. Granieri, and C. Cugini
Radiological Department, General Hospital Ca’ Foncello,
Piazza Ospedale 1, 31100 Treviso, Italy .
email: gmorana@ulss.tv.it

A. Laghi (ed.), New Concepts in Diagnosis and Therapy of Pancreatic Adenocarcinoma, 47
Medical Radiology, DOI: 10.1007/174_2010_52, © Springer-Verlag Berlin Heidelberg 2011



48

G. Morana et al.

1 Introduction

MR Imaging has gained a leading role in the imaging
of the pancreas thanks to most recent technical inno-
vations with either breath hold T1 and T2 weighted
images and respiratory triggered T2 weighted images,
as well as dynamic imaging after injection of contrast
material and with the use of secretin, allowing a great
capacity for noninvasive exploration of the pancreatic
ducts and pancreatic parenchyma, and imaging of the
pancreatic vessels.

2 MR Technique

Actual MR Imaging of the pancreas requires the use
of high-magnetic-field magnets, powerful and fast
gradients, phased array surface coil, parallel imaging
technology, and adapted sequences. The pancreas is
explored both in T2- and T1-weighted sequences, in
axial and coronal planes. MR imaging of the pancreas
is able to provide multiple informations on pancreatic
diseases, from morphology to signal intensity to
vascularization to water diffusion, as well as ductal
imaging with functional informations after secretin
injection. With state of the art MR equipment a com-
plete study of a pancreatic lesion can be conducted in
about 30-40 min (Figs. 1-5).

2.1 T2-Weighted Sequences

2.1.1 Fast Spin-Echo (HASTE, RARE)
Sequence

These are single-shot turbo spin-echo sequence with
half acquisition of the K space with a short echo time
(40-80 ms) and long echo time, in axial and coronal
views. Each slice is acquired in approximately 1 s.
Main features of this sequence are a low sensitivity to
movement artifacts, which makes it suitable in non
cooperative patients. Moreover, it has a great sensitiv-
ity to fluids, which appear highly hyperintense, either
in the pancreas (pancreatic duct, cystic lesions) as well
as around it (stomach and duodenal content; peripan-
creatic fluid collections). Its main disadvantages are a
signal-to-noise ratio lower than the fast multishot spin-

echo sequence and slight blurring, which explains the
lower sensitivity in detection of small, low-contrast
solid lesions. The signal of the normal pancreas is
equal to the liver signal or higher, whereas the ducts
(biliary and pancreatic) appear highly hyperintense.

2.1.2 Conventional T2-Weighted
Fast Spin-Echo Sequence

The most recent sequences are acquired with fat sup-
pression and respiratory compensation. They clearly
show liquid infiltrations in acute pancreatitis, but they
are not really useful in the study of focal solid or cystic
pancreatic lesions.

2.2 T1-Weighted Sequences

2.2.1 GRE T1-Weighted 2D Sequence with
Fat Saturation

In the unenhanced imaging of the pancreas this is the
sequence which best differentiates between normal
and affected pancreas: the normal pancreas appears as
homogeneously hyperintense. This behavior is attrib-
uted to the presence of large quantities of aqueous
protein in the acini of the pancreas, the abundance of
endoplasmic reticulum in the acinus cells, and the
paramagnetic ion-rich content, notably manganese
(Pamuklar and Semelka 2005; Hakimé et al. 2007).
Fatty infiltration and fibrosis reduces the high signal
of the pancreas. Focal or diffuse pancreatic disease
appears as hypointense areas (Fig. 1b). Thus this
sequence can be considered very sensitive to pancre-
atic diseases, but with a low capacity to differentiate
between lesions (Figs. 1b and 5b).

2.2.2 GRE T1-Weighted 3D Sequence with
Small Flip Angle, Interpolation, and
Fat Saturation

This sequence has been suggested in the dynamic
imaging after injection of gadolinium chelates; thanks
to its excellent contrast after bolus injection of contrast
agent and thin slices, it is possible to reconstruct the
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Fig. 1 Pancreatic carcinoma. (a) On TSE T2w fat suppressed
image the pancreatic tumor appears as a slightly hypointense
mass in the pancreatic head with irregular margins. (b) On T1w
fat suppressed image the pancreatic tumor appears hypointense

with irregular borders. (c—e) Dynamic imaging after bolus injec-
tion of paramagnetic contrast agent. The tumor appears hypoin-
tense either in the arterial phase (c), as well as in the venous (d),
and distribution phase (e)
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Fig. 2 Pancreatic carcinoma. (a) On TSE T2w image a small
isointense pancreatic lesion in the pancreatic neck with slightly
irregular borders can be appreciated. (b) On T1w fat saturated
image the lesion appear hypointense. (¢) After bolus injection of
paramagnetic contrast agent the tumor appears hypointense with

rim enhancement. (d) MRCP shows an abrupt stenosis of the
MPD, highly suspicious for malignancy. (e) After secretin injec-
tion the stenosis of the MPD persists (negative duct penetrating
sign), highly suspicious for malignancy
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vessels with MIP or VR techniques. These sequences
have been suggested to combine parenchyma and vas-
cular imaging.

Dynamic imaging of the pancreas is necessary in
the study of solid or cystic pancreatic lesions. After a
test bolus in order to evaluate the correct timing of
acquisition, an arterial, pancreatic (late arterial), venous
and delayed sequences are consecutively acquired
(Fig. 1c—e). Arterial phase (15-20 s after injection of
contrast medium) is useful in the post processing, in
order to evaluate the arterial tree in the pancreatic
region, and in the evaluation of solid hypervascular
lesions. In this phase pancreatic enhancement is greater
than liver enhancement. The pancreatic phase is usu-
ally obtained about 15 s after the peak bolus in the

abdominal aorta (Kanematsu et al. 2000) and is useful
in the identification of solid pancreatic lesions, as well
as the venous phase (45 s after the injection of contrast
medium). When looking for fibrous material (such as
in groove pancreatitis), a delayed sequence can be
added 10 min after injection of the contrast.

2.3 Diffusion Weighted Imaging (DWI)

DWI measures change in the microscopic diffusion of
water due to Brownian motion. DW images are
acquired with the single-shot echoplanar technique
(SE-EPI-SSh), a spin-echo sequence to which two

Fig. 3 Pancreatic carcinoma. (a) On TSE T2w fat suppressed
image a large slightly hyperintense pancreatic lesion is appreci-
ated in the body of the pancreas. (b) On Tlw fat saturated
sequence the lesion appear hypointense. (¢, d) Dynamic imag-
ing after bolus injection of paramagnetic contrast agent. The
tumor appears hypointense either in the arterial phase (c) as well
as in the venous (d) phase. (e) At MRCP an abrupt stenosis with
upstream dilatation of both MPD and biliary duct (“double duct

sign”), with atrophy of the pancreatic gland upstream and dila-
tion of the main pancreatic duct. F-H. DWI at b0 (f), b 800 (g)
and ADC map (h). The tumor appears highly hyperintense at
high b-value (b = 800 s/mm?) due to restricted free water mole-
cules motions because of its high cellularity. The ADC map
shows low values of the focal lesion in comparison to the normal
pancreatic gland
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Fig.3 (continued)

additional equal gradients but opposite in direction are
added immediately before and after the 180° impulse.
The amount of breadth and duration of the diffusion
gradients influences the diffusion weighting of the
sequence, defined by the factor b and expressed in sec-
onds per millimeters squared (s/mm?) (Colagrande
et al. 2008). The sequence is generally repeated for
various b values, resulting in the acquisition of differ-
ent Diffusion Weight for each section of image.
Finally, the different DW images are used to obtain
the respective ADC maps which allow a quantitative
analysis of the signal by positioning a ROI on the
structure being studied.

DWI has been proposed as a diagnostic tool in neo-
plastic diseases based on the principle that malignant
lesions have a denser cellularity with larger volume,
with a reduction of the extracellular space leading to
restriction of the free movement of water particles.
This condition results in a lower ADC values and
hyperintensity on diffusion-weighted (DW) images

with high b values. On the contrary, benign lesions
(such as benign tumors or inflammatory lesions) are
characterized by an increase of the extracellular space,
with conservation of the diffusion of water molecules,
which is displayed as high ADC values and hypointen-
sity on DW images with high b values.

Till recently DWI of the pancreas as well as upper
abdomen has been of limited utility due to the pres-
ence of bulky physiologic motions: respiration move-
ments, bowel peristalsis and blood flow hindered the
application of the sequence due the long acquisition
time. The recent application of parallel imaging as
well as respiratory triggering has made the application
of DWI in the upper abdomen part of the routine in the
state of the art MR equipments (Kartalis et al. 2009).

However, some drawbacks have to be well known:
the long TR of the acquisition gives to the sequences a
T2 weight with low b value (0-50), which tends to dis-
appear increasing the b value (>400), but still consid-
erable even at higher b value, thus still giving a high



The Case for MRI

Fig. 4 Pancreatic carcinoma with necrotic changes. (a) On
TSE T2w image a large oval irregularly shaped lesion with
inhomogeneous high signal intensity is depicted in the pancre-
atic tail. (b) On unenhanced T1w fat suppressed image the
lesion is homogeneously hypointense. (¢, d) Dynamic imag-
ing after bolus injection of paramagnetic contrast agent. The
tumor appears hypointense either in the arterial phase (c), and

markedly hypointense in the venous phase (d) due to the pres-
ence of necrosis. DWI at b0 (e), b 800 (f) and ADC map (g).
The tumor appears highly hyperintense at high b-value (b =
800 s/mm?) due to restricted free water molecules motions
because of its high cellularity. The ADC map shows low val-
ues of the focal lesion in comparison to the normal pancreatic
gland
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Fig. 4 (continued)

signal to water even in unrestricted conditions with
high b values (T2 shine through).

Moreover with low b values, the signal is also depen-
dent to capillary perfusion, while the importance of
water diffusion increases with high b values (Colagrande
et al. 2008). Thus, ADC represents microcirculation of
blood (perfusion) as well as molecular diffusion of
water, and some Authors suggest to calculate pure dif-
fusion by using two high b values (500-1,000), thus
eliminating the quota of perfusion (Lee at al. 2008).
Normal pancreas on DWI shows a signal intensity simi-
lar to that of the liver in the different b values (Fig. 6).
ADC value of normal pancreas has been reported to be
higher than those of pancreatic cancer and mass-form-
ing pancreatitis (Lee et al. 2008; Matsuki et al. 2007).

2.4 MR Cholangiopancreatography
(MRCP)

Highly T2-weighted sequences render static fluid or
slow-flow structures very hyperintense with a very low
signal from solid structures. Different and complemen-
tary approaches are used: 2D T2w single shot fast spin
echo, thick and/or thin multi-slice sequences, and 3D
T2w.

2D T2w thick-slab sequence has usually a width of
40-70 mm in order to comprise all the pancreatic duct.
It can be obtained in all planes although it is generally
acquired in the coronal plane and only requires a less
than 3-s breath hold. It provides excellent biliary and

pancreatic mapping, with no respiratory artifacts and
few susceptibility artifacts and good planar resolution.
Better quality of the images are obtained after oral
administration of superparamagnetic contrast agent,
such as true contrast agent (1 mL gadolinium chelate
in 250 mL water) or fruit juice (pineapple, blueberry,
cranberry, etc.), which lower the signal of the fluid
content of the stomach and duodenum (Fig. 7a, b). The
IV administration of paramagnetic contrast agent gives
a superior image quality of MRCP thanks to the T2*
effect of gadolinium, which suppresses the overlap-
ping vessel signals as well as the signal from liquids in
the interstitial compartment of the pancreatic gland,
while the signal from the ducts is unaffected (Fig. 7c)
(Takahashi et al. 2000).

2D T2w thin-slab sequence is the HASTE sequence
described above, consisting in a series of 4- to 6-mm
contiguous slices acquired with a shorter echo time and
echo train than thicker slices. This sequence therefore
visualizes not only the ducts, but also the solid organs.

Moreover, 3D T2w techniques have been imple-
mented with respiratory triggering and free breathing,
which provide a very high spatial resolution and a iso-
tropic voxel, allowing a multi view approach thanks to
multiplanar and postprocessing capabilities of the
acquired slices; images are of superior quality and give
better delineation of pancreaticobiliary anatomy than
conventional 2D images (Zhang et al. 2000).

2.5 Secretin MRCP (S-MRCP)

Administration of secretin stimulates the production of
fluid and bicarbonate by the exocrine pancreas with an
increase of the flow rate of the pancreas almost imme-
diately and for a few minutes after. At the same time an
increase in Oddi’s sphincter (SO) tone is appreciated.
In normal subjects, an increase in the main duct pres-
sure is observed after 1 min with an almost complete
return to baseline values after 5 min, after reversion of
SO contraction (Matos et al. 2002). The rise in the
fluid volume of the main pancreatic duct (MPD) makes
it more clearly visualized at MRCP. Serial acquisition
of pancreatic duct with 2D thick slab sequence with a
time interval of 30"-60" for 15 min after IV administra-
tion of 1 mL/kg bw secretin gives a dynamic visualiza-
tion of the pancreatic response to secretin (Manfredi
et al. 2000; Akisik et al. 2006; Fukukura et al. 2002).
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Fig. 5 Chronic sclerosing pancreatitis of the head of the pan-
creas. (a) On TSE T2w image a large lesion with low signal
intensity can be appreciated in the head of the pancreas. (b) On
unenhanced T1w fat suppressed image the lesion is homoge-
neously hypointense. (c—e) Dynamic imaging after bolus injec-
tion of paramagnetic contrast agent. The lesion shows
progressive contrast enhancement in the arterial (c), venous (d)
and distribution phase (e). At MRCP (f) the Wirsung’s duct

DFOV:26,6x26,6cm

cannot be appreciated at the level of the lesion, with upstream
dilation. DWI at b0 (g), b 800 (h) and ADC map (i, 1). The
lesion does not show significant hyperintensity at high b-value
(b = 800 s/mm?) due to fibrous component. However the ADC
map (i) shows low values of the focal lesion in comparison to
the normal pancreatic gland (1), which shows normal signal
intensity at unenhanced T1w fat suppressed image (m)
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Fig. 5 (continued)
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Fig. 6 Normal pancreas. The pancreas show a signal intensity similar to that of the liver either on TSE T2w image (a), T1w with fat
saturation (b), DWI b0 (¢), DWI b 400 (d), DWI b 800 (e) and ADC map (f). In the liver an hemangioma can be appreciated
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Fig. 7 MCRP with 2D T2w thick-slab sequence provides an
excellent evaluation of biliary and pancreatic ducts anatomy,
without respiratory artifacts (a); the administration of oral
superparamagnetic contras agent (such as pineapple juice)
improves the quality of the image, as it lowers the signal of the

The advantages of secretin MRI are therefore both
morphological and functional:

Morphological: better visualization of the MPD,
easier detection of the anatomical variants, such as
pancreas divisum; clear depiction of obstruction,
stenosis, dilatation and irregular contours of the duct.
As a whole secretin MRCP increases the negative pre-
dictive value of MR imaging of the pancreas (Hellerhoff
et al. 2002).

Functional: visualization of side branches at body-
tail after secretin is a sign of early chronic pancreatitis;
an abnormally prolonged dilatation of the MPD
(>3 mm 10 min after secretin injection) indicates a
deficit of pancreatic juice outflow; the parenchymo-
gram (parenchymal enhancement) is a sign of recur-
rent acute pancreatitis; a reduced duodenal filling
suggests a decrease of pancreatic exocrine reserve.

fluid content of stomach and duodenum (b). The intravenous
administration of paramagnetic contrast agent allows superior
image quality of MRCP (c¢). A large IPMT of the secondary duct
in the uncinate process can be appreciated

3 MR Features of Pancreatic
Carcinoma

3.1 Identification

The gross pathological features of pancreatic carci-
noma are represented by a mass with irregular ill-
defined contour with a significant fibrous component,
and less frequently necrotic changes. Lack of capsule
is responsible for early spread of the lesion to the sur-
rounding structures, with special regard to vascular
and neural infiltration.

On unenhanced MR imaging, pancreatic carcinoma
shows a slightly different signal on T2w images from
the surrounding pancreas, from minimally hypointense
(Fig. 1a) to isointense (Fig. 2a) to slightly hyperintense
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(Fig. 3a), making it difficult to be identified when
small. In case of necrotic or cystic degeneration of the
lesion, these can be easily identified due to their hyper-
intensity on T2w images (Fig. 4a) (Balci and Semelka
2001). T2w images with fat saturation are considered
useful in the staging of the lesion, for the evaluation of
lymph node and peritoneal or hepatic metastases
(Zhong et al. 2007), where MRI is considered more
sensitive in comparison to MDCT (Schima et al. 2007,
Miller et al. 20006).

With MRCP the stenosis of the MPD can be easily
identified with dilation upstream (Fig. 8) (Sahani et al.
2008; Miller et al. 2006; Matos et al. 2002); in case of
tumor in the head of the pancreas, a stenosis of the
intrapancreatic biliary duct can be seen, with dilation
upstream as well as the stenosis of both biliary and
pancreatic duct (“double duct sign”: Figs. 3e and 9)
(Lopez Hénninen et al. 2002).

However, stenosis of the biliary duct and MPD can
be appreciated also in case of chronic pancreatitis or
inflammatory duodenal lesions (Manfredi et al. 2000).
An abrupt stenosis with sharp margins is indicative of
a malignant stenosis (Fig. 2d), while an irregular
shape with severe dilation, mural irregularity and
obstructions is more indicative for a chronic inflam-
mation of the pancreas (Fig. 10). Moreover, second-
ary duct dilation is more frequently seen in case of
pancreatic carcinoma instead of other tumors in the
periampullary region (Kim et al. 2002).

On Tlw images pancreatic carcinoma usually
appears as a mass of low signal in comparison to the
normal pancreas (Figs. 1b, 2b, 3b, and 4b). Moreover,
the obstruction of the MPD is responsible for a
chronic obstructive pancreatitis of the pancreatic
gland upstream, which has the same low signal on
T1w imaging, masquerading the real extension of the
tumor making it indiscernible from the pancreatic
tumor on T2w and especially on T1w images (Hakimé
et al. 2007). Later, the obstruction of the MPD is
responsible for the dilation of the duct and the atro-
phy of the pancreatic gland upstream (Fig. 3e).

On dynamic imaging after injection of paramag-
netic contrast agent, the presence of an abundant
fibrous stroma within the tumor makes the tumor
hypovascular, thus appearing hypointense to the sur-
rounding parenchyma (Figs. lc—e, 2c, and 3c, d), but
it can be responsible for a delayed enhancement with
secondary isointensity of the lesion (Fig. 8c, d)
(Miller et al. 2006). Isointensity of the tumor to the
surrounding parenchyma as well as coexisting or

secondary chronic pancreatitis upstream can make
the identification of the tumor as well as differential
diagnosis with chronic pancreatitis difficult (Birchard
et al. 2005; Zins et al. 2005). Some Authors suggest
that time-intensity curve of the lesion is useful for the
differential diagnosis between the pancreatic carci-
noma and mass-forming pancreatitis (Tajima et al.
2007). Hata and Colleagues have correlated the
enhancement pattern on CT with the vessel density
and the amount of fibrous stroma; results of the study
suggest a direct correlation between vessel density
and fibrous content and the amount of enhancement
(Hata et al. 2010). Same results were obtained by
Johnson et al. (1999) with MR.

Diffusion Weighted Imaging: ADC values of the
tissues are dependent on the cellularity and amount
of tissue fibrosis. Pancreatic carcinoma in most
papers shows a restricted diffusion of free water with
high (>500) b values, thus appearing hyperintense
on DW images at high b value (Figs. 3g and 9f).
ADC maps show low values of the tumor in compari-
son to normal pancreatic parenchyma (Figs. 3h and
9g) (Fattahi et al. 2009). However, similar findings
have been described also with benign inflammatory
lesions (Fig. 5i). The low ADC value of pancreatic
cancer and mass-forming pancreatitis may stem from
its high cellularity and abundant fibrosis, common
histopathological features of pancreatic cancer and
mass-forming pancreatitis (Lee et al. 2008). In
chronic pancreatitis, fibrosis and chronic inflamma-
tion lead to destruction and permanent loss of exo-
crine pancreatic tissue, with replacement of normal
pancreatic parenchyma with fibrous tissue which
may reduce the diffusion of tissue water and result in
decreased measured ADCs (Akisik et al. 2009). In
autoimmune pancreatitis, the lymphocytic infiltra-
tion of the pancreatic gland cause a restriction of the
movement of free water, with a signal on DW images
and ADC maps similar to pancreatic carcinoma
(Fig. 11). Lee et al. (2008) reported a significantly
lower ADC values for mass-forming pancreatitis
compared with those for pancreatic cancer. High b
values (up to 1,000) are requested in order to obtain
a good differentiation between benign and malignant
solid lesions (Tsushima et al. 2007), although with
high b value there is a decrease in signal-to-noise
ratio. However, still doubt remains about the repro-
ducibility of these results (Braithwaite et al. 2009).
Moreover, the overall diagnostic performance of
these parameters in differentiating pancreatic cancer
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Fig. 8 Small pancreatic carcinoma. (a) On TSE T2w image a
small lesion with high signal intensity can be appreciated in the
head of the pancreas. (b) On unenhanced T1w fat suppressed
image the lesion is homogeneously hypointense. (¢, d) Dynamic
imaging after bolus injection of paramagnetic contrast agent.
The lesion is hypointense in the arterial phase (c), to become
isointense in the venous phase (d). During arterial phase a round

hypervascular lesion is appreciated in the groove region, due to
normal pancreatic parenchyma whose drainage is not hampered
by the Wirsung’s stenosis (via Santorini duct). At MRCP (e) the
Wirsung’s duct cannot be appreciated at the level of the lesion,
with upstream dilation. After injection of Secretin the stenosis
of the Wirsung’s duct still persists (f)
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Fig. 9 Pancreatic carcinoma. (a) On TSE T2w image an isoin-
tense lesion can be appreciated in the head of the pancreas.
(b) On unenhanced T1w fat suppressed image the lesion is
homogeneously hypointense. (¢, d) Dynamic imaging after
bolus injection of paramagnetic contrast agent. The lesion is
hypointense either in the arterial (c) as well as in the venous

phase (d). At MRCP (e) a “double duct” sign can be appreciated,
with upstream dilation of both the choledocus and Wirsung’s
duct. DWI at b 800 (f) and ADC map (g). The lesion shows
significant hyperintensity at high b-value due to high cellularity.
The ADC map shows low values of the focal lesion in compari-
son to the normal pancreatic gland at the level of the tail
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Fig. 9 (continued)

from mass-forming pancreatitis was similar to or
slightly inferior to those of various diagnostic exam-
inations reported in previous studies, with sensitivi-
ties ranging from 72.3% to 87.2% and specificities
from 61.5% to 76.9%. Further study is required to
evaluate the actual additional values of the quantita-
tive analysis of DWI for differentiating pancreatic
cancer from mass-forming pancreatitis compared
with the values of conventional anatomic imaging
studies (Lee et al. 2009).

3.2 Differential Diagnosis

A variety of non-neoplastic and neoplastic abnormali-
ties may mimic pancreatic adenocarcinoma. A lesion
whose location suggests a pancreatic origin requires a
correct differential diagnosis (To’o et al. 2005). The
complex structure of the pancreas and the anatomical
relationship between the gland and surrounding organs
and structures, is often a diagnostic challenge in differ-
entiating between a primary pancreatic neoplastic pro-
cess, a flogistic lesion and a peripancreatic abnormality.

3.2.1 Focal Chronic Pancreatitis

The most common mass-like lesion that simulates a pan-

creatic adenocarcinoma is a focal chronic pancreatitis.
Chronic pancreatitis is a rare disease (7-10 per-

sons/100,000/year) (Kawaguchi et al. 1991), characterized

Fig. 10 Chronic pancreatitis. MRCP image depicts a highly
dilated MPD with “corona di rosario” appearance, suggestive
for benign chronic inflammation

by fibro-inflammatory changes to the pancreatic tissue. It
may develop in association with alcohol abuse, smoking,
gene mutations, autoimmune syndromes, metabolic dis-
turbances, environmental conditions and anatomical
abnormalities. The largest number of patients is found in
industrialized countries and approximately 80% of them
are alcoholics. Patients with this disease have an increased
risk of developing a pancreatic cancer later in life, espe-
cially if they have an hereditary form of chronic pancreati-
tis that starts very early in life.

The pathology of chronic pancreatitis was consid-
ered to be uniform, but currently it is more seen as
varying according to the etiology of the disease. The
rather vague term of “chronic sclerosing pancreatitis”
should be replaced by etiologically derived terms such
as “alcoholic chronic pancreatitis,” “hereditary chronic
pancreatitis,” “obstructive chronic pancreatitis,” “auto-
immune pancreatitis,” ‘“paraduodenal pancreatitis”
(groove pancreatitis, cystic dystrophy of heterotopic
pancreas) (Kloppel 2007).

For the pathogenesis it is important to note that
alcoholic chronic pancreatitis, hereditary chronic pan-
creatitis and paraduodenal pancreatitis evolve from
recurrent acute pancreatitis.

Chronic pancreatitis can be associated with a range
of anatomic abnormalities of the pancreas, including
atrophy or enlargement of the organ, ductal dilatation
and calcifications.

Approximately 20% of patients with chronic pan-
creatitis develop a focal inflammatory mass (Schima
et al. 2007), which may closely mimic a pancreatic
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Fig. 11 Autoimmune pancreatitis. (a) On TSE T2w image a
large lesion with intermediate signal intensity can be appreci-
ated in the body of the pancreas. (b) On unenhanced T1w fat
suppressed image the lesion is homogeneously hypointense.
(c—e) Dynamic imaging after bolus injection of paramagnetic
contrast agent. The lesion shows progressive contrast enhance-
ment in the arterial (c), venous (d), and distribution phase (e). At

13
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MRCP (f) the Wirsung’s duct is markedly narrowed with irregu-
lar shape, even if it penetrates the mass. DWI at b 600 (g) and
ADC map (h, i). The lesion shows significant hyperintensity at
high b-value due to high cellularity. The ADC map shows low
values of the focal lesion (h) in comparison to the normal pan-
creatic gland (i), which shows normal signal intensity at unen-
hanced T1w fat suppressed image (1)
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Fig. 11 (continued)

cancer (Fig. 20). In this case the differential diagnosis
becomes an important diagnostic challenge for the
radiologist because of its clinical relevance: firstly,
patients with chronic pancreatitis have higher risk of
developing pancreatic adenocarcinoma; secondly, sub-
jects with pancreatic adenocarcinoma often develop
chronic pancreatitis related to duct obstruction by the
neoplastic mass, even a small one.

These two entities may be virtually indistinguish-
able on the basis of morphologic features or enhance-
ment pattern at MR; both of them show hypointensity
on unenhanced T1-weighted fat-suppressed images,
hypovascularity in pancreatic arterial phase and delayed
enhancement with isointensity in venous and equilib-
rium phases, due to the presence of an abundant fibrous
stroma both in adenocarcinoma and in focal pancreati-
tis (Fig. 20) (Miller et al. 2006).

In chronic pancreatitis, there are often calcifications
that are rarely present in adenocarcinoma, even if the
detection of calcifications, especially if tiny, can be
hard on MRYI, as they appear as signal voids.

Furthermore, inflammatory changes in chronic pan-
creatitis may result in local lymphadenopathy, peri-
pancreatic fat stranding and vessel involvement.

Some authors have proposed the use of Mangafodipir
trisodium (Mn-DPDP) in the evaluation of focal pancre-
atic lesion. Mn-DPDP is a contrast agent that after intra-
venous infusion is uptaken by functioning hepatocytes
and has also a significant uptake into the pancreatic gland.
It shortens the T1 relaxation time, leading to an increase
in signal intensity of targeting tissues on T1-weighted
images. Signal intensity enhancement lasts for several
hours. The rational of its use in pancreatic lesions assess-
ing is that there is a very little uptake of the agent into
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pancreatic tumors compared to the normal pancreatic tis-
sue, but it was shown that in the differentiation between
focal pancreatitis and adenocarcinoma this contrast agent
could not be conclusive, as the inflammatory alterations
may results in lack of Mn-DPDP uptake, mimicking a
tumor (Schima et al. 2002). Furthermore at the time in
which this chapter was written, the production of
Mn-DPDP was suspended and it is not anymore available
for the clinical use.

MRCP is an important tool in the differentiation of
most of these pancreatic lesions. Morphologic change
of the MPD may be one of the most useful factor for
distinguishing a focal chronic pancreatitis from an ade-
nocarcinoma. The most characteristic findings for can-
cer, derived from ERCP semeiotic, are complete
obstruction of the MPD and dilatation of the upper
stream of the MPD (Fig. 2d). In contrast, a non
obstructed MPD penetrates the mass more frequently in
focal chronic pancreatitis and this sign is called “duct
penetrating sign” (Fig. 11f), although stenotic change of
the intralesional portion of the MPD, dilatation of its
upper stream and obstruction of small side branches
may not be rare (Fig. 5f).

Even in case of complete obstruction of Wirsung’s
duct, after injection of secretin, the “duct penetrating
sign” on MRCP images is more frequently observed in
a focal inflammatory lesion (Fig. 12) than in cancer
(Figs. 2d, e), with a sensitivity of 85% and specificity
of 96%; if the “duct penetrating sign” is defined as only
normal MPD penetrating the mass, the specificity raises
to 100%, although the sensitivity is 36% (Ichikawa
et al. 2001). However, overlapping between benign and
malignant stenosis can be observed (Fig. 11).

DWI sequences may be an additional tool in the eval-
uation of a pancreatic mass and in its differential diagno-
sis, with most of pancreatic cancers having high signal
intensity respect to low signal intensity of mass-forming
chronic pancreatitis on high b-value DWI images.
Significantly different ADC values, higher for pancreatic
cancer have been reported (Takeuchi et al. 2008),
although overlap can be observed (Figs. 3h, 51, and 9g).

3.2.2 Groove Pancreatitis (Paraduodenal
Pancreatitis, Cystic Dystrophy of
Heterotopic Pancreas)

Clinically this rare type of pancreatitis is found predom-
inantly in male patients (40-50 years) with a history of

alcohol abuse. The clinical setting is similar to the usual
form of chronic pancreatitis, but recurrent vomiting, due
to duodenal stenosis and impaired motility, tends to be
more pronounced in groove pancreatitis. Jaundice is not
usual and if present often fluctuates. Amylase serum
levels may be elevated (Blasbalg et al. 2007).

Histologically, there is thickening and scarring of the
duodenal wall, particularly in the area corresponding to the
minor papilla, that extend to the adjacent pancreatic tissue
and/or cystic changes in the duodenal wall. The cysts con-
tain clear fluid but sometimes granular white material and
even stones can be found. Occasionally, some of the cysts
may have diameter of several centimeters. The fibrotic tis-
sue that develops in the duodenal wall also involves the
groove between the duodenum and the pancreatic head,
which may compress and indent the common bile duct.

Even if alcohol abuse appears as an important risk
factor, the location of the inflammatory process, that
resides in the duodenal submucosa, in the duodenal wall
and in the adjacent pancreatic tissue, suggests that there
may be some anatomic variation in the region of the
minor papilla that makes this area particularly suscepti-
ble to alcohol injury. It is conceivable that the fluids out-
flow may be obstructed at the level of the minor papilla,
as in some cases of “pancreas divisum.” The frequent
presence of the so-called heterotopic pancreatic tissue in
the duodenal wall may reflect the incomplete involution
of the dorsal pancreas in this region and contribute to an
obstruction of the outflow in this area (Kloppel 2007).

Groove pancreatitis is usually classified into pure
and segmental forms (Stolte et al. 1982). The pure
form affects exclusively the groove; the segmental
form extends to the pancreatic head despite a clear pre-
dominance in the groove.

The most characteristic finding on MRI is a sheet-
like mass between the head of pancreas and the C-loop
of duodenum (the so-called groove). The mass is
hypointense to pancreatic parenchyma on T1-weigheted
images and can be hypo-, iso- or slightly hyperin-
tense on T2-weighted images (Fig. 13). This variation
in T2 signal can be attributed to the time of onset of
the disease because subacute disease shows brighter
T2 images due to edema, while chronic disease has a
lower signal due to fibrosis (Blasbalg et al. 2007). Fat-
suppressed T1-weighted images reveal the best delin-
eation of the pancreatic head (normal hyperintensity,
if the pancreatic head is spared as in the pure form)
from the hypointense mass in the pancreatico-duodenal
groove (Fig. 13b) (Castell-Monsalve et al. 2008).
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Fig. 12 Autoimmune pancreatitis, same patient of Fig. 11,
6 months after steroid therapy. (a) On TSE T2w image the
lesion is smaller with normal signal intensity. (b) On unen-
hanced T1w fat suppressed image the lesion is slightly hypoin-
tense. (c—e) Dynamic imaging after bolus injection of
paramagnetic contrast agent. The lesion shows progressive
contrast enhancement in the arterial (c¢), venous (d), and

distribution phase (e). At MRCP (f) the Wirsung’s duct is still
markedly narrowed; however after secretin injection (g) the
duct shows a good response with enlargement at the level of
the lesion (“duct penetrating sign”). DWI at b 600 (h) and
ADC map (i). The lesion shows isointensity at high b-value.
The ADC map shows high values of the focal lesion (i) in com-
parison to the normal pancreatic gland
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Contrast-enhanced dynamic images show a delayed
and progressive enhancement in the late phase that
reflects the fibrous nature of the tissue (Fig. 13c, d).

When pancreatic head or the entire gland is involved,
hypointensity on T1-weighted images is observed; in
groove pancreatitis usually the MPD is normal. A ductal
dilatation with secondary ducts ectasia is seen in some
patients, when groove pancreatitis and diffuse chronic
inflammatory disease are both present (Fig. 13e). Some
patients may present with focal enlargement of the pan-
creatic head.

Cystic lesions are well depicted in the groove or in
the duodenal wall, especially in T2-weighted images
(Fig. 13e). MRCP helps to show the relationship
between the ductal system and the cystic changes.

Usually the duodenal wall is thickened and this sign
should be carefully searched, as it is not commonly
associated with tumors in the pancreatic head.

Sometimes the common bile duct appears stenotic,
but this tapering is characteristically regular in contrast
to the abrupt aspect of stenosis in pancreatic cancer
(Fig. 13e) (Blasbalg et al. 2007).

An important differentiating point is the absence of
vascular encasement in groove pancreatitis, with left-
ward vascular (gastroduodenal artery) displacement
without obstruction (Fig. 13c); pancreatic carcinoma
extending to the groove or duodenal wall invades
along peripancreatic vessels (Castell-Monsalve et al.
2008).

3.2.3 Autoimmune Pancreatitis
Autoimmune pancreatitis is a special type of chronic

pancreatitis. It is a relatively new entity and it has been
increasingly recognized. It has a prevalence of 1-6%
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Fig. 13 Groove pancreatitis. (a) HASTE image shows a small
cyst in the head of the pancreas. (b) On unenhanced T1w fat
suppressed image a “sheet-like” mass with regular borders
between the pancreatic head and the C-loop of the duodenum
can be appreciated. (¢, d) dynamic imaging after bolus injection

of cases of chronic pancreatitis (Pearson et al. 2003).
Most of the affected patients are 40—60 years old, with
a strong male preponderance. There is an association
between autoimmune pancreatitis and other autoim-
mune disorders such as Crohn’s disease, Sjogren’s syn-
drome, rheumatoid arthritis, primary sclerosing
cholangitis, primary biliary cirrhosis, ulcerative colitis,

of paramagnetic contrast agent. The lesion shows progressive
contrast enhancement in the arterial (c) to distribution phase (d).
At MRCP (e) the Wirsung’s duct is markedly narrowed with
dilation upstream also of the secondary ducts, sign of obstruc-
tive chronic pancreatitis

systemic lupus erythematous and retroperitoneal fibro-
sis (Okazaki and Chiba 2002).

Clinical symptoms are nonspecific and include
abdominal pain, weight loss, anorexia, recent-onset
diabetes, absence of alcohol excess and jaundice.
Jaundice is caused by direct involvement of the bile
duct by the fibro-inflammatory process and occurs in
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about 75-80% of the cases (Kloppel 2007). Recently it
has been observed that IgG4 levels are commonly ele-
vated in patients with autoimmune pancreatitis. A
good response to steroid therapy has been described
(Kuroiwa et al. 2002).

The pathologic gross appearance of autoimmune
pancreatitis mimics pancreatic ductal adenocarcinoma
because the inflammatory process commonly focuses on
the head of the pancreas and leads to a gray to yellowish-
white induration of the affected tissue with loss of its
normal lobular structure. The involved portion may be
enlarged. These changes cause obstruction of the MPD
and usually also of the distal bile duct, including the
papilla. In a minority of cases, body or tail of the pan-
creas are involved. Diffuse involvement of the pancreas
may also be seen. In contrast to other types of pancreati-
tis, there are no pseudocysts. The hallmark of the histo-
logical changesis an intense inflammatory cell infiltration

of lymphocytes, plasma cells, some macrophages and
eosinophilic granulocytes. Frequently there is a vasculi-
tis affecting the small veins; less commonly there is an
obliterative arteritis (Kloppel 2007). Pancreatic calcifi-
cations are absent in AIP (Kloppel 2007), although pan-
creatic stone formation in some patients with AIP has
been seen, suggesting that autoimmune pancreatitis has
the potential of being a progressive disease with pancre-
atic stones (Takayama et al. 2004).

At MR imaging there is an enlargement of the pan-
creas, which is usually diffuse (“sausage shape”:
Figs. 14 a, b) but can be focal (Fig. 11), with a hypoin-
tense capsule-like rim that is smooth and well-defined
due to peripancreatic inflammation and fibrosis
(Fig. 14a). In some cases a minimal peripancreatic fat
stranding can be seen (Sahani et al. 2004). On
T2-weighted images the pancreas shows an increased
signal intensity compared with the signal intensity of

Fig. 14 Diffuse autoimmune pancreatitis. (a) HASTE image
shows a diffuse enlargement of the pancreas with “sausage
shape.” (b) Dynamic imaging after bolus injection of paramag-
netic contrast agent, venous phase. The pancreas show reduced

enhancement with a capsule-like rim enhancement. (¢c) MRCP
demonstrates a stenosis of the intrapancreatic common bile duct
with the upstream biliary tree dilation due to inflammatory cel-
lular infiltration associated to a diffuse narrowing of the MPD
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the liver, with the hypointense capsule-like rim usually
best demonstrated (Fig. 14a) (Albaraz et al. 2009;
Morana et al. 2005; Wakabayashi et al. 2003). A nar-
rowing of the intrapancreatic common bile duct with
dilatation of the upstream biliary tree may be observed,
due to inflammatory cellular infiltrate causing thicken-
ing of the duct wall. Thus, the MPD appears non-
dilated or diffusely narrowed, where narrowing is
usually longer than the stenosis of the MPD in pancre-
atic cancer (Fig. 14c). Mild dilatation of the MPD
upstream the affected area may occur.

On T1-weighted images the affected pancreas shows
a decreased signal intensity compared with the signal
intensity of the liver, due to pancreatic fibrosis, with dis-
tinctive reduction in signal on fat saturated sequences.
Contrast enhancement of the affected pancreatic paren-
chyma is usually reduced, with a delayed contrast
enhancement of the capsule-like rim (Fig. 14b).

The invasion of vessels, vascular encasement, mass
effect, and fluid collections are absent (Fig. 11d) (Sahani
et al. 2004).

After steroid therapy abnormal signal intensity of the
pancreas improves to isointensity with that of the liver
both in T1 and T2 weighted images; pancreas returns to
normal size or becomes atrophic, the capsule-like rim
disappears and stenosis of lower common bile duct
improves with subsequent decompression of the biliary
tree ad well as of the pancreatic duct (Fig. 12) (Albaraz
et al. 2009; Morana et al. 2005).

The role of Diffusion Weighted images (DWI) is not
well established yet. Lee et al. (2008) report statistically
different ADC values between autoimmune pancreatitis
and pancreatic cancer both at b 500 and b 1,000, thus
helping in the differential diagnosis. Moreover, some
Authors propose this sequence in the evaluation of auto-
immune pancreatitis especially in its follow-up after
steroids therapy (Taniguchi et al. 2009). In this study,
autoimmune pancreatitis showed high signal intensity
on DWI, which improved after steroid treatment
(Figs. 11g and 12h). The Authors demonstrated that
ADCs of the affected pancreas and IgG4 index were
significantly inversely correlated, thus suggesting that
ADCs reflected disease activity (Figs. 11h and 12i).
However, DW signal and ADC map are similar to pan-
creatic carcinoma (Figs. 3h and 11h), making the dif-
ferential diagnosis difficult. The clinical finding of the
existence of an autoimmune disorder is an important
clue to suspect an autoimmune pancreatitis, although
this finding is reported only in about 50% of the cases.

4 Staging

Surgical resection is the only curative treatment of
pancreatic carcinoma. Unfortunately, at surgical explo-
ration only 5-30% of the tumors are amenable to
resection (Cooperman et al. 2000; Wray et al. 2005).
Even in expert hands, Whipple’s procedure has a mor-
tality up to 4% while exploratory laparotomy has a
morbidity up to 25% (Birkmeyer etal. 2002). Therefore,
the principle goal of preoperative staging is to identify
all resectable diseases to avoid surgical exploration to
those patients with unresectable disease.

Staging of pancreatic carcinoma is based on the
TNM classification, thus on dimensions and exten-
sions of primitive tumor (T), presence or absence of
metastatic lymph nodes (N), presence or absence of
distant metastases (M) (Tamm et al. 2003; Liu and
Traverso 2005).

Based on TNM, the most used classification of the
extension of the pancreatic cancer are that of the Union
Internationale Contre le Cancer (Sobin and Wittekind
2002), the AJCC (Greene et al. 2002) and of the Japan
Pancreas Society (Pancreatic Cancer Registration
Committee in Japan Pancreas Society 2003) (Seiki
et al. 2004; Isaji et al. 2004). As a whole, according to
the different stages of T, N and M, pancreatic cancer is
classified as locally resectable, locally unresectable
and unresectable for distant metastases.

As concern the T parameter, last changes in TNM
classification have extended the number of patients
amenable to surgical resection, as T4 now is consid-
ered only the tumor which infiltrates either the celiac
axis or the superior mesenteric artery, while a limited
superior mesenteric vein infiltration is now considered
resectable thanks to venous interposition grafts, thus
downstaging the tumor to T3 (Wolff et al. 2000).

Contrast-enhanced techniques both at CT or MRI,
combined with MPR and MIP post-processing, have
improved the capability to identify and stage the extent
of the tumor, the extra-pancreatic involvement, (Brennan
et al. 2007), especially the vascular arterial and venous
infiltration, with an accuracy for resectability of about
90% both for CT and MRI in a direct comparison
(Arslan et al. 2001; Grenacher et al. 2004).

The degree of circumferential vessel involvement
by tumor as shown by CT/MRI is useful in predicting
which patients will have surgically unresectable
tumors. Involvement of vessel to tumor that exceeds
one-half circumference of the vessel is highly specific
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for unresectable tumor (O’Malley et al. 1999; Lu et al.
1997), both for arteries and veins. CT/MRI with vascu-
lar reconstructions allows higher degree of recognition
than axials alone (Figs. 15a, b and 16) (Lepanto et al.

2002). However, in a direct comparison of CT and
MRI for detection and resectability of pancreatic carci-
noma with two independent readers, Kappa analysis of
interobserver agreement showed a good correlation for

Fig. 15 Pancreatic carcinoma with vascular involvement. (a, b)
Dynamic imaging after bolus injection of paramagnetic contrast
agent, venous phase, axial image (a) and coronal reconstruction
(b). The coronal reconstructions allow a better delineation of

vascular circumferential involvement compared to the analysis
of the axial image alone. (¢) Coronal reconstruction of venous
phase after iodinated contrast agent in multislice CT. The vascu-
lar infiltration is more clearly recognizable

Fig. 16 Pancreatic carcinoma with vascular involvement. (a, b)
Dynamic imaging after bolus injection of paramagnetic contrast
agent, venous phase, axial image (a) and sagittal reconstruction

(b). The sagittal reconstructions allow a better delineation of
portal vein involvement compared to the analysis of the axial
image alone
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CT (0.71) and a moderate correlation of both groups
for MRI (0.49) (Fig. 15b, ¢) (Grenacher et al. 2004).

Specific sign of venous involvement are the reduc-
tion of the diameter of the superior mesenteric vein
(SMV), the “teardrop” shape of SMV (Fig. 17) (Hough
et al. 1999; Sahani et al. 2008), and the dilatation of
SMV tributaries (Hommeyer et al. 1995; Kanematsu
et al. 2000) especially the enlargement of postero-
superior pancreatico-duodenal vein (PDV)(Mori et al.
1991), and the visualization of inferior PDV (Yamada
et al. 2000), while the enlargement of gastro-colic
trunk is not conclusive (O’Malley et al. 1999). Attention
must be paid to vascular infiltration, as fibrosis and
chronic inflammation can modify the shape of the ves-
sel, simulating an infiltration, especially in case of a
venous vessel (Michl et al. 2006; Zhong et al. 2005).
Moreover, due to the different strategies of revascular-
ization, it is important to evaluate all others venous
structures, such as the inferior mesenteric vein, the
first venous duodenal branch, and their distances from
the tumor and the spleno-portal confluence (Brennan
et al. 2007; Kanematsu et al. 2000).

The location of the tumor in the pancreas deter-
mines its route of spread and the nodal groups involved.
Lymph node involvement has a significant impact on
the survival of patients with pancreatic cancer
(Kayahara et al. 1999). However, lymph node involve-
ment in the peri-pancreatic area does not impact surgi-
cal planning, because they are removed with the
surgical specimen; it is more important to recognize
nodal metastases in the celiac node, common hepatic
artery (CHA) node and para-aortic node, because

Fig. 17 Pancreatic carcinoma with vascular involvement.
Dynamic imaging after bolus injection of paramagnetic contrast
agent, venous phase. Tethering of the superior mesenteric vein
(“teardrop sign”) determined by the pancreatic mass

metastases to these nodes would preclude patients
from surgery, especially for the tumor of the head of
the pancreas (Maithel et al. 2007). Nodal involvement
in the para-aortic region does not indicate regional
invasion but is a statistically independent predictor of
early recurrence, and considerably affects survival (Sai
et al. 2008).

T2 weighted fat-suppressed sequences are the most
sensitive in order to evaluate lymph nodes, which
appear as moderately hyperintense. The size threshold
in order to suspect a nodal involvement is 1 cm in the
short axis (Roche et al. 2003); however, although with
1 cm threshold specificity is quite good (85%) (Roche
et al. 2003), its sensitivity is very low (14%) (Roche
et al. 2003), as up to 36% of lymph nodes of 5-10 mm
in short axis have been found with tumoral involve-
ment, even in less than 5 mm lymph nodes (Roche
et al. 2003), while lymph nodes >10 mm can also be
inflammatory (Doi et al. 2007).

The presence of distant metastases preclude the sur-
gical resection and is therefore fundamental their cor-
rect identification and characterization. 60% of patients
who present with pancreatic ductal adenocarcinoma
have advanced disease (Douglass et al. 1997). The
liver and peritoneum are the most common sites of dis-
tant metastases. To date, no definite decision on the
best technique for the staging of abdominal metastases
can be given, with MRI and laparoscopy as the most
performant techniques, with similar results (Schneider
et al. 2003).

MR of the liver is affected by the in-plane motion
(anterior-posterior chest motion due to respiration);
Propeller or BLADE technique with radial acquisi-
tion of the k space reduces the sensitivity to various
sources of image artifacts (e.g., motion artifacts, field
inhomogeneity). It can be used with GE and TSE in a
wide range of applications. The liver is also affected
by through-plane diaphragm motion artifacts which
can be corrected using a prospective motion correc-
tion with navigator echo (PACE) that detects the dia-
phragm movement. MRI has the best sensitivity to
liver metastases, thanks to its high contrast: both T2w
(especially fat saturated) and GRE Tlw (especially
3D with thin slices after administration of paramag-
netic contrast agent) and the use of liver specific con-
trast agent have greatly improved the sensitivity of
the technique.

Hepatic metastases from pancreatic carcinoma are
usually multiple (Gabata et al. 2008) and their size range
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Fig. 18 Small liver metastasis from pancreatic carcinoma. (a)
On TSE T2w image a small lesion slightly hyperintense can be
appreciated in the seventh segment. (b—d) Dynamic imaging
after bolus injection of paramagnetic contrast agent. The lesion
shows ring enhancement in the arterial (b), venous (c), and dis-

from few millimeters (Fig. 18) to some centimeters
(Fig. 19) (Danet et al. 2003). They appear hypointense
on Tl and moderately hyperintense on T2 and DWI,
with frequently a capsular based distribution.

tribution phase (d). A dilation of the intrahepatic biliary ducts
can be appreciated. (e, f) DWI at b 50 (e) and b 600 (f). The
lesion shows significant hyperintensity both at low and high
b-value due to high cellularity

DWI is a promising technique for the identification
of small hepatic metastases: respiratory triggering and
a value of b 50 give a high quality image, with a high
SNR and suppression of signal from vessels, thus




G. Moranaetal.

Fig. 19 Large liver metastasis from pancreatic carcinoma.
(a) On TSE T2w image a large hyperintense lesion can be appre-
ciated in the right lobo and a large lesion in the tail of the

allowing an easy detection of the lesion from the nearby
intrahepatic vessels (Fig. 18f) (Bruegel and Rummeny
2009). According to many Authors, lesion detection
with DW1 is significantly higher for DWI than for T2w
images, with more significant results for small metas-
tases (<10 mm) (Bruegel and Rummeny 2009).
During dynamic imaging after injection of paramag-
netic contrast agent they usually appear hypointense
with a perilesional enhancement in more than 50% of the
patients (Danet et al. 2003), with either ring perilesional
enhancement (Fig. 18b) or wedge-shaped perilesional
enhancement (Fig. 20c) (Gabataetal. 2008). Occasionally
pancreatic liver metastases have been misdiagnosed as
pseudolesions because they initially emerged as arterio-
portal shunts on dynamic CT/MR imaging (Gabata et al.
2008). The etiology of this transient enhancement related
with liver metastases from pancreatic cancer is unknown.
Gabata and Colleagues supposed that the etiology of

pancreas. (b, ¢) It appears inhomogenously hypointense on GRE
T1w fat sat image (b) with peripheral enhancement after con-
trast agent injection (c)

transient hepatic enhancement of liver metastasis from
pancreatic carcinomas may be correlated with the tumor
invasion of portal tract and tumor thrombi of portal
venules which causes decreased portal flow and increased
hepatic arterial blood flow (Gabata et al. 2008). Delayed
contrast enhancement of the central portion of the lesion
can be observed (Fig. 20e), due to desmoplastic reaction
secondary to the stimulation of hepatic stellate cells
(Tien et al. 2009).

Dynamic imaging after injection of paramagnetic
liver specific contrast agent (MultiHance, Bracco SpA,
Milano, Italy; Primovist, Bayer Schering, Berlin,
Germany), is superimposable to that obtained with
conventional extravascular-extracellular gadolinium-
based contrast agents (Fig. 20), while in the hepatobil-
iary phase the lesions do not show significant
enhancement, as they are not able to uptake the CM
(Fig. 20h) (Petersein et al. 2000; Reimer et al. 1997).
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Fig. 20 Small liver metastasis from pancreatic carcinoma. (a)
On HASTE image a small lesion slightly hyperintense can be
appreciated in the seventh segment. (b) On GRE T1lw out of
phase image, the lesion is hypointense within a focal sparing
area in comparison to the remaining liver parenchyma, which
appear slightly hypointense due to steatosis. (c—e) Dynamic
imaging after bolus injection of paramagnetic liver specific
contrast agent gadobenate dimeglumine (MultiHance; Bracco
SpA, Milan, Italy). During arterial phase (¢) a wedge shaped

perilesional enhancement can be observed. During the venous
(d) and distribution phase (e) the lesion appear hypovascular;
at the distribution phase a central dot of enhancement can be
observed. (f, g) DWI at b 50 (f) and b 600 (g). The lesion shows
significant hyperintensity both at low and high b-value due to
high cellularity. (h) GRE T1w image 2 h after the injection of
MultiHance. The lesion appears hypointense due to the lack of
active uptake
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Fig. 20 (continued)

After mangafodipir trisodium (Teslascan, GE Health)
there is an increase of the liver-to-lesion contrast-to-
noise ratio due to the lack of contrast uptake (Schima
et al. 2002). Metastases do not contain RES cells, thus
after SPIO injection the liver-metastasis CNR is
improved with increased lesion conspicuity and detec-
tion when compared to non-enhanced T2-weihted
images (Seneterre et al. 1996; Ward et al. 1999,
Oudkerk et al. 1997).

4.1 Differential Diagnosis

Attention must be paid to small (<1 cm) solid focal
liver lesions, as even in oncologic patients they are
benign (Jones et al. 1992; Mueller et al. 2003; Schwartz
et al. 1999). The size and margins of the lesions can be
helpful in making a correct differential diagnosis, and
small size (<5 mm) with sharp margins has only 6% of
possibility to be a metastasis at CT (Robinson et al.
2003).

Intrahepatic cholangitis can be observed in patients
with obstructive jaundice secondary to pancreatic head
carcinoma and it also shows transient inhomogeneous
wedge-shaped enhancement on dynamic imaging, dif-
ficult to differentiate from that of hepatic metastases of
pancreatic carcinomas, although it disappear or decrea-
se in size after treatment of cholangitis like hepatic abs-
cesses (Arai et al. 2003). So, follow-up by dynamic
imaging can be useful to differentiate intrahepatic cho-
langitis from pancreatic hepatic metastasis.

ADDOM
rmbh T4

Biliary hamartomas are composed of cystic spaces
and fibrous stroma; their size ranges from 0.5 to
1.5 cm. They can be either solitary or more often
numerous. Lesions show low signal on T1-weighted
images and high signal on T2-weighted images with
well defined margins (Fig. 21); after injection of
paramagnetic contrast agent they demonstrate thin
rim enhancement on early images that persisted on
late images (Fig. 21), which at histopathology is cor-
related with compression of the liver parenchyma
surrounding the lesions. No appreciable central
enhancement of the lesions is observed (Semelka
etal. 1999), a feature which helps in distinguishing it
from small pancreatic carcinoma metastases, which
often show delayed central dot enhancement in the
desmoplastic component of the lesion (Fig. 20d).
With DWI a correct characterization of focal liver
lesions can be obtained by the analysis of ADC map
after high b values, where benign lesions such as
hemangiomas have a higher ADC value in compari-
son to metastases, although some overlap has been
reported (Bruegel and Rummeny 2009). Small hem-
angiomas (Fig. 22) can still maintain high signal at
DWI images with high b value ; in this attempt ADC
maps after DWI are rarely useful as the small size of
the lesions does not allow their correct visualization
at ADC map. A combination of DWI and contrast-
enhanced images are helpful to reach the correct
diagnosis. Small cysts are easily recognized with
HASTE sequences, as well as show a significant
decrease of the signal intensity with DWI at high b
values (>500) (Fig. 23).



The Case for MRI

77

Fig. 21 Biliary hamartomas in a patient with pancreatic carci-
noma. (a) On TSE T2w image two small lesions slightly hyper-
intense can be appreciated in the sixth segment. (b, ¢) dynamic
imaging after bolus injection of paramagnetic liver specific con-
trast agent gadobenate dimeglumine (MultiHance; Bracco SpA,

5 Post-treatment Evaluation

Imaging has an important role in assessing treatment
response in patients who are undergoing neoadjuvant
therapy for presumed resectable disease, in order to
decide whether use a different protocol if disease

Milan, Italy). The lesion shows sharp margins with ring enhance-
ment in the arterial (d) and venous phase (¢). (d) GRE Tlw
image 2 h after the injection of MultiHance. The lesions appear
markedly hypointense due to the lack of active uptake

progresses or to stop the treatment if disease has pro-
gressed to the point that it is no longer resectable.
More radical treatment, whether surgery or treat-
ment with radiation therapy and chemotherapy, can
be followed by imaging to detect postoperative com-
plications, local recurrence, local disease progression
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Fig. 22 Small hemangioma. (a) On TSE T2w image a small  (d) phase. During distribution phase (e) complete fill in of the
lesion with high signal intensity can be appreciated in the sev-  lesion can be observed. (f—h) DWI at b 50 (f), b 800 (g), and
enth segment. (b) On unenhanced GRE T1w image the lesionis ~ ADC map (h). The lesion shows a decrease of signal intensity
homogeneously hypointense. (c—e) Dynamic imaging after from low- to high b value. The ADC map shows high signal of
bolus injection of paramagnetic contrast agent. The lesion does  the focal lesion (arrow in h) due to non restricted diffusion

not show significant enhancement in the arterial (¢) and venous
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Fig. 22 (continued)

Fig. 23 Small simple hepatic cyst. (a) HASTE image perfectly — a marked decrease of signal intensity from low- to high b value.
identifies a small well-defined highly hyperintense lesion. (b—d)  The ADC map shows high signal of the focal lesion due to non
DWTI at b 50 (b), b 800 (c¢), and ADC map (d). The lesion shows  restricted diffusion




80

G. Moranaetal.

or distant metastases. Due to local changes after ther-
apy it can be difficult to distinguish them from recur-
rent tumor: to follow these patients it is important a
close follow-up compared with an initial baseline
postoperative examination.
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image in a plane perpendicular to the direction of inser-
tion of the echoendoscope, analogous to the cross-sec-
tional CT. Linear echoendoscope provides sectorial
images in a plane parallel to the direction of insertion of
the echoendoscope. This physical characteristic allows
the visualization of the entire length of the needle, mak-
ing possible to sample the lesion under real-time EUS
guidance, which is directly related to the high perfor-
mance and safety of this technique. Linear echoendo-
scopes and the radial electronic as well are equipped
with pulse and color Doppler that improves safety.

The widespread use of EUS in the last decade has
revolutionized the management of pancreatic diseases
since it simultaneously provides primary diagnostic and
staging information, as well as enables tissue biopsy.

2 EUS and Diagnosis of Pancreatic
Cancer

Pancreatic cancer is one of the main indications of
EUS, for either diagnostic or staging purposes. Current
indications for EUS in pancreatic masses are shown in
Table 1.

The retroperitoneal location of the gland favors
EUS beside other imaging techniques especially when
FNA is indicated, since the diagnostic yield and safety
of EUS-guided FNA (EUS-FNA) are higher than those
of the percutaneous approach. Tumors in the body and
the tail of the pancreas are visualized via a transgastric
window, whereas those located in the head of the pan-
creas or in the uncinate process are best seen from the
duodenum.

Although the echopattern of pancreatic adenocarci-
noma is highly variable, the most usual aspect on EUS
is a heterogeneous and hypoechoic mass with irregular
margins (Fig. 1). Echo-free areas within the tumor are
frequent, probably representing areas of necrosis. In

Table 1 Current indications of EUS in pancreatic masses

Exclusion of pancreatic cancer in doubtful cases

EUS-FNA in nonresectable tumors to confirm malignancy
prior to chemotherapy or radiotherapy

EUS-FNA for the differential diagnosis between neoplastic
and inflammatory tumor

Aspiration of minimal ascitis or enlarged lymph nodes for
tumor staging

Fig. 1 Small adenocarcinoma of the head of the pancreas
(18 % 15.6 mm) causing dilatation of the common bile duct

cystic tumors such as mucinous adenocarcinoma, the
echo-free or cystic areas may constitute the predomi-
nant pattern, whereas the solid part of the tumor con-
sists of an irregular and thickened wall, sometimes
with solid papillary projections inside the cyst.

The accuracy of EUS in the diagnosis or detection
of pancreatic cancer has been higher than 90% in most
series over the years (Rosch and Classen 1992). In most
studies published in the early 1990, EUS was proven to
be superior to transabdominal ultrasound (US), (CT),
endoscopic  retrograde  colangiopancreatography
(ERCP), and angiography in the detection of pancreatic
cancer (Rosch 1991; Snady 1992; Yasuda 1988). Later
on, other studies comparing EUS with helical CT,
magnetic resonance imaging (MRI), and positron-
emission tomography (PET) have found that EUS was
superior to the other techniques in terms of diagnosis
of pancreatic neoplasms (Muller 1994; Gress 1999;
Mertz 2000). The advantage of EUS was even greater
in tumors <2 cm in diameter, as demonstrated by sev-
eral investigators (Yasuda 1988; Rosch 1990). For
example, in an early study performed in pancreatic
tumors of less than 20 mm in diameter, EUS was able
to detect them in 100% of cases, while other imaging
techniques such as transabdominal US (29%), ERCP
(57%), CT scan (29%), and angiography (14%) were
significantly less accurate (Yasuda 1988). However, the
roles and relative importance of these imaging modali-
ties have changed over the last few decades and con-
tinue to change due to the rapid technological advances
in medical imaging. Therefore, new investigations
are continually required to evaluate and compare new
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technology. In this sense, EUS and multidetector spiral
CT were first compared for the diagnosis of pancreatic
cancer in 2004 (Agarwal 2004; DeWitt 2004). In a first
retrospective comparison performed in 81 patients
with suspicion of pancreatic cancer, the overall accu-
racy of spiral CT and EUS was 74 and 94%, respec-
tively. Another prospective study including 80 patients
with pancreatic cancer found that EUS was superior to
multidetector CT for the detection of the tumor.
However, the retrospective approach in the former and
the notblinded comparison in the later study limit the
value of the conclusions of both investigations.

The debate continues, therefore, on the best diag-
nostic test in patients with suspicion of pancreatic
cancer. In a retrospective study recently published
including 693 patients who were suspected of having
pancreatic cancer, the negative predictive value (NPV)
of EUS in excluding this diagnosis was 100% with a
mean follow-up of 25 months (Klapman 2005). In
another study including 412 patients, the NPV of EUS
was 95%. Therefore, EUS should be considered the
technique of choice to rule out pancreatic cancer in
patients with clinical suspicion or inconclusive previ-
ous image techniques. However, it should be pointed
out that most of the studies displaying comparative
data between EUS and other cross-sectional imaging
techniques are nonblinding, and therefore, an objective
assessment of superiority of one test over another is
difficult (Wiersema 2001). In everyday clinical prac-
tice, the role of CT and EUS in the diagnosis of pan-
creatic cancer is rather complementary.

A very interesting multicenter study demonstrated that
possible factors associated to false-negative EUS for pan-
creatic cancer are chronic pancreatitis, a diffusely infil-
trating carcinoma, a prominent ventral/dorsal split, and a
recent episode of acute pancreatitis (Buthani 2004).

When clinical presentation is obstructive jaundice,
the likelihood of malignancy is as high as 80-90%
whereas jaundice is not present is much lower (around
50%). A very recent study on the diagnostic value of
EUS-FNA in the latter subset of patients showed an
accuracy of EUS-FNA for diagnosing malignant neo-
plasm of 97.6% (Krishna 2009) with sensitivity, speci-
ficity, positive, and negative predictive values of 96.6,
99, 99.1, and 96.2%, respectively. The authors con-
cluded that EUS-FNA can be used as a definitive diag-
nostic test in the management of this group of patients.

The differential diagnosis between pancreatic can-
cer and pseudotumoral chronic pancreatitis or the

diagnosis of certainty of pancreatic carcinoma in
patients with severe chronic pancreatitis is still a chal-
lenge, and, to now, no imaging technique has demon-
strated to be superior to the others.

Elastography is a method for real-time evaluation
of tissue stiffness, which has been used in organs such
as prostate gland and breast. Applying pressure to the
tissue, the differences in distortion between hard and
soft tissues are used for real-time analysis of the stiff-
ness. Therefore, the obtained images represent tissue
elasticity and may reflect histopathological differ-
ences. This technique has obtained good results in few
recent studies, but because of some methodological
problems, at present it is not possible to confirm that
elastography is better than the other techniques in the
differential diagnosis of pancreatic masses.

When the patient needs a stent because of the obstruc-
tion of the biliary tree, EUS should be performed before
ERCP and stenting to avoid the interferences of the air
and the inflammatory changes in the papilla and periam-
pulary area. These changes due to instrumentation dur-
ing ERCP can cause hypoechoic changes in the area that
may lead to misinterpretation in both senses: overstag-
ing of the lesion or they can be mistaken for a mass
lesion by EUS imaging. On the other hand, the inflam-
mation due to the biliary stent also may induce reactive
cellular atypia that can mimic the cytologic features of a
well-differentiated adenocarcinoma.

3 EUS in the Assessment of Vascular
Invasion in Pancreatic Cancer

The most important criterion for the assessment of local
resectability in pancreatic cancer is vascular involve-
ment of the vessels that are in close anatomic relation-
ship with the gland: portal vein, confluence with the
superior mesenteric vein, superior mesenteric artery,
common hepatic artery, and celiac trunk. Invasion of the
inferior vena cava is difficult to see by EUS. Criteria for
diagnosis of venous involvement are described in
Table 2. EUS criteria for vascular involvement that opti-
mize specificity (tumor within the lumen and/or encase-
ment/obstruction) should be used to minimize the
possibility of denying the opportunity of a potentially
curative surgery. However, when the assessment of
vascular involvement is the issue, tumors are usually
large. In these cases, EUS may have greater difficulty in
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Table 2 Criteria for diagnosis of venous involvement

Loss of tumor-vessel interface

Irregular contours between the tumor and the vessel
Direct visualization of intraluminal tumor growth
Complete obstruction of the vascular lumen

Presence of venous collaterals around or inside the
gastrointestinal wall®

“Indirect sign in absence of portal hypertension

ascertaining the extension of the disease: the decrease
in the resolution with the depth of the lesion together
with the high frequencies used by EUS results in a lim-
ited ability to visualize the region surrounding the por-
tal and the superior mesenteric veins.

In the early 1990, most investigations comparing
the accuracy of EUS in the assessment of vascular
invasion in pancreatic carcinoma with other imaging
techniques showed a clear supremacy of EUS with
respect to CT: 81-100% vs. 20-76%, respectively
(Rosch and Classen 1992). In fact, a study published
by that time (Rosch 1992) showed an accuracy for
portal venous involvement of 95, 85, 75, and 55%
for EUS, angiography, CT, and transabdominal US,
respectively. The results obtained in a coetaneous
study (Gress 1999) were very similar. However, the
use of nonhelical CT influenced the results in favor
of EUS.

After the initial enthusiasm on the performance char-
acteristics of EUS in staging pancreatic cancer, a more
moderate approach resulted from further investigations.
In this sense, a retrospective study by Ahmad et al.
(Ahmad 2000) showed a positive predictive value for
resectability of 46%. On the other hand, Rosch et al.
performed a very interesting study looking back at the
videotapes used in a previous investigation on the ability
of EUS to assess mesenteric venous invasion. The
review of the videotapes was done in a blinding manner
with respect to clinical information and results of other
imaging tests. Gold standard used was surgical resec-
tion, surgical exploration with biopsy, or unequivocal
angiography. Sensitivity and specificity of EUS in pre-
dicting mesenteric vascular invasion were 43 and 91%,
respectively, as compared with 80 and 91% obtained in
the previous nonblinded study (Rosch 2000). Reasons
accounting for the inconsistency in data published over
the years are methodological (prospective or retrospec-
tive design, study population, blinding or not, type of
gold standard that lead to different kinds of biases) and

technical (different rates of improvement of the tech-
niques over the years). In a very interesting meta-analy-
sis of the data from 29 studies on the diagnostic accuracy
of EUS for vascular invasion in pancreatic and periamp-
ullary cancers (Puli 2007), the specificity was 90%
whereas the sensitivity was 73%, not as high as sug-
gested in previous studies.

Data from well-designed comparative studies are
scarce. In an investigation comparing EUS, helical CT,
MRI, and angiography in the preoperative staging
and tumor resectability in 62 patients with pancreatic
cancer, the decision analysis demonstrated that the
best strategy was based on CT or EUS as the initial
test, followed by the alternative technique in the poten-
tially respectable cases. A cost minimization analysis
suggested that the most reliable sequential approach
consists of a helical CT as the initial test and EUS as a
confirmatory technique (Soriano 2004). On the other
hand, in a recent prospective study that compared EUS
and multidetector CT in staging pancreatic cancer,
both techniques were similar in terms of nodal staging
and assessment of resectability. Other important con-
clusion of this study was that published investigations
are too heterogeneous in terms of design, study popu-
lations, and methods to have definitive conclusions on
this topic (DeWitt 2004).

4 EUS-Guided FNA in Pancreatic
Cancer

The fundamental principle for EUS-FNA is that it
should be performed when the information obtained can
affect patient’s management. Although most patients
with pancreatic cancer present with a mass, not every
pancreatic mass is a cancer. The differential diagnosis of
a solid pancreatic mass includes focal pancreatitis, auto-
immune pancreatitis, neuroendocrine tumor, solid pseu-
dopapillary tumor, or metastases among others. Since
the image characteristics of these lesions may be simi-
lar, a histological or cytological sample is required for
establishing a definitive diagnosis.

Sensitivity and accuracy of EUS-FNA of pancreatic
tumors lie between 75-92% and 79-95%, respectively,
in most series including a variable number of patients
(from 43 to 216) (Giovannini 1995; Gress 1997,
Wiersema 1997; Chang 1997; Williams 1999; Raut
2003) (Figs. 2 and 3). Failures of EUS-FNA are related
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Fig. 2 Adenocarcinoma of the pancreas: hypoechogenic and
heterogeneous mass with irregular margins. The needle for cyto-
logical assessment is perfectly seen inside the tumor

Fig. 3 Cytological smear obtained by EUS-guided FNA
(EUS-ENA) consistent with adenocarcinoma

to the interposition of vascular structures, the existence
of duodenal stenosis, or the hardness of the tumor itself,
especially in cases of chronic pancreatitis. The second
limit for sensitivity is the proportion of uninterpretable
material because of the presence of blood or the scarce
cellularity. The technique of monolayer cytology might
improve the interpretability of the material. The size of
the tumor seems to be of no effect on sensitivity of EUS-
FNA. The opposite happens with cellular differentia-
tion: the more the lesions are well-differentiated, the
lower the sensitivity due to the problems in recognizing
the tumor among the rest of the parenchyma.

The presence of an on-site cytopathologist or cyto-
technician reduces the rate of inadequate specimens as
demonstrated in several investigations (Pellisé 2003).

When EUS is available, its use depends on local
treatment algorithms, specifically whether neoadju-
vant chemotherapy and/or radiation therapy is offered
to attempt to downstage patients prior to surgery. If
this is the case, EUS-FNA is mandatory for obtaining
confirmative cytology before the treatment is adminis-
tered. When neoadjuvant therapy is not part of the
treatment algorithm, the decision of performing or not
EUS and EUS-FNA depends on the doctors in charge
of the patient.

The pathological confirmation of the diagnosis of
pancreatic cancer is one of the well-established indica-
tions for EUS-FNA because of the high diagnostic
accuracy, low incidence of complications, and the
advantages compared with other imaging techniques
such as CT scan. One of these advantages is the inclu-
sion of the needle tract in the resection specimen when
the head of the pancreas is punctured through the duo-
denum, thereby minimizing the risk of needle-tract
seeding. This would not be the case with pancreatic
body and tail neoplasms, which are punctured from the
stomach. However, peritoneal carcinomatosis has been
reported to have significantly lower association with
EUS-FNA than with percutaneous FNA (Micames
2003). Another advantage is the ability of sampling
lesions or lymph nodes too small to be identified by
other methods.

At present, oncologists have no doubt on the need of
having the cytological confirmation of pancreatic can-
cer before any medical treatment is started in unresect-
able disease. EUS-FNA has been demonstrated to be
the best technique in this setting. In the case of resect-
able pancreatic cancer, the need of EUS-FNA is still
controversial. Reasons against it are the possibility of
needle-track dissemination (that is not a problem in the
tumors of the head of the pancreas for the reasons
explained above) and the fact that the NPV of EUS-
FNA in pancreatic masses is not very high; therefore,
malignancy cannot be excluded if FNA does not show
it. Moreover, although rarely, EUS-FNA may result in
complications, which would postpone, interfere, or
even exclude surgical treatment. Among arguments in
favor of EUS-FNA, it may be argued that the diagnosis
of cancer has to be proved before a major surgery, and
also those lesions with nonsurgical management such
as metastasis, lymphoma, or even infectious diseases
have to be excluded. In fact, although the predominant
type of pancreatic mass is adenocarcinoma, the differ-
ential diagnoses includes squamous cell carcinoma,
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acinar cell carcinoma, lymphoma, neuroendocrine
tumor, solid pseudopapillary tumor, autoimmune pan-
creatitits, focal pancreatitis and metastases of renal cell
carcinoma, melanoma, gastrointestinal stromal tumors,
and carcinomas of the breast, ovary, thyroid, lung, pros-
tate, and colon.

Pancreatic metastases seem to be more frequent
that it was thought years ago, probably due to the
higher accuracy of the current image techniques and
the improved survival of patients. They are usually
metachronous and characterized by a long period of
time between the resection of the primary tumor and
their detection. The awareness of the clinical history of
the patient, as well as some image characteristics,
especially if there are multiple lesions, is crucial for
suspicion of this diagnosis (DeWitt 2005).

Autoimmune pancreatitis is a benign inflamma-
tory disease of the pancreas, which may mimic pan-
creatic carcinoma both clinically and radiologically.
EUS-FNA has to be performed if the differential
diagnosis is an issue, although it may be difficult to
make a definite diagnosis by using cytology alone.
However, it has recently been described that EUS-
FNA and EUS-guided biopsy with a trucut needle in
combination with immunohistochemical staining
may be useful for making the specific diagnosis of
the disease (Levy 2000).

It has been estimated that approximately 6% of
patients undergoing pancreatico-duodenostomy have
a benign process. Another 6% of patients may have
an “unusual” histological diagnosis. Therefore, some
authors strongly recommend a pretreatment tissue.

Finally, not only diagnosis, but also staging of pan-
creatic cancer may be an indication for EUS-FNA in
cases with lymph nodes (especially around the aorta or
the celiac axis) and ascites.

It is very important to point out that negative
results of EUS-FNA in a pancreatic mass do not rule
out malignancy. A large number of studies found an
almost 100% specificity with 80-90% sensitivity
(Levy 2007), although the pretest likelihood varies
among them.

Concerning complications of EUS-FNA, the rate of
complications of the technique varies between 0.3 and
2.2% in the larger series of patients (Mortensen 2005;
Bournet 2006). The incidence of pancreatitis after
EUS-FNA is quite low, although hyperamylasemia
occurs in 12% of cases (Eloubeidi 2004; Fernandez-
Esparrach 2007).

5 Molecular Markers in the Diagnosis
of Pancreatic Cancer

After demonstrated that EUS-FNA provides the cyto-
logical diagnosis of pancreatic cancer in more than 90%
of cases, the interest of some endosonographers turned
towards the possibility of performing molecular deter-
minations from the same sample. The rational is that
the detection of DNA mutations in the form of point
mutations such as K-ras and chromosomal losses (loss
of heterozygosity) may serve as surrogate markers of
malignancy. In this sense, mutations of K-ras have been
proven to be determined from EUS-FNA material
(Pellisé¢ 2003; Tada 2002). Conventional cytology has
been compared with K-ras mutation analysis in the
detection of pancreatic malignancy. Conventional cytol-
ogy has an overall accuracy of 71-91% compared with
82-84% of K-ras mutation analysis, whereas the combi-
nation of both methods resulted in an accuracy of 98%
(Pellisé 2003). However, limitations exist since up to
20% of pancreatic cancers do not have these mutations,
and on the contrary, K-ras mutations have been detected
in chronic pancreatitis and premalignant conditions such
as intraductal papillary mucinous neoplasms. Similar
studies have obtained similar results with p53 immuno-
histochemical analysis (Itoi 2005), telomerase activity
(Mishra 2006), and a broad panel of microsatellite allele
loss markers (Khalid 2006). Therefore, in cases of
inconclusive EUS-FNA cytology, molecular markers
could help in establishing the diagnosis of malignancy,
and moreover, they open the door to future more indi-
vidualized treatments, which is the general aim of mod-
ern oncology.
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advantages of both imaging modalities in
detecting distant metastases as well as local
staging regarding vascular invasion. Since
FDG-uptake in tumor is correlated with tumor
viability, FDG-PET/CT can be used for ther-
apy response assessment in a neo-adjuvant,
curative setting as well in monitoring radio-
chemotherapy in a palliative setting. Further,
FDG-PET/CT is able to detect local as well as
distant recurrence rather reliably. For neuroen-
docrine pancreatic ancer, newly developed
tracers like F18-DOPA and 68Ga-DOTA-NOC
may revolutionize the diagnostic work-up by
combining diagnostic as well as therapy related
informations into a single exam.
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introduction of this technology in the late 1990’s and
the beginning of this decade (Delbeke et al. 1999). Due
to missing morphological information, staging by
FDG-PET imaging alone was not very successful
regarding local disease extension. With the introduc-
tion of a combined approach, acquiring PET and CT
information in acombined mode on a PET/CT machine,
morphological as well as functional information were
available. This chapter discusses the current state of
PET/CT imaging in staging pancreatic cancer, therapy
response, and recurrence.

2 Technique

Since the first proof of the concept PET/CT system
devised by Townsend started to operate in 1998 and the
first worldwide clinical PET/CT scanner came into
operation in March 2001, PET/CT has developed into
the fastest growing imaging modality worldwide (Beyer
et al. 2000; Hany et al. 2002). Lutetium (LSO, LYSO)-,
Germanium (GSO)- as well as Bismutgermanate (BGO)-
based crystals are used in different scanner types. PET-
emission data are acquired in 2D- as well as in 3D-mode,
whereas 3D-mode seems to be the preferential method.
Additionally, different new reconstruction algorithms
are used to improve image quality (Strobel et al. 2007).
CT data are foremost used for attenuation correc-
tion and as anatomic reference frame in PET/CT.
Artifacts, which can be generated in PET images due
to the use of CT data transformed into u-maps, are
related to the accumulation of highly concentrated CT
contrast agents, CT beam-hardening artifacts due to
metallicimplants and physiologic motion. Additionally,
major artifacts occur in the regions adjacent to the
heart and the diaphragm including the liver due to mis-
match between PET- and CT-data acquisition. An anal-
ysis of this problem has shown that with the modern
fast CT scanners it is probably best to also acquire the
CT data during tidal breathing. Ideally, the CT data are
acquired during end expiration, but frequently patient
cooperation is problematic to achieve this (von
Schulthess et al. 2006). Another approach is to use
respiratory gated 4D-PET/CT, which probably has an
advantage not only in lungs but also in upper abdomi-
nal imaging including the liver (Nehmeh et al. 2004).
Patients have to fast for at least 4 h prior to the FDG
injection. Blood glucose measurements are performed

routinely to confirm euglycemia related to fasting and
possibly detect patients with a previously undetected
diabetes. If patients were truly fasting, blood glucose
levels in nondiabetic patients are normally below
6—-8 mmol/L. However, in diabetic patients fasting more
than4 h, an elevated blood glucose level above 8§ mmol/L
can be detected. Nevertheless, routine injection of a
standard dose of 370 MBq of FDG can be injected in
truly fasting diabetic patients, who did not receive insu-
lin within 4 h prior to FDG injection without decrease in
image quality. Therefore, the most important procedure
is to ensure that the fasting time has been at least 4 h. In
diabetic patients with elevated glucose levels, even
though patients have been fasting, injection of fast act-
ing insulin should not be performed since the insulin
will move the FDG into the muscles due to insulin-
dependent transport. In pancreatic cancer, water as a
negative oral contrast agent is given. Bladder voiding
just prior to scanning to eliminate the renally excreted
FDG is mandatory. The average whole-body patient
dose at 40 mAs is approximately 3 mSv and adds up to
approximately 8 mSv for a standard dose of 370 MBq
FDG. Obviously, the main contraindication is to per-
form PET/CT in pregnant women.

In pancreatic cancer, dual-phase contrast-enhanced
CT (ceCT) of the pancreas/abdomen should be per-
formed. Two different approaches for the use of intra-
venous contrast have been introduced. In a single-step
approach, contrast is given during the acquisition of
CT data used for attenuation correction and no fur-
ther CT scanning is needed. The other approach
includes two CT-data acquisitions. One fast, whole-
body low-dose CT for AC, and an additional dedi-
cated contrast-enhanced CT in the region of interest
after completion of the PET/CT exam if necessary
(Strobel et al. 2005, 2008).

Performing a dedicated contrast-enhanced single to
multiphase CT-data acquisition after completion of
PET/CT in a defined anatomical region has two advan-
tages. First, in cases with extended disease or normal
findings, the contrast injection may be unnecessary
(Brix et al. 2005). Second, the possibility to acquire a
multiphase, contrast-enhanced CT during the arterial,
venous, and parenchymal phase is more efficient com-
pared to a single phase acquisition. Therefore, a com-
prehensive diagnostic workup in a single session can
be achieved.

As a general rule for the interval between the end
of treatment and PET/CT imaging, PET/CT can be
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performed 2 weeks after the end of chemotherapy
treatment to assess the therapy response. In radiation
treatment, a minimum interval of 6 weeks should be
used after the end of treatment to reduce FDG-uptake
due to inflammatory changes.

3 Characterization of Focal
Pancreatic Masses

Differentiation of focal chronic pancreatitis from pan-
creatic carcinoma remains difficult with all imaging
modalities. In an early PET alone study by Zimny et al.
(1997), 106 patients were examined due to a suspicious
pancreatic mass. In 70% of the cases, adenocarcinoma
was histologically confirmed, and 30% were related to
chronic pancreatitis. Overall, FDG-PET detected 63 of
74 malignant tumors and 27 of 32 cases of nonmalig-
nant origin. Overall, sensitivity and specificity in the
detection of pancreatic cancer were 85% and 84%,
respectively. Other studies reported similar results, in a
fair amount of cases better than morphological imaging
studies. In a study by Heinrich et al. (2005), 59 patients
with suspected pancreatic cancer were staged by
abdominal CT, chest X-ray and CA 19-9 measurement,
and FDG-PET/CT, and findings were confirmed by his-
tology. Cost benefit analysis was performed based on
charged cost of PET/CT and pancreatic resection. The
positive and negative predictive values for pancreatic
cancer were 91% and 64%, respectively. False-positive
results were due to inflammatory pseudotumor, pancre-
atic tuberculosis, chronic pancreatitis, and focal high-
grade dysplasia, which was suspicious for malignancy
by brush cytology. PET/CT detected additional distant
metastases in five and a synchronous rectal cancer in
two patients. PET/CT findings changed the manage-
ment in 16% of patients with pancreatic cancer deemed
resectable after routine staging (p=0.031). In total,
PET/CT reduced cost by $74,925 ($1,270 per patient).

In a study by Schick et al. (2008), 46 patients with
a solid pancreatic lesion >10 mm and suspicion of a
pancreatic neoplasm underwent dual-phase, contrast-
enhanced FDG-PET/CT. Results were compared to
endoscopic ultrasound (EUS), endocopic retrograde
cholangio-pancreatography (ERCP), intraductal ultra-
sound (IUDS), abdominal ultrasound, and histopathol-
ogy. In 27 patients, a pancreatic malignancy was
proven by histopathology, whereas the sensitivity of

PET/CT in the detection of malignant disease was 89%
with a specificity of 74%. There were no significant
differences between sensitivity, specificity, and posi-
tive and negative predictive values compared to the
other imaging modalities. The increased specificity
was attributed to the contrast-enhanced CT of the inte-
grated PET/CT; however, local invasion of the local
vasculature was not assessed in this study.

4 Staging of Pancreatic
Ductal Adenocarcinoma

The most important information from any imaging
modality is arterial vascular involvement of the pri-
mary tumor, the presence of peritoneal carcinomato-
sis, and the detection of distant metastases (Fig. 1).
Regarding the performance of PET/CT now, available
data are rather sparse. In a study by Farma et al. (2008),
82 patients with assumed resectable pancreatic cancer
underwent staging with noncontrast-enhanced PET/
CT and ceCT of the chest and abdomen. The sensitiv-
ity and specificity of PET/CT in diagnosing pancreatic
cancer were 89% and 88%, respectively. Sensitivity of
detecting metastases for PET/CT, ceCT, and the com-
bination of both were 61, 57, and 87%, respectively.
PET/CT findings influenced the clinical management
in seven patients (11%), essentially all due to distant
metastases. As a major drawback of this study, the CT
component of the PET/CT was not performed using a
contrast-enhanced triple-phase CT. In a study by
Strobel et al. (2008), 50 patients with biopsy-proven
pancreatic cancer (adenocarcinoma) were evaluated by
integrated three-phase contrast-enhanced PET/CT
regarding resectability and overall staging. Criteria for
unresectability were distant metastases, peritoneal car-
cinomatosis, arterial infiltration, or infiltration of neigh-
boring organs other than the duodenum. Histology,
intraoperative findings, and follow-up CT with clinical
findings were used as standard of reference. According
to standard, 27 patients had unresectable disease
because of distant metastases (n=17), peritoneal carci-
nomatosis (n=5), or local infiltration (n=5) (Fig. 2).
In the assessment of resectability, PET alone had a
sensitivity of 100%, specificity of 44%, accuracy of
70%, positive predictive value of 61%, and negative
predictive value of 100%; unenhanced PET/CT had
respective values of 100, 56, 76, 66, and 100%; and
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Fig. 1 43-year-old male patient with a proven adenocarcinoma
of the pancreas, stenting of the choeldochus due symptomatic
cholostasis, patient referred for staging. Maximum intensity pro-
jection image (MIP, a) demonstrates focal FDG-uptake in the
right mid-abdomen, no evidence of further pathological uptake.

enhanced PET/CT, 96, 82, 88, 82, and 96%. In five
patients, unresectability was missed by all imaging
methods and was diagnosed intraoperatively. Enhanced
PET/CT was significantly superior to PET alone
(p=0.035), and there was a trend for enhanced PET/CT
to be superior to unenhanced PET/CT (p=0.070). From
the above mentioned data, it is clear that noncontrast-
enhanced PET/CT is able to detect distant metastases
in a large proportion of cases; however, local extent is
not possible. Furthermore, in a rather considerable pro-
portion of patients, only intraoperative findings do
reveal surgery-precluding factors such as deep retro-
peritoneal infiltration, small liver metastases, or perito-
neal involvement. It seems that an approach including
an intravenous contrast-enhanced CT into the PET/CT
protocol seems to be most favorable, but does not
reflect clinical practice, since most patients with a

In the axial PET (b), ceCT (c) and fused image (d), the focal
uptake is clearly localized to the pancreatic head lesion without
evidence of local arterial invasion. Volume rendered, fused PET/
CT image (e) delineates the proximity to the stent and clear
delineation for arterial vasculature of the celiac trunk

suspicion of a pancreatic lesion rapidly undergo con-
trast-enhanced CT or MRIL.

5 Therapy Response Evaluation

Standard treatment for advanced adenocarcinoma of the
pancreas (stage III and higher) includes chemotherapy
with or without radiation treatment. In general, assess-
ment of treatment response has an impact on treatment
strategies and obviously outcome. In FDG-PET imag-
ing, FDG-uptake is rather strongly correlated to a num-
ber of tumor cells as well as tumor cell viability.
Probably, the best-studied group of malignant disease
regarding tumor response assessment is lymphomas,
including Hodgkin’s as well as Non-Hodgkin’s
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Fig. 2 46-year-old female patient with proven cystadenocarci-
noma of the pancreas. Maximum intensity projection image
(MIP, a) with faint uptake in the region of the mid-abdomen but
multiple focal FDG-uptake in projection of the midline. In the
axial PET (b), non-enhanced CT (c) and fused image (d), the

lymphoma. Reduction FDG-uptake to so-called normal
values in the affected regions is related strongly to suc-
cessful treatment as well as progression-free survival
(Jerusalem et al. 2001). Standard treatment options for
patients with stage I and II pancreatic cancer include
pancreaticoduodenectomy with adjuvant treatment
including chemo- and/or radiation therapy. Here, obvi-
ously no data regarding the use of PET/CT in this set-
ting are available. For patients with advanced
nonresectable cancer, a combination of chemo-radiation
treatment is given in a palliative intent. Only small stud-
ies are available, using PET stand-alone as well as sepa-
rate CT scans for therapy evaluation. In studies by
Maisey et al. (2000) as well as Yoshioka et al. 2003), a

cystic lesion of the pancreas is seen with focal FDG-uptake at the
rim. Axial PET (e), CT (f) and fused image (g) at he the level of
the 12th thoracic spine demonstrates high FDG-uptake in the ver-
tebral body without considerable osseous destruction, correspond-
ing to an osseous metastases, previously not detected in CT

decrease of FDG was seen before any changes in CT
were visible. In a study by Bang et al. (2006), a small
patient population of 15 patients receiving radio-che-
motherapy was followed up. FDG-PET detected treat-
ment response in 5 out of 15 cases, whereas CT was not
able to see any differences due to similar tumor size
before and after treatment. Furthermore, time-to-tumor
progression was significantly longer in PET-responders.
It seems that, overall, regarding therapy response assess-
ment in this clinical setting of palliative treatment, PET
has a certain value; however, data regarding the appro-
priate use of costly PET/CT exams are missing.
Heinrich et al. (2008) evaluated a somehow novel
approach, using gemcitabine-based chemotherapy in a
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neoadjuvant setting for potentially resectable pancreatic
cancer. FDG-PET/CT was used pre and postchemother-
apy for tumor response assessment in 28 patients before
pancreaticoduodenectomy. A significant decrease in
FDG-uptake occurred during chemotherapy (p=0.031),
which correlated with the baseline FDG-uptake
(p=0.001), Ki-67 expression (p=0.016), and histologic
response (p=0.01). Regarding patient outcome, neither
the metabolic nor the histologic response was predic-
tive of the median disease-free (9.2 months) or overall
survival (26.5 months).

6 Recurrent Disease

Serial measurements of tumor marker levels (CA 19-9)
are a sensitive indicator of disease recurrence. However,
differentiation of local scar from tumor is difficult.
Ruf et al. (2005) demonstrated in a study of 31 patients

Fig. 3 63-year-old male patient with suspicion of recurrent pan-
creatic carcinoma of the pancreatic tail after left pancreatic resec-
tion. Maximum intensity projection image (MIP, a) demonstrates
focal FDG-uptake left upper abdomen. In the axial PET (b),

with suspected recurrent disease a sensitivity of 96%
in the detection of local recurrences by FDG-PET
compared to 23% by CT or MRI. In detecting meta-
static disease in the liver, CT and MRI were more sen-
sitive, particularly in identifying small lesions, but
FDG-PET additionally helped to detect occult nonre-
gional and extraabdominal disease (Fig. 3).

7. Endocrine pancreatic cancer

Neuroendocrine tumors of the pancreas account for
less than 5% of all malignant tumors of the pancreas.
PET imaging using FDG has limited value, since this
tumor entity has often a slow tumor growth and accord-
ing low metabolism (Pasquali et al. 1998). Beside mor-
phological imaging modalities including ceCT and
MRI, Somatostatin receptor scintigraphy (SRS) is gen-
erally used to localize and characterize neuroendocrine
tumors in general and specially of the pancreas.

non-enhanced CT (c¢) and fused image (d), the focal uptake is
localized to a soft tissue mass in the former region of the pancre-
atic tail, corresponding to a local recurrence, which was regarded
a focal scar in the previously performed ceCT (e)
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Interpretation of SRS can be challenging due to the
difficulty of distinguishing tumors from intestinal
structures, and due to the variable density of soma-
tostatin receptors on the different tumors. Overall, a
significant rate of false negative results with sensitivi-
ties ranging between 50% and 78% in detection of
NET depending on the localisation, have been reported
(Gibril et al. 1996). Positron emission tomography
(PET) using the catecholamine precursor 6-(fluo-
ride-18) fluoro-dopa (F18-DOPA) has been proposed

Fig. 4 56-year-old male patient with a proven neuroendocrine
tumor of the pancreas with a high proliferation rate referred for
a DOPA-PET/CT. Maximum intensity projection image (MIP, a)
demonstrates multiple focal DOPA-uptake in both liver lobes,
uptake in the large primary tumor and physiological uptake in
the basal ganglia as well as excretion into the bile duct. In the

as a valuable imaging option for NET (Koopmans et
al. 2006). It highlights the intracellular decarboxylase
activity and provides, being a PET-tracer, a higher spa-
tial resolution than SRS-imaging (Fig.4). A major
drawback of this tracers is the essential physiological
uptake of this tracer into the pancreas, obscuring in
certain cases the detection of the primary tumor.
Another rather newly developed PET-tracer uses the
same basic principle of SRS by labeling somtostatin to
Ga-68. In a study by Ambrosini et al. both tracers were

axial PET (b), arterial phase ceCT (c) and fused images (d), the
DOPA-uptake in the primary tumor of the pancreatic head as
well as an adjacent lymph node metastasis left to the mesenteric
artery is seen. Further, typical focal DOPA-uptake in multiple,
early arterial enhancing liver metastasis can be demonstrated
(PET (e), arterial phase ceCT (f) and fused image (g))
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compared in a rather small group of 13 patients
(Ambrosini et al. 2008). 68Ga-DOTA-NOC demon-
strated to be an accurate tracer for the assessment of
NET cases; 68Ga- DOTA-NOC was found to be more
accurate than 18-F-DOPA for the detection of NET
primary tumour and metastatic sites of disease.
Especially for pancreatic primary tumours, the accu-
racy was better for 68Ga-DOTA-NOC. The authors
concluded, that since pancreas is the most frequent site
of NET the routine use of 68Ga-DOTA-NOC seems to
be more appropriate. Here, obviously, larger, compara-
tive studies including morphological imaging modali-
ties have to be performed to determine the role of PET/
CT in neuroendocrine tumors of the pancreas.
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Abstract |

> Diagnostic technologies have no major con-
tributory role in the observed continuous
increase in health care spendings of Western
societies. Although cost-benefit analyses were
mainly performed to evaluate therapeutic inter-
ventions, the evaluation of different diagnostic
procedures became the focus of health tech-
nology assessments in recent years. So-called
decision trees proved to be a valuable tool for
studying cost-effectiveness.

> On average 4,000 € have to be spent each
month for a patient with pancreatic cancer
(PC) when indirect costs are included.
Diagnostic imaging accounts for 9% of all
costs during hospitalisation.

> In more than 80% of PC patients a combina-
tion of abdominal US and CT clearly defines
the locally progressed or even metastasized
state and is associated with limited costs.
According to cost-effectiveness models, the
combination of CT with EUS, EUS-FNA or
laparoscopy was associated with higher costs
for diagnosis and staging but reduced total
costs by avoiding unnecessary laparotomies in
patients with peritoneal carcinomatosis or non-
locoregional lymph node metastases. Further
studies have to prove cost-effectiveness when
state of the art multidetector row CT scanners
with very high accuracy rates are combined
with complimentary diagnostic modalities.
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> Screening for pancreatic cancer in high risk
populations (familial pancreatic cancer fami-
lies, hereditary pancreatitis, Peutz-Jeghers
syndrome) offers the possibility to detect
(pre)malignant pancreatic lesions at an early
stage when a curative resection is still possible.
Studies demonstrated that screening might be
cost-effective only in subgroups of patients
with the highest cancer risk. EUS-based
screening programmes are hampered by a sig-
nificant number of false-positive results lead-
ing to unnecessary diagnostic and therapeutic
procedures contributing to high expenditures.

Abbreviations
CT Computed tomography
MDCT  Multidetector-row computed tomography

EUS Endoscopic ultrasound

FN Fine needle

FNA Fine needle aspiration

ICER Incremental cost effectiveness ratio
MRI Magnetic resonance imaging

PC Pancreatic cancer

US Ultrasound

1 Cancer and Health Economics

Cancer represents a leading cause of death in Western
civilization and poses a major burden on society. Due
to the demographic changes an increase of 2% in the
cancer incidence is predicted (Bosanquet and Sikora
2004). More than 1,300,000 new cancers are diagnosed
in the European Union annually (van der Schueren
et al. 2000).

The continuing rise of the expenses for the health
care system in conjunction with constrained budgets
can be regarded as the major stimulus for applying
economic decision analyses in the field of health care.

The USA spends approximately 16% (more than
$2 trillion) of its gross domestic product on health care
(Keehan et al. 2008). Alarmingly, the growth in health
care spending exceeds that of the overall economy
(approximately 6-8% versus 4—6%). Growth figures in

European countries are similar (van der Schueren et al.
2000). According to the National Institute of Health
(NIH), direct health care spendings were totaling
$89 billion in 2007 and were even higher ($219.2 bil-
lion) when indirect costs as lost productivity due to
premature death and morbidity were included.

Cancer care accounts for 5% of all health care
spending and is supposed to increase significantly.
Besides new technologies, novel antineoplastic sub-
stance groups (biologicals like antibodies and “small
molecules”) represent a relevant driving force for the
observed cost increase in the previous years. In 2005—
2006, a 20.8% increase in clinic drug expenditures was
noted in the USA (Meropol et al. 2009).

In contrast, cost for new diagnostic technologies do
not appear to play a major role for the cost increase
(Beinfeld and Gazelle 2005).

The economic evaluation of health care interventions
date back to the early 1960s. The later Nobel Prize lau-
reate Kenneth Arrow discussed in his seminal article the
similarities and distinctions between health care services
and other economic goods and services (Arrow 1963).

Nowadays, the assessment of health technology is
performed primarily by agencies and institutes for health
technology assessment (HTA). In 1993, the International
Network of Agencies for Health Technology Assessment
(INAHTA) was established and consists of 50 member
agencies (http://www.inahta.org/) with the secretariat
located in Stockholm.

HTA may be defined as “... a comprehensive evalu-
ation of the medical, economic and social conse-
quences of a given technology. It is a form of policy
analysis that examines the short and long-term conse-
quences of the application of technology. The goal of
technology assessment is to provide policy-makers
with information on alternatives.”

It has to be taken into account that the term technol-
ogy covers diagnostics, medical treatments, screening,
and all forms of medical interventions (Abelson et al.
2007; Waugh 2006).

Further examples of institutions which perform
HTA are governmental organizations like the National
Institute for Health and Clinical Excellence (NICE) in
Britain (http://www.nice.org.uk/) or university-affili-
ated departments of public health or health economics.

Traditionally, therapeutic interventions were the
main focus for health economic analyses (Eddama and
Coast 2008). During the last decade, oncology proved
to be an intensively studied area of research (Neymark
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1999a, b; Tappenden et al. 2007). In recent years more

and more decision analyses were performed in the field 22 7
of diagnostics (Plevritis 2005). 20
15
2 Pancreatic Cancer: Costs 10.
We Have to Encounter
5 4
In a US study by Elixhauser and Halpern costs for pan- 0

creatic cancer accounted for 1.8% of the total costs of
cancer care ($2.6 billion of $146 billion) (Elixhauser
and Halpern 1999). In another study, which applied a
prevalence-based human capital approach to estimate
direct and indirect costs of pancreatic cancer, total
annual costs were $4.6 billion (Wilson and Lightwood
1999). This appears to be only a rather limited fraction
of the total expenses for cancer care and is explained
by the relatively low incidence rate of pancreatic can-
cer and a short survival time. Due to the differing health
care systems the average costs can vary substantially
when comparing the expenses in different countries
(Table 1). Higher costs in patients with resectable dis-
ease result from surgical resections which are associ-
ated with higher expenses, whereas palliative treatment
in metastatic patients is less costly.

In a German prospective study all direct and indirect
costs were calculated in 45 patients with pancreatic can-
cer (Miiller-Nordhorn et al. 2005). Total costs were
4,078 € per patient and month when indirect costs were
added which represent costs from a societal perspective.
Interestingly costs for hospitalization accounted for
75% of total costs. During hospitalization major diag-
nostic procedures including all imaging modalities rep-
resented 9.4% of the costs (Fig. 1). Very similar,
diagnostics represented 9% of all costs in a study
from the Swedish Institute for Health Economics
(IHE) (Hjelmgren et al. 2003). Of note, costs are
U-shaped with a large fraction spent in the first
months for hospitalization, diagnostics, and therapy
(e.g. surgery). Following the initial phase there is a

1 2 3 4 5

Fig. 1 Hospitalization costs for pancreatic cancer patients in per-
cent of total costs (Miiller-Nordhorn et al. 2005). Percent of total
hospitalization costs (%). . All diagnostic procedures (3,271 €),
2. Major diagnostic procedures including imaging (1,531 €), 3.
Chemotherapy (3,569 €), 4. Medication other than chemotherapy
(1,181 €), and 5. Surgery (360 €). Total costs: 16,264 €

period where the average monthly costs diminish fol-
lowed by a costly terminal phase prior to death.

3 Decision Making for Diagnosing
and Staging Pancreatic Cancer

Economic considerations are increasingly relevant for
diagnostic decisions. At the same time, the clinician is
confronted with a growing number of diagnostic and
therapeutic modalities (Table 2). In contrast to the grow-
ing pressure to consider economic factors there is a clear
paucity of studies that have performed a systematic eco-
nomic decision analysis regarding the best approach in
the diagnosis and staging of pancreatic cancer.

In the previous chapters a comprehensive analysis
of key imaging modalities has been performed. In this
chapter a diagnostic algorithm will be discussed with
the goal of integrating the different imaging techniques
with a focus on cost-minimization (Fig. 2).

In the majority of patients the initial diagnostic
steps are triggered by unspecific signs and symptoms

Table 1 Cost comparison of pancreatic cancer treatment by country

Metastatic Citation

disease

Resectable
disease

NGBl

Locally advanced
disease

Country

$19,499 $27,161 $22,671 $14,277 Sweden Hjelmgren et al. (2003)
$35,892 $46,250 $34,626 $29,658 Japan Ishii et al. (2005)
$48,803 $65,335 $54,717 $35,809 United States Du et al. (2000)
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Table 2 Methods to diagnose and stage pancreatic cancer

A. Imaging
1. Noninvasive imaging

1. Transabdominal ultrasound (US) (+/— contrast-enhanced, +/— color-Doppler mode)
2. Contrast-enhanced multidetector-row computed tomography (MDCT)
3. Contrast-enhanced magnetic-resonance imaging (+/— MRCP, +/— MR-angiography)

4. Positron emission tomography (PET)
5. PET/CT
1I. Invasive imaging

1. Endoscopic ultrasound (EUS) (+/- contrast-enhanced, +/— elastography)

2. Laparoscopic ultrasound (LPUS)
3. Intraoperative ultrasound (IOUS)
4. Intraductal ultrasound (IDUS)

5. Endoscopic-retrograde cholangiopancreaticography (ERCP)

6. Pancreatoscopy
7. Percutaneous transhepatic cholangiography (PTC)

B. Biomarkers from: serum, bile, cyst fluid

C. Cytology/histology: bile fluid, brush cytology from bile duct or pancreatic duct, biopsies (US-guided, CT-guided, EUS-
guided), fine-needle aspiration cytology (FN-aspiration cytology), cytology from peritoneal “washing”

D. Surgery: laparoscopy (+/— biopsies, +/— ultrasound, +/— washings for cytology), surgical exploration

like jaundice, abdominal pain, anorexia, and weight
loss. Thorough clinical examination is of importance
offering the possibility to detect signs of metastases
(e.g., ascites) and enabling a first assessment of the
general performance status. Patients with a low perfor-
mance status are no candidates for surgical treatment.
Thus a meticulous diagnostic workup to confirm resec-
tability and to rule out metastases can be omitted.

In most countries abdominal ultrasound (US) is the
first screening technique. Abdominal US is readily
available and inexpensive (Table 3). In addition, the
sensitivity is high for ruling out gallstone disease with
subsequent biliary obstruction and to detect even very
small amounts of ascites which might be indicative for
peritoneal carcinosis. Disadvantages are operator-
dependency and the limited sensitivity to detect lesions
in the pancreatic tail. Visualization of the pancreas is
frequently hampered by bowel gas or by obesity.

In a considerable number of cases a typical
hypoechoic cancer of the pancreatic head with liver
metastases can be demonstrated. In the multimorbid
patient of older age who is unfit for chemotherapy, no
further diagnostics have to be performed and best sup-
portive care remains the only option (Fig. 2).

In the presence of a pancreatic tumor in conjunction
with biliary obstruction and cholangitis, an ERCP is
mandatory to alleviate biliary obstruction by papillo-
tomy and stent placement to prevent biliary sepsis.
Beside this therapeutic maneuver ERCP can exhibit
characteristic features of pancreatic cancer like a

double-duct sign or an isolated irregular stenosis of the
pancreatic duct with prestenotic dilatation.

In a cost-benefit analysis including 126 patients with
pancreatic cancer Alvarez and coworkers compared the
benefit of CT, ERCP, and fine-needle aspiration (FNA)
and found that ERCP did not change the management
of a single patient with a mass in the pancreatic head
but had a benefit in patients with atypical CT findings
(Alvarez et al. 1993). Nowadays, ERCP does not play a
role as a mere diagnostic tool. Formerly, some institu-
tions had performed ERCP if a clinical suspicion for
pancreatic cancer was present, although CT was unable
to demonstrate a pancreatic tumor (Béttger et al. 1998).
Instead of ERCP, most centers would currently favor
EUS for further clarification in those cases.

For assessing loco-regional extension, vascular
invasion, and metastatic spread of pancreatic cancer
contrast-enhanced dual-phase multidetector-row com-
puted tomography (MDCT) has the unchallenged lead-
ing role and provides the clinician with answers to the
following pivotal questions: Is there a mass in the pan-
creas (anatomy), is it cancer (predict pathology), and is
it resectable (“dictate” management). In comparison to
CT, magnetic-resonance imaging has a comparable
accuracy for diagnosing and staging but is significantly
more expensive (401 € vs. 182 €, see Table 4), which is
one of the main reasons why MRI is not used as the
primary diagnostic method but proved to be a powerful
tool as a “problem-solver” when results of CT scans
are ambiguous.
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Bearing in mind that more than 80% of patients
with pancreatic cancer are diagnosed at a late stage
with unresectable cancer and/or distant metastases,
MDCT will clearly define this patient group in the vast
majority of cases — not necessitating further diagnos-
tics. Bottger and coworkers conducted a prospective
observational study with the inclusion of 307 patients
with histologically proven pancreatic cancer in a
German tertiary-referral center. In 95% of all cases

abdominal US and CT were sufficient for diagnosing
and staging with a sensitivity rate of 89.4% for US and
a sensitivity rate of 97.8% for CT, respectively (Bottger
et al. 1998).

Due to the high accuracy of CT and the comparably
low negative predictive value of biopsies a histologic
confirmation of pancreatic cancer is confined to few
scenarios. Prior to initiation of chemotherapy a histo-
logic confirmation of pancreatic cancer is mandatory.
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Table 3 Costs for key imaging modalities and the Whipple
procedure

Imaging modality Costs (€)

Transabdominal US 46.5
CT 182
MRI 401
EUS 155
EUS +fine-needle biopsy 180
Laparoscopy 395
ERCP - diagnostic 382
ERCP - therapeutic 523
PET 540
Surgery

Whipple procedure 13,000-18,800

US ultrasound, CT contrast-enhanced computed tomography,
MRI magnetic resonance tomography, EUS endoscopic ultra-
sound, ERCP endoscopic retrograde cholangiopancreaticography
# Calculated by personnel and material costs in Germany

Table 4 Risk factors for the development of pancreatic cancer

Older age

Smoking

Idiopathic acute pancreatitis (>50 years)
Chronic pancreatitis

Long-standing type II diabetes
New-onset diabetes

Cystic fibrosis

Familial pancreatic cancer

Hereditary pancreatitis (HP)
Peutz—Jeghers syndrome (PJS)
Hereditary nonpolyposis colorectal cancer (HNPCC)

Familial atypical multiple mole melanoma syndrome
(FAMMM)

The general rule is that the primary tumor or a metas-
tasis is biopsied which is accessible with the lowest
risk. Frequently, a simple transabdominal US-guided
biopsy of a liver metastasis is the best and least expen-
sive option. In contrast, EUS-guided fine-needle aspi-
ration (EUS-FNA) of the pancreatic mass is the
standard procedure in those patients planned for neo-
adjuvant radiochemotherapy — and is associated with
higher costs (EUS-FNA: 180 €, Table 3). Although the
risk for tumor seeding as a result of a transabdominal
biopsy is extremely low, biopsy by EUS guidance is
generally preferred and recommended by current
guidelines (http://www.nccn.org/professionals/physi-
cian_gls/f_guidelines.asp).

Histologic or cytologic confirmation in patients
with a high suspicion for resectable pancreatic cancer
without metastases is not needed. The negative predic-
tive value of an EUS-FNA is too low — in other words,
the number of false-negative findings would be unac-
ceptably high excluding patients from the only poten-
tially curative treatment. On the other hand, in up to
13% of patients with presumed pancreatic cancer the
diagnosis is incorrect (Barone 2008).

For two reasons correct staging to assess local pro-
gression and distant metastases is of utmost impor-
tance. Overstaging would exclude a patient from
resection which is currently the treatment option that is
associated with the highest survival rate. Contrary,
understaging would lead to an unnecessary laparotomy
in a patient with few months to live.

A Spanish study performed a cost-minimization
analysis in 62 patients who were assessed for resect-
ability of pancreatic cancer by CT, MRI, EUS, and
angiography. Analyzing different combinations a
sequential imaging of CT and EUS proved to be the
best strategy. EUS was used as a confirmatory tech-
nique in those patients in whom helical CT suggested
resectability (Soriano et al. 2004). Although the com-
bination of EUS and CT leads to higher expenses costs
were eventually saved as unnecessary exploratory lap-
arotomies were avoided.

A similar study from the Decision Analysis and
Technology Assessment Group of the Massachusetts
General Hospital in Boston addressed the same topic
(McMahon et al. 2001). Different imaging technolo-
gies and their combinations were analyzed for cost-
effectiveness to evaluate resectability. Costs for CT,
MRI, laparoscopy, laparoscopic ultrasound (LPUS),
and EUS were calculated and compared with costs of
best supportive care and surgery. Interestingly, the
main outcome parameter was life-years gained. This is
an outcome parameter widely used in decision analy-
ses of therapeutic technologies (e.g., surgery, chemo-
therapy) but less frequently applied to assess the
effectiveness of diagnostic strategies. Interestingly,
few statistically significant differences in effectiveness
between the analyzed diagnostic options to assess
resectability were found. But costs differed signifi-
cantly. The least expensive strategy proved to be CT in
combination with laparoscopy or LPUS, respectively.
This strategy had an incremental cost-effectiveness
ratio (ICER) of $87,502 per life-year saved. Due to the
detrimental prognosis of pancreatic cancer, high
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amounts of money have to be spent per each additional
year saved. The second most cost-effective strategy
was the combination of CT with EUS. The combina-
tion of CT with laparoscopy or EUS was more expen-
sive than a single imaging modality, but cost savings
by reducing the number of unnecessary laparotomies
outweighed those additional costs by far.

Other authors addressed the question whether the
addition of a more extended diagnostic work-up will
detect metastases in a higher number of patients which
would reduce the number of unnecessary surgical pro-
cedures in metastasized patients.

For a cost-minimization analysis from the Mayo
Clinic a decision-tree model was applied (Harewood
and Wiersema 2001, Fig. 3). Three different approaches
were investigated in a hypothetical group of patients
with local resectability and no obvious metastases but
suspicious distant (non-peripancreatic) lymphnodes:
(a) proceed directly to surgery, (b) EUS-fine needle
aspiration (EUS-FNA) of the suspicious lymphnode,
and (c¢) CT-guided fine-needle aspiration (CT-FNA) of
the suspicious lymphnode. Costs, sensitivities, and
probabilities were derived from the literature. A sensi-
tivity rate of 80% for EUS-guided FNA and a sensitiv-
ity rate of only 40% for CT-FNA were used as a basis
for further calculations.

The EUS-FNA approach was the least costly
with $15,938 and avoided 16 unnecessary surgeries

Fig. 3 Decision tree for
calculation of cost-effective-
ness (Harewood and
Wiersema 2001). A decision
tree is a graphic model that
represents the consequences
for each possible decision
through a sequence of
decision and chance events
(Fineberg 1980). In the ideal
situation, probabilities of
each event are derived from a
meta-analysis of randomized
controlled studies. (EUS,
endoscopic ultrasound,

FNA fine-needle aspiration,
LN lymphnode)

pancreatic cancer

in 100 patients. Costs for CT-FNA were slightly
higher ($16,378) and avoided laparotomies in 8 of
100 patients.

Heinrich and coworkers from Switzerland sought to
elucidate whether PET/CT would be cost-effective in
59 patients with presumed resectable pancreatic cancer
(Heinrich et al. 2005). PET/CT detected additional dis-
tant metastases in five and synchronous rectal cancer in
two patients thus changing the management in 16% of
all included patients. Following their calculation
$62,912 were finally saved. Expenses for 59 PET/CTs
were calculated to be $125,588. Avoiding five pancre-
atic resections resulted in cost savings of $188,500.
This cost calculation appeared to be too optimistic in
favor of PET/CT, as the two rectal cancers and one
abdominal wall metastasis were visible on the initial
CT. Consequently, those patients did not fulfill the entry
criteria for this study and biased the result (Goh 2006).

3.1 Summary

In conclusion, it can be summarized that various studies
could demonstrate that increasing the accuracy of stag-
ing strategies — in terms of assessing resectability and the
presence of metastases — offers a potential to reduce costs
by preventing laparotomies. This refers to the rather
small group of patients with presumed resectability.
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Results of published cost-effectiveness studies have
to be interpreted with caution, as the assumptions for
costs in US studies do not frequently mirror costs in
European or other non-US countries. In addition,
imaging technology has experienced a dramatic prog-
ress in the last decade, so that cost-effectiveness stud-
ies have to be conducted with the state-of-the-art
technology. Based on the excellent accuracy rates of
current MDCT scanners for diagnosing and staging
pancreatic cancer it can be anticipated that the addition
of further diagnostic methods would prove to be cost-
effective only in a very selected group of patients.
As the detection of metastases to the peritoneum is still
problematic, new cost-effectiveness analyses with the
inclusion of laparoscopy for high-risk patients appear
to be most urgently needed. Additionally, further stud-
ies are needed to demonstrate cost-effectiveness of
EUS and PET/CT.

4 Screening for Pancreatic Cancer

Typically the patient is diagnosed with pancreatic can-
cer when a curative resection is impossible as the
tumor has locally progressed or even metastasized.
Screening for pancreatic cancer appeared to be an
attractive strategy to detect pancreatic cancer at an
early stage thus enabling curative resection. Complete
resection of small pancreatic cancers (T1, <2 cm) leads
to S5-year survival rates ranging from 30% to 60%
(Furukawa et al. 1996; Ishikawa et al. 1999; Shimizu
et al. 2005). Stage 1 tumors with a size <1 cm (“min-
ute” pancreatic cancer) have even higher 5-year sur-
vival rates, exceeding 75% (Tsuchiya et al. 1986;
Ishikawa et al. 1999). Concurrently, early diagnosis
has the potential to detect the tumor prior to metastatic
spread. In one series, even in <2 cm cancers only 44%
were confined to the pancreas (Tsuchiya et al. 1986).
Frequently duct dilation and the cut-off sign repre-
sented the earliest CT findings and were the only mor-
phological changes when the tumor was still invisible
(Shimizu et al. 2005; Gangi et al. 2004), keeping in
mind that in those studies current state-of-the-art
MDCT scanners were not used.

In the general population the life-time risk for
developing cancer is 1.27% or one in every 80 men or
women (http://seer.cancer.gov/statfacts/html/pancreas.
html?statfacts_page=pancreas.html&x=9&y=20). A
general screening program would never be cost-

effective and would result in a high absolute number
of false-positive results. This can be exemplified by a
simple calculation: the age-adjusted incidence of pan-
creatic cancer in individuals 50 years of age or older is
38 per 100,000. If we had a test with 99% sensitivity
and 99% specificity for pancreatic cancer and would
screen 100,000 individuals aged >50 years, nearly all
37 patients with pancreatic cancer would be identified.
At the same time, the test would falsely identify nearly
1,000 individuals as having cancer.

In a recent study effectiveness and costs of a whole-
body CT scan as a general screening tool in asymptom-
atic 50-year-old men were calculated (Beinfeld et al.
2005). Eight different cancer entities were included in
the model. Most subjects (95.8%) had at least one posi-
tive finding, but only 2% had disease. The work-up of
false-positive results would account for 32% of total
costs. Altogether, this would cost 151,000 per life-year
saved. In general, $55,000-$80,000 — which reflect
costs per life-year gained of patients treated with hemo-
dialysis — represent the upper limit society is willing to
pay when assessing health technologies.

Several factors and cancer syndromes were charac-
terized to be associated with a significantly enhanced
risk for developing pancreatic cancer (Vitone et al.
2006; Table 4).

Familial pancreatic cancer (=3 affected first-degree
relatives, relative risk for pancreatic cancer: 32), Peutz—
Jeghers syndrome (relative risk for pancreatic cancer:
132), and hereditary pancreatitis (cumulative life time
risk for pancreatic cancer: 40%) have the highest inher-
ent risk for pancreatic cancer, and screening programs
were proposed for subjects referring to this high-risk
groups. An expert panel at the Fourth International
Symposium of Inherited Diseases of the Pancreas stated
that a surveillance program should be recommended for
patients who have a more than tenfold greater risk for the
development of pancreatic cancer (Brand et al. 2007).

All currently used screening protocols apply EUS
for regular screening (Del Chiaro et al. 2010) which
reflects the very high sensitivity to detect pancreatic
abnormalities compared to all other imaging modali-
ties. In addition EUS is safe with a very low complica-
tion rate and involves no radiation. In contrast, ERCP
poses a low but significant risk for complications like
pancreatitis, bleeding, and perforation excluding this
method for a general use in screening programs.
According to the majority of screening protocols, only
pancreatic lesions that were identified by EUS have to
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be confirmed by ERCP before therapeutic decisions
are made. In high-risk populations chronic-pancreati-
tis-like abnormalities and (pre)malignant lesions like
pancreatic intraepithelial neoplasias (PanIn I-III) or
intraductal papillary mucinous neoplasms (IPMN) are
detected in significant numbers (Larghi et al. 2009).
These pathologies are reflected by nodules, cysts, or
echogenic foci, strands, and hyperechoic pancreatic
duct walls. The relatively low specificity of these
changes represent a problem, and in all screening cen-
ters cases are well-known where a pancreatectomy was
performed and no relevant (pre)malignant lesions were
found by the pathologists. Based on the low specificity
of EUS, patients with hereditary pancreatitis are the
least suitable high-risk group for regular EUS exami-
nation as all pancreata exhibit abnormalities.

Cost-effectiveness of screening programs is still a
matter of debate and a number of cost-effectiveness
studies were conducted. In a decision analysis Rulyak
and coworkers from the University of Washington
compared one-time screening for pancreatic dysplasia
with EUS to no screening in a hypothetical cohort of
100 members of familial pancreatic cancer (Rulyak
et al. 2003). Pathologic EUS findings were confirmed
by ERCP prior to total pancreatectomy. Calculations
were based on a prevalence rate of 20% for pancreatic
dysplasias and a sensitivity rate of 90% for EUS and
ERCP. Endoscopic screening was cost-effective and
following this model $16,885 had to be paid for one
life-year saved (incremental cost-effectiveness ratio:
$16,885/life-year saved). A sensitivity analysis proved
that screening remained cost-effective if the prevalence
of dysplasia was greater than 16% or if the sensitivity
of EUS was greater than 84%. The authors deduced
that screening of high-risk family members is cost-
effective and justified. This study was criticized as
one-time screening is not the approach of current
screening programs where regular controls are required
to detect newly formed dysplasias or malignancies.
Consequently, it is unproven if a screening interval of
1 or 3 years would be still cost-effective.

In a similar study, costs were calculated when patients
with hereditary pancreatitis were screened annually
with EUS from 40 to 55 years of age with the expecta-
tion to identify seven pancreatic cancers. This model led
to a total cost of $164,285 per newly detected pancreatic
cancer — which is a substantial amount of money.

In a third analysis from Liverpool, cost-effective-
ness of a screening program — according to US und EU

protocols — for patients with Peutz—Jeghers was
assessed (Latchford et al. 2006). A screening would
cost $350,000 per life saved — which is far from cost-
effective. Of note, further risk stratification could
reduce costs so that ultimately only $50,000 would be
required to save one life. This exemplifies that a screen-
ing might be only cost-effective if highly selected sub-
jects are included in the screening program.
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| Abstract

> The treatment of choice for ductal adenocarci-
noma of the pancreas has to deal with the
symptoms and general clinic conditions of the
patients, eventual comorbidities, prognostic
factors, and survival expectancy. It is nowa-
days assumed that radical surgery, once a cor-
rect indication for a demolitive intervention is
given, is the first therapeutical step to posi-
tively influence patient’s long survival, even
though a complete recovery can seldom be
reached (Sener et al. (1999) J Am Coll Surg
189:1-7).

1 Radical Surgery

Curative resection of pancreatic cancer can be performed
only in 20% of patients because of advanced stage. After
radical surgery, when associated with adjuvant treat-
ments, an overall 5-year survival rate of around 20% is
expected (Sener et al. 1999; Sohn et al. 2000; Wagner
etal. 2004). Improvements in technique and perioperative
management have led to a significant reduction of post-
operative mortality in experienced centers (Sohn et al.
2000; Wagner et al. 2004; Geer and Brennan 1993).

1.1 Duodenopancreatectomy

Duodenopancreatectomy (DP) represents the treatment
of choice for neoplastic processes of pancreatic head
and consists of three operative phases: the explorative,

A. Laghi (ed.), New Concepts in Diagnosis and Therapy of Pancreatic Adenocarcinoma, 113
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the resective, and the reconstructive ones (Jaeck et al.
1998a).

Since both peritoneal and liver metastases are con-
sidered absolute contraindications for the execution of
a DP, the first step of the surgery consists in an accu-
rate analysis of their presence through direct vision,
manual exploration, and intraoperative ultrasounds.
Moreover, a closer examination of the pancreas allows
a thorough evaluation of neoplastic resectability.

This exploration phase requires three fundamental
moments: the complete dissection of gastrocolic liga-
ment extended to the hepatic colic flexure; the Kocher
maneuver extended to the right margin of the aorta and
finally the cleavage between the posterior surface of
the pancreas and the portal-mesenteric trunk.

If the lesion is limited to the pancreatic parenchyma
and there is no evidence of extrapancreatic disease, the
operation can proceed to the next phase.

The exeresis consists of four steps: first the gall-
bladder and the cystic duct are mobilized, then the
common bile duct and the gastroduodenal artery are
carefully sectioned under direct vision. This phase is
followed by the removal of the distal portion of the
stomach in case of a nonpylorus-preserving Whipple
DP (whereas the whole organ is preserved if a Traverso-
Longmire DP is performed). Finally, the resection of
the pancreas together with the duodenum and the ret-
roportal pancreatic lamina is completed.

The last phase, the reconstructive one, consists of
the restoring of pancreatic, biliary, and gastric con-
tinuity, through the anastomosis of the common bile
duct, the pancreatic stump, and the stomach with a
proximal jejunal loop. This method guarantees an
efficient drainage of both pancreatic and biliary secre-
tions. The jejunal proximal extremity could eventually
be passed through the retroperitoneal transmesocolic
breach created with the previous dissecting maneuver.
It is, nevertheless, preferable to close this pathway and
let the loop pass anterior to the mesenteric vessels and
then through an intraperitoneal transmesocolic breach
in order to avoid any risk of compression on the loop.

At this point, everything is properly set up for the
execution of the following anastomosis:

* Pancreatic-jenual: it is the most delicate. The pan-
creatic anastomosis “risk” depends on severe fac-
tors. In the ductal cancer cases the remaining tissue
can be characterized by different texture. The more
tender the pancreatic stump is, the easier it is torn

by surgical threads and predisposed to arouse an
inflammatory reaction resulting in necrosis, anasto-
motic leakage, and postoperative fistulas. The end-
to-end pancreatic-jejunal anastomosis has been now
quite completely replaced by the end-to-side pan-
creatic-jejunal one. The previously closed jejunal
loop and the pancreatic stump are brought close by,
thereby permitting the execution of the anastomosis
at the level of the antimesenteric margin 2-3 cm
below the loop proximal extremity.

e Hepatic-jejunal: performed distally about 20 cm
below the previous one, in order to avoid a possible
involvement of this latter anastomosis, whereas an
undesired pancreatic fistula should occur. This would
lead to a more perilous pancreatic-biliary one.

e Gastric-jejunal: a sufficiently wide, left transmeso-
colic breach is performed through which the gastric
stump is lowered. The anastomosis is thus per-
formed at least 40 cm distally to the bilio-jejunal
one in order to prevent any risk of tension on it. If
the transmesocolic breach cannot be executed, the
anastomosis can be anyway performed in an ante-
colic position. It is also advisable to add, when pos-
sible, a side-to-side 4-5 cm long anastomosis
between the afferent and efferent loops to the stom-
ach (Brown procedure). This expedient can ease the
efferent loop’s emptying.

It is, moreover, mandatory to underline how the classic
DP procedure (the so-called Whipple one) has now been
replaced, when possible, by the one proposed by Traverso
and Longmire. This pylorus-preserving technique, thanks
to the consequent sparing of the Letarjet plexus, seems
to result in a more physiologic gastric emptying with a
consequent reduced gastro-jejunal reflux and “dumping
syndrome” presentation. Long-term results testify a lower
incidence of postoperative malnutrition connected to the
pylorus sparing procedure.

The section of the duodenum is classically executed
3—4 cm distally from the pylorus sphincter and is fol-
lowed by one of the gastroduodenal arteries. Restoring
of gastrointestinal continuity is realized as previously
described (Fig. 1).

When the pylorus cannot be technically preserved,
two different reconstructive strategies have been pro-
posed in order to avoid biliary and pancreatic reflux on
the gastric stump. Besides the previously described
side-to-side 4-5 cm long anastomosis between the
afferent and efferent loops to the stomach (Brown
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Fig. 1 Reconstruction
after DP

procedure), an “en-Y” gastro-jejunal anastomosis can
be successfully performed with good results in terms
of a more physiologic gastric emptying.

1.2 Distal Pancreatectomy

Distal pancreatectomy (DPa) is considered the standard
technique for the management of malignant disorders
of the body-tail of the pancreas (Jaeck et al. 1998b).
In general, the operation is performed en bloc along
with resection of the spleen; however, splenic preserva-
tion has recently been advocated whenever technically
feasible and safe. Indications for spleen preserving
DPa are represented by benign-borderline disorders of
the gland, such as chronic pancreatitis, pseudocysts,
cystic tumors, pancreatic traumas, and fistulas related
to previous pancreatic surgeries. By the way, once a
correct diagnosis of malignant neoplasm of the body-
tail of the pancreas is given, the treatment of choice is
represented by a standard distal splenopancreatectomy

. Stomach

Bile duct

(Aldridge and Williamson 1991; Richardson and Scott-
Conner 1989; Fernandez-Cruz et al. 2005).

The patient is placed in the supine position. Axifoid-
umbilical midline incision is performed. After the divi-
sion of the gastrocolic ligament, the body-tail of the
pancreas is best exposed by displacing the omentum
and the colon with its mesocolon inferiorly away from
the pancreas. The dissection is continued up to the
uppermost short gastric vessels, which are legated and
divided thus freeing the spleen from the greater curva-
ture of the stomach. Division of adhesions between the
posterior wall of the stomach and pancreas allows the
stomach to be retracted superiorly. The celiac axis is
then visualized at the upper border of the body of the
pancreas; the hepatic artery is identified and freed from
the superior margin of the pancreas; this artery is then
followed to the left until it merges with the splenic
artery at its origin from the celiac trunk. The splenic
artery is consequently ligated and divided.

The posterior aspect of the body of the pancreas is
mobilized out of the retroperitoneum until the superior
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Fig. 2 Distal pancreatectomy

mesenteric vein is clearly identified. Once the lienore-
nal and lienophrenic ligaments are divided, the spleno-
pancreatic-block can be fully mobilized and brought
over the right side of the patient; the splenic vein and
the pancreas are, therefore, dissected via linear stapling
device. The pancreatic stump is properly sutured and a
single drainage is placed (Fernandez-Cruz 2006).

In general, the DPa procedure is nowadays becom-
ing more and more popular by laparoscopic-mini inva-
sive approach, even if it is not yet indicated for
adenocarcinoma (Fig. 2).

1.3 Total Pancreatectomy

The role of total pancreatectomy (TP) for the man-
agement of pancreatic adenocarcinoma is nowadays
confined: (a) in case of a soft and corrupted pancre-
atic stump resulting from a previous partial resection
not allowing a safe anastomosis and (b) for recurring
positivity for neoplasm of the pancreatic margin dur-
ing intraoperative examination after a partial pancre-
atic resection (Butturini et al. 2008; Muller et al. 2007,
Schmidt et al. 2007).

The operative technique utilized for TP depends
upon whether the patient has undergone previous

Resection margin over-
sewn to prevent leak of
pancreatic juice

Specimen with tumor and
associated lymph nodes

pancreatic resection. Distal pancreatectomy can be
performed in patients who had a previous pancreatodu-
odenectomy. Patients with a previous distal pancreate-
ctomy are candidates for either duodenum-preserving
pancreatectomy or completion pancreaticoduodenec-
tomy (Heidt et al. 2007).

The operative procedure begins with a thorough
exploration to evaluate the presence of extrapancre-
atic disease. The right colon and hepatic flexure of the
colon are mobilized to provide access to the second
part of the duodenum. A wide Kocher maneuver is per-
formed and the duodenum and pancreas are elevated
off the inferior vena cava until the left border of the
abdominal aorta can be palpated. The Kocher maneu-
ver is extended by continuing mobilization of the third
portion of the duodenum until the superior mesenteric
vein is encountered. The gastrocolic ligament is widely
divided to allow access to the body of the pancreas.
The anterior surface of the superior mesenteric vein
is identified and dissected under direct vision. Using
a proper retractor, the neck of the pancreas is lifted,
and entering this avascular plane, the superior mesen-
teric vein is traced proximally to its confluence with the
portal vein. Following cholecystectomy, the peritoneal
reflection over the hepatoduodenal ligament is care-
fully opened and the common bile duct and common
hepatic artery are carefully dissected, and vessel loops
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are placed around them. The gastroduodenal artery is
identified and ligated in continuity to facilitate access
to the portal vein at the superior aspect of the pancreas.
The splenorenal ligament is divided, and the spleen is
drawn medially together with the tail of the pancreas,
thus opening the retropancreatic plane. The splenic
vein and artery are ligated. Next, the distal part of the
stomach is mobilized and transected in case of a non-
pylorus preserving procedure, while if the sphincter can
be spared, the transaction is performed 2-3 cm distally
to it, at the level of the first duodenal portion. The duo-
denojejunal flexure is located and dissected free from
the retroperitoneum by dividing the ligament of Treitz.
Approximately 10-15 cm distal to the duodenojeju-
nal flexure, the vessels within the mesentery and sub-
sequently the small bowel are divided. The pancreas,
distal stomach, duodenum, and spleen are removed en
bloc. To restore gastrointestinal continuity, an end-to-
side choledochojejunal anastomosis is performed. The
stomach is then anastomosed to the jejunum in two lay-
ers (Lillemoe et al. 1999; Sohn et al. 1999).

Recent international literature data and our experi-
ence attest that TP can nowadays be performed safely
in high-volume centers (Billings et al. 2005). The over-
all quality of life after the intervention is now consid-
ered to be acceptable thanks to the newest techniques
of management of the apancreatic status. Moreover, the
limitations due to this condition do not justify avoid-
ing the procedure in patients in whom the complete
removal of the pancreas is required for oncologic, tech-
nical, prophylactic, or complication-related reasons.
Therefore, TP should no longer be generally avoided,
because it is a viable option in selected patients.

2 Palliative Surgery

As already stressed, adenocarcinoma remains a disease
associated with a poor prognosis. The majority of
patients are not candidates for resection at the time
of diagnosis (Trede 1985), and between 25 and 75% of
patients who undergo exploratory surgery are found to
have unresectable disease (Lillemoe et al. 1999).
Surgical palliation continues to play an important
role in the management of periampullary carcinoma,
and it can be performed with minimal perioperative
mortality, acceptable morbidity, and good long-term
palliation, being the treatment of choice for selected

patients with unresectable tumors (Sohn et al. 1999;
Lillemoe et al. 1993).

Palliation from obstructive jaundice is associated
with important physiological benefits (improved hepa-
tocyte metabolism, protein synthesis, absorption and
digestion of fats, bacterial clearance) as well as with
the relief of disturbing clinical symptoms (maldiges-
tion, itching, peripheral edema).

The results of controlled clinical trials and large mul-
ticentre studies comparing operative biliary bypass and
biliary stent insertion in unresectable pancreatic tumors
have shown how the initial success rate in palliation of
jaundice is similar after endoscopic stent insertion and
biliary bypass operation (Schwarz and Beger 2000).
Other studies have demonstrated how morbidity and
30-day mortality are higher after bypass operation,
whereas stent insertion is accompanied by a higher rate
of hospital readmission and reintervention because of
infections and recurrent jaundice (Smith et al. 1994;
Luque-de Leon et al. 1999).

Debate still exists in literature in the case of intraop-
erative evidence of systemic diffusion of cancer (perito-
neal or liver metastasis): in some high-volume centers,
such as in the John Hopkins Group, intraoperative diag-
nosis of metastasis does not contraindicate surgical
palliation (Butturini et al. 2008), while on the other
hand — according to other authors (Luque-de Leon et al.
1999; Falconi et al. 2004; Potts et al. 1990) — in patients
in stage IV there is no indication to proceed with a sur-
gical biliary bypass considering the short expectancy of
life (<6 months). In case of intraoperative diagnosis of
unresectability for the local extension of the tumor with
local nodal or vascular involvement, in the presence of
jaundice or main biliary duct dilation, biliary bypass
should be performed (Luque-de Leon et al. 1999; Potts
et al. 1990), particularly for younger patients without
comorbid conditions (Luque-de Leon et al. 1999).

For tumors located in the head of the pancreas,
combined biliary and gastric bypass would be the
elected procedure, due to the high risk of developing
obstructive jaundice.

Surgical palliation could include different options
such as cholecystojujenostomy, choledochoduodeno-
stomy, or hepatico-(choledocho)-jejunostomy. In sev-
eral authors’ opinion, the overall outcomes of these
three techniques are similar (Deziel et al. 1996).

Cholecystojujenostomy is a quick and safe method
of drainage and minimal expertise is required as the
dissection of the biliary tree is not necessary.
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More recently, Falconi et al. (2004) proposed with
good results a pylorus-preserving gastric transposition
associated with coledochoduodenostomy in patients
without distal duodenum obstruction. Although the use
of the duodenum for the anastomosis carries a higher
risk of jaundice recurrence, due to secondary duodenal
obstruction, it is still the method of choice in different
centers with good results (Potts et al. 1990). For this
group, choledoco-(hepatico)-enteric bypass is nowadays
the method of choice for drainage as it provides longer
palliation and avoids cholangitis. According to different
reports, this procedure seems to be the gold standard for
biliary bypass (Tao et al. 2002; Sarfeh et al. 1988; Egrari
and O’Connell 1995). Itis true that this represents a more
demanding technique as it requires an extensive dissec-
tion of the biliary tree, but this could be balanced by its
use in cases with longer life expectancy. According to
other centers’ experience (Dervenis 2000), “Roux-en-Y”
anastomosis, at present, is associated with colecistec-
tomy whenever possible, as it was found more effective
and safe in jaundice palliation without adding any opera-
tive risk and slightly increasing operative time.

One out of three patients with pancreatic cancer
presents symptoms caused by a degree of gastric outlet
obstruction (Smith et al. 1994; Egrari and O’Connell
1995). There is large debate concerning the role of pro-
phylactic gastric bypass in patients with unresectable
pancreatic cancer operated for obstructive jaundice.

Therefore, a double bypass is generally not yet
accepted as standard treatment. The reluctance to per-
form a prophylactic gastroenterostomy is routinely
based on the occurrence of additional postoperative
complications: delayed gastric emptying and gastroin-
testinal bleeding have been reported (Weaver et al. 1987;
Schantz et al. 1984). The authors conclude that gastroje-
junostomy should be performed routinely when a patient
is undergoing surgical palliation for unresectable peri-
ampullary carcinoma (Smith et al. 1994). In the absence
of confirmed obstruction, the gastrointestinal anastomo-
sis tends not to function because of a vicious circle
between the stomach, duodenum, and anastomosis. This
can in fact worsen the patient’s quality of life with symp-
toms of dyspepsia, slowed digestion, regurgitation, and
even vomiting (Slim et al. 1996). In some cases, the
anastomosis actually occludes (Roost et al. 1989).

In the Verona group, a retrocolic construction tech-
nique is routinely used combining an omega loop with
an entero-entero anastomosis between the afferent
and efferent limbs to decrease the problem of delayed

gastric emptying (with a “Roux-en-Y” reconstruction
for the biliary bypass). Since 1997, this group, observ-
ing a low incidence of delayed gastric emptying (<4%)
after pylorus-preserving pancreaticoduodenectomy,
has used whenever possible pylorus-preserving gas-
tric retrocolic transposition (Dervenis 2000). After the
gastrocolic and hepatogastric ligaments were opened,
elective ligature of both right gastric and gastroepiploic
arteries and veins was undertaken. The first 3—4 cm
of duodenum distal to the pylorus was dissected, and
duodenum was transected. Nevertheless, tumor growth
can occlude the duodenum below the papillary region,
thus creating a closed “loop” consisting of the duode-
nal stump and biliary tract. In case of biliary anasto-
mosis, this results in cholangitis. This occurred after
one operation and required a second operation to drain
the duodenal stump exclusively.

Palliation of pain in patients with unresectable pancre-
atic cancer was attempted in the past with surgical drain-
age of the dilated pancreatic duct over a T-tube or with a
pancreatico-enteroanastomosis with little or no success.
Recently, promising results (60% of the patients remained
pain-free after the procedure) were obtained with pancre-
atic stenting (Costamagna et al. 1999). Surgery for pain
relief is limited to thorascopic splanchnicectomy or to
perioperative coeliac plexus block, which appears to be
an important part of palliative surgery.

Surgical palliation for unresectable pancreatic can-
cer is in selected patients the method of choice as it is
the only one having the advantage of treating in a sin-
gle procedure the three major symptoms: jaundice,
duodenal obstruction, and pain. Patients in stage III
with local vascular involvement have a longer expecta-
tion of life than patients in stage IV, so they ought to
receive a surgical palliation as it is safe, gives better
quality of life, and is cost effective.

2.1 Radiofrequency Thermo Ablation

Radiofrequency thermo ablation (RFTA) represents
a local treating methodology possibly capable of cell
destroying through thermal coagulation and proteins
denaturation. RFTA is nowadays used with good results
in the treatment of solid, nonresectable tumors such as
those of liver, lung, kidney, brain, breast, prostate, adre-
nal gland, bone, and spleen (Lencioni and Crocetti 2005;
Simon and Dupuy 2005; Boss et al. 2005; Shariat et al.
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2005; Noguchi 2003; Martel et al. 2009; Gananadha
et al. 2004; Milicevic et al. 2002).

RFTA application on pancreas presents, though criti-
cal aspects related to the peculiar organ’s anatomy, dis-
ease’s biology, and pancreatic parenchyma properties.

The ablation of neoplastic mass is indeed contrain-
dicated in the presence of previously misdiagnosed
liver metastases or peritoneal carcinosis (Date and
Siriwardena 2005; Matsui et al. 2000; Spiliotis et al.
2007; Elias et al. 2004; Varshney et al. 2006; Lygidakis
et al. 2007; Goldberg et al. 1999; Date et al. 2005).

Accurate patients’ selection is fundamental. RFTA
can in fact be taken into consideration in case of locally
advanced pancreatic adenocarcinoma (stage III).

Intraoperative monitoring of coagulative effect is
checked with ultrasounds. When RFTA is feasible, a
bilio-digestive bypass should always be performed for
cephalic tumors.

RFTA’s possible complications are represented by
acute pancreatitis, portal vein thrombosis, gastroduode-
nal or intraabdominal bleeding, and bilio-pancreatic
fistulas. However, the risk of developing acute pancrea-
titis as well as biliary fistula has been demonstrated to
be very low. In order to preserve surrounding structures
from heat injury, a “security distance” must be main-
tained. Moreover, to reduce the effect of thermal con-
duction, the whole area should be continuously kept
under the temperature of 40° with cold saline solution.
In addition, a cold lint is properly placed above the infe-
rior vena cava and the duodenum is perfused with cold
physiological solution via a nasogastric probe placed in
the second portion of the duodenum. Recent evidences
suggested to lower the method temperature from 105 to
90° in order to minimize the already mentioned risks.

After this analysis, the “total” treatment of the pan-
creatic mass with RFTA appears unlikely, difficult, not
secure, and thus not indicated. Residual neoplastic tis-
sue infiltrating surrounding structures such as mesen-
teric vessels, duodenal walls, or retroperitoneum is
obviously not removed. For this reason, it is indicated
to complete RFTA citoreduction with chemotherapy
alone or in association with radiotherapy.

3 Adjuvant and Neoadjuvant Therapy

The majority of patients who underwent surgical resec-
tion for pancreatic adenocarcinoma develop, during

the follow-up, both hepatic and lymphatic metastasis.
For this reason, adjuvant treatment is a rationale
approach.

The results from the European Study Group for
the Pancreatic Cancer (ESPAC1) (Neoptolemos et al.
2004) demonstrated that adjuvant therapy prolongs
survival rate in this setting of patients. Following
studies, e.g., ESPAC 3 and CONKO 001, tried to
found the most suitable treatment to apply (Oettle
et al. 2005).

Therefore, at this time, no definite standard has
been established in the adjuvant treatment of pan-
creatic cancer, and both 5-FU-based chemoradiation
with additional gemcitabine-chemotherapy and chemo-
therapy alone with gemcitabine, 5-FU, or capecitabine
are listed in the guidelines as options for adjuvant
treatment.

However, when chemotherapy alone is the choice
of adjuvant therapy, gemcitabine is preferred over
either 5-FU or capecitabine for most patients, and
systemic gemcitabine should be administered with
adjuvant 5-FU-based chemoradiation when chemora-
diation is the adjuvant therapy choice.

Treatment should be initiated within 4-8 weeks
from surgery and should go on 6 month.

Nevertheless, with the emergence of new agents to
treat pancreatic cancer, particularly biologics, adjuvant
clinical trials designed to incorporate principles of
molecular biology and new imaging methods, may be
more beneficial than those focused on a comparison of
chemotherapy vs. chemoradiation.

A number of studies have investigated the use of
neoadjuvant chemoradiation in patients with resect-
able disease (Wollf et al. 2002; Talamonti et al. 2006;
Hoffman et al. 1998; Breslin et al. 2001; Spitz et al.
1997). Putative advantages of administering neoadju-
vant therapy include treatment of micrometastases at a
earlier stage, the potential to select for surgery those
patients with more stable disease or disease that has
not been subjected to surgery and may be more sensi-
tive to chemoradiation, and the potential to downsize
tumors so as to increase the likelihood of a margin-free
resection (Varadhachary et al. 2006; Quiros et al. 2007;
White et al. 2001).

In fact, emerging evidence suggests that there is a
better chance of margin-negative resection with preop-
erative therapy (Pingpank et al. 2001).

Further, the optimal neoadjuvant regimen has not
been established yet.
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4 Conclusions

Although there have been substantial improvements in
the management of pancreatic cancer, the correct treat-
ment of this complex disease still represents an open
challenge for the surgeon.

The gold standard for the therapy of malignant pan-
creatic neoplastic forms remains radical surgery. Once
a complete eradication of the disease can be achieved,
major pancreatic resections such as DPa and TP should
be performed for head, body-tail, and whole organ
neoplasms, respectively.

Recent world literature data and our experience
attest how both adjuvant and neoadjuvant chemother-
apy and radiotherapy play a major role in the multidis-
ciplinary treatment of the disease, with a resulting
better outcome than surgery alone.

A new perspective is represented by the still experi-
mental RFTA of nonresectable tumors, which can pro-
vide good results in association or not with standard
protocols of chemotherapy.

Despite the improvements in diagnostic preopera-
tive imaging, the majority of patients are still unfortu-
nately found eligible neither for radical surgery nor for
cytoreductive therapies. In these cases palliative sur-
gery plays a fundamental role, allowing good quality
of life in both short and long-term results.
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> Atthe time of diagnosis, around 20% of patients
present with a resectable tumor, 50% with a
metastatic disease, and 30% with a locally
advanced tumor, unresectable because of supe-
rior mesenteric artery (SMA) or celiac encase-
ment but nonmetastatic. Despite advances in
chemoradiation (CRT) and improved systemic
chemotherapeutic agents, those who present
with locally advanced disease suffer both from
high rates of distant metastatic failure and local
progression, with median survival time ranging
from 5 to 11 months. In the past 30 years, mod-
est improvements in median survival have been
attained for patients with locally advanced
tumors treated by CRT or chemotherapy (CT)
protocols. However, no significant impact on
long-term survival has been accomplished.
Optimal therapy for patients with locally
advanced pancreatic carcinoma remains con-
troversial. A recent systematic review con-
cluded that there is no standard for the treatment
of locally advanced pancreatic cancers, but two
options: gemcitabine-based CT or CRT. These
approaches are complementary and both should
be considered. An induction CT followed by a
CRT for nonprogressive patients is a promising
strategy whose validation is ongoing in a phase
I trial.

A. Laghi (ed.), New Concepts in Diagnosis and Therapy of Pancreatic Adenocarcinoma,
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1 Introduction

At the time of diagnosis, around 20% of patients with
pancreatic cancer presents with a resectable tumor,
30% with a locally advanced tumor, and 50% with a
metastatic disease. Patients with locally advanced car-
cinoma of the pancreas comprise a group of patients
with an intermediate prognosis between resectable and
metastatic patients with median survival time ranging
from 5 to 11 months (Yeo et al. 2002). These patients
have pancreatic tumors that are defined as surgically
unresectable, but have no evidence of distant metasta-
ses. A tumor is considered to be unresectable if it has
one of the following features:

* Encasement or occlusion of the superior mesenteric
vein (SMV) or SMV/portal vein confluence

¢ Direct involvement of the SMA, inferior vena cava,
aorta, or celiac axis

However, recent advances in surgical technique may
allow for the resection of selected patients with tumors
involving the SMV (Leach et al. 1998).

Optimal therapy for patients with locally advanced
pancreatic carcinoma remains controversial. Currently,
there are two therapeutic options. In the early 1980s,
5-fluorouracil (5-FU)-based concomitant chemoradia-
tion (CRT) was shown to be better than radiotherapy
alone (Moertel et al. 1981). Moreover, gemcitabine
has improved the outcome of patients with advanced
disease (26% locally advanced, 74% metastatic) by
improving survival with a clinical benefit (Burris et al.
1997). The results of four randomized trials compar-
ing CRT vs. chemotherapy (CT) were contradictory
(GITSG 1988; Klaassen et al. 1985; Chauffert et al.
2008; Loehrer et al. 2008). A recent systematic review
concluded that there is no standard for the treatment of
locally advanced pancreatic cancer, but two options:
gemcitabine-based CT or CRT (Huguet et al. 2009).
Other therapeutic options of patients with locally
advanced pancreatic cancer include intraoperative
radiation therapy (IORT), stereotactic body radiation
therapy (SBRT), intensity-modulated radiation therapy
(IMRT), and more recently, external beam radiation
therapy (EBRT) with novel chemotherapeutic and tar-
geted agents. Another approach is to consider that CRT
and CT are complementary and should be associated.
An induction CT followed by a CRT for nonprogres-
sive patients is a promising strategy whose validation
is ongoing in a phase III trial. In evaluating the results

of these various therapies, it is useful to remember that
a median survival of 6 months has been reported for
this subset of patients undergoing best supportive care
(Shinchi et al. 2002).

2 Prospective Trials (Table 1)

2.1 Chemoradiation vs.
Best Supportive Care

Only one recent randomized trial compared CRT to
best supportive care in 31 patients with locally advanced
pancreatic cancer (Shinchi et al. 2002). CRT was
delivered in 16 patients using a standard fractionation
scheme to a planned total dose of 50.4 Gy concurrently,
with a continuous infusion of 5-FU at 200 mg/m?/day.
Fifteen patients were assigned to receive best support-
ive care. Despite a high heterogeneity in the effectively
delivered dose of radiation (ranging from 25.2 to 60 Gy),
results demonstrated a significant benefit of CRT, both
on overall survival (p<0.001) and quality of life, which
was evaluated with the quality-adjusted life-months
score (p<0.001).

2.2 Chemoradiation vs.
Radiation Therapy Alone

With the exception of one trial, CRT for locally
advanced pancreatic cancer has been shown to improve
survival compared to conventional EBRT alone in sev-
eral prospective randomized trials. The first trial was
published in 1969 by a team of the Mayo Clinic and
included various types of gastrointestinal cancers, in
which there were 64 patients with locally advanced
pancreatic adenocarcinoma (Moertel et al. 1969). They
received 3540 Gy EBRT combined with concurrent
5-FU or placebo. A significant survival advantage was
seen for patients receiving EBRT with 5-FU vs. EBRT
only (10.4 vs. 6.3 months). The Gastrointestinal Tumors
Study Group (GITSG) followed with a similar study
comparing EBRT alone to EBRT with concurrent and
maintenance 5-FU (Moertel et al. 1981). One hundred
and ninety-four eligible patients with locally advanced
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Table 1 Prospective randomized trials for locally advanced pancreatic cancer

References Treatment Disease free  Overall survival 1-Year survival (%)
survival (months)
(months)
Moertel et al. (1969) RT 3540 Gy 32 6.3 6°
p<0.05
CRT 35-40 Gy +5-FU 32 10.4 25°
Moertel et al. (1981) RT 60 Gy 25 2.9 5.3 10
p<0.01 p<0.01
7 8.4
CRT 40 Gy +5-FU then 5-FU 117  p=0.14 p=0.19 35
CRT 60 Gy +5-FU then 5-FU 111 7.6 11.4 46
Hazel et al. (1981) 5-FU + methylCCNU 30 7.8
n.s.
CRT 46 Gy +5-FU then 7.3
5-FU + methylCCNU
GITSG (1985) CRT 60 Gy +5-FU then 5-FU 73 8.5 33
n.s.
CRT 40 Gy +adria then 5-FU 70 7.6 27
Klaassen et al. (1985)  5-FU 44 8.2 320
CRT 40 Gy +5-FU then 5-FU 47 n.s. 267
8.3
GITSG (1988) SMF 21 7.4 19
CRT 54 Gy +5-FU then SMF 22 n.s. p<0.02
9.7 41
Earle et al. (1994) CRT 55 Gy +5-FU 87 7.8
CRT 50 Gy +hycanthone n.s.
7.8
Shinchi et al. (2002) Best supportive care 31 6.4 0
CRT 50.8 Gy +5-FU then 5-FU p<0.001 p<0.001
13.2 53
Li et al. (2003) CRT +5-FU then gem 34 2.7 6.7
CRT + gem then gem p=0.019 p=0.027
7.1 14.5
Chung et al. (2004) CRT 45 Gy + gem + doxifluridine 46 12 12
then gem+doxi n.s. n.s.
CRT 45 Gy +docetaxel +doxi 12.5 14
then gem +doxi
Cohen et al. (2005) RT 59.4 Gy 108 5 7.1
CRT 59.4 Gy +5-FU +mito C n.s. n.s.
5.1 8.4
Chauffert et al. (2008) Gem 60 13 53
CRT 60 Gy +5-FU +cisplatine 59 p=0.03 32
then gem 8.6
Loehrer et al. (2008) Gemx7 35 6.1 9.2 302
CRT 50.4 Gy + gem then 34 n.s. p=0.04 45¢
gemx5 6.3 11

n number of patients; GISTG Gastrointestinal Study Group; ECOG Eastern Cooperative Oncology Group; RT radiation therapy;
CRT chemoradiation; 5-FU 5-fluorouracil; SMF streptozocin, mitomycin C, and 5-flurouracil; gem gemcitabine; doxi doxifluridine;
mito C mitomycine C; n.s. nonsignificant

“Extrapolated from survival curve
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pancreatic adenocarcinoma were randomized to receive
60 Gy of split course EBRT alone, 40 Gy of split course
EBRT with concurrent bolus 5-FU CT (500 mg/m? on
the first 3 days of each 20 Gy radiation), or 60 Gy split
course EBRT using a similar CT regimen. Patients in
the latter groups received maintenance 5-FU after
EBRT completion. The EBRT-alone arm was closed
early after an interim analysis as a result of an inferior
survival rate. The median overall survival in the two
combined modality therapy arms was 8.4 and 11.4
months, respectively, vs. 5.3 months in the EBRT-alone
arm (p<0.01). No significant differences were seen
between the high- and low-dose EBRT in the CRT arms
(p=0.19). Most recently, another phase III trial com-
pared CRT to EBRT alone. In this study, standard EBRT
to a total dose of 59.4 Gy was compared to CRT with
5-FU and mitomycin C (Cohen et al. 2005). This trial
enrolled 114 patients. No significant difference in terms
of overall survival was reported between the two arms
(8.4 vs. 7.1 months, respectively; p=0.16). CRT was
associated in the last two studies with higher hemato-
logical and digestive toxicity rates.

Two metaanalyses compared CRT to exclusive
radiotherapy in locally advanced pancreatic carcinoma
(Sultana et al. 2007b; Yip et al. 2007). The metaanaly-
sis reported by Sultana et al. included the randomized
trials described above, whereas the Cochrane Collabo-
ration study analyzed only the trial by Moertel et al.,
together with ancient historical studies. However, the
two metl2aanalyses concluded a significant benefit of
CRT on overall survival, with, in the Sultana’s study, a
31%-decrease in tumor-related deaths following CRT,
when compared with radiotherapy.

2.3 Chemoradiation vs.
Chemotherapy Alone

CRT was compared with CT in five randomized trials.
Three studies were published in the 1980s (Hazel et al.
1981; GITSG 1988; Klaassen et al. 1985). In these tri-
als, CRT consisted of the combination of standard
radiotherapy, delivering total doses ranging from 40 to
54 Gy, and 5-FU. CRT was compared to various CT
regimens: 5-FU, methyICCNU and 5-FU, or SMF
(streptomycin, mitomycin C, 5-FU). A GITSG trial
compared CT alone to CRT, again in surgically con-
firmed unresectable tumors. Forty-three patients were
randomized to receive the combination streptozocin,

mitomycin C, and 5-FU (SMF) CT or 54 Gy of EBRT
with two cycles of concurrent bolus 5-FU CT, followed
by adjuvant SMF CT. The CRT arm demonstrated a sig-
nificant survival advantage over the CT alone arm
(1-year survival 41 vs. 19%, respectively; p<0.02)
(GITSG 1988). In the two other trials, CT and CRT had
same results. A most recent randomized trial addressing
this question was reported in 2008 by the French FFCD-
SFRO trial (Chauffert et al. 2008). In this study, CRT
was delivered to a total dose of 60 Gy concurrently with
cisplatin (20 mg/m? during the first and fifth weeks of
radiotherapy) and 5-FU (continuous infusion at 300 mg/
m?%day). The CT arm was gemcitabine (1,000 mg/m?%
week), which has become the standard treatment of
advanced pancreatic carcinoma (Burris et al. 1997). In
contrast to the initial hypothesis of the trial, overall sur-
vival was shorter in the CRT arm. Higher grade 3—4 tox-
icity rates were observed in the CRT arm compared to
the CT arm (66 vs. 40%, respectively).

More recently, the results of another phase III trial
(ECOG E4201) comparing CRT and CT alone were
presented at the annual ASCO meeting 2008. In this
trial, patients with locally unresectable pancreatic can-
cer were randomized between a CRT with concurrent
gemcitabine followed by gemcitabine vs. gemcitabine
alone (Loehrer et al. 2008). In the CRT arm, the total
dose was 50.4 Gy with concurrent gemcitabine
(600 mg/m*week). The inclusion of 316 patients was
planned to have an 88% power to detect a 50% improve-
ment in median overall survival. The study closed after
the inclusion of 74 patients only because of low accrual
rate. Median overall survival was better in the CRT arm
(11 vs. 9.2 months, p=0.044). Grade 4 toxicity was
more common in CRT arm (41.2 vs. 5.7%, p<0.0001).
These results should be considered cautiously because
of the limited number of patients included.

Metaanalysis of the four first studies, including pre-
liminary data of the FFCD-SFRO but not those of ECOG
E4201, concluded that the overall survival was not sig-
nificantly different following CRT or CT (HR=0.79; IC
95%: 0.32—1.95) (Sultana et al. 2007a, b).

2.4 Chemotherapy Alone

The results of CT alone for this stage of pancreatic
cancer are often difficult to evaluate in the literature as
most trials pool patients with locally advanced and
metastatic cancers. Table 2 summarizes the main
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References Treatment

Type
of

trial

Louvet et al. (2001) 11 Gem/5-FU
Reni et al. (2001) 11 Gem/5-FU/cisplatin/
epirubicine
Stathopoulos et al. (2001) 1I Gem/irinotecan
Louvet et al. (2002) 11 Gem/oxaliplatin
El-Rayes et al. (2003) 1I Gem/cisplatin/5-FU
Van Cutsem et al. (2004) 11T Gem
Gem / tipifarnib
Rocha Lima et al. (2004) 111 Gem
Gem/irinotecan
Louvet et al. (2005) 1 Gem
Gem/oxaliplatin
Heinemann et al. (2006) I Gem
Gem/cisplatin
Poplin et al. (2009) 1 Gem
Gem FDR
Gem/oxaliplatine

Table 2 Summary of phase IT and III trials of gemcitabine-based chemotherapy in locally advanced pancreatic adenocarcinoma

Median Median 1-Year survival
PFS oS (%)
(months) (months)
22 7 11.5 46
18 10.5 18.5 -
9 - 8.5 26.7
30 6.2 11.5 47
16 7.2 10.3 35
164 4.5 8.7 -
6.6 10.4 -
24 3.9 11.7 -
27 7.7 9.8 -
47 5.3 10.3 -
51 7.4 10.3 -
20 32 10.4 -
20 8.6 10.3 -
86 54 9.2

n number of patients; Gem gemcitabine; FDR fixed-dose rate
OS overall survival

results of gemcitabine-based CT phase II and III trials
which have individualized patients with LA tumors.

3 Modalities of Chemoradiation

3.1 Type of Concurrent Chemotherapy

Numerous CT regimens have been combined with
radiotherapy in locally advanced pancreatic carci-
noma: 5-FU, 5-FU and cisplatin, 5-FU and mitomycin,
gemcitabine, oxaliplatine, paclitaxel, docetaxel, and
tyrosine kinase inhibitors.

3.1.1 Continuous Infusional 5-Fluorouracil

The idea that continuous infusion 5-FU allows for
increased cumulative drug dose to be given without a
significant increase in toxicity and for a more pro-
tracted radiosensitization effect relative to bolus 5-FU
has prompted its study in locally advanced pancreatic
cancer. Trials of other gastrointestinal sites have shown
an increased survival using continuous infusion 5-FU

infusion; 5-FU 5-fluorouracil, PFS progression-free survival;

(O’Connell et al. 1994). Rich et al. (1985) first reported
the use of concurrent radiotherapy and 5-FU by pro-
tracted venous infusion (PVI) in nine patients with
locally advanced or resected pancreatic cancer. With a
median radiotherapy dose of 46 Gy and concurrent
5-FU at doses ranging from 200 to 300 mg/m?day,
7 of 9 patients experienced mild treatment-related
gastointestinal toxicity and 2 of 9 moderate toxicity
requiring a treatment interruption. A phase I trial from
ECOG found the maximal tolerated dose (MTD) of
PVI 5-FU to be 250 mg/m?/day with the dose-limiting
toxicity being gastrointestinal. The progression-free
survival at 1 year was 40% with a median survival of
11.9 months (Whittington et al. 1995). A retrospec-
tive study compared treatment intensity and toxicity
of CRT with 5-FU bolus or PVI (Poen et al. 1998).
Concurrent radiation therapy with PVI 5-FU was
well-tolerated and permitted greater CT and radiation
therapy dose intensity with reduced hematologic tox-
icity and fewer treatment interruptions compared
with concurrent radiation therapy and bolus 5-FU.
Numerous phase II trials have been performed show-
ing that the use of concurrent infusional 5-FU is effec-
tive without excessive treatment-related toxicity (Ishii
et al. 1997; Andre et al. 2000; Boz et al. 2001).
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Although no randomized trials have been published,
combined radiation therapy with PVI 5-FU is now
commonly used.

In addition, capecitabine, an oral 5-FU analog, in
combination with radiation therapy for the treatment
of pancreatic cancer has been reported (Ben-Josef
et al. 2004; Saif et al. 2005; Crane et al. 2006). Dosing
of capecitabine has been extrapolated from combined
modality trials in rectal cancer to be about 1,600 mg/
m?*day divided twice a day during radiation treatment
(Vaishampayan et al. 2002; Rich et al. 2004b; De Paoli
et al. 2006). No randomized trial has been reported
with this combination.

3.1.2 Doxorubicin

One of the GITSG trials randomized 157 patients with
locally advanced pancreatic adenocarcinoma to 60-Gy
split course EBRT with concurrent and maintenance
5-FU as in the trial published by Moertel et al. vs.
40-Gy continuous course radiation with weekly con-
current doxorubicin CT, followed by maintenance
doxorubicin and 5-FU. A significant increase in treat-
ment-related toxicity was seen in the doxorubicin arm.
However, no survival difference was observed between
the two groups (median survival 8.5 vs. 7.6 months)
(p=0.8) (GITSG 1985). The addition of hycanthone,
an alkylating agent, to 5-FU led to similar overall sur-
vival in a randomized phase II trial (Earle et al. 1994).

3.1.3 Gemcitabine

Because of the high incidence of metastases and poor
results with standard CRT, current and future research
efforts include evaluation of EBRT with newer sys-
temic agents including gemcitabine. Interest in this
agent is based on both its systemic cytotoxic effects
and its radiosensitizing properties. Following several
phase I studies, gemcitabine-based CRT was evaluated
in four studies. Chung et al. (2004) reported similar
overall survival with gemcitabine (1,000 mg/m?*week)
or paclitaxel (50 mg/m?*/week), both in combination with
oral doxifluridin and radiotherapy to a total dose of
45 Gy. Three subsequent studies compared 5-FU-based
chemoradiotherapy to gemcitabine-based chemoradio-
therapy: a retrospective analysis with radiotherapy to a
total dose of 30 Gy (ten fractions) in the two arms

reported similar overall survival, and local and meta-
static time-to-progression rates (p=0.19, 0.68, and 0.7,
respectively) (Crane et al. 2002); a prospective study
compared 5-FU to cisplatin-gemcitabine, concurrently
with standard radiotherapy to a total dose of 50 Gy, and
did not demonstrate any difference in the overall sur-
vival (Wilkowski et al. 2006); a third study, reported by
Li et al. (2003), showed a survival benefit with gemcit-
abine at weekly doses of 600 mg/m?> (14.5 vs. 6.7
months in the 5-FU arm; p=0.027), concurrently with
radiotherapy to a total dose of 50.4 Gy.

3.1.4 Paclitaxel

In a phase I trial at Brown University evaluating pacli-
taxel and 50 Gy of EBRT for patients with unresect-
able pancreatic and gastric cancers, the maximum
tolerated dose of weekly paclitaxel with conventional
irradiation was 50 mg/m? (Safran et al. 1999). The
response rate was 31% among 13 evaluable pancreatic
cancer patients. In the Brown University phase II study
employing 50 Gy of EBRT with 50 mg/m*week of
paclitaxel, 6/18 (33%) evaluable pancreatic cancer
patients had a partial response, stable disease was
observed in seven patients (39%), only one patient
(6%) had local tumor progression after completion of
treatment, and four (22%) have developed distant
metastases. These data have led to an RTOG phase 11
study evaluating paclitaxel with EBRT for patients with
unresectable pancreatic cancer (Rich et al. 2004a). The
median survival of the 109 patients in this study was
11.2 months (95% CI, 10.1-12.3) with estimated 1-
and 2-year survival rates of 43 and 13%, respectively.
External irradiation plus concurrent weekly paclitaxel
was well-tolerated. Chung et al. (2004) reported simi-
lar overall survival with gemcitabine (1,000 mg/m?¥
week) or paclitaxel (50 mg/m*week), both in combi-
nation with oral doxifluridin and radiotherapy to a total
dose of 45 Gy.

3.1.5 Molecular-Targeted Therapies

As the biological basis of cancer is better understood,
the use of cancer-specific targeted therapies is being
increasingly investigated. There is preclinical evidence
for either additive or synergistic effects of several of
these approaches, such as antibodies against epidermal
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growth factor receptor (EGFR) and vascular endothe-
lial factor receptor (VEGF), with both CT and radia-
tion therapy, making these approaches especially
promising. These targeted agents have been studied
most extensively in the metastatic disease. Currently,
the only targeted agent that has shown a statistically
significant survival benefit in the metastatic setting
compared to CT alone is erlotinib, an anti-EGFR
tyrosine kinase inhibitor. However, the survival benefit
is small, improving slightly the overall survival from
5.91 months for the gemcitabine plus placebo arm to
6.37 months for the gemcitabine plus erlotinib arm
(p=0.025) (Moore et al. 2007). A phase I study from
Brown University has established an MTD of 50 mg
for the combination of erlotinib, gemcitabine, pacli-
taxel, and radiation therapy at the dose of 50.4 Gy for
patients with locally advanced pancreatic cancer fol-
lowed by maintenance treatment with erlotinib (Iannitti
et al. 2005). The median survival was 14 months.
Another phase I study of erlotinib, gemcitabine, and
radiation therapy for patients with locally advanced
pancreatic cancer has found an MTD of erlotinib
100 mg daily, gemcitabine 40 mg/m? biweekly, and
radiation therapy to 50.4 Gy (Duffy et al. 2008). The
median survival was 18.7 months. Two small trials
have reported preliminary results using another EGFR
inhibitor, cetuximab, in combination with gemcitabine
and radiation therapy for localized pancreatic cancer
(Krempien et al. 2006; Pipas et al. 2006). These stud-
ies have found that cetuximab can be given at full dose
with CT and radiation therapy without significantly
increased toxicity. Efficacy results are pending.
Preclinical data have shown that inhibition of VEGF
has radiosensitizing effects. The mechanisms of this
radiosensitization are not well-understood, but could
include enhanced lethality of endothelial cells, tumor
cells, or normalization of tumor vasculature leading to a
reduction in tumor hypoxia (Gorski et al. 1999; Garcia-
Barros et al. 2003; Jain 2005). A phase I study from
MDACC has studied the combination of bevacizumab,
capecitabine, and radiation therapy at the dose of 50.4 Gy
for patients with locally advanced pancreatic cancer fol-
lowed by maintenance treatment with bevacizumab
(Crane et al. (2006). Significant acute gastrointestinal
(43% grade 2; 4% grade 3), hand and foot syndrome
(21% grade 2), and transient hematologic (8% grade 3 or
greater) events were uncommon with protocol mandated
dose reductions of capecitabine grade 2 toxicity (43% of
patients). Among the first 30 patients treated, three

patients had tumor-associated bleeding duodenal ulcers
and one had a contained duodenal perforation. No addi-
tional bleeding events occurred among the final
18 patients after patients with duodenal involvement
by tumor were excluded. The median survival was
11.6 months. In a RTOG phase II trial, 82 patients with
locally advanced pancreatic cancer without duodenal
invasion were treated with 50.4 Gy radiation therapy with
concurrent capecitabine and bevacizumab followed by
maintenance gemcitabine and bevacizumab (Crane et al.
2009). The median survival was 11.9 months. Overall,
35.4% of patients had grade 3 or greater treatment-related
gastrointestinal toxicity. These results are not good
enough to recommend further study of this regimen.
Several molecular abnormalities have been impli-
cated in contributing to the development of pancreatic
cancer. At this time, four tumor suppressor genes have
been implicated (p16, p53, DPC4, and BRCA2), with
incidences of 50-95% in all pancreatic tumors. Among
oncogenes, K-ras activation is observed in 90% of these
tumors. A better knowledge of the role of these genes
in the pancreatic carcinogenesis could allow the devel-
opment of more efficient molecular-targeted therapies.

3.2 Increased EBRT Dosing

Because of the limited tolerance of normal tissue in the
upper abdomen (liver, kidney, spinal cord, and bowel)
to EBRT, total doses of only 45-54 Gy in 25-30 Gy
fractions have usually been given. For an unresectable
tumor, this dose of radiation seems inadequate, as
demonstrated by the high rates of local tumor progres-
sion and poor survival seen in both prospective and
retrospective studies. An attempt has been made to
evaluate whether an increased dose of radiation may
improve outcomes. The effect on survival of a higher
total dose has been studied in the phase III trial by
Moertel et al. (1981). In the arm B, patients received a
total dose of 40 Gy, whereas they received 60 Gy in the
arm C. Survival was not different between the two
arms (p=0.16). However, these results were observed
with a split course technique that is no longer used. In
a report from Thomas Jefferson University Hospital,
46 evaluable patients with unresectable disease by
laparotomy were treated with 63—70 Gy EBRT with or
without CT. Despite high-dose EBRT, the local failure
rate was 78% (Whittington et al. 1984).
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The limitation of irradiated volumes to the gross
tumor volume (GTV), without prophylactic irradia-
tion of the peri-pancreatic regional lymph nodes, was
reported in one retrospective study and one prospec-
tive noncontrolled trial (Figs. 1 and 2). In a retrospec-
tive study, Murphy et al. (2007) evaluated the
feasibility of chemoradiotherapy with gemcitabine
(1,000 mg/m*week) and radiotherapy to a total dose

of 36 Gy. The planed target volume (PTV) covered
the GTV with a limited 1-cm margin. A prospective
phase II trial with 5-FU-based chemoradiotherapy
used similar margins for the PTV (Goldstein et al.
2007). These two studies reported similar local recur-
rence rates to previously reported studies. However,
digestive toxicity was lower and significantly corre-
lated to the PTV.

Fig. 1 Typical treatment volumes for locally advanced pancreatic cancer. (a) Anterioposterior digitally reconstructed radiograph
(DRR) with in red the GTV (gross tumor volume) and in blue the PTV (planning target volume). (b) Left lateral DRR
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Fig.2 Three-dimensional
axial dosimetry of locally
advanced pancreatic
carcinoma
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3.3 Other Radiation Therapy Techniques

The other modalities of radiotherapy for locally advanced
pancreatic carcinoma, including IMRT, IORT, SBRT,
are promising but have not been evaluated in phase 111
randomized trials.

3.3.1 Intraoperative Radiation Therapy

Because of the poor local control and results achieved
with conventional EBRT and CT, specialized radiation
therapy techniques that increase the radiation dose to
the tumor volume have been used to improve local
tumor control without significantly increasing normal
tissue morbidity. These include iodine-125 implants
and IORT as a dose escalation technique in combina-
tion with EBRT and CT. A lower incidence of local
failure in most series and improved median survival in
some have been reported with these techniques when
compared with conventional external beam irradiation,
but it is uncertain whether this is due to superior treat-
ment or case selection (Roldan et al. 1988).

Arecentstudy frominvestigators of the Massachusetts
General Hospital reported the results of 150 patients
treated with IORT and EBRT and CT (Willett et al.
2005). Although the study spanned nearly 25 years, it is
relevant because it shows for the first time that long-
term survival is possible for patients with unresectable
pancreatic cancer. Although the 3- and 5-year survival
rates (7 and 4%, respectively) are modest, they are not
markedly different from the results reported in contem-
porary trials of resected pancreatic cancer patients (20
and 10%, respectively) or patients undergoing pallia-
tive pancreaticoduodenectomy (6.3 and 1.6%, respec-
tively), especially when taking into account those
patients with smaller tumors. For 25 patients treated
with a small diameter applicator (5 or 6 cm), the 2- and
3-year actuarial survival rates were 27 and 17%, respec-
tively. Furthermore, this study shows that postoperative
and late treatment-related toxicity rates were accept-
able. These study results support further study of
selected patients with small, unresectable tumors into
innovative protocols employing IORT.

3.3.2 Stereotactic Body Radiation Therapy

Stereotactic body radiation therapy (SBRT) is capable
of precisely delivering high doses of radiation to small

tumor volumes. SBRT using the Cyberknife system
with compensation for organ motion following metal-
lic marker implantation has been evaluated in a phase I
dose escalation trial using a single fraction of radiation
therapy at Stanford University (Koong et al. 2004).
The final dose of 25 Gy was well-tolerated and has
been recommended for further study. The phase II
study that followed used 45 Gy IMRT with concurrent
5-FU followed by a 25 Gy SBRT boost to the primary
tumor (Koong et al. 2005). Sixteen patients completed
the planned therapy. Two patients experienced grade
3 toxicity. Fifteen of these 16 patients were free from
local progression until death. Median overall survival
was 5.6 months. The authors concluded that concur-
rent IMRT and 5-FU followed by SBRT resulted in
excellent local control, but did not improve the overall
survival and was associated with more toxicity than
SBRT alone. Another phase II study from Stanford
University evaluated the efficacy of a single fraction of
25 Gy SBRT delivered between cycles 1 and 2 of gem-
citabine CT in 16 patients (Schellenberg et al. 2008).
The median survival was 11.4 months. Acute gastroin-
testinal toxicity was mild, with one case of grade 3 tox-
icity (6%). Late gastrointestinal toxicity was more
common, with five ulcers (grade 2), one duodenal
stenosis (grade 3), and one duodenal perforation (grade
4). In the same time, a Danish phase II trial enrolled
22 patients with locally advanced pancreatic carci-
noma (Hoyer et al. 2005). SBRT was given on standard
linear accelerator with three fractions of 15 within
5-10 days. Only two patients (9%) were found to have
apartial response. The median survival was 5.7 months.
Acute toxicity was pronounced with deterioration in
performance status, nausea, and pain. Four patients
suffered from severe mucositis or ulceration of the
stomach or duodenum and one of the patients had a
nonfatal ulcer perforation of the stomach. The authors
concluded that “SBRT was associated with poor out-
come, unacceptable toxicity and questionable pallia-
tive effect and cannot be recommended for patients
with advanced pancreatic carcinoma.”

3.3.3 IMRT

Since its introduction into clinical use, IMRT has gen-
erated widespread interest. IMRT optimally assigns
nonuniform intensities to tiny subdivisions of beams,
which have been called rays or “beamlets.” The ability
to optimally manipulate the intensities of individual
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rays within each beam permits greatly increased con-
trol over the radiation fluence, enabling custom design
of optimum dose distributions. These improved dose
distributions may potentially lead to improved tumor
control and reduced normal tissue toxicity. IMRT
requires the settings of the relative intensities of tens of
thousands of rays comprising an intensity-modulated
treatment plan. This task cannot be accomplished
manually and requires the use of specialized computer-
aided optimization methods. The optimum beamlet
intensities are determined using a systematic iterative
process during which the computer sequentially gener-
ates intensity-modulated plans one by one, evaluates
each of them according to user-selected criteria, and
makes incremental changes in the ray intensities based
on the deviation from the desired objectives. Several
groups have demonstrated the feasibility of using
IMRT in the treatment of pancreatic tumors. First,
Crane et al. (2001) reported the results of a phase I
dose-escalation study of radiotherapy with concurrent
gemcitabine CT. The aim of this study was to alternate
escalating the radiation dose by 3 Gy and the gemcit-
abine dose by 50 mg/m?. The starting dose of gemcit-
abine was 350 mg/m? and 33 Gy per 11 fractions of
IMRT to the regional lymphatics and primary disease.
All three patients in the first cohort who were treated
suffered dose-limiting toxicity, and the trial was ulti-
mately closed because of excessive myelosuppression
and upper gastrointestinal toxicity. Then, Milano et al.
(2004) reported on 25 patients with pancreatic and bile
duct carcinomas, comparing IMRT with conventional
four-field 3D-CRT plans. The dose received by critical
structures such as right kidney, liver, and small bowel
was significantly reduced with the use of IMRT plans.
Treatment was well-tolerated in this series. Ben-Josef
et al. (2004) treated 15 patients with pancreatic adeno-
carcinoma with IMRT and concurrent capecitabine.
Treatment was well-tolerated. Only 1 patient (7%) had
grade 3 toxicity, a gastric ulceration that responded to
medical management. Brown et al. (2006) performed
a dosimetric analysis of 15 patients with pancreatic
cancer and compared 3DCRT, IMRT with sequential
boost, and IMRT with integrated boost, and found that
IMRT with integrated boost allowed dose escalation
up to 64.8 Gy to the primary tumor. More recently, a
team from Amsterdam compared conformal radio-
therapy to IMRT and respiration-gated radiotherapy
(RGRT) for pancreatic cancers (Van der Geld et al.
2008). IMRT significantly reduced the mean doses to

kidneys, liver, stomach, and small bowel. The addi-
tional dosimetric benefits from RGRT appeared lim-
ited in this study. A recent study showed that there
were substantial respiratory-associated movements of
pancreatic tumors that were not predicted by 4D-CT
planning scans (Minn et al. 2009).

3.4 A New Strategy: Induction
Chemotherapy Followed
by Chemoradiation

Optimal treatment of patients with locally advanced
pancreatic cancer is still under debate. Another
approach is to consider that CRT and CT are comple-
mentary and should be associated. Indeed, an impor-
tant concern about administering CRT on the first
intention in patients with locally advanced pancreatic
cancer is that about 30% of them have occult meta-
static disease at diagnosis and will clearly not benefit
from this local-regional treatment. Induction CT can
potentially help to select a subgroup of patients with-
out early metastatic course who can potentially benefit
from CRT. An induction CT followed by a CRT for
nonprogressive patients is a promising strategy. In a
phase II trial, 25 patients received an induction CT
with six cycles of fixed-dose rate gemcitabine associ-
ated to low-dose cisplatin, followed by a CRT with
concurrent 5-FU (Ko et al. 2007). The median survival
was 13.5 months for all the patients and 17 months for
the patients who received the two phases of the treat-
ment. Two retrospective studies evaluated the interest
of induction CT before concurrent chemoradiotherapy
in locally advanced pancreatic carcinoma (Huguet
et al. 2007; Krishnan et al. 2007). The first study retro-
spectively compared induction CT followed by CRT to
exclusive CT (Huguet et al. 2007). One hundred eighty-
one patients received induction CT with gemcitabine,
gemcitabine, and oxaliplatine, or gemcitabine, 5-FU,
and leucovorin; 128 patients without tumor progres-
sion at first evaluation received either CRT to a total
dose of 55 Gy with 5-FU (n=72), or the same CT regi-
men as during the induction phase (n=56). For the
patients who received induction CT and CRT, median
survival was 15 months. The second study compared
induction CT (gemcitabine alone or combined with
cisplatin) to exclusive CRT in 323 patients (Krishnan
et al. 2007). CRT consisted of the association of
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conformal EBRT to total doses ranging from 30 to
50 Gy, with concurrent 5-FU or gemcitabine. For the
patients who received induction CT and CRT, median
survival was 11.9 months. In these two studies, induc-
tion CT before chemoradiotherapy produced signifi-
cantly prolonged survival, when compared with
chemoradiotherapy alone or exclusive CT. An interna-
tional phase III trial is ongoing to validate prospec-
tively this promising strategy.

4 Conclusion

Treatment of locally advanced pancreatic cancer is one
of the most formidable challenges that clinical and
translational researchers face today. In the last 10 years,
few progresses had been done despite numerous trials.
In the absence of a therapeutic effect in any phase III
trial, there is currently no standard treatment. The use
of CRT for locally advanced pancreatic adenocarci-
noma is based on few randomized trials. CRT, even if
superior to best supportive care and exclusive radio-
therapy alone, leads to a similar outcome when com-
pared to modern CT with gemcitabine and may produce
higher rates of toxicity. Even if gemcitabine-based CT
could be considered as a standard of care in many clin-
ical situations, the addition of chemoradiotherapy in
nonprogressing patients after 3—4 months of induction
CT is a promising strategy that has to be validated in
prospective randomized trial. Reduction of the confor-
mal fields to gross disease results in a better tolerance
of radiation therapy. Optimal radiation dose to the
tumor and better concurrent CT are discussed.
Moreover, a better understanding of the molecular
mechanisms underlying pancreatic carcinogenesis is
essential to improve the outcome of the patients with
new adapted targeted therapies.
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patients are surgically unresectable at the time of diag-
nosis. In addition, the majority of the selected patients
who undergo potentially curative resection for small,
localised lesions inevitably develop recurrent or meta-
static disease (Yeo et al. 2002), presumably due to the
presence of distant micro-metastases at initial diagnosis.
Adjuvant (post-operative) chemotherapy can improve
outcome, although overall survival remains disappoint-
ing (Neoptolemos et al. 2004; Stocken et al. 2005).
Furthermore, most systemic therapies have limited effi-
cacy in patients with metastatic disease, and the median
survival of patients with metastatic pancreatic cancer
remains poor and is less than 6 months (Li et al. 2004).
Consequently, the development of more effective strate-
gies for patients with metastatic pancreatic cancer is of
paramount importance.

2 Chemotherapy Studies

Pancreatic ductal adenocarcinoma responds poorly to
most single-agent chemotherapy regimens. Prior to the
introduction of gemcitabine, the best response rates
were seen with 5-fluorouracil (5-FU) (21-26%) (Carter
1975; Moertel 1976), ifosfamide (26%) (Bernard et al.
1986), epirubicin (22%) (Wils et al. 1985) and cisplatin
(21%) (Wils et al. 1993). The results of combination
chemotherapy regimens had been equally disappoint-
ing with objective responses of only 10% using a com-
bination of 5-FU with BCNU (Kovach et al. 1974),
10% with 5-FU and mitomycin C (Buroker et al. 1979),
14% with FAM (5-FU, doxorubicin and mitomycin C)
or SMF (5-FU, streptozotocin and mitomycin C) (Oster
et al. 1986), and only 17% with a combination of con-
tinuous infusional 5-FU, epirubicin and cisplatin (Evans
et al. 1996), which had demonstrated significant activ-
ity in gastro-oesophageal cancer at that time.
Furthermore, many of these studies were performed
prior to the introduction of robust tools to assess objec-
tive responses such as the RECIST criteria (Therasse
et al. 2000), and it is, therefore, likely that these studies
may have resulted in enhanced response rates, espe-
cially as they were predominantly non-randomised tri-
als in selected patients. Prior to the introduction of
gemcitabine, 5-FU was the most extensively studied
agent and was considered the agent of choice, although
no consistent effect on disease-related symptoms or
survival had been demonstrated (Hausen et al. 1988).

Nevertheless, two small studies at that time had dem-
onstrated improved overall survival with combination
chemotherapy compared to no treatment, without
impairing quality of life, thereby encouraging research-
ers to continue to explore novel therapeutic approaches
(Mallinson et al. 1980; Palmer et al. 1994).

2.1 Gemcitabine Monotherapy

Gemcitabine (difluorodeoxycytidine, dFdC) is a nucle-
oside analogue with a broad spectrum of anti-tumour
activity in preclinical solid tumour models (Grindey
et al. 1990; Hertel et al. 1990). It requires intracellular
phosphorylation, resulting in the accumulation of dif-
luorodeoxyctidine triphosphate (dFdCTP) (Heinemann
et al. 1988). dFACTP competes with deoxycytidine
triphosphate (dTP) for incorporation into DNA, in turn
inhibiting DNA synthesis (Heinemann et al. 1988;
Huang et al. 1991). Gemcitabine also reduces intracel-
lular deoxynucleoside triphosphate pools, presumably
by inhibiting ribonucleotide reductase (Ghandi and
Plunkett 1990).

The development of novel anti-cancer therapies tra-
ditionally includes three phases of clinical studies. The
optimal dose and schedule of the novel agent are deter-
mined in phase I clinical trials based on the toxicity
and safety assessments and pharmacokinetic analyses.
Phase II trials are designed to determine a level of effi-
cacy for the drug in question, with subsequent com-
parison with standard therapies performed in phase III
studies, usually with overall survival as the primary
endpoint (Vasey and Evans 2002). The classical end-
point of efficacy with cytotoxic agents in phase II trials
is objective tumour reduction of measurable disease as
determined using radiological techniques based on
anatomical, non-functional, imaging. However, repro-
ducible, reliable disease measurements of pancreatic
cancer are often difficult in the absence of distant
metastases. Patients with measurable distant, e.g. liver,
metastases often have a poor performance status and a
dismal prognosis such that these may not be the opti-
mal patient population in which to determine the effi-
cacy of a novel agent. In addition, the statistical basis
of many phase II clinical trial designs is dependent on
detecting a threshold response rate, often of 20%,
above which further study is warranted within phase
III clinical trials. However, an objective response rate
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of 20% with a single-agent chemotherapy drug in
advanced pancreatic cancer has been rarely achievable
since the introduction of robust criteria for response
assessments and appropriate radiological techniques.
Consequently, agents that may have a palliative benefit
in this disease could be abandoned at the phase II stage
of clinical development because they are considered to
be “inactive” by these conventional end points.

The initial phase II study of single-agent gemcit-
abine found that a number of patients, including some
who did not experience substantial tumour reduction,
had stabilisation or improvement in performance status
and a reduction in pain and daily analgesia consump-
tion (Casper et al. 1994). Consequently, the concept of
clinical benefit response was developed as a method to
assess the palliative effect of gemcitabine chemother-
apy in early phase studies in patients with advanced
pancreatic cancer. Clinical benefit response was defined
as a composite assessment of pain, performance status,
and weight (Rothenberg et al. 1996), and a clinical
benefit responder was defined as a patient with a sus-
tained improvement in these parameters.

The effect of gemcitabine on cancer symptoms was
subsequently formally assessed in a further phase II
study of 74 patients (Rothenberg et al. 1996). Of these
patients, 63 completed a pain stabilisation period and
were treated with gemcitabine. Clinical benefit response —
defined as a >50% reduction in pain intensity, >50%
reduction in daily analgesic consumption, or >20 — point
improvement in Karnofsky performance status, sus-
tained for at least 4 consecutive weeks — was observed in
27% of patients, with a median duration of clinical ben-
efit response of 14 weeks (Rothenberg et al. 1996). The
significance of a clinical benefit response of 27% in a
non-randomised phase II study was uncertain. However,
these observations did allow for the rational design of a
phase I trial (Burris et al. 1997) to determine the role of
gemcitabine in palliating advanced disease.

In this randomised phase III study (Burris et al.
1997), 126 patients with symptoms of advanced pan-
creas cancer completed an initial observation period to
characterise and stabilise pain and were randomised to
receive either gemcitabine or 5-FU by weekly intrave-
nous bolus (600 mg/m?). The primary efficacy mea-
sure, clinical benefit response, was superior in the
patients treated with gemcitabine (23.8%) compared to
those treated with 5-FU (4.8%; p=0.0022). Although
the objective response rate with gemcitabine was only
5.4%, this modest activity was sufficient to result in a

significantly superior median survival (5.65 vs. 4.41
months; p=0.0025) and 1-year survival (18 vs. 2%)
with gemcitabine compared to 5-FU (Burris et al.
1997). On the basis of this study, single-agent gemcit-
abine is now considered a standard of care for advanced
pancreatic cancer.

2.2 Combination Chemotherapy
Regimens

2.2.1 Gemcitabine and Fluoropyrimidines

In an attempt to develop therapeutic strategies that will
improve the overall survival in advanced pancreatic can-
cer, several cytotoxic chemotherapy agents have been
evaluated, either alone or in combination with gemcit-
abine. Fluoropyrimidines, including 5-FU, have been
among the agents most frequently studied in combina-
tion with gemcitabine. Objective response rates have
been observed in phase II studies including 12-29% with
gemcitabine and 5-FU (Kanat et al. 2004; Murad et al.
2003; Barone et al. 2003), 21-26% with gemictabine and
5-FU and leucovorin (Correale et al. 2003; Marantz et al.
2001; Louvet et al. 2001), 22-33% with gemcitabine and
UFT (Lee et al. 2004; Feliu et al. 2003), and 17% with
gemcitabine and UFT/leucovorin (Kim et al. 2002). The
response rates for these combinations are variable yet
encouraging, with a median overall survival for patients
treated in these studies of 5—11 months. In a phase III
randomised trial of gemcitabine with 5-FU vs. gemcit-
abine alone in patients with biopsy-proven inoperable
pancreatic cancer (n=327), objective responses were
uncommon in both treatment arms (Berlin et al. 2002).
Although there was an improvement in progression-free
survival with the combination regimen (3.4 vs. 2.2
months; p=0.022), there was no improvement in the pri-
mary end point of median overall survival (6.7 months
for gemcitabine + 5-FU; 5.4 months for gemcitabine
alone, p=0.09), and further studies of the combination
are not likely to improve the poor survival of these
patients (Berlin et al. 2002).

2.2.2 Gemcitabine and Capecitabine

Capecitabine is an orally-available tumour-selective
fluoropyrimidine carbamate, which is bioactivated by
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a 3-enzyme process to provide prolonged high levels
of the active moiety, 5-FU, in tumour cells. After oral
administration, capecitabine passes unchanged from
the gastrointestinal tract and is metabolised in the liver
by 60 Kd carboxylesterase (previously known as
acylamidase isozyme A) to 5'-deoxy-5-fluorocytidine
(5'-DFCR). This is then converted to 5'-deoxy-
5-fluorouridine (5'-DFUR) by cytidine deaminase
located in the liver and also in tumour tissues. Further
metabolism of 5'-DFUR then occurs at the site of the
tumour under the action of thymidine phosphorylase
(dThdPase) to 5-FU. The exposure of healthy body tis-
sues to systemic 5-FU is, therefore, minimised.

Capecitabine is widely used as the fluoropyrimidine
of choice in patients with colorectal, breast and gastric
cancer. Single-agent activity has been observed with
capecitabine, in patients with pancreatic cancer, with
objective responses of 7% (Cartwright et al. 2002), and
an objective response of 19% has been observed for
the combination of gemcitabine and capecitabine (Hess
et al. 2003; Stathopoulos et al. 2004). In a subsequent
phase III trial (Cunningham et al. 2005), patients with
previously untreated locally advanced or metastatic
adenocarcinoma of the pancreas were randomised to
gemcitabine (n=266) (1,000 mg/m? weekly for 7
weeks followed by a 1-week drug holiday, and then
weekly for 3 consecutive weeks every 4-weekly cycle)
or to GEM-CAP (n=267) (gemcitabine 1,000 mg/m?
weekly for 3 consecutive weeks every 4-weekly cycle
and capecitabine 1,660 mg/m*day for 21 days fol-
lowed by 7 days’ drug holiday every 4-weekly cycle).
Treatment continued until disease progression or intol-
erable toxicities. At the time of the interim analysis,
373 (70%) deaths had occurred. GEM-CAP signifi-
cantly improved the overall survival over gemcitabine
alone (hazard ratio (HR): 0.80; p=0.026). The median
overall survival for gemcitabine and GEM-CAP was 6
and 7.4 months, respectively, and 1-year survival rates
were 19 and 26%, respectively. After adjusting for
baseline stratification factors (disease extent and per-
formance status), the survival advantage for GEM-
CAP remains (HR: 0.77; p=0.014). The objective
response rates were 7 and 14% with gemcitabine and
GEM-CAP, respectively (p=0.008). NCI-CTC grades
3/4 toxicities were similar in the two treatment
groups.

This finding of a survival benefit with gemcitabine
in combination with capecitabine in this study is in
contrast to previous studies of fluoropyrimidines in

combination with gemcitabine which have not demon-
strated a survival benefit. However, the final results of
this study have yet to be published. Furthermore, gem-
citabine in combination with capecitabine has been
compared with gemcitabine monotherapy in another
study (Herrmann et al. 2007). Patients with metastatic
or locally advanced pancreatic cancer (n=319) were
randomised to receive either GEM-CAP (capecitabine
650 mg/m? twice daily days 1-14 plus gemcitabine
1,000 mg/m? on days 1 and 8 every 3 weeks) or gem-
citabine 1,000 mg/m? weekly for 7 weeks, followed by
a 1-week drug holiday, then weekly for 3 weeks every
4-weekly cycle. The combination of capecitabine with
gemcitabine did not give an improvement in the over-
all survival for the study population. However, there
was a significant improvement in the overall survival
in a sub-set of patients with good performance status
(10.1 vs. 7.4 months). However, the dose of capecit-
abine used in this study was significantly lower than
that used in the UK study (Cunningham et al. 2005).

2.2.3 Other Combination
Chemotherapy Regimens

Objective responses have also been observed with other
gemcitabine-containing combination chemotherapy reg-
imens including gemcitabine with oxaliplatin (11-30%)
(Alberts et al. 2002, 2003; Louvet et al. 2002), gemcit-
abine with irinotecan (24%) (Stathopoulos et al. 2003;
Rocha Lima et al. 2002), gemcitabine with docetaxel
(12-27%) (Shepard et al. 2004; Schneider et al. 2003;
Ryan et al. 2002), gemcitabine with cisplatin (9-26%)
(Cascinu et al. 2003; Philip et al. 2001), gemictabine
with epirubicin (20-25%) (Neri et al. 2002; Ianniello
et al. 2001), and similar response rates have also been
observed with gemcitabine in combination with either
raltitrexed (12%) (Kralidis et al. 2003), tamoxifen (11%)
(Tomao et al. 2002), or flutamide (15%) (Corrie et al.
2002). Several groups have also reported response rates
from phase II studies for 3-drug or 4-drug combination
regimens including G-FLIP (24-27%) (Rachamalla
etal. 2004; Kozuch et al. 2001), gemcitabine with cispla-
tin and 5-FU (19-26%) (Novarino et al. 2004; El-Rayes
et al. 2003), and MCF (46%) (Petty et al. 2003).
However, the survival of patients treated in these studies
remains poor.

A number of phase III trials have been reported
comparing gemcitabine monotherapy with regimens
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consisting of gemcitabine-containing combinations of
cytotoxic chemotherapy agents. In a phase III ran-
domised comparison (n=107), the combination of gem-
citabine with cisplatin gave a superior objective response
rate than gemcitabine alone (26 vs. 9%; p=0.02) and
also a superior median time to progression (20 vs. 8
weeks; p=0.048), but did not yield any improvement in
clinical benefit or overall survival (Colucci et al. 2002).
A randomised multi-centre phase III trial compared
PEFG (cisplatin, epirubicin, gemcitabine, and 5-FU;
n=52) with gemcitabine monotherapy (n=40) (Reni
et al. 2005). PEFG yielded a superior response rate,
1-year overall survival, and 4-month profession-free
survival, but was associated with greater toxicity.

Gemcitabine and oxaliplatin (GemOx) has also
been compared with gemcitabine monotherapy in a
phase III randomised trial (n=326) (Louvet et al.
2005). GemOx was superior to gemcitabine in terms of
response rate (26.8 vs. 17.3%, respectively; p=0.04),
progression-free survival (5.8 vs. 3.7 months, respec-
tively; p=0.04), and clinical benefit (38.2 vs. 26.9%,
respectively; p=0.03). However, median overall sur-
vival for GemOx and gemcitabine was 9.0 and 7.1
months, respectively (p=0.13). Thus, this study failed
to demonstrate a statistically significant overall sur-
vival advantage for the combination compared with
gemcitabine. Similarly, gemcitabine combined with
irinotecan has been compared with gemcitabine
(n=360) (Rocha Lima et al. 2004). Although a supe-
rior response rate (16.1%) was observed for the com-
bination compared with gemcitabine monotherapy
(4.4%), there was no difference in the median overall
survival (6.3 months for gemcitabine plus irinotecan;
6.6 months for gemcitabine). Furthermore, gemcit-
abine plus pemetrexed has been compared with gem-
citabine (n=565) (Oettle et al. 2005) and demonstrated
no difference in the median overall survival for the
combination regimen (6.2 months) compared with
gemcitabine (6.3 months).

Thus, it can be concluded that despite encouraging
response rates in selected patients in phase II studies,
no study has yet demonstrated a survival advantage
for cytotoxic chemotherapy combination regimens in
phase III studies in comparison with gemcitabine,
except for one of the studies combining gemcitabine
with capecitabine (Cunningham et al. 2005) for which
the final results have not yet been published. Any supe-
riority in response rate that does not improve either
clinical benefit or overall survival is of questionable

benefit given the additional toxicity within the context
of a patient population that has such a poor prognosis.
Nevertheless, there is likely to be a sub-set of patients
who might benefit from a combination chemotherapy
regimen.

2.2.4 Combination Chemotherapy
Regimens: A Meta-Analysis

Meta-analysis provides a useful tool for analysis when
research results have been conflicting or the apparent
benefits are marginal (Sacks et al. 1987). A meta-analy-
sis of 51 trials of chemotherapy involving 9,970 patients
with locally advanced and metastatic pancreatic cancer
has reported the HR and its variance for the primary
outcome measure of the overall survival (Sultana et al.
2007). This meta-analysis confirmed that chemotherapy
improves overall survival compared with best support-
ive care (HR=0.64). Nineteen studies involving 4,697
patients were included in the comparison of gemcit-
abine vs. gemcitabine-based combination chemotherapy.
The overall survival was significantly better, with a
reduction of 9% in the risk of death for gemcitabine-
based combination chemotherapy (HR=0.91). In the
sub-group analysis for the overall survival, platinum-
based compounds (3 trials; 1,077 patients) (HR=0.85)
and capecitabine (3 trials; 935 patients) (HR=0.83) in
combination with gemcitabine consistently performed
better than single-agent gemcitabine, unlike irinotecan-
based (2 trials; 486 patients) (HR=1.01) and 5-FU-based
combinations (3 trials; 879 patients) (HR=0.98). This
suggests that gemcitabine-based combination chemo-
therapy regimens may be of benefit in patients with
advanced pancreatic cancer. Efforts are currently ongo-
ing to identify sub-sets of patients who are most likely
to benefit from this approach.

3 Targeted Therapies

3.1 Targeting the Epidermal
Growth Factor Receptor

The current generation of novel anti-cancer agents in
development is based on exploiting our increasing
understanding of the molecular and cellular basis of
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the development and progression of malignant disease
and is often referred to as molecularly targeted thera-
pies. One example of these agents is erlotinib which is
an oral HER1/EGFR tyrosine kinase inhibitor.

Human epidermal growth factor receptor type 1
(HER1/EGFR) is over-expressed in many pancreatic
cancers (Fjallskog et al. 2003; Tobita et al. 2003) and is
associated with poor prognosis and tumour progression
(Ueda et al. 2004). Blocking HERI/EGFR tyrosine
kinase signalling decreases the growth and metastasis of
human pancreatic cancer xenografts (Bruns et al. 2000)
and improves the anti-cancer effects of gemcitabine (Ng
et al. 2002). Erlotinib plus gemcitabine resulted in a sta-
tistically superior overall survival (6.24 months) com-
pared with gemcitabine alone (5.91 months) (HR=0.82;
p=0.038) in a phase III randomised trial (n=569)
(Moore et al. 2007). One-year survival was also superior
for the combination compared with gemcitabine mono-
therapy (23 vs. 17%; p=0.023) as was progression-free
survival (HR=0.77; p=0.04). Objective response rates
were not statistically significantly different between the
two treatment arms, but more patients treated with the
combination therapy had disease stabilisation. This was
the first phase III trial to demonstrate a statistically
improved survival in advanced pancreatic cancer by
adding an agent to gemcitabine. Nevertheless, the sur-
vival advantage remains modest and has not been
adopted as standard of care in some parts of the world.
In contrast, the addition of the anti-EGFR monoclonal
antibody, cetuximab, to gemcitabine failed to demon-
strate a clinically significant advantage for the overall
survival (HR=1.09; p=0.14), progression-free survival
(HR=1.13) or response rate compared with gemcitabine
monotherapy in patients with advanced pancreatic can-
cer (n=766) (Philip et al. 2007).

3.2 Targeting the Vascular Endothelial
Growth Factor Receptor

Pancreatic cancers commonly over-express many growth
factors and their receptors, including those for the vas-
cular endothelial growth factor (VEGF) family (Shi
et al. 2001; Luo et al. 2001). The elevated activities of
such receptor tyrosine kinases contribute to evasion of
apoptosis, angiogenesis, invasion, and metastasis. There
is some rationale for using a VEGFR inhibitor in pan-
creatic cancer, since VEGF can have autocrine effects

on pancreatic cancer cells that express VEGF receptors
and paracrine effects on microvascular endothelial cells
(Luo et al. 2001; Itakura et al. 2000; Von Marschall et al.
2000). Inhibitors of VEGFR tyrosine kinases, as well as
anti-VEGF and anti-KDR antibodies, inhibit growth and
angiogenesis of established pancreatic tumours (Baker
et al. 2002; Solorzano et al. 2001; Bockhorn et al. 2003;
Tsuzuki et al. 2001; Bruns et al. 2002) and can potenti-
ate the anti-tumour effect of gemcitabine (Baker et al.
2002; Solorzano et al. 2001; Bruns et al. 2002).

The results of a non-randomised phase II study
of gemcitabine in combination with bevacizumab, a
recombinant humanised anti-VEGF monoclonal anti-
body, were very encouraging (Kindler et al. 2005).
Disappointingly, the subsequent phase III trial of the
combination compared with gemcitabine monotherapy
failed to demonstrate any survival advantage for
the combination (n=602) (Kindler et al. 2007). Further-
more, the addition of bevacizumab to a gemcitabine and
erlotinib doublet did not significantly improve the
median overall survival compared with gemcitabine-
erlotinib (HR=0.89; p=0.21; n=607) (Van Cutsem
et al. 2009). Further studies of other novel targeted ther-
apies are, therefore, required to improve the dismal sur-
vival for patients with advanced pancreatic cancer.

4 Future Strategies

In human pancreatic cancer, development, progression,
and metastases arise via the accumulation of multiple
genetic and epigenetic changes, including inactivation
of tumour-suppressor genes and activation or over-
expression of proto-oncogenes. A progression model
for the precursor lesions of pancreatic cancer has been
proposed (Cubilla and Fitzgerald 1975, 1976; Hruban
et al. 2000a; Klimstra and Longnecker 1994). These
lesions, given the collective term pancreatic intra-
epithelial neoplasia (PanIN), are grouped into three
histological stages based on increasing degrees of
architectural and nuclear atypia (Kern et al. 2001).
Activating mutations of the k-ras proto-oncogene are
found in around 90% of invasive pancreatic cancers
(Almoguerra et al. 1998). Genetic and epigenetic inac-
tivations of a number of tumour-suppressor genes also
occur, including p16™&4, p53, DPC4 and BRCA2, and
increase in frequency in progressively higher PanIN
stages (Hruban et al. 2000b).
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In a recently developed model of pancreatic cancer,
endogenous K-Ras®'?" is targeted to progenitor cells of
the mouse pancreas, resulting in ductal lesions that
recapitulate the full spectrum of human PanIN, likely
precursors to invasive pancreatic cancer (Hingorani
et al. 2003). The PanINs that develop are highly prolif-
erative, show evidence of histological progression, and
activate signalling pathways normally quiescent in
ductal epithelium (Hingorani et al. 2003). At low fre-
quency, these lesions progress spontaneously to inva-
sive and metastatic adenocarcinomas (Hingorani et al.
2003). However, by also targeting endogenous expres-
sion of Trp53R72H and Kras®'P to the mouse pancreas,
adult mice develop invasive and widely metastatic pan-
creatic carcinoma (after loss of function of the remain-
ing p53 allele), and this recapitulates the human disease
(Hingorani et al. 2005). The full spectrum of pre-inva-
sive lesions is evident in these mice, with significant
malignant disease burden becoming apparent in ani-
mals by 10 weeks of age. The primary carcinomas and
metastases demonstrate genomic instability and the
mice have a significantly reduced survival due to locally
advanced and metastatic cancer, similar to the human
disease (Hingorani et al. 2005). Consequently, this
mouse model will enable us to better study potential
therapeutic targets and their inhibitors in the future and
develop more rational therapeutic strategies, with the
ultimate aim of improving quality of life and overall
survival in patients with metastatic pancreatic cancer.
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1 Introduction

Gastrointestinal endoscopy, especially Endoscopic
Retrograde Cholangio-Pancreatography (ERCP) and
Endoscopic Ultrasound (EUS), plays an important role
in the management of patients affected by pancreatic
adenocarcinoma.

Most endoscopic therapies are centered on the pal-
liation of jaundice and other complications of advanced
pancreatic disease (including pain and gastric outlet
obstruction).

Recently, novel EUS-guided endoscopic therapeutic
procedures have been developed, which include inter-
stitial brachytherapy and injection of other therapeutic
agents into the tumor (Pausawasdi & Scheiman 2007).

The improvement of existing accessories for ERCP
and techniques, and the development of novel proce-
dures, may significantly expand the role of endoscopy
in the management of pancreatic carcinoma.

2 Preoperative Biliary Drainage

The majority of patients with pancreatic cancer pres-
ents at the time of the diagnosis with clinical signs of
biliary obstruction, that is, jaundice, itching, and cho-
langitis (Warshaw & Fernandez-del 1992). This is
especially true for tumors located in the pancreatic
head, because of the intrapancreatic location of the
lower third of the common bile duct.

The value of biliary drainage before pancreatoduo-
denectomy is controversial. In experimental models, pre-
operative biliary drainage is usually associated with
important benefits, including improved liver function
and nutritional status, reduction of systemic endotoxemia
and improved immune response, and reduction of peri-
operative mortality.

On the contrary, human studies showed conflicting
results, and preoperative biliary drainage (either endo-
scopic or percutaneous-transhepatic) is no longer rou-
tinely recommended (Wang et al. 2008).

Proponents of preoperative biliary drainage might
argue that it facilitates referral to high-volume tertiary
centers. Biliary drainage does not significantly affect
the surgical operation, in terms of fluid and transfusion
requirements, or surgery duration (Wang et al. 2008;
Coates et al. 2009), but it may increase the post-opera-
tive morbidity rate (Mezhir et al. 2009).

Cultures of bile collected during pancreatoduo-
denectomy are positive in the majority of patients who
undergo preoperative biliary drainage (up to 98%), and
in a minority of patients who do not undergo biliary
drainage (up to 7%). Consequently, the incidence of
infectious complications including wound infections
and intra-abdominal abscess has been found to be
increased up to two fold after preoperative biliary
drainage (Mezhir et al. 2009; Herzog et al. 2009;
Lermite et al. 2008).

Because of the lack of demonstrated benefits, bil-
iary drainage before pancreatoduodenenctomy should
not be routinely performed. However, it might still be
indicated in special clinical situations, such as acute
cholangitis, severe jaundice and itching, and impaired
hepatic function due to prolonged biliary obstruction.

Current therapies for patients with locally advanced
pancreatic neoplasm might be modified in future (i.e.,
neoadjuvant chemo-radiotherapy). Consequently, the
role of preoperative endoscopic biliary drainage may
be re-evaluated in the future.

When a preoperative drainage is strictly indicated,
plastic stents are preferred to Self Expanding Metal
Stents (SEMS), because of lower costs, and because
surgery is usually performed within the stent-patency
time. In patients who will receive neoadjuvant thera-
pies, the placement of covered SEMS (regardless of
tumor resectability), might be appropriated, because a
prolonged stent patency can ensure the continuity of
the treatment. In any case, surgical resection is possi-
ble and safe also when a (short) transpapillary SEMS
has been placed. Conversely, surgical resection and
hepatico-jejunostomy might be very difficult or pre-
cluded if the proximal end of the SEMS raises the main
biliary confluence or reaches the intrahepatic ducts.

3 Palliation of Biliary Obstruction

In inoperable patients, biliary drainage reduces dys-
peptic symptoms, and improves anorexia and indiges-
tion (Ballinger et al. 1994). Relief of jaundice is
associated with a prolonged survival and improved
quality of life in patients with inoperable pancreatic
cancer (Sarr & Cameron 1982); furthermore, jaundice
and itching resolution provides a much needed psy-
chological boost to the patient and family members.
Palliation of jaundice and biliary drainage can be
obtained by surgery or by biliary stent insertion (either
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percutaneous or endoscopic). In expert hands, surgery,
endoscopy and interventional radiology are equally
effective for the palliation of symptoms secondary to
biliary obstruction. However, specific considerations
should be done when choosing a technique or another,
and include complication rate, patient’s expected sur-
vival, co-morbidities, local availability and patients’
preferences.

3.1 Patient Selection: Surgery,
Endoscopy, or Radiology?

Before considering either an operative or conservative
management of jaundice, some aspects should first be
considered.

The possibility of a radical surgery should be ratio-
nally excluded. Surgery, including pancreatic resection,
is no longer prohibited in elderly patients. Furthermore,
in some patients, the final decision on operability might
be assessed only after neoadjuvant therapies. Secondly,
jaundice must be caused by a bile duct obstruction.
Usually, pancreatic head cancer directly invades and
constricts the common bile duct, causing obstruction to
the bile flow and jaundice. However, extensive liver
metastases may cause both a functional liver failure and
obstruction of the intrahepatic bile ducts. These latter
conditions might not benefit from any kind of endo-
scopic or surgical drainage or bypass, and should be
promptly identified when planning the treatment.
Increased serum bilirubin, alkaline phosphatase and
gamma-glutamyl transferase levels do not automatically
indicate the need for a biliary decompression. On the
contrary, non-invasive imaging studies, especially trans-
abdominal ultrasonography, are usually necessary and
permit to easily and quickly separate patients who may
benefit from a biliary drainage from those who may not.

Surgical bypass (hepatico-jejunostomy, choledocho-
jejunostomy or cholecysto-jejunostomy) was the
preferred approach for jaundice palliation until non-
operative techniques became popular (Sarr & Cameron
1982). Despite the efficacy, the mortality rate after
operative palliation of biliary obstruction is quite ele-
vated (up to 20%), even in referral centers (Sarr &
Cameron 1982; Watanapa & Williamson 1992).

Some randomized controlled trials have compared
surgical bypass and endoscopic stenting for the man-
agement of malignant obstructive jaundice (Smith

etal. 1994; Shepherd et al. 1988; Andersen et al. 1989).
Endoscopic stenting is effective as surgical bypass for
the relief of clinical signs of biliary obstruction, but it
is associated with a lower thirty-day mortality rate and
early treatment-related complication rate. On the con-
trary, many patients receiving endoscopic palliation
may suffer from recurrent attacks of cholangitis or
recurrence of jaundice due to stent occlusion, requir-
ing endoscopic re-treatment. However, most of the
leading papers comparing surgical and endoscopic
management of malignant biliary obstruction, were
published 15-20 years ago, before the development
of self-expanding metal stents (SEMS). Therefore,
current endoscopic palliation of malignant biliary
obstruction might be substantially better than surgery,
providing improved quality of life and effectiveness.

Percutaneous transhepatic biliary drainage (PTBD)
became popular in the past for the management of
malignant biliary strictures. Bile duct decompression,
by means of either internal, internal-external and exter-
nal biliary drainage, is a direct competitor of endoscopy
in the field of non-operative management of malignant
biliary strictures. In expert hands, the percutaneous
transhepatic route is as effective as the endoscopic tran-
soral one. However, severe complications are more fre-
quent after PTBD (Speer et al. 1987). Where available,
ERCP is considered as the procedure of choice for the
management of inoperable distal common bile duct
strictures. On the contrary, when the papilla of Vater is
not accessible because of a surgically-altered gastroin-
testinal anatomy (i.e., gastric resection, Roux-en-Y
gastric bypass, total gastrectomy), or extended duode-
nal strictures, the percutaneous route may be easier and
safer than the transoral route.

Some patients may still benefit from a conventional
surgical palliation of biliary obstruction, for example
the patients found inoperable during a surgical explo-
ration. In developing countries, surgery is still widely
used for the palliation of biliary strictures, and might
be an effective option due to the relatively low initial
cost of surgery and the lack of endoscopic facilities
(Artifon et al. 2006; Sunpaweravong et al. 2005).

3.2 Types of Biliary Stents

Two different types of stents are available for the endo-
scopic treatment of malignant biliary strictures: plastic
stents and SEMS.
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Plastic stents were the first to be made, and they are
still the most used. A variety of plastic stents are cur-
rently available: they differ in size, shape and polymer
composition.

Plastic stents used for biliary indications are avail-
able in different lengths (5—18 cm), diameters (3F to
11.5F) and shapes. Most straight stents are slightly
bent, to conform to the anatomy of the bile ducts.
They may have side holes to improve the flow of bile,
and are provided with side flaps at each end for
anchoring and to reduce the chances of stent
migration.

Three different polymers are used for biliary and
pancreatic stents. They include Polyethylene, Teflon
and Polyurethane. The most used plastic stents are
made in polyethylene. In the early 1980s, homemade
stents were pretty popular. Polyethylene was chosen
because it is relatively cheap, and sufficiently soft and
malleable to be easily shaped, molded and cut accord-
ing to clinical need.

The Soehendra-Tannenbaum stents are made of
Teflon which has a lower coefficient of friction
compared to polyethylene. Sohendra-Tannenbaum
stents have no side holes, and four anchoring flaps
at each end are cut into the thickness of the stent
wall. Theoretically this polymer and shape should
help prevent sludge accumulation in the stent
lumen, and thus prolong patency, but clinical trials
have not demonstrated such an advantage in com-
parison to the standard stents (Raijman 2003;
Catalano et al. 2002; Schilling et al. 2003; van
Berkel et al. 1998).

Other materials have also been used. However,
clinical studies have not been able to show any defi-
nite advantage in terms of longer patency of Teflon,
polyurethane, polyamidoamine cross-linked to
polyurethane chains, hydromer-coated polyurethane
or perfluoro-aloxy combined with polyamide elas-
tomer stents when compared to standard polyethyl-
ene stents (Catalano et al. 2002; Schilling et al.
2003; van Berkel et al. 1998; Cetta et al. 1999;
Costamagna et al. 2000; Tringali et al. 2003; Landoni
et al. 2000).

The diameter of biliary stents varies between 7F
and 11.5F. Having larger stents means longer patency
(Pedersen 1993); for this reason most endoscopists
prefer the placement of 10F or 11.5F stents for the pal-
liation of malignant distal biliary obstructions.

Unfortunately, sooner or later, plastic stents will
occlude leading to recurrent signs of biliary obstruction.
The average plastic stent effective duration is 3 months.
SEMS were developed to overcome the problem of
early clogging of plastic stents and improve biliary
drainage in patients with malignant biliary obstruction.
SEMS that are inserted into the bile duct in a constrained
state may expand after deployment to a diameter of up
to 30F.

The vast majority of SEMS are made of Nitinol.
Nitinol SEMS have a low magnetic susceptibility and
are completely Magnetic Resonance Imaging (MRI)
compatible. Nitinol has at least two very important
properties: thermal shape-memory effect and super-
elasticity. Thermal shape-memory enables Nitinol
SEMS to be constrained into a small calibre introducer.
Upon deployment in situ, SEMS are restored to their
original shape and diameter.

The overall proper characteristics of a SEMS also
depend on stent mesh design. Many SEMS are made
with a woven braided mesh. A braided mesh combines
good flexibility and radial force with resistance to lon-
gitudinal traction. Usually the thinner the mesh-wire,
the more flexible the stent. The current available SEMS
made with a braided mesh varies because of the mesh-
wire size, material and design of the stent edges.
Theoretically, a soft and flexible end could reduce the
epithelial reactivity and thus tissue overgrowth. Flared
and barbed ends could prevent stent migration but may
induce tissue overgrowth (Raijman 2003).

Biliary SEMS can also be made by a single Nitinol
wire, laser cut (from a single Nitinol tube) with a spi-
ral, “zig-zag” design. The special design of the stent
mesh offers superior flexibility and a good radial force.
Most stents for cardiac use have this special design.
SEMS with this mesh design usually do not shorten
after deployment, leading to a more precise stent posi-
tioning across the stricture.

SEMS are currently available in two versions —
uncovered or covered with a plastic coating. “Covered”
SEMS are designed to reduce tumor ingrowth into the
stent mesh and thus prolong patency.

SEMS have shown to have a longer patency than
plastic stents (Kaassis et al. 2003; Schmassmann
et al. 1996; Yeoh et al. 1999), minimizing the need
for periodic stent exchange. However, the high cost
of these devices still limits their use in routine
practice.
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3.3 Plastic or Metal Stents for the Palliation
of Malignant Biliary Strictures?

Plastic and metal stents are equally efficient for the
prompt resolution of clinical signs of biliary obstruction
(jaundice and itching), and for the palliation of malignant
biliary obstruction during the first three months after
placement (Davids et al. 1992). However, the overall pat-
ency of biliary SEMS is significantly longer than the pat-
ency of plastic biliary stents. A prolonged stent patency
limits the need for periodical stent exchange, and thus
improves the quality of palliation and the quality-of-life
of patients. However, the cost of plastic and metal stents
are significantly different. The cost analysis of health
care is a matter of debate worldwide, and the cost-effec-
tiveness of plastic vs. metal stents, has been studied.

SEMS compared to plastic stents showed longer
patency, reduced hospitalization and use of antibiotics,
number of ERCPs and transabdominal US, leading to
a lower overall cost in selected patients (Moss et al.
2007) (Fig. 1).

Fig. 1 (a) ERCP shows a distal common bile duct stricture,
associated with a stricture of the pancreatic duct (“double duct”
sign). (b) Insertion of a guidewire into the common bile duct,

Because of the 3 months expected patency of plas-
tic stents, SEMS should be theoretically considered
only for those patients with a longer life-expectancy.
Patients with large tumors (>2.5-3 cm), severe comor-
bidities or with liver metastases are likely to have a
bad prognosis and short survival duration (Kaassis
et al. 2003; Moss et al. 2007; Moss et al. 20006)

Comparative studies demonstrated that SEMS
placement is an appropriate and cost-effective pallia-
tive procedure for patients without metastases and at
least a 4 to 6 months life-expectancy at initial stent
placement (Kaassis et al. 2003; Moss et al. 2007; Moss
et al. 2006).

Despite the cost-effectiveness studies, biliary SEMS
may be the treatment of choice also in few patients
with a short expected survival. This is the case of
patients with synchronous duodenal and biliary stric-
tures, or with a difficult access to the papilla of Vater
and bile ducts (i.e., previous gastric resection), to even-
tually avoid repeated, difficult, endoscopic procedures.
Furthermore, SEMS may be indicated whenever the
patients have early clogging of plastic stents, because

with the proximal end into the left hepatic duct. (¢) Deployment
of a Nitinol, biliary Self Expanding Metal Stent (NITI-S D-Type,
Taewoong Medical Co., Korea)
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of biliary sludge, pus and clots: the large SEMS diam-
eter allows the passage of large amount of sludge and
clots, and thus reduces the risk of early re-clogging.

In developing countries (but also in low-volume
hospitals in industrialized countries), SEMS may still
have prohibitive costs, and the choice may ineluctably
fall on the plastic stents, despite the expected survival
of patients and the cost-effectiveness studies (Yoon
et al. 2009).

3.4 Clinical Outcomes

Although the endoscopic drainage of obstructed bile
ducts is now a well-established procedure, its technical
feasibility and clinical effectiveness may vary between
the different centers. Local facilities and endoscopic
skills can be partially responsible for this variability.
Furthermore, patient selection might impair signifi-
cantly the bile duct cannulation rate and the clinical
efficacy. In expert hands, plastic stent placement is fea-
sible in about 80-95% of cases with a clinical success
rate (decline in total bilirubin levels and cholestasis) of
90% (Fig. 2).

Selective biliary cannulation still remains the most
challenging part of ERCP. In the majority of cases,
technical failures of biliary drainage are due to a

{

Fig. 2 Endoscopic Retrograde Cholangiopanceratography and
drainage of the bile ducts in a patients with pancreatic cancer.
(a, b) “double duct sign”. ERCP shows two strictures on the bile

difficult cannulation. Duodenal diverticula, duodenal
strictures, previous gastric surgery, and neoplastic
spreading with distortion of the papillary area contrib-
ute to make the cannulation more difficult.

Patency duration of endoprosthesis is usually one of
the indicators of clinical effectiveness of endoscopic
biliary drainage. However, calculation of the median
functioning time of a plastic or metal stent is not mean-
ingful as the majority of the patients die with an
indwelling and functioning endoprosthesis. Thirty-day
mortality after endoscopic palliation of malignant jaun-
dice is very high (up to 10%); the median survival of
patients after endoscopic palliation is about 80-150
days (Smith et al. 1994; Andersen et al. 1989).
Nevertheless, when the patients survive enough to have
experience of stent clogging, a recurrent attack of jaun-
dice or cholangitis usually occurs after a median of 3—4
months after stent placement. Stent occlusion can be
found in about 30% of cases after 3 months, and defi-
nitely in more than 45% of patients 6 months after
ERCP. When a plastic stent becomes occluded it can be
easily exchanged. However, the patency duration of the
second and third stent significantly and progressively
decreases (Ballinger et al. 1994; Smith et al. 1994;
Shepherd et al. 1988; Andersen et al. 1989; Speer et al.
1987; Davids et al. 1992; Yoon et al. 2009; Matsuda
et al. 1991; Abraham et al. 2002; Luman et al. 1997).

duct and on the pancreatic duct. (¢) X-ray guided forceps biopsy
of the biliary stricture. (d) A plastic stent has been inserted into
the common bile duct
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SEMS have been shown to be superior to plastic
stents with respect to patency and are being used more
and more. The larger diameters are thought to contrib-
ute to the longer patency observed with SEMSs as
compared to that of plastic stents (Kaassis et al. 2003;
Schmassmann et al. 1996; Moss et al. 2007; Huibregtse
1993; Perdue et al. 2008; Soderlund & Linder 2006).

In expert hands, SEMS placement is feasible and
successful in more than 90-95% of cases. With the
currently available SEMS, complete stent expansion is
likely to be obtained in all the patients, and again, the
major technical limit to SEMS deployment, is failed
deep cannulation of the common bile duct.

Because of the short survival of patients with pan-
creatic cancer, SEMS occlusion is a relatively rare
event. The majority of the patients die with a patent
stent (up to 85% of cases). Overall, median SEMS pat-
ency interval is 7 months, and does not significantly
differ between covered and wuncovered SEMS.
Similarly, cumulative SEMS patency at 3-, 6-, and
12-months after deployment, and SEMS occlusion rate
(between 10% and 38%) in most series do not signifi-
cantly differ when comparing covered and uncovered
SEMS (Kaassis et al. 2003; Davids et al. 1992; Yoon
etal. 2009; Huibregtse 1993; Chen et al. 2006; Ferlitsch
et al. 2001; Fumex et al. 2006; Isayama et al. 2004;
Kahaleh et al. 2005; Katsinelos et al. 2008; Leung &
Rahim 2006; Nakai et al. 2005; Park et al. 2006; Weber
et al. 2009; Yang et al. 2009; Yoon et al. 2006; Ornellas
et al. 2009; Kim et al. 2002) (Table 1).

3.5 Complication of Biliary
Stenting and Management
of Malfunctioning Stents

Complications of stent placement include ERCP-
related complications and some specific complica-
tions related to stent insertion. Most common adverse
events after ERCP are bleeding after sphincterotomy
(1-2% of cases), acute pancreatitis (1-7% of cases),
acute cholecystitis (0.2-0.5%) and duodenal perfora-
tion (0.3-0.6%) (Freeman 2002).

The commonest specific stent-related complica-
tions are recurrent cholangitis (clinical signs of stent
occlusion or dysfunction) (Dowidar et al. 1991), stent
migration, duodenal perforation (Lo et al. 2008;
Storkson et al. 2000), and more rarely, pancreatitis and

cholecystitis. Any stent malfunctioning is usually clin-
ically significant, and will ineluctably lead to recurrent
signs of biliary obstruction, including jaundice and
cholangitis. A prompt intervention is always necessary
in case of cholangitis to resolve symptoms and avoid
more severe complications.

Sooner or later, all biliary endoprosthesis, plastic or
SEMS, will occlude. Bile is normally sterile in the bile
ducts, but after sphincterotomy or stent placement a
variety of bacteria colonizes the biliary system. Bacteria
adhere to the inner surface of the stents and create a bio-
film that represents the primary event in stent clogging.
Bacterial enzymes promote bilirubin deconjugation and
precipitation of biliary salts and calcium bilirubinate,
forming biliary sludge and stones (van Berkel et al.
2005). Microscopic irregularities on the inner surface of
plastic stents have been advocated as being one of the
causes of bacterial adhesion and biofilm creation. Ultra-
smooth polymers, including Teflon or Polyurethane, or
bactericidal agents, bile salts or antibiotics, have been
used to prevent or delay stent clogging, but they were
eventually proved inefficacious (Raijman 2003).

The risk of occlusion of standard polyethylene
stents increases significantly after 3 months. A routine
three-monthly stent exchange may theoretically reduce
the incidence of cholangitis due to stent clogging.
However, because of the usually short survival of
patients with advanced pancreatic cancer, routine plas-
tic stent exchange is no longer recommended.

Plastic stents may also malfunction for other rea-
sons. They may impact into the bile duct wall, leading
to poor bile drainage, especially in case of the C-curved
bile ducts or when inappropriately long stents have
been placed (Raijman 2003).

The second most common complication, is stent
migration, that may occur in about 5-6% of patients
with a malignant stricture (Johanson et al. 1992;
Arhan et al. 2009). Migration, both proximal or dis-
tal, is symptomatic in the vast majority of cases.
Complications associated with stent migration have
also been reported and include penetration, intestinal
perforation, and small bowel obstruction (Lo et al.
2008; Storkson et al. 2000).

The management of malfunctioning or occluded
stent is relatively simple. When a biliary plastic stent
occludes or malfunctions it can usually be easily
removed and replaced with a new one or with a SEMS.
Usually, plastic stent replacement does not require
special skills.
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When the plastic stents is still visible beyond the
papilla of Vater, the stent may be grasped with a for-
eign body forceps or a snare, and removed through the
accessory channel of the endoscope or by removing
the endoscope from the patient’s mouth. Stent removal
through the endoscope’s accessory channel is feasible
and very easy for small calibre stents (7F-8.5F), but
can be very tricky or impossible in the case of large
bore stents (10F-11.5F).

When the stent has migrated into the CBD, stent
removal may be more difficult. Many endoscopists
prefer to use a foreign body forceps, a Dormia basket,
or a snare, that can be opened inside the bile duct to
grasp the migrated stent (Chaurasia et al. 1999). Others
might prefer the Soehendra Stent Retriever, a special
accessory developed for the “over-the-wire” stent
exchange (Soehendra et al. 1990), that consists of a
flexible metal catheter with a threaded tip that is
screwed into the stent to be removed.

More rarely, plastic stent placement may directly
cause acute pancreatitis and this complication is more
likely to occur in patients who did not receive a prior
biliary sphincterotomy. Acute pancreatitis may be
caused by the occlusion of the intra-ampullary part of
the pancreatic duct by the stent decubitus. However,
this complication is usually mild and requires conser-
vative treatment only (Simmons et al. 2008). Obvi-
ously, acute pancreatitis may complicate the placement
of SEMS (van Steenbergen et al. 1992), and the need
for a biliary sphincterotomy before biliary stent place-
ment should be carefully considered.

As the plastic counterpart, SEMS may become
occluded over time, or may migrate. In contrast with
plastic stents, management of malfunctioning SEMS is
usually more difficult and technically demanding. The
majority of the available SEMS have not been designed
to be removed.

Mechanisms of occlusion of covered and uncovered
SEMS may be different (Bueno et al. 2003; Menon &
Barkun 1999; Rogart et al. 2008; Tham et al. 1998).
Ingrowth is the main cause of occlusion of uncovered
SEMS. With time, the neoplasm may grow within the
meshes of the SEMS, until the latter becomes almost
completely occluded. The placement of a new SEMS
or of a plastic stent inside the occluded one is usually
considered the best approach for the management of
occluded SEMS. Because of the larger diameter, the
placement of a new SEMS is recommended when the
biliary obstruction of contaminated bile ducts has been

complicated by sludge and stone formation or by sup-
purative cholangitis, because in such situations a plas-
tic stent can quickly become occluded.

Covered SEMS become occluded because of
sludge and debris or neoplastic overgrowth (Fumex
et al. 2006; Yoon et al. 2006). Bacterial colonization
of the inner surface of the SEMS and bio-film cre-
ation (similarly to plastic stents) are probably the
primary cause of covered SEMS occlusion due to
sludge and stones. Duodeno-biliary reflux contributes
and accelerates covered SEMS occlusion. Sludge
and stones may be extracted by using balloons or
Dormia baskets. Although the plastic covering of
covered SEMS has been designed to prevent neo-
plastic ingrowth, most covered SEMS have uncov-
ered proximal and distal ends, in order to prevent
migration. Over time, the tumor may grow between
the meshes of these uncovered ends (ingrowth) or
above the covered SEMS (overgrowth) contributing
to its malfunction (Fumex et al. 2006; Yoon et al.
2006). Again, the placement of a new plastic stent or
a SEMS inside an occluded covered SEMS is proba-
bly the most cost-effective treatment (Bueno et al.
2003; Menon & Barkun 1999; Rogart et al. 2008;
Tham et al. 1998).

SEMS migration accounts for 4% of SEMS compli-
cations (Ferlitsch et al. 2001; Fumex et al. 2006;
Isayama et al. 2004; Kahaleh et al. 2005; Katsinelos
et al. 2008; Nakai et al. 2005; Park et al. 2006; Yang
et al. 2009; Yoon et al. 2006; Shah et al. 2003; Ho et al.
2010). Covered SEMS are likely to migrate more often
than the uncovered ones, and in some cases they may
impact into the duodenal wall (Fumex et al. 2006;
Isayama et al. 2004; Kahaleh et al. 2005; Park et al.
2006; Yoon et al. 2006; Ho et al. 2010). SEMS impac-
tion into the duodenal wall may lead to recurrent bil-
iary obstruction, or more severe complications,
including perforation or bleeding. Migrated SEMS or
those that impact into the duodenal wall should be
removed and exchanged with a new SEMS (Familiari
et al. 2005) or trimmed by using Argon Plasma
Coagulation (Christiaens et al. 2008).

Less frequently, SEMS may impact into the
medial bile duct wall. SEMS impaction may cause
biliary obstruction and cholangitis. This complica-
tion might be related to the high axial force of some
SEMS (Isayama et al. 2009). Theoretically, those
SEMS with a lower axial force should be preferred
in case of distorted and curved bile ducts, where the
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risk of impaction is higher. However, the current
published data do not support this hypothesis (Yang
et al. 2009).

SEMS placement may induce acute cholecystitis.
Incidence of acute cholecystitis after SEMS place-
ment varies between 1% and 10%, in the published
series (Fumex et al. 2006, Park et al. 2006; Yoon et al.
2006; Ho et al. 2010; Isayama et al. 2006). Acute
cholecystitis may be caused by the occlusion of the
cystic duct by SEMS. Some clinical trials showed that
acute cholecystitis occurs more frequently in patients
with a covered SEMS (Fumex et al. 2006; Park et al.
2006; Ho et al. 2010). Occurring in frail neoplastic
patients, acute cholecystitis may become a life threat-
ening complication. Its management includes percu-
taneous gallbladder drainage, surgery or, in very
selected cases, endoscopic transpapillary gallbladder
drainage (Mutignani et al. 2009).

When treating malignant biliary strictures, it is
probably safer not to cover the cystic duct insertion
with the SEMS. If this is inevitable because of stricture
location and extension, placement of an uncovered
SEMS is preferable.

Overall, the current stent- or SEMS- related mortal-
ity is very low. Mortality after stent placement, is more
likely to be related to the well known ERCP complica-
tions than to a direct effect of the stenting.

4 Endoscopic Treatment
of Pancreatic Pain

4.1 Obstructive Type Pancreatic
Pain: The Chance for ERCP

The so called “obstructive type” pancreatic pain in
pancreatic cancer is related to ductal hypertension, is
typically related to meal, and does not improve with
pancreatic enzymes. Nearly all the patients with pan-
creatic adenocarcinoma have a stricture of the main
pancreatic duct (MPD) which is symptomatic in only
15% of the cases (Costamagna et al. 1999). This small
group of patients can benefit from MPD drainage by
plastic stents. Crossing of a neoplastic MPD stricture
may be difficult and not always possible due to angula-
tion and/or the presence of necrosis. The technique of
endoscopic pancreatic stenting does not substantially

differ from that applied on the biliary tree. Endoscopic
pancreatic sphincterotomy is seldom strictly necessary
to ease access to the MPD. Systematical mechanical
dilation with catheters of increasing diameter is sug-
gested before pancreatic stent insertion because the
hardness of the stricture is unpredictable. When possi-
ble, placement of ten French plastic stents is preferred.
Pancreatic stenting may be obtained in more than 80%
of these selected patients, with low morbidity (less
than 10%) and no procedure-related mortality. About
60% of patients treated because of “obstructive pain”
become symptom-free, and another 20-25% signifi-
cantly reduce the amount of analgesic drugs required
(Costamagna et al. 1999; Tham et al. 2000) (Fig. 3).

4.2 Celiac Block/Neurolysis: The Chance
for EUS

Pancreatic pain is predominantly transmitted through
the celiac plexus and the splanchnic nerve. The most
common pancreatic cancer pain is the so called “non
obstructive” type: chronic, continuous, dull pain, unre-
lated to meals, located in the upper abdominal quad-
rants and often radiating to the back. This kind of pain
can be usually managed by NSAIDs and opiates.

Uncontrolled “non obstructive” pain can be treated
by celiac plexus block or neurolysis. Anesthetics and/
or corticosteroids are used for temporary plexus
block, while absolute ethanol permanently destroys
the plexus (neurolysis). Celiac plexus block is pre-
ferred in pain due to chronic pancreatitis, while neu-
rolysis is generally used in patients with pancreatic
cancer.

Celiac plexus neurolysis relieves pain, avoiding all
the side effects of opioids and can be done surgically,
percutaneously under CT guidance, or by endoscopic
ultrasonography (EUS). EUS-guided neurolysis is
effective and has a lower risk of serious complications
(aortal rupture or paraplegia) than the surgical or per-
cutaneous approaches (Gunaratnam et al. 2001).

Anatomically, the celiac plexus is composed of two
ganglia, usually located anterior and lateral to the aorta
at the level of the celiac trunk. With a curvilinear array
echoendoscope, this region can be easily visualized
from the lesser gastric curvature, by following the aorta
to the origin of the main celiac artery. It also possible
to directly visualize the celiac ganglia which appear as
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Fig. 3 Endoscopic management of obstructive-type pancreatic
pain. (a) ERCP shows a long malignant stricture of the pancre-
atic duct at the level of the pancreatic head. Dilation of the main
pancreatic duct above the stricture. The patient reports pancre-
atic-type pain, usually post-prandial. (b) Placement of a plastic
stent in the pancreatic duct. Please, note the complete outflow of

one to five elongated hypoechoic structures (Levy
et al. 2006). EUS-guided block/neurolysis was first
described in 1996 (Wiersema & Wiersema 1996); the
procedure can be done in a short time (10 min) and
under conscious sedation. The procedure is usually per-
formed with a 19-gauge needle or a dedicated 20-gauge
needle with multiple side holes. The injection is per-
formed at the base (central) or on the sides (bilateral) of
the celiac axis. The major EUS related risk is the poten-
tial translocation of bacteria in the retroperitoneum;
parenteral administration of antibiotics in the perioper-
ative period has been proposed to reduce the risk of
bacterial seeding (Levy et al. 2006; Gress et al. 2001).
Other EUS-related risks and contraindications are the
same as those for endoscopy and sedation in general.
Data from a recent meta-analysis suggest that
EUS-guided celiac plexus neurolysis is effective to
manage cancer pain and to reduce abdominal pain due
to pancreatic cancer in 73% of the patients (Kaufman
et al. 2010). Another meta-analysis of five random-
ized controlled trials confirms improvement of pain
control, reduction of narcotic usage and constipation
(Yan & Myers 2007) after EUS-guided celiac plexus
neurolysis for pancreatic cancer. At present, after
more than ten years from the first published report
(Wiersema & Wiersema 1996), there are no available

contrast medium from the pancreatic duct and the appearance of
air in the duct. (¢) Deployment of a Nitinol Self Expanding
Metal Stent (NITI-S D-Type, Taewoong Medical Co., Korea) in
the common bile duct for the management of a symptomatic bil-
iary stricture. Note the massive aerobilia at the end of the
procedure

studies comparing outcomes of EUS with other pro-
cedures for celiac plexus neurolysis. EUS-guided
celiac plexus block/neurolysis seems to be safe and
effective but is not yet largely diffuse.

5 Gastric-Outlet Obstruction

Gastric outlet obstruction (GOO) is a late complication
mostly of gastric, pancreatic, duodenal, and biliary
malignancies (Lillemoe & Pitt 1996). GOO becomes
symptomatic only in advanced stages of the disease
when palliation is the only chance. Palliation should
offer the best quality of life to pre-terminal patients.

Gastrojejunostomy is the main surgical palliative
option for GOO. Surgical jejunostomy, gastric and
enteral decompression are reserved for those cases
with peritoneal carcinosis. In these already debili-
tated patients, surgery bears higher morbidity and
mortality risk, with prolonged hospital stay and
delayed symptoms relief (Jeurnink et al. 2007a;
Siddiqui et al. 2007) than endoscopic stenting.
Surgery is considered of some advantage over endo-
scopic stenting for GOO in patients with at least six
months of life expectancy.
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After the first report of stent placement for malig-
nant GOO in 1992 by Truong and co-workers (Truong
et al. 1992), endoscopic palliation has become an
attractive and effective approach. Today, endoscopy is
considered the first line approach to treat GOO due to
its greater clinical success, reduced morbidity and
mortality and shorter hospital stay, when compared to
surgery (Hosono et al. 2007). The reported clinical
and technical success rate of endoscopic duodenal
SEMS placement is 84% and 97% respectively
(Dormann et al. 2004; Holt et al. 2004; van Hooft
et al. 2007).

5.1 Enteral Stents

Enteral endoscopic stenting is indicated in patients with
single site obstructive malignancy of the gastric outlet,
without evidence of multiple strictures of the small
bowel and/or peritoneal carcinosis. Contraindications
for endoscopic stent placement are the same as those
for endoscopy and sedation. The through-the-scope
(TTS) placement of enteral stents is the preferable
stenting technique (Laasch et al. 2005; Maetani et al.
2001; Maetani et al. 2002). The procedure can be done
under conscious sedation. The stenting technique con-
sists in the passage of the stricture with a stiff, kinking
resistant guide wire under fluoroscopy. Once the guide
wire is placed distal to the duodenal stricture, the stent
is advanced through the lesion and deployed. The stent
should be at least few centimeters longer than the stric-
ture, to guarantee disease-free margin and good exten-
sion over curves. The new designed stent delivery
systems allow stent re-sheathing in case of wrong stent
position during release. Nitinol wire stents have almost
completely replaced other materials. This alloy is soft,
flexible, with smoother wire ends reducing the trauma
to the bowel wall. Nitinol stents have good axial and
radial force (Isayama et al. 2009; Stoeckel et al. 2004).
Stents can be also covered and uncovered. Silicone,
polyurethane, and expanded polytetrafluoroethylene
are materials used for the sheet of covered stents. These
stents are designed to prevent tumor ingrowth that can
lead to stent obstruction (Song et al. 1993). The disad-
vantage of covered stents is their tendency to migrate,
the relative rigidity and costs (Jung et al. 2000).

Uncovered stents are more flexible, anchor better on
strictures, are easier to deploy in situ, and are usually
preferred for GOO palliation. Besides ingrowth, other
events that can lead to stent malfunction are over-
growth, food impaction, migration and biliary obstruc-
tion. These events can be safely managed by endoscopy
(Piesman et al. 2009). Re-intervention for stent mal-
function is required in 20-25% of patients (Laasch
et al. 2005).

5.2 Outcomes of Enteral Stents

The Adler and Baron’s Gastric Outlet Obstruction
Scoring System (GOOSS) assess the level of oral
intake before and after the stent placement (Jeurnink
et al. 2007b). This scoring system consists in assigning
point scores on the basis of the level of oral intake of
patients before and after stenting: 0, no oral intake; 1,
liquids only; 2, soft solids; 3, low-residue or full diet.
After stenting, improvements of GOOSS scale have
been reported in many studies (Holt et al. 2004; van
Hooft et al. 2007; Jeurnink et al. 2007b; Lee et al.
2007; Lowe et al. 2007; Maetani et al. 2007; Schiefke
et al. 2003; Yim et al. 2001) ranging from 75% to
100%. Additional treatments as radio and chemother-
apy can positively influence the stent patency by reduc-
ing the tumor burden, ingrowth and overgrowth (Kim
et al. 2007; Telford et al. 2004). The reported median
survival after enteral stenting ranges from 49 to 195 days
(Holt et al. 2004; van Hooft et al. 2007; Jeurnink et al.
2007b; Lee et al. 2007; Lowe et al. 2007; Maetani et al.
2007; Schiefke et al. 2003; Yim et al. 2001; Kim
et al. 2007; Adler & Baron 2002; Mittal et al. 2004,
Maetani et al. 2005; Stawowy et al. 2007).

5.3 Bilioduodenal Stenting

Patients with malignant GOO often have concomitant
biliary obstruction, that mainly occurs before the onset
of the gastroduodenal obstruction (Baron & Harewood
2003; Maetani et al. 2004; Wong et al. 2002). In these
patients, a combined biliary and duodenal metallic
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stent insertion is difficult and represents a technical
challenge. According to the relationship of the duode-
nal and biliary obstruction, “bilio-duodenal” strictures
are classified as: type I stenosis, involving duodenal
bulb or upper duodenal genu, without involvement of
the papilla, type II affecting the second part of the duo-
denum, with involvement of the papilla and type III
involving the third part of the duodenum without
involvement of the papilla (Mutignani et al. 2007). The
success in “bilio-duodenal” stenting for type I and III
strictures is 100% (Mutignani et al. 2007) Type II duo-
denal obstruction is the more difficult to treat (Baron &
Harewood 2003; Bessoud et al. 2005; Kaw et al. 2003)
and the reported success of double stenting is 86%
(134). Access to the bile ducts can be obtained by fen-
estrating the meshes of the duodenal stent using argon
plasma (Mutignani et al. 2007; Topazian & Baron
2009) or by percutaneous drainage techniques (Fig. 4).

Fig. 4 Endoscopic manage-
ment of gastric outlet
obstruction in a patient with
pancreatic cancer and a
synchronous stricture of the
common bile duct and
duodenum. (a) ERCP shows
a stricture of the distal
common bile duct. (b)
Placement of a biliary Self
Expanding Metal Stent
(WallFlex Biliary RX Stents,
Boston Scientific, Natick,
MA, USA). Note the massive
aerobilia. (c) Injection of
contrast medium into the
duodenum through a catheter.
The duodenal stricture
involves the inferior genu and
a large part of the third
duodenum. (d) Deployment
of a Duodenal Self-
Expanding Metal Stent
(Evolution Duodenal Stent,
Cook Medical, Winston-
Salem, NC, USA)

6 Ongoing Researches and Future
Developments

6.1 Ir'**HDR Brachytherapy

High dose rate (HDR) brachytherapy allows a high
dose radiation of a well-defined volume of tissue, min-
imizing the risks of exposure of adjacent organs. In
external beam irradiation, the radiation exposure is
limited due to the low tolerance of liver, kidneys and
bowel. The first report of intraluminal brachytherapy
with iridium-192 for extrahepatic bile duct carcinoma
was published in 1979 (Ikeda et al. 1979). Iridium-192
is a gamma emitter used for radiation therapy.
Intraluminal brachytherapy offers the possibility to
administer high dose radiation (30-50 Gy) in a short
time, within the range of 1-1.5 cm, reducing all the
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side effects of external beam radiotherapy. HDR
intraluminal brachytherapy finds an indication in bil-
iary tumors and can be administered percutaneously or
trough naso-biliary tubes (placed by ERCP) with
Iridium-192 wires of homogeneous linear activity.
HDR brachytherapy for primitive bile duct tumors
has been evaluated alone or in association with exter-
nal beam irradiation, in a some studies (Bruha et al.
2001; Fritz et al. 1994; Shin et al. 2003; Kocak et al.
2005), showing a prolonged survival in patients with
cholangiocarcinoma, and carcinoma of the papilla of
Vater, but no effect in those with gallbladder carci-
noma. The role of HDR in pancreatic cancer pallia-
tion has not yet been evaluated. Only one small series
(Mutignani et al. 2002) reported the use of low-dose
rate intraluminal brachytherapy into the pancreatic
duct, through an endoscopically inserted naso-
pancreatic drain. The reported median survival was 11
months without brachytherapy-related complications.
Intraluminal brachytherapy in the main pancreatic duct
is safe and feasible, but large prospective series are nec-
essary to establish its possible role in pancreatic cancer.

6.2 Frontiers of Therapeutic
Endoscopic Ultrasonography

EUS has a key role in the diagnosis of pancreatic can-
cer and will probably be a tool for direct placement of
pharmaceuticals and biological agents directly into a
pancreatic tumor. Delivery of cytotoxic agents, gene
therapy and radioactive seeds into the tumor mass has
been reported (Mishra et al. 2003; Chang et al. 2008).
Feasibility and results of this new application of EUS
are under evaluation.

6.3 Drug-Eluting Stents

In the past thirty years, there has been a dramatic
change in the development, composition and design of
stents for gastrointestinal diseases. Plastic stents, stain-
less still and Nitinol self-expandable metallic stents are
of common use in the palliation of jaundice secondary
to pancreatic cancer. Stents covered with anti-tumor
agents or nano silver particles to decreased bacterial
adherence are under evaluation (Leung et al. 1992).

Drug-eluting stents incorporates anti-tumor agents
that should improve stent patency minimizing tumor
ingrowth. Biliary insertion of metallic stents covered
with a paclitaxel-incorporated membrane (Lee et al.
2005; Suk et al. 2007) resulted feasible, safe and
effective in prolonging biliary stent patency. Drug-
eluting stents requires a molecule to be loaded,
retained, and released in a controlled manner to
achieve correct delivery. Three methods for drugs
delivery were described: drugs directly attached to the
metal surface, drugs loaded into the pore of a porous
stent, drugs incorporated into a stent coating polymer
(Machan 2006). The first two ways permit drug deliv-
ery by simple diffusion. In coating polymers, the drug
delivery can be controlled by the thickness of the
coating polymer. Another drug delivery method is
represented by biodegradable polymer, which dissolv-
ing, gradually releases the drug on adjacent tissue.
Research is also focused to stents with incorporated
drugs that will prevent acid, pepsin and pancreatic
enzymes related-damage of the covered part, and anti-
biotics that will prevent the formation of biofilms
responsible for stent clogging (Weickert et al. 2009).
Drug-eluting stents are a challenging and promising
treatment for pancreatic and bile duct cancer, exploit-
ing its nature to grow along the lumen and to spread
submucosally. It is expected that these “stents of the
future” will improve stent patency and prolong
patients’ survival.
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Abstract |

> Pancreatic cancer has an extremely poor prog-
nosis and prolonged survival is achieved only
by resection with macroscopic tumor clear-
ance. In recent years there has been a growing
interest in ablative therapies for the treatment
of unresectable tumors in various organs. Local
ablative techniques have been developed to
enable local control of tumors and cytoreduc-
tion, above all for primitive liver tumors, with-
out damage of the healthy parenchyma.

> Tumor ablation is defined as the direct applica-
tion of chemical or thermal energy to a tumor to
obtain cellular necrosis. Ablation has been per-
formed with several modalities including etha-
nol ablation, laser ablation, cryoablation, and
radiofrequency ablation.Numerous preclinical
studies have testified the tecnical feasibility,
safety, and efficacy of different techniques in
ablating the pancreatic parenchyma, but there
are very few clinical studies. The purpose of this
chapter is to evaluate current status of local
ablative therapies in the treatment of pancreatic
cancer and future trends.

1 Introduction

Treatment of locally advanced Pancreatic Cancer (PC)
is challenging and no clinically meaningful gains have
been made in the outcome of these patients in the past
40 years. Despite continuing advances in diagnostic
imaging and staging, improvements in radiation ther-
apy techniques and availability of new systemic
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therapies, the survival and mortality from PC have
remained relatively constant. For all stages combined,
the 1-year survival rate is around 20%, and the overall
5-year survival rate has remained dismally poor at
<5% (Jemal et al. 2002).

Complete surgical resection remains the only cura-
tive treatment for PC. Unfortunately, because of the
typically late onset of symptoms, only about 15-20% of
cases of PC are amenable to surgical resection at the
time of diagnosis. Of the remaining 80-85% of patients,
40% present with advanced locoregional disease pre-
cluding complete resection, with a median survival time
of 6-11 months, and the other 45% of patients present
with metastatic disease, with a median survival time of
3-6 months (Ghaneh et al. 1999).

Chemoradiation therapy (CRT) plays an important
role in locally advanced PC. Favorable positive effects
have been obtained in respect of local pain control, local
control of disease, and overall survival with different
radiotherapy techniques such as intraoperative radiation
therapy with or without external chemo-/radiation ther-
apy or with CRT alone. By administering up-to-date
primary CRT, especially with gemcitabine-associated
CRT, local remission in up to 50% of patients can be
observed. By applying neoadjuvant CRT, better resect-
ability and the reduction of the number of postoperative
positive lymph node metastasis has been seen in patients
with resectable or possibly resectable PC. With primary
CRT, resectability can also be achieved in patients with
primary unresectable PC (Cardenes et al. 20006).

The management of patients with locally advanced
PC involves a multidisciplinary approach among the
pancreatic surgeon, gastroenterologist, and medical
and radiation oncologists. The main consideration is
whether a patient is ultimately a candidate for com-
bined chemoradiotherapy (chemo-RT) or chemother-
apy alone, and this decision is reflected by the patient’s
performance status, extent and intensity of symptoms,
nutritional status, and potential toxicity of the pro-
posed therapy as to its impact on quality of life.

Unfortunately, until now no effective modality has
been identified for the treatment of patients with locally
advanced pancreatic tumors, although during the past
decade, minimally invasive therapies have been used in
patients with unresectable tumors. Local ablative
methods such as radiofrequency (RF) ablation, local
hyperthermia, cryoablation, intratumoral instillation of
chemotherapy, or ethanol and photodynamic therapy
have been anecdotally used in some patients, but little
information can be obtained from literature (Date 2006).

Recently, microwave therapy (Carrafiello et al. 2008)
and high-intensity focused ultrasound (HIFU) (Wu et al.
2005) have been proposed as new techniques in the
treatment of locally advanced pancreatic tumors. All of
these minimally invasive image-guided therapies deliver
various kinds of energy to induce coagulative necrosis
of a target tumor and their clinical applications may play
an important role in some patients who are not candi-
dates for surgical resection.

2 Local Ablative Therapies

The term “ablation” refers to the direct application of
chemical or thermal therapies to a specific organ or tis-
sue in an attempt to achieve eradication or substantial
tissue destruction. The methods of tumor ablation most
commonly used in current practice are divided into
two main categories, namely, chemical ablation and
thermal ablation.

Chemical ablation includes therapies that are classi-
fied on the basis of universally accepted chemical
nomenclature, such as ethanol and acetic acid that
induce coagulation necrosis and cause tumor death.
Thermal ablation includes several different techniques
that employ various sources of energy to destroy
tumors, by using either heat produced by RF, micro-
waves, and ultrasound, or cold (cryoablation). The
main aim of heat-induced thermal ablation is to destroy
an entire tumor by using a source of heat to kill the
malignant cells in a minimally invasive fashion with-
out damaging adjacent vital structures. Heat from vari-
ous sources can be used with equal effectiveness to
destroy tumor cells. As long as adequate heat can be
generated throughout the tumor volume, it is possible
to eradicate the tumor.

Multiple energy sources can be used to provide the
heat necessary to induce coagulation of malignant tis-
sue by causing direct cell destruction. In general, “low-
level” thermal therapy with temperatures ranging from
45 to 55°C results in limited tissue ablation. On the
other hand, thermal therapy with temperatures greater
than 55°C (particularly temperatures ranging from 60
to 100°C or more) results in significant tissue ablation
and a successful outcome. Cell death results from
coagulative necrosis, which occurs after a 2 min expo-
sure to temperatures above 50°C.

Improvements in imaging technologies have enabled
the development of minimally invasive tumor therapies,
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which rely on imaging guidance for the accurate percu-
taneous placement of needle-like applicators (Habash
et al. 2007). The goal is to ablate the tumor and a margin
of approximately 1 cm of surrounding normal tissue.

The potential benefits of minimally invasive, image-
guided ablation of focal pancreatic neoplasms, as com-
pared with conventional surgical options, include the
ability to ablate and/or palliate tumors in nonsurgical
candidates, thus obtaining a reduction in morbidity
and an improvement in quality of life.

The typical PC has a volume doubling time of 50
days and, at the time of the patient’s death, it consists
of approximately 80—100 g of tumor tissue. Even small
PCs are often inoperable, and, in theory, efficient
cytoreduction (greater than 90%) could lead to prolon-
gation of survival because death is rarely caused by
systemic progression, but mainly due to the local and
biochemical effects of the primary tumor. For this rea-
sons, local ablative techniques would be particularly
useful in the management of inoperable PC.

The delicate nature of the pancreatic parenchyma,
predisposing to pancreatitis, along with the risk of
injury to important structures, such as duodenum, com-
mon bile duct, or major arteries and veins, have been
the main limiting factors in the application of ablative
techniques to the pancreas. Numerous preclinical stud-
ies, however, have documented the technical feasibil-
ity, safety, and efficacy of different techniques in
ablating the pancreatic parenchyma, but to date there
are very few clinical studies.

A literature search on local ablative therapies used
for the treatment of PC in humans shows radiofrequency
ablation (RFA) to be the most frequently used ablative
technique worldwide (Date 2006). Some animal studies
on RFA of the pancreas have shown that RFA is rela-
tively safe and could be applied to human subjects.
Goldberg et al. (1999) studied the safety and efficacy of
RFA in experimental models and concluded that RFA
can be used in small neuroendocrine tumors and possi-
bly in palliation of unresectable PC. Date et al. (2005)
demonstrated the safety and efficacy of RFA in the nor-
mal pancreas of a porcine model. One report of 20
patients who had unresectable PC and were treated with
RF hyperthermia confirmed the results in animal stud-
ies. This study reported two major complications — one
septic shock and one major gastrointestinal bleeding
(Matsui et al. 2000). Elias et al. (2004) reported two
cases of multiple pancreatic metastases from renal
tumors treated with RFA; unfortunately, both patients
developed severe necrotizing pancreatitis, probably due

to multiple thermal injuries of the gland and died.
Spiliotis et al. (2007) recently reported good results
using RFA in 12 patients with inoperable PC. Varshney
etal. (2006) demonstrated, on a small sample of patients,
that RFA of unresectable pancreatic tumors is feasible
and safe with minimum morbidity and mortality. The
ablated area should be restricted within the tumor to
avoid chances of acute pancreatitis or a pancreatic fis-
tula. These reports confirm that RFA of pancreatic
tumors may induce various complications such as acute
pancreatitis, pancreatic fistula, pancreatic ascites and
gastrointestinal hemorrhage, etc. Tumors located in the
head of the pancreas seem to be more prone to compli-
cations than tumors located in the body/tail (Date et al.
2005). In addition, one of the most frequently encoun-
tered problems in RFA is pain, which may be related to
the size and location of the ablated lesion (Friedman
et al. 2004).

As regards imaging guidance, computed tomogra-
phy (CT) is extremely accurate and probably the most
commonly used guidance technique. However, endo-
scopic ultrasound may prove the most effective
method of electrode placement after appropriate elec-
trode design. Goldberg et al. demonstrated endo-
scopic ultrasound-guided ablation in a porcine model
by using 1- and 1.5-cm electrodes that produced
10- to 12-mm diameters of necrosis around each elec-
trode. Larger volumes of necrosis would require mul-
tiple electrodes or water cooling (Goldberg
et al.1999).

Microwave ablation is a relatively new technology
under development and testing that can be used to treat
the same types of cancer that can be treated with RF
ablation. Microwave technology provides all the bene-
fits of RF and preliminary works show that it may be
used as a viable alternative to other ablation techniques
in selected patients. Microwave radiation lies between
infrared radiation and radiowaves with frequencies from
900 to 2,450 MHz. Heating of the tissue is based on
agitation of water molecules inducing cellular death via
coagulation necrosis; electrical charge on the water
molecule flips back and forth 25 billion times a second
depending on the frequency of the microwave energy
(Simon et al. 2005). Microwave ablation offers many of
the benefits of others ablation techniques, in particular
RF, and has several advantages, including higher intra-
tumoral temperatures, larger tumor ablation volumes,
faster ablation times, ability to use simultaneously mul-
tiple applicators (Wright et al. 2003), optimal heating of
cystic masses and tumors close to the vessels, and less
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procedural pain (Simon et al. 2005; Shock et al. 2004).
Due to this last advantage, microwave ablation can be
proposed also as a treatment in outpatients.

The basic microwave ablation system contains many
of the same components of a RF ablation system: a
generator, a power distribution system, and an intersti-
tial applicator (usually a needle). Treatment with
microwave ablation is feasible and safe, with accept-
able minor complications, in locally advanced PC and
can be used as part of a palliative or multimodality
treatment. Lygidakis et al. (2007) evaluated the safety,
efficacy, feasibility, and complications of microwave
ablation in unresectable locally advanced pancreatic
carcinoma achieving partial necrosis in all cases with-
out major procedure-related morbidity or mortality. In
this study, location of tumor was predominantly in the
head and/or uncinate portion of the pancreas with an
average size of 6 cm. The authors did not have any
major procedure-related morbidity or mortality. Minor
complications were represented by mild pancreatitis,
asymptomatic hyperamylasemia, pancreatic ascites,
and minor bleeding. All patients had close follow-up
and the longest surviving patient had a follow-up of 22
months (Lygidakis et al. 2007).

The most innovative and revolutionary technique is
represented by HIFU ablation that is a noninvasive
modality for the treatment of localized tumors. An
ultrasound beam can be focused as it passes through
soft tissues. During treatment, ultrasound waves are
emitted from a transducer and focused to a small ellip-
soid-shaped spot known as a sonication. HIFU trans-
ducers deliver ultrasound with intensities in the range of
100-10,000 W/cm? to the focal region, with peak com-
pression pressures of up to 30 MPa and peak rarefaction
pressures up to 10 MPa. The major effect is heat genera-
tion due to absorption of the acoustic energy. The
focused ultrasound energy delivered to the lesion dur-
ing each sonication raise the tissue temperature to a
degree that exceeds the thermal dose threshold required
to obtain a coagulative necrosis. The heat raises the
temperature rapidly to 60°C or higher in the tissue,
causing coagulation necrosis within a few seconds.
Focusing of the ultrasound beam results in high intensi-
ties at a specific location and over only a small volume
(e.g., 1-mm diameter and 9-mm length). This focusing
minimizes the potential for thermal damage to tissue
located between the transducer and the focal point
because the intensities are much lower outside the focal
region. In addition to thermal effects, other mechanical

phenomena are caused by HIFU and include cavitation,
microstreaming, and radiation forces, although HIFU-
induced biologic effects are primarily caused by ther-
mal and cavitation mechanisms.

The main advantages of HIFU are that it is noninva-
sive, conformal, and enables ablation of large-volume
tumors. Guidance and monitoring of acoustic therapy
is most important to ensure that the desired region is
treated and to minimize damage to adjacent structures.
The focused energy can be delivered under real-time
ultrasonographic (US) imaging or under Magnetic
Resonance (MR) guidance; both guidance techniques
can obtain ablation of a three-dimensional target. Both
methods have their advantages and disadvantages.
MR has the advantage of providing temperature data
within seconds after HIFU exposure. However, MRI
guidance is expensive, labor-intensive, and of lower
spatial resolution in some cases, although it is superior
to sonography in obese patients. Sonographic guidance
provides the benefit of imaging using the same form of
energy that is being used for therapy. The significance
of this is that the acoustic window can be verified with
sonography (Fig. 1). Therefore, if the target cannot
be well-visualized with sonography, it is unlikely that
HIFU therapy will be effective in the target region, and
it may potentially cause thermal injury to unintended
tissue (Dubinsky et al. 2008). In the past decade,
HIFU ablation has been used to treat disease in several
organs. One of the most common applications is the

Fig. 1 Ultrasonographic (US) targeting of the pancreatic lesion
during high-intensity focused ultrasound (HIFU) procedure.
Consistent ecogenicity change was observed in the lesion after
first cluster of sonications
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management of patients with benign prostatic hyper-
plasia (Mulligan et al. 1997; Uchida et al. 1998) and
localized prostate cancer (Beerlage et al. 1999; Gelet
et al. 2000) by using transrectal US devices.

With most of the techniques described above (e.g.,
RFA, microwaves), the energy is applied percutane-
ously through needle applicators. The energy is, there-
fore, concentrated around the applicator, and there is
heterogeneous distribution of heat throughout a target
lesion. The result is that a maximum tumor diameter of
5 cm can be generally treated. HIFU is not restricted
by these limitations. It does not require the insertion of
an applicator into a target tissue, and an extracorporeal
source can be used to treat large-volume tumors with
imaging guidance.

Results from an open-label study in China in 251
patients with advanced PC (TNM stages II-IV) sug-
gested that HIFU treatment can reduce the size of pan-
creatic tumors without causing pancreatitis and thus
prolong survival (He and Wang 2002). An interesting
finding was that 84% of patients with pain due to PC
obtained significant pain relief after treatment with
HIFU. Initial nonrandomized open-label human studies
in China have provided additional evidence to suggest
that HIFU treatment of pancreatic tumors indeed
relieves PC-related pain and focally ablates malignant
tissue (Wu et al. 2001; Yuan et al. 2003). Although
HIFU is a noninvasive, nonsurgical treatment that has
the potential to eliminate or significantly reduce pain
associated with PC, no rigorously designed prospective
randomized controlled trials have been conducted to
determine whether treatment of pancreatic tumors with
HIFU will result in local tumor response or in a clear
clinical benefit by improving pain, functional status,
quality of life, or survival.

At the European Institute of Oncology in Milan
(Italy), a comprehensive cancer center, 11 patients
with 11 pancreatic lesions underwent US-guided HIFU
treatment within a feasibility study. Patients had histo-
logically confirmed pancreatic adenocarcinoma in nine
and neuroendocrine tumors in two cases. All were pre-
treated with chemotherapy, biological therapy, and/or
radiotherapy, with no response. Patients were judged
to be unsuitable for surgical resection and referred to
HIFU. The procedure was performed by the JC HIFU
system (Chongging Haifu, Chongqing-China), under
general anesthesia. All patients were evaluated clini-
cally and by PET-CT, MRI, and CT (Fig. 2 and 3a).
Nine patients presented a cephalo-pancreatic lesion, in

Fig. 2 Sixty-year-old patient with pancreatic cancer (PC). MRI
after administration of contrast medium, performed before HIFU
ablation, shows a 3.9 cm lesion in the body of the pancreas
(arrowheads)

two cases tumor was located respectively to the isthmus
and pancreatic tail. Mean age was 63.3 years (range
43-77 years). Tumors’ average diameter was 5.2 cm
(range 2.4-7.6 cm). CT and PET-CT showed a tissue
volume control in 10/11 patients (Fig. 3b); one stable
disease was observed. Eleven out of ten patients were
rapidly palliated in symptoms with long-lasting pain
control after a mean follow-up of 8 months. Five
patients are still under treatment. One complication
occurred after HIFU, with complete occlusion of the
portal vein which was already involved by the tumor.
All the patients but one returned home within 3 days
after treatment. This study concluded that US-guided
HIFU ablation is a safe and feasible treatment modal-
ity with a good efficacy in controlling pain in patients
with solid pancreatic tumors (Orgera et al. 2010).

Inasmuch as the ablative techniques used in these
studies were different, the results of these clinical
experiences cannot be compared or added. To summa-
rize, we can state that RF, Microwave, and HIFU may
have role in ablation of pancreatic tumors in next
future. RFA and high-intensity ultrasound ablation can
ablate large volumes of tumor with high precision.
Microwave is promising, but is still under development
and testing on pancreatic tumors. Many specialist units
are using RFA for the ablation of liver tumors, and the
same set up can be used for ablation of pancreatic
tumors as well. Eventually the choice of ablative ther-
apy will be dictated by the local expertise, availability
of equipment, and the cost involved.
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Fig. 3 (a) PET-CT images. Pretreatment PET-CT image showing positive uptake of the tumor (arrowheads). (b) Three months
after treatment, PET-CT image showing complete disappearance of the positive uptake of the tumor (arrowheads)

3 Future Trends and Ongoing
Research

In the future, the relative risks and benefits of local
ablation techniques must be rigorously measured to
better define their role in the treatment of locally
advanced pancreatic tumors. The safety of each type of
treatment will have to be assessed. In addition, the role
of these cytoreductive measures in an adjuvant setting
must also be explored. As a matter of fact, further stud-
ies on ablative therapy with or without chemotherapy
and chemoradiation are warranted to study the impact
of all available techniques on survival and quality of
life in unresectable PC.

Once these issues are clarified, ablative techniques
may, in the next future, have a role in:

1. Palliation of symptoms, in particular pain
Local tumor control in unresectable locally
advanced disease

3. Treatment of small endocrine pancreatic tumors
in patients who cannot undergo surgery

In addition, over the next several years, we expect sub-
stantial technological advances. Technology improve-
ments will allow better image guidance for targeting
the tumors to be ablated, more efficient detection of
residual disease, easier therapy application by reduc-
ing device complexity, and the overall time required to
ablate a given tumor.
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