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In an era of rapid advances in cancer therapy, biliary and
gallbladder cancers remain an area in great need of atten-
tion. While these tumors are rare, the substantial and
rapid mortality these tumors present with should serve as
an impetus towards greater fervor in investigation into
the causes and optimum treatments. However, at present,
much of the knowledge regarding biliary tract and gall-
bladder cancers is diffusely scattered across the scientific
literature, with most textbooks providing vague and cur-
sory overviews of these rare but deadly neoplasms. Thus,
we are greatly pleased to present the efforts of the inves-
tigators herein as a unified and definitive overview of the
past, present, and possible future of biliary tract and gall-
bladder cancers.

As editors, our goal was to recruit authors who rep-
resent not only a multi-institutional, but multinational
perspective. Biliary tract and gallbladder tumors are truly
a global phenomenon, and the monographs presented
herein reflect this global emphasis. Similarly, our desire
to present a truly multidisciplinary resource is reflected in
the inclusion of contributors from distinct but overlap-
ping disciplines. In the modern setting, it is inconceivable
that biliary tumors be presented with a myopic approach
to diagnosis and intervention, and we are pleased to note
the clear emphasis on team-based approaches to onco-

ix

Preface

logic care presented. Finally, we have sought to include
segments detailing the cutting edge therapies of tomor-
row, making the latest information readily available
across a number of subdisciplines.

The book chapters are designed to move logically.
Beginning chapters present the epidemiologic, pathologic,
and pathogenetic milieu of biliary tract and gallbladder
lesions, followed by excellent discussions of clinical and
radiologic diagnosis and staging. The careful reader will
note the emphasis on imaging techniques which has become
characteristic of twenty-first-century approaches to patient
care. Finally, the full armamentarium of therapeutic
approaches is presented, from the local to systemic, estab-
lished to experimental.

Ultimately, the true value of this book is to serve as
a call for even greater large-scale collaboration. Without
dedicated multi-institutional trials and protocols, the
optimum therapy for gallbladder and biliary duct carci-
nomas will remain ill-defined. Such efforts will take years
of effort and will not be “blockbuster” trials. However,
the need for such evidence is indeed great for every patient
with biliary tract cancer.

Finally, we wish to thank the authors of this book,
whose dedication to patient care and scientific advance-
ment are unparalleled.
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finished product a better (and more enjoyable) project
than the editor’s could have conceived. Many thanks go
to Joe Hanson, formerly of Demos Medical Publishing,
whose efforts to get this project off the ground will always
be appreciated.

Finally, we wish to thank our longstanding mentors.
Specifically, Dr. Fuller wishes to extend a special thanks
to Charles R. Thomas, Jr., MD and Martin Fuss, MD, for
their continuous encouragement and support.

Acknowledgments

The authors would like to thank all of the contributors,
without whose hard work and dedicated expertise such
a project would be frankly impossible. The quality of their
scholarly efforts speaks for itself; nonetheless, we thank
all our coauthors for their commitment to cancer patients
and oncologic research.

Special thanks go to Craig Percy, senior medical
acquisitions editor, Demos Medical Publishing, whose
efforts to bring this book to completion required signifi-
cant time and effort, and whose assistance has made the

00BiliaryTract.qxd:Lin Front Matter  9/23/08  2:54 PM  Page xi



00BiliaryTract.qxd:Lin Front Matter  9/23/08  2:54 PM  Page xii



Contributors

Syed A. Ahmad, MD
Associate Professor
Department of Surgery
The University of Cincinnati Medical Center
Cincinnati, Ohio

Ronald S. Arellano, MD
Instructor
Department of Radiology
Massachusetts General Hospital
Harvard Medical School
Boston, Massachusetts

Xabier de Aretxabala, MD
Professor
Department of Surgery
Clinica Alemana
Santiago, Chile

James M. Crawford, MD, PhD
Professor and Chairman
Department of Pathology, Immunology and Laboratory

Medicine
University of Florida
Gainesville, Florida

Brian G. Czito, MD
Associate Professor
Department of Radiation Oncology
Duke University
Durham, North Carolina

Eduardo B. da Silveira, MD, MSc
Assistant Professor of Medicine
Department of Gastroenterology
Oregon Health & Science University
Staff Physician
Portland VA Medical Center
Portland, Oregon

Laura A. Dawson, MD
Associate Professor
Department of Radiation Oncology
Princess Margaret Hospital
University of Toronto
Toronto, Ontario, Canada

Andrew K. Diehl, MD, MS
O. Roger Hollan Professor and Chief
Department of Medicine
University of Texas Health Science Center at San

Antonio
San Antonio, Texas

John DiGiovanni, PhD
Director and Professor
Department of Carcinogenesis
University of Texas M.D. Anderson Cancer Center
Smithville, Texas

Sathish Kumar Dundmadappa, MD
Assistant Professor
Department of Radiology
University of Massachusetts
Worcester, Massachusetts

00BiliaryTract.qxd:Lin Front Matter  9/23/08  2:54 PM  Page xiii



xiv

Iván Roa Esterio, MD
Head, Pathology Service
Department of Pathology
Clinica Alemana de Santiago
Santiago, Chile

Douglas O. Faigel, MD
Professor of Medicine
Department of Medicine
Oregon Health & Science University
Portland, Oregon

M. Brian Fennerty, MD
Professor of Medicine
Department of Internal Medicine/Gastroenterology and

Hepatology
Oregon Health & Science University
Portland, Oregon

Kevin Forsythe, MD
Physician
Department of Radiation Oncology
Kaiser Permanente Medical Center
Santa Clara, California

Clifton David Fuller, MD
Resident Physician
Departments of Radiation Oncology and Radiology
University of Texas Health Science Center

at San Antonio
San Antonio, Texas

Martin Fuss, MD
Professor
Department of Radiation Medicine
Oregon Health & Science University
Portland, Oregon

John F. Gibbs, MD, MHCM
Chief, Gastrointestinal Surgery/Endoscopy
Department of Surgical Oncology
Roswell Park Cancer Institute
Buffalo, New York

Robert David Goldin, MD, FRCPath
Physician
Department of Histopathology
Imperial College London
London, United Kingdom

Manuel Gómez-Río, MD, PhD
Physician
Department of Nuclear Medicine
Virgen de las Nieves Universitary Hospital
Granada, Spain

Alessandro Guarise, MD
Chief
Department of Radiology
San Bassiano Hospital
Bassano del Grappa, Italy

Nagy Habib, ChM, FRCS
Professor
Department of Surgery
Imperial College London
London, United Kingdom

John Kaufman, MD
Chief of Vascular and Interventional Radiology
Department of Interventional Radiology
Dotter Interventional Institute
Oregon Health & Science University
Portland, Oregon

Andrew Kennedy, MD, FACR, FACRO
Radiation Oncologist
Department of Radiation Oncology
Wake Radiology Oncology Services
Cary, North Carolina

Shahid A. Khan, B Sc Hons, MBBS, PhD
Physician
Department of Hepatology and Gastroenterology
Imperial College London
London, United Kingdom

Kaoru Kiguchi, MD, PhD
Associate Professor
Co-Director of Cell and Tissue Analysis Core
Department of Carcinogenesis
University of Texas M.D. Anderson Cancer Center
Smithville, Texas

Kenneth J. Kolbeck, MD, PhD
Assistant Professor
Department of Interventional Radiology
Dotter Interventional Institute
Oregon Health & Science University
Portland, Oregon

Jerome C. Landry, MD
Professor
Department of Radiation Oncology
Emory University
Atlanta, Georgia

Joshua D. Lawson, MD
Assistant Professor
Department of Radiation Oncology
University of California, San Diego Medical Center
La Jolla, California

CONTRIBUTORS

00BiliaryTract.qxd:Lin Front Matter  9/23/08  2:54 PM  Page xiv



xvCONTRIBUTORS

Chen Liu, MD, PhD
Associate Professor
Department of Pathology, Immunology and Laboratory

Medicine
University of Florida
Gainesville, Florida

José Manuel Llamas-Elvira, MD, PhD
Physician
Department of Nuclear Medicine
Virgen de las Nieves Universitary Hospital
Granada, Spain

Andrew M. Lowy, MD
Professor of Surgery
Chief, Division of Surgical Oncology
Department of Surgery
University of California, San Diego Medical Center
Moores Cancer Center
La Jolla, California

Leonardo Marcal, MD
Assistant Professor
Department of Diagnostic Radiology
University of Texas M.D. Anderson Cancer Center
Houston, Texas

Rebecca J. McClaine, MD
Surgery Resident
Department of Surgery
University of Cincinnati Medical Center
Cincinnati, Ohio

Giovanni Morana, MD
Chief
Department of Clinical Radiology
Santa Maria dei Battuti Hospital
Treviso, Italy

Subir Nag, MD, FACR, FACRO
Director of Brachytherapy Services
Department of Radiation Oncology
Kaiser Permanente Medical Center
Santa Clara, California

Heljä Oikarinen, MD, PhD
Specialist in Radiology
Department of Diagnostic Radiology
Oulu University Hospital
Oulu, Finland

Susan L. Orloff, MD
Professor
Departments of Surgery and Molecular Microbiology

and Immunology
Oregon Health & Science University
Director, Basic Science Research
Department of Surgery
Portland VA Medical Center
Portland, Oregon

Philip A. Philip, MD, PhD, FRCP
Professor of Medicine and Oncology
Department of Internal Medicine, Hematology/

Oncology
Karmanos Cancer Institute
Wayne State University
Detroit, Michigan

Bassel F. El-Rayes, MD
Assistant Professor of Medicine and Oncology
Department of Internal Medicine, Hematology/

Oncology
Karmanos Cancer Institute
Wayne State University
Detroit, Michigan

Antonio Rodríguez-Fernández, MD, PhD
Physician
Department of Nuclear Medicine
Virgen de las Nieves Universitary Hospital
Granada, Spain

Shimul Shah, MD
Assistant Professor
Department of Transplant Surgery
University of Massachusetts
Worcester, Massachusetts

Sridhar Shankar, MD
Associate Professor
Division Director, Body Imaging and Interventions
Department of Radiology
University of Massachusetts
Worcester, Massachusetts

Amar W. Sharif, MD, BSc, MBBS
Physician
Department of Hepatology and Gastroenterology
Imperial College London
London, United Kingdom

Richard R. Smith, MD
Chief, Surgical Oncology,
Tripler Army Medical Center
Tripler, Hawaii

Ross C. Smith, MD, BS, FRACS
Professor
Department of Surgery
Royal North Shore Hospital
University of Sydney
New South Wales, Australia

00BiliaryTract.qxd:Lin Front Matter  9/23/08  2:54 PM  Page xv



CONTRIBUTORS

Janio Szklaruk, MD, PhD
Associate Professor
Department of Diagnostic Radiology
University of Texas M.D. Anderson Cancer Center
Houston, Texas

Swee H. Teh, MD, FRCSI, FACS
Director
Department of Hepatobiliary Surgery and Minimally

Invasive Surgery
Sacred Heart Medical Center
Eugene, Oregon

Charles R. Thomas, Jr., MD
Professor and Chair
Department of Radiation Medicine
Oregon Health & Science University
Portland, Oregon

Chitra Viswanathan, MD
Assistant Professor
Department of Diagnostic Radiology
University of Texas M.D. Anderson Cancer Center
Houston, Texas

Ignacio I. Wistuba, MD
Professor
Department of Pathology
University of Texas M.D. Anderson Cancer Center
Houston, Texas

xvi

00BiliaryTract.qxd:Lin Front Matter  9/23/08  2:54 PM  Page xvi



Biliary Tract and
Gallbladder Cancer

xvii

00BiliaryTract.qxd:Lin Front Matter  9/23/08  2:54 PM  Page xvii



00BiliaryTract.qxd:Lin Front Matter  9/23/08  2:54 PM  Page xviii



GENERAL CONSIDERATIONS

I

01BilliaryTract.qxd:01 Eltorai  9/23/08  2:54 PM  Page 1



01BilliaryTract.qxd:01 Eltorai  9/23/08  2:54 PM  Page 2



iliary tract malignancies are numeri-
cally rare cancers that exhibit dismal
long-term survival outcomes. It is
estimated that 9250 cases of biliary

tract cancers were diagnosed in the U.S. in 2007, with
around 3250 yearly deaths annually. Early diagnosis,
except as a function of serendipitous discovery upon
cholecystectomy (1, 2), is rare, with the vast majority
of patients presenting with either locally advanced or
distant metastatic disease (3, 4). The therapeutic out-
comes for advanced stage disease remain grim, rais-
ing the impetus for mortality reduction via selective
screening of high-risk population in concert with pri-
mary prevention and lifestyle modification (5, 6). Such
interventions are only possible by identifying specific
population- level risk factors associated with biliary
tract cancers, that might then be modified (7), thereby
providing an important rationale for exploration of
biliary tract cancer epidemiology.

Conceptually, biliary cancers may be divided topo-
graphically by anatomic site and include primary carci-
nomas of the gallbladder and biliary ducts. These neo-
plasms represent distinct epidemiologic and clinical
presentations and thus should be considered separately.
However, despite the clear importance of subclassifying
biliary tract malignancies, the paucity of cases, and dif-

ficulty in determining the primary disease site in locally
advanced illness, as well as the ambiguities of both
national and international registry data, impair ready
analysis of extant population-based datasets. While less
specific than other reports, pooled international registry
data provide valuable epidemiologic information regard-
ing biliary cancers. An example is Cancer Incidence in
Five Continents, an open access electronic dataset by the
International Agency for Research on Cancer (IARC)
(8). Cancer Incidence in Five Continents additionally
includes a dynamic statistical calculator/graph function
on its website. This public database affords the ability
to track differences in biliary cancer incidence between
countries and subregions within countries (Figure 1.1).
Though a limited number of registries are included, the
range of incidence between countries is striking. Addi-
tionally, a difference is observed between the relative
incidence of males and females in specific registries (Fig-
ure 1.1) (8). Broadly, these results suggest that gallblad-
der and other biliary tract cancers are particularly fre-
quent in Japanese men and Eastern European women.
However, as with any large registry database, care must
be used in generalization of findings. Nonetheless, as
both an epidemiologic resource and avenue for both
comparative incidence analysis and hypothesis genera-
tion, it is an exceptionally useful tool.

3

Epidemiology of
Gallbladder and Biliary
Tract Neoplasms

Clifton D. Fuller
Andrew K. Diehl

1

B
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I ∙ GENERAL CONSIDERATIONS4

GALLBLADDER CANCER

Incidence and Mortality

Gallbladder cancer is the fifth most common gastroin-
testinal malignancy in the United States (9), diagnosed
in around 5000 persons in the United States each year
(10). Reported data indicate that primary tumors of the
gallbladder are strongly associated with age (3, 9, 11-
18) and gender (9, 19-25). Incidence rates are known
to increase steadily with age in both sexes (Figure 1.2).
The mean age at diagnosis falls in the seventh decade,
with exceedingly few tumors presenting in persons
younger than 30 years. The incidence in women is
markedly greater than that in men, making gallblad-
der cancer one of the few non-reproductive organ
related cancers having a female predominant incidence
pattern (22-25). Interestingly, while previously thought
not to be a sex hormone-mediated process, recent find-
ings raise the possibility that gallbladder carcinogene-
sis may have estrogen- or progesterone-mediated fea-
tures (26-30), serving as a putative explanatory

FIGURE 1.1

Age-standardized incidence rates for biliary tract cancers from selected registries, by sex, from the Cancer Incidence on
Five Continents dataset (8). (From Ref. 8.)

FIGURE 1.2

Age-adjusted incidence rates from the SEER dataset
(1973–2004) by age at diagnosis (open circles indicate
females, closed circles males; solid line indicates cumulative
incidence). (From Ref. 40.)

01BilliaryTract.qxd:01 Eltorai  9/23/08  2:54 PM  Page 4



5

mechanism for the observed male-female disparity and
affording potential risk reduction via sex hormone
modulation.

While the small number of cases, and dearth of
rigorous histologically detailed reports, has led many
authors to report gallbladder cancers as a homogenous
disease entity, the relative incidence of histologic sub-
types varies. In the Surveillance, Epidemiology, and

End Results (SEER) registries, adenocarcinomas
exhibit an age-adjusted incidence rate of 0.9-1 per
100,000; all other histologies exhibit such low inci-
dence rates (<0.1 per 100,000) that specific charac-
terization of trends would be unreliable. However,
some authors have posited significant differences in the
epidemiologic profiles, associated risk factors, and
outcomes between histologic subtypes (31-37). Accu-
mulation of pooled datasets will in time afford con-
firmation using well-powered datasets. In the mean-
time, consideration of gallbadder cancer as a single
epidemiologic grouping is an unavoidable conse-
quence of sparse data.

Currently, gallbladder cancer accounts for an esti-
mated 2000-3500 deaths in the United States annually.
Since reliable domestic survival has been collected,
starting in the late 1960s, the incidence and mortality
rate from gallbladder cancers has been in substantial
decline (Figures 1.3 and 1.4) (38,39). Crude annual
deaths have fallen by almost one quarter, and age-
adjusted mortality rate has been reduced by half (Fig-
ure 1.4) (40). There is no single explanation for this
phenomenon, as there have been no substantial tech-
nical improvements in the diagnosis or treatment of
gallbladder cancer during this span, and overall survival
remains exceedingly poor (Figure 1.5). It has been pro-
posed, as in international datasets, that access to and
utilization of cholecystectomy for gallstones may result
in reduced development of gallbladder cancers (7). As
the frequency of cholecystectomy rises, the number of
persons at risk to develop gallbladder cancer falls. Addi-
tionally, as gallstones are the dominant risk factor for
gallbladder cancer, those at highest risk for primary
gallbladder cancer are selectively removed from the risk
pool by surgical intervention. Supporting data from
high-risk populations in Chile (38) showed rising death

FIGURE 1.3

SEER (1973–2004) age-adjusted incidence by year of diag-
nosis and sex. (From Refs. 40, 275.)

FIGURE 1.4

Age-adjusted total U.S. mortality rates for gallbladder can-
cer (1969–2004) by sex. (From Ref. 40.)

FIGURE 1.5

Crude observed survival for U.S. gallbladder carcinoma
patients. (From Ref. 40.)

1 ∙ EPIDEMIOLOGY OF GALLBLADDER AND BILIARY TRACT NEOPLASMS
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6

rate from gallbladder cancer concurrent with a decline
in cholecystectomies. Similarly, low-risk population
data from the England, the United States, Canada (39),
and Scotland (41) positively correlating cholecystec-
tomy rates and declining cancer mortality, as well as
comparison data from Sweden showing an opposite
trend in the context of reduced cholecystectomy fre-
quency, strongly support this thesis. It is estimated that
one case of gallbladder cancer death is prevented for
every 100 cholecystectomies performed in identified
populations (38, 39).While prophylactic surgical inter-
vention is a reasonable step in high-risk regions or pop-
ulation cohorts (5, 7, 18, 42), it does not represent an
accepted primary indication for surgery in low-risk
populations, but an unintended benefit of cholecystec-
tomy access and utilization.

As indicated by pooled data, reliable international
population-based registry reports denote substantial
geographic differentials in the incidence of primary gall-
bladder carcinoma (Figure 1.6) (7, 43). Rates are high
in Eastern Europe (7), specifically Poland (7, 44, 45),
Hungary (46, 47), and the Czech Republic (46, 48),
though they appear to be decreasing in some regions
(47). Exceptionally high incidences have also been noted
in Bolivia (49-51), Colombia (7, 52) and Chile (28, 44,
53-57). In Chile, crude incidence rates for females 0-74
years of age of 22.3 per 100,000, an astoundingly high

incidence, have been noted, in addition to a reported
long-term mortality of 15.6 per 100,000 (58). Regional
incidences are also notable, with northern Japan report-
ingmarkedly higher incidence than southern Japan (59).
In contrast, registries in the Philippines, the United King-
dom, Spain, and Kuwait report comparatively low inci-
dence rates (Figure 1.1).

In addition to regional variation, differences in eth-
nic groups within the same geographic region are note-
worthy. Gallbladder cancer incidence and mortality in
AfricanAmerican populations is approximately half that
of whites in the United States. Domestically, the inci-
dence of gallbladder neoplasms inNative American pop-
ulations is exceedingly high, with a crude rate nearly five
times that of Caucasian Americans in New Mexican
Native American cohorts (8, 60, 61). Gallbladder can-
cer rates have been observed to be higher than national
averages for a variety of Native American peoples resid-
ingwithin distinct geographic regions andwith an array
of dietary practices (43, 45, 62-70). For instance, while
gallbladder cancer rates amongNative Americans in the
American Southwest are notable (7, 60, 67, 71-78), ele-
vated rates of disease may also be seen in Alaskan
natives, whose diet is substantially different (62-64, 69,
79, 80). However, a common feature for these popula-
tions is a high prevalence of cholelithiasis and an
observed genetic predisposition toward increased gall-
stone formation (42, 45, 66).

Hispanic cultures in North and South American
populations descended from New World indigenous
ethnic groups have also shown an increased risk of gall-
bladder cancer. These groups, such as Mexican Amer-
icans in the U.S. Southwest (60, 67, 81-83) andmestizo
populations in Bolivia (51, 84), have an intermediate
cancer risk greater than that for non-Hispanic whites
but less than that for Native American populations
(67). Conversely, Hispanic Americans without direct
lineage from indigenous New World ancestors do not
appear to be at high risk (85). Immigrant groups also
show interesting differences from their parent popula-
tions. For instance, Japanese and Korean immigrants in
Los Angeles have substantially lower rates of gallblad-
der cancer compared to their peers from Japan and
Korea (8, 86, 87). An unexplained reduction in cumu-
lative incidence risk for both sexes was observed; how-
ever, the difference between immigrant Korean females
compared to their parallel cohort in Seoul is striking-
more than 50%. Additionally, several family clusters
have been noted to have exceptionally high rates of gall-
bladder cancer (88-91), and a family history of gall-
bladder cancer has been correlated with increased risk
(89). Cumulatively, this national, ethnic, regional, and
familial incidence pattern is suggestive of multiple
potential heterogeneous contributory etiologic factors
of both genetic and environmental origin.

FIGURE 1.6

Age-specific crude SEER incidence rates by ethnicity for
gallbladder cancer (SEER 13 Registries for 1995–2004).
(From Ref. 275.)

I ∙ GENERAL CONSIDERATIONS
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1 ∙ EPIDEMIOLOGY OF GALLBLADDER AND BILIARY TRACT NEOPLASMS 7

Cholelithiasis and Gallbladder Carcinoma

The central associative feature for primary carcinomas
of the gallbladder appears to be comorbid gallstones (3,
19, 45, 52, 92-109). More than three quarters of gall-
bladder cancer patients have co-presentation of gall-
stones at diagnosis (102), in comparison to 25% of age-
matched controls. Reported rates of incidental discovery
of gallbladder carcinoma during cholecystectomy range
from 0.5 to 2% in patients treated for symptomatic
cholelithiasis (110). The relative risk of developing car-
cinoma of the gallbladder is patients with diagnosed gall-
stones has been estimated at between 2 and 24 times that
of equivalent patients without cholelithiasis, depending
on the series and population (7, 16, 18, 57, 66, 93, 105,
111). Estimates of gallbladder cancer incidence among
patients with untreated stones range from 0.5 to 1%
over a 20-year period (18, 66, 112-114). AMayoClinic-
led prospective study designed to assess the epidemio-
logic risk of gallbladder cancer in patients with gall-
stones enrolled 2583 Minnesota residents with
diagnosed asymptomatic cholelithiasis and subsequently
followed them formore than 31,000 person-years (113).
Within this series, five patients were diagnosedwith gall-
bladder cancer after amedian follow-up of slightlymore
than 13 years. The incidence of gallbladder cancer was
significantly higher than expected for men (153 per
100,000 person-years), but not for women. However,
it is difficult to justify prophylactic cholecystectomy in
patients with asymptomatic gallstones in low-risk pop-
ulations, since the actual incidence (9 per 10,000 per-
son-years) and number of cancers (5/ 2583) observed
was so low. Hsing et al. in a population-based series
from Shanghai, found that patients with gallbladder car-
cinoma had significantly heavier stone burdens than con-
trol patients and estimated that 80% of all gallbladder
cases in Shanghai were attributable to comorbid
cholelithiasis (93). In a large population-based cohort
study, Danish researchers found 42 gallbladder cancers
in a total of 17,715 patients with gallstones, significantly
higher than the comparison cohort with a standardized
incidence ratio of 4.6 times the general population
within the first 4 years of follow-up (115). A multicen-
tric European study also showed a gallbladder cancer
risk ratio of 4.7 for patients with gallstone disease (116).
Nonetheless, the overall risk, excepting specific high-risk
communities, is so low that in most cases prophylactic
cholecystectomy is not recommended as a gallbladder
cancer risk-reduction strategy. Asmentioned previously,
for high-risk populations there is potentially great ben-
efit to preventative cholecystectomy; data from several
nations show that access to and number of cholecystec-
tomy procedures is associated with reduced incidence
and mortality (39, 41, 58), suggesting that, in specific
geographic locales of exceptional incidence, surgical pro-
phylaxis may indeed be a reasonable option (42).

The strong association between stone formation
and neoplasia appears to be the main determinant of
many epidemiologic features of gallbladder cancers,
such that risk factors for cholelithiasis are typically risk
factors for gallbladder tumors. Illustratively, female
gender (52), increased age (4, 13, 15, 19, 52, 62), fecun-
dity (18, 30, 52), and obesity (5-7, 13, 18, 43, 52, 75,
82, 105, 116-121) are associated risk factors for both
gallstones and gallbladder malignancy, as is member-
ship in certain Native American and Hispanic ethnic
groups. Patients with gallstones are also observed to
develop gallbladder cancer at an earlier age than those
without gallstones (97). Gallstone size has been repeat-
edly correlated with cancer development (7, 12, 66,
100, 108, 122, 123). Compared to patients with gall-
stones ≤1 cm in diameter, an odds ratio for diagnosis of
gallbladder cancer of 2.4 was noted for gallstone diam-
eters of 2-2.9 cm (123). For those with diameters ≥3
cm, the odds ratio is increased by a factor of 9.2-10.1
(66, 123). The relationship to the number of stones is
less clear (12, 84, 96, 122, 124). However, correlation
of number and size of the stones to cancer incidence
may be reflective of age at diagnosis or long-term dura-
tion of gallstones within the gallbladder, as opposed to
an independent phenomenon (12, 124). If so, this might
explain why a comparatively small number of series
failed to detect a relationship between stone size/num-
ber and carcinoma of the gallbladder (5, 125). With
respect to the composition of gallstones, various series
have noted that cholesterol stones may confer added
risk of disease development (93, 94, 105, 122).

At present, the dominant mechanistic explanation
for the strong and repeatedly observed association with
gallstones and subsequent cancers centers on the role
of chronic inflammatory conditions within the gall-
bladder (48, 126-128), leading eventually from meta-
plasia to dysplasia and, finally, malignant transforma-
tion (106, 128-132). Repeatedly, endogenousmediators
of inflammatory response have been shown to colocal-
ize with gallbladder carcinomas (126, 127, 133).

Consequently, it may be that, given confirmation
of these relationships, preventive efforts with widely
used anti-inflammatory pharmaceutical therapies (such
as cyclooxygenase modulation [3, 26, 126, 134]) might
be implemented in high-risk populations. Already, pop-
ulation-based data from Shanghai has suggested that
utilization of aspirin is associated with decrement in
gallbladder cancer incidence, without modifying risk of
gallstone disease (127).

Other Associated Risk Factors

The list of identified conditions associated with primary
gallbladder carcinomas is numerous and varied. Most
of these putative risk factors, such as porcelain gall-

01BilliaryTract.qxd:01 Eltorai  9/23/08  2:54 PM  Page 7



I ∙ GENERAL CONSIDERATIONS8

bladder (42, 135-140), chronic cholecystitis (141-143),
and pancreatobiliary maljunction (128, 144, 145), are
indicative or causative of chronic inflammatory
processes and conceivably share etiologic mechanisms
similar to gallstone disease-associated gallbladder can-
cers (128, 138), which may explain conflicting findings
(136, 146, 147) regarding their association with malig-
nant evolution. Researchers have also observed an asso-

ciation with several bile composition abnormalities
(148-153), specifically a low ratio of bile acid/lecithin
to cholesterol. Impaired contractility or motility may
exacerbate risk by increasing the time of exposure to
endogenous carcinogens as well (50, 149-154).

Chemical carcinogens have been proposed as
cofactors for development of gallbladder cancer, pri-
marily in animal models (155-159), but few have been

TABLE 1.1
Literature-Derived Factors Associated with Gallbladder Cancer

RISK FACTOR RELATED CONDITIONS REFERENCES OF NOTE

Demographic features Age 9, 43, 53, 62, 115, 276, 277
Female gender 18, 20, 27, 30, 108, 278

Early menarche 30, 279
Early parity 30, 99, 279
Mulitparity 30, 279
Duration of fertility 30, 280

Low socioeconomic status 19, 104
Comorbid conditions

Cholelithiasis 13, 27, 45, 66, 93, 96, 97, 104,
111–113, 115, 123, 125, 173,
81–286

Number of stones 12
Size of stones 7, 12, 19, 66, 93, 98, 108, 122,

123, 125, 149
Duration of diagnosis 45, 104

Porcelain gallbladder 128, 135, 136, 140, 146, 147
Anomalous junction of the
pancreaticobiliary duct 128, 286–294
Chronic cholecystitis 42, 141
Xanthogranulomatous
cholecystitis 296, 297
Obesity 5-7, 13, 18, 43, 45, 52, 75, 96, 105,

121, 297, 298
Serum hyperlipidemia 92

Ulcerative colitis 226, 232, 299–301
Chronic diarrhea 45

Bacterial infections 141, 174, 302, 303
Helicobacter sp. 173, 175, 304–307
Salmonella typhi 52, 308–313

Dietary variables
High caloric intake 18, 45, 314
Increased carbohydrates 45, 132, 298, 314
Increased protein/meat consumption 6, 298, 314
Low fresh fruit/fiber 6, 99, 104, 297, 298, 314
Low vitamin/micronutrient intake 99, 298, 314–318
Alcohol intake 30, 80, 297, 314, 319
Chili peppers/capsicum 6, 28, 104
Mustard oil 19
Tea consumption 6, 107, 314
Improperly stored ghee (clarified butter) 99

Environmental factors/
pollutants Tobacco smoking/chewing 30

Heavy metals/metallothioneins 44, 159, 320–322
Asbestos 162, 169
Herbicides/pesticides 158, 159, 323–326
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1 ∙ EPIDEMIOLOGY OF GALLBLADDER AND BILIARY TRACT NEOPLASMS 9

confirmed in humans (160, 161). A relationship of gall-
bladder cancer to asbestos exposure been posited, but
unconfirmed (162). The few studies of occupational
risk groups (163-172) that have been undertaken have
been limited in size and tended to group cholangiocar-
cinomas and primary gallbladder cases. These studies
have shown minimal reproducibility and are therefore
difficult to assess (42-44, 84, 85). Factors underlying
the predisposition of specific occupational groups to
gallbladder cancer are thus largely unknown.

Biliary bacterial agents have been postulated to
modify degradation of bile salts, with the resultant for-
mation of potent carcinogens (141). Additionally, Sal-
monella typhi and Helicobacter sp., as well as other
bacteria, have been advocated to play a contributory
role, but the impact of infectious processes remains
debatable (52, 141, 173-175).

In all, a plethora of potential physiologic, dietary,
and environmental cofactors have been advanced (Table
1.1). At present many are promising; however, the full
relationship between these potential risk factors, possi-
ble confounders (such as gallstone disease, age, and sex
multicollinearity), and primary carcinomas has yet to be
definitively elucidated.

Prevention

It is reasonable to assume that interventions that reduce
the prevalence of cholelithiasis will lead as well to cor-
responding decrement in the incidence of gallbladder
neoplasms. Although effective strategies to forestall
gallstone development have not yet been determined,
maintenance of normal body mass index and serum
lipid levels are reasonable suggestions for large-scale
preventitive efforts, to dovetail with preventive efforts
for cardiovascular disease and other cancers. Similarly,
aspirin utilization should be considered in patients for
whom such pharmacotherapy is indicated for other
comorbid conditions.

In patients with an established diagnosis of
cholelithiasis, the prevention of gallbladder cancer
should be considered one of several potential benefits
of surgical treatment. While prevention of gallbladder
cancer as a single indication for cholecystectomy should
be discouraged in low-risk populations, it should be
recognized as a potential benefit within the milieu of
considerations for surgical intervention. For patients
known to be at high risk (e.g., members of high-risk
regions or ethnic groups, especially those with multi-
ple large stones [≥3 cm]) it may represent a reasonable
option to undertake for purely prophylactic intent. The
increased number of cholecystectomies may explain, at
least in part, the impressive decrease in domestic mor-
tality from gallbladder cancer.

BILE DUCT CANCER
(CHOLANGIOCARCINOMA)

Incidence and Mortality

Cancer of the bile ducts is, like primary gallbladder car-
cinoma, relatively rare, with approximately 3000 cases
in the United States annually (40, 176). Strictly speak-
ing, only intrahepatic bile duct cancers have tradition-
ally been termed “cholangiocarcinomas” (10, 177), and
thus conceptually were grouped with primary liver
tumors, a practice that persists in some literature (178).
However, in many locally advanced cases it is not prac-
tically possible to determine whether a tumor has ini-
tially arisen from the intra- or extrahepatic bile ducts.
Although cholangiocarcinomas are considered a dis-
tinct designation for the purposes of registry classifi-
cation, they are in fact histologically indistinguishable
from adenocarcinomas, and, thus, a host of different
nomenclatures (bile duct cancer, ductal carcinoma, ade-
nocarcinoma) are functionally synonomous. Thus, it
is increasingly accepted to consider adenocarcinomas
of the bile duct, regardless of location, as cholangio-
carcinomas (10), as will be the case herein. Although
the incidence of extrahepatic cholangiocarcinoma has
remained relatively constant, the incidence of intra-
hepatic cholangiocarcinoma has increased. The topo-
graphic difference between intra- and extrahepatic
cholangiocarcinomas is associated with distinct survival
patterns and different associated risk factors. Further-
more, hilar cholangiocarcinomas, or Klatskin’s tumors,
a topographic variant of extrahepatic carcinomas at the
hepatic duct bifurcation, have a comparatively favor-
able mortality profile because of their anatomic loca-
tion. The differences in survival between site within the
biliary tract (hilar, intrahepatic, or extrahepatic) is pri-
marily presumed to be related to the time of diagnosis,
stage at presentation, local invasion of adjacent struc-
tures, and resectability-all shown to be predictors of
posttherapy outcomes. Cancer of the extrahepatic bile
ducts accounts for approximately 950-1200 deaths
annually in the United States, with a crude mortality
of 0.4 deaths per 100,000. SEER data suggests dismal
1- and 2-year survival rates of 24.5 and 12.8%, respec-
tively, for intrahepatic lesions (179). As these large-scale
domestic registry data suggest, there is little solace to
be had in posttherapeutic outcomes, making primary
prevention an attractive target for the reduction of dis-
eased-induced morbidity and mortality. Unlike gall-
bladder carcinoma, which shows a clear female pre-
dominance, cholangiocarcinoma occurs as often in
males as in females (180). Most patients with cholan-
giocarcinomas present between the 5th and 7th decades
of life, with a mean age at diagnosis of the early 60s
(Figure 1.7). The international cancer registry data
demonstrate comparatively modest differences in inci-

01BilliaryTract.qxd:01 Eltorai  9/23/08  2:55 PM  Page 9



I ∙ GENERAL CONSIDERATIONS10

dence between countries in light of the striking differ-
ences observed in gallbladder cancer. Nationally, reg-
istry data fromKhon Kaen, northeast Thailand, reveals
some of the highest incidence in the world, with age-
standardized rates of 93.8-317.6 per 100,000 (181).
Within this registry, cholangiocarcinoma represents the
most common form of cancer. Other countries with
high rates include Japan (182) and Brazil. Japanese, Fil-
ipino, and Korean immigrants in Los Angeles have rates
that are among some of the highest in the world.

Several datasets have recorded an interesting phe-
nomenon in worldwide registry data; namely, an
increase in the rate of diagnoses of intrahepatic cholan-
giocarcinoma despite essentially static extrahepatic
cholangiocarcinoma rates (Figure 1.8) (178-180, 183-
187). Registries from the United Kingdom, Denmark,
Japan, and the United States have exhibited the same
trend (178-180, 183, 184, 186, 188-190). Recent SEER
analysis shows that estimated incidence rates for intra-
hepatic cholangiocarcinoma progressively increased
from 0.13 per 100,000 in 1973 to 0.67 per 100,000 in
1997, resulting in an estimated annual change in inci-
dence of 9.11%. Subsequent mortality from primary
intrahepatic cholangiocarcinoma similarly increased
9.4% from 1973 to 1997 (179). The age-adjusted mor-
tality rates for this period increased from 0.4 to 0.65 per
100,000 in Caucasians, and a similar increase was seen
in blacks from 0.15 to 0.58 per 100,000 (179). Further
analyses have explored significant age-cohort and eth-
nicity differentials in intrahepatic cholangiocarcinoma
incidence (178), indicating heterogeneous contributory

factors, as well as the potential confounder of registry
documentation variability (191) may contribute to the
degree of observed increased incidence. Nonetheless, by
anymeasure, the approximate doubling of the incidence
of intrahepatic cholangiocarcinoma is a troubling devel-
opment (178, 186, 189).

Comorbid Conditions and
Risk of Bile Duct Cancer

Multiple congenital abnormalities of biliary anatomy
have been associated with an observed increase in risk
of developing biliary duct cancers (133, 188, 189, 192-
198), with particular attention having been paid to
choledochal cysts (135, 189, 198) and Caroli’s disease
(133, 189, 199). Choledochal cysts, a congenital dilata-
tion of the common bile duct, appear to be more com-
mon as a phenotypic presentation in Southeast Asian
than in Western countries (200-202). The concurrent
incidence of cholangiocarcinoma and choledochal cyst
has been reported as ranging from less than 3% to
28%, a factor of 20 times that of the equivalent general
population (203-206). Choledocal cysts are also asso-
ciated with other malformative biliary lesions, such as
anomalous union of the pancreatico-biliary ductal
anatomy, which are (128, 137, 207, 208) themselves

FIGURE 1.8

Intrahepatic and extrahepatic cholangiocarcinoma inci-
dence by registry. (From Ref. 183.)

FIGURE 1.7

Age-standardized incidence rates for intrahepatic cholan-
giocarcinoma. (From Ref. 178.)
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reported as increasing the probability of cholangiocar-
cinoma diagnosis (209-211). While more commonly
associated with primary gallbladder cancer as opposed
to cholangiocarcinoma development (195, 197, 209),
it is assumed that pancreatico-biliary duct malforma-
tion shares a similar etiologic mechanism. It is hypoth-
esized that pancreatic secretory reflux, bile stasis, duc-
tal stone formation, and secondary chronic
inflammatory processes that occur within the cyst (212)
may play a role in carcinogenesis (177, 197, 213-218).
Caroli’s disease, a state characterized by multiple cys-
tic dilatations of the intrahepatic segmental bile ducts,
presumably has a similar mechanistic role as do chole-
docal cysts and pancreatico-biliary malunion and con-
fers a risk of cholangiocarcinoma more than 100 times
that estimated in patients without diagnosed biliary
tract dysfunction (196, 219). Vesicular gallstone for-
mation has been noted in several series at rates approx-
imating those observed in age-matched populaces and
has not been established as a distinctive associated risk
factor with cholangiocarcinoma development. How-
ever, some series have noted comorbid bile duct or
intrahepatic stones simultaneous with bile duct cancer
(220-222). It is unclear whether ductal stones represent
an etiologic factor, are formed as a consequence of the
tumors themselves, or share a common phenomeno-
logic raison d’etre, such as chronic cholangitis (222).
Cholangitis, whether infectious or primary sclerosing,
has also been repeatedly and reliably linked to disease
development (133, 223-226).

Recently, in a rather interesting population analy-
sis using SEER-Medicare linked datasets, Welzel et al.
(189) identified risk features significantly associated
with both extrahepatic and intrahepatic carcinomas,
specifically biliary cirrhosis, cholelithiasis, alcoholic
liver disease, diabetes, thyrotoxicosis, and chronic pan-
creatitis. Conditions associated with increased intra-
hepatic carcinoma included obesity, chronic nonalco-
holic liver disease, hepatitis C infection, and tobacco
smoking. Because obesity and nonalcoholic liver dis-
ease are increasing in incidence and are associated with
intra- but not extrahepatic carcinoma, they offer a tan-
talizing rationale for the contrast between stable extra-
hepatic and advancing intrahepatic cholangiocarci-
noma rates domestically. A confirmatory work using
Danish registry data (180) found alcoholic liver disease,
unspecified cirrhosis, cholangitis, and diabetes to be
associated with carcinoma. Among other conditions,
chronic inflammatory bowel disease was significantly
correlated as well.

An association between cholangiocarcinoma and
chronic inflammatory bowel disease, especially ulcera-
tive colitis, is well established (224, 227-238). Further,
it has been observed that the risk for development of
cholangiocarcinoma is related to both duration of dis-

ease and severity of colonic involvements in patients
with ulcerative colitis. Risk estimates demonstrate that
approximately 0.5% of patients with ulcerative colitis
can be expected to develop malignancy, a rate up to 31
times that of equivalentmatched populations (228, 239).
No firm association with Crohn’s disease has yet been
established (223). It has been observed that the onset of
bile duct carcinoma is often predated by pericholangitis
and sclerosing cholangitis (180). The risk of cholangio-
carcinoma does not appear reduced by proctocolectomy,
lending credence to the supposition that it is a primary
process in the bile ducts, rather than a sequela of colonic
involvement itself, is the underlying cause.

INFECTIOUS AND ENVIORNMENTAL
ASSOCIATIONS

Repeated series over the last five decades have demon-
strated that the high rates of intrahepatic bile duct can-
cer found in Southeast Asia correspond to a coinci-
dentally high prevalence of biliary tract parasitic
infections. Clonorchis sinensis and Opisthorchis viver-
rini, frequently encountered liver flukes in regions of
China, Thailand, and Hong Kong, are strongly corre-
lated with magnified rates of cholangiocarcinoma (181,
182, 218, 240-245). This may be accounted for by
dietary practices involving the consumption of large
amounts of raw and undercooked fish over the course
of a lifetime. Additionally, other regions of Asia that do
not share infestation rates of liver flukes as high as
Northeast Thailand (181, 182, 240, 243-251) and
South China (252, 253), such as Japan (182) and Korea
(254-256), as well as the notably high incidence rates
of South Asian immigrants in the United States (257),
may also indicate contributory components from the
intake of raw, dried, or fermented fish. It is also plau-
sible that nitrosamines secondary to intake of fer-
mented fish may act as a contributory carcinogen
whose risk is either additive or synergistic with liver
fluke infestation (155, 157, 243, 247, 251, 258-264).

An array of other known carcinogens have also
been posited to increase risk of bile duct cancer (259,
265-270), although all require more confirmatory evi-
dence. Thorotrast, a thorium dioxide radiologic con-
trast agent used in the 1950s, has been historically asso-
ciated with cholangiocarcinoma (177, 188, 213).
Additionally, workers in environments with heavy
asbestos exposure have been postulated to have
increased risk (271-273).

Prevention

Large-scale reduction in the incidence of cholangiocar-
cinoma in developing countries and in Southeast Asia
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could reasonably be achieved through large-scale reduc-
tion in liver flukes (240). Traditional single-dose
antiparisitics are exceptionally effective; however, rein-
fection rates remain substantial. Thus, large-scale food
purity controls and/or public education campaigns
would be necessary to eradicate fluke infestation (177,
263). If, indeed, endogenous nitosamine carcinogene-
sis/cocarcinogenesis is truly a correlative risk feature,
dietary supplementation with vitamin C (218) or E
(274) could theoretically reduce the risk of cholangio-
carcinoma. Finally, if potential noncongenital risk fac-
tors such as smoking, obesity, gallstone disease, chronic
nonalcoholic liver disease, and hepatitis C infection
prove to be correlates of cholangiocarcinoma, then
minimization of these independent yet interactive
process should be sought.
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iliary tract cancer (BTC), including
gallbladder carcinoma (GBC), has
proven challenging to treat and man-
age due to its poor sensitivity to con-

ventional therapies and the inability to prevent or detect
early tumor formation. To date, very few studies have
attempted to decipher the molecular and cellular mech-
anism(s) involved in the development of GBC, and very
little is known regarding the sequence of events lead-
ing to the development of GBC. A limiting factor is the
lack of appropriate animal models for the development
of BTC. Available animal models based on exposure
to chemical carcinogens suffer from long latency
between treatment and tumor development, and in
most cases the tumor incidence is relatively low. We
recently developed BK5.erbB2 transgenic mice in which
expression of rat erbB2 cDNA is targeted to the basal
layer of multiple epithelial tissues, including the biliary
tract epithelium, by a bovine keratin 5 (BK5) promoter
(1, 2). Adenocarcinoma of the gallbladder develops in
90% of the homozygous BK5.erbB2 transgenic mice by
2-3 months of age. The BK5.erbB2 transgenic mouse
line represents the first genetically engineered mouse
model for BTC. We have shown that the BK5.erbB2
transgenic line is a valid model for investigating mech-
anism(s) underlying the development of gallbladder car-
cinoma and other BTCs (2). We have found that pro-

tein levels of erbB2 as well as protein levels of epider-
mal growth factor receptor (EGFR) are elevated in the
gallbladders of BK5.erbB2 transgenic mice. In addition,
we have found elevated levels of COX-2/PGE2 and ele-
vated activity of Akt, mitogen-activated protein kinase
(MAPK), and mammalian target of rapamycin (mTOR)
in the GBC from these mice. These molecular alter-
ations are similar to those reported in human GBC or
BTC. In this chapter we will discuss the role of growth
factors and their receptors (receptor tyrosine kinases,
RTKs), downstream signaling pathways of these RTKs,
and inflammatory mediators during gallbladder car-
cinogenesis. Understanding the growth factor-signaling
pathways upregulated in GBC will provide critical clues
for novel therapeutic and chemopreventive strategies
using drugs and/or agents that selectively target these
specific pathways.

ROLE OF GROWTH FACTORS AND RTKS IN
HUMAN GALLBLADDER CARCINOGENESIS

ErbB Family

A number of RTKs have been described (3-5). Among
them is the erbB family of RTKs, consisting of the epi-
dermal growth factor receptor (EGFR/erbB1), erbB2

19
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(neu), erbB3, and erbB4 (6). ErbB family RTKs have
been shown to be important for normal development
as well as in neoplasia (3, 7) (Figure 2.1). Although all
of the erbB family members share similarities in pri-
mary structure, receptor activation mechanism, and sig-
nal transduction patterns, they bind to different ligands.
EGFR binds to and can be activated by a number of dif-
ferent ligands of the EGF family, including EGF, trans-
forming growth factor α (TGF-α), heparin-binding
EGF-like growth factor (HB-EGF), amphiregulin (AR),
betacellulin (reviewed in Refs. 8, 9), epigen, and epireg-
ulin (10). The neuregulin subfamily consists of various
isoforms referred to as 1-4 (11)which bind to erbB4
and/or erbB3 (12-16).Betacellulin, HB-EGF, and epireg-
ulin have also been shown to bind to erbB4 (17). Lig-
and-dependent activation of erbB family receptors can
lead to heterodimerization, particularly of EGFR,
erbB3, and erbB4 with erbB2 (16). To date no ligand
has been identified for erbB2 (13, 18-20). ErbB3 can-
not generate signals in isolation because the kinase
function of this receptor is impaired, thus relying on
interaction with erbB2 for signaling. Postreceptor sig-
naling by activated erbB family members includes sig-
naling through the Ras/MEK/ MAPK/extracellular sig-
nal-regulated kinase (Erk), phospholipase Cγ, signal

transducer and activators of transcription (STATs), and
phosphatidylinositol 3-kinase (PI3K) pathways that are
common to nearly all RTKs (21) (Figure 2.1).

In terms of BTC, erbB2 overexpression has been
reported in a significant percentage of GBCs (22-24)
and cholangiocarcinomas (23, 25-28). Previous reports
indicated that the frequency of erbB2 overexpression in
BTC varied from 32.6 to 84% (22, 23, 29, 30).These
differences in frequency may be due to differences in
experimental method, the use of different antibodies for
immunostaining, or the different criteria used for eval-
uation. Recently, Ogo et. al. reported that 47 out of
72 cases (65.3%) of BTC showed erbB2 overexpression
detected by the Hercep Test(tm) (31). Enhanced
immunoreactivity for erbB2 measured, not only in the
tumors, but also in risk conditions for BTC like hepa-
tolithiasis and primary sclerosing cholangitis (26, 27,
32-34) correlated directly with tumor differentiation
and was highest in well-differentiated tumors (32-34).

Overexpression of EGFR has also been observed
in BTC in the range of 30-60% (30, 35, 36). Leone et
al. reported that 6 of 40 (15%) BTCs had EGFR gene
mutations in the sequence coding for the tyrosine kinase
domain. All of the mutations were somatic acquired
point mutations, and most were found within exon 21

FIGURE 2.1

ErbB family signaling system.
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(37). Overexpression of EGFR appears to be related to
some clinical and pathological features, such as lymph
node metastasis, aberrant p53 expression, proliferative
activity, and differentiation (38, 39). However, neither
overexpression of EFGR nor erbB2 seems to be a prog-
nostic factor for BTC. It has been reported that bile
acids activate EGFR in choloangiocytes via its ligand,
TGF-α, (40) and also induce COX-2 expression via
EGFR in a human BTC cell line (41).

Insulin-Like Growth Factor 1 Receptor
(IGF-1R)

IGF-1R, another member of the RTK superfamily, not
only plays an important role in normal growth and
development, but also has been implicated in tumor
development and progression (42-44). The binding of
the IGF ligands (IGF-1 and IGF-2) to the extracellular
subunit of IGF-IR phosphorylates the adapter proteins
insulin receptor substrate (IRS)-1, IRS-2, and Shc,
which serve as independent transducers. IRS1/2 medi-
ate the antiapoptotic properties of IGF-1R through
PI3K, resulting in Akt activation. Numerous Akt sub-
strates have been identified that control key cellular
processes such as apoptosis (i.e., FOXO, Bad and ASK-
1), cell cycle progression (i.e., Cyclin D1, p27, and p21),
transcription (i.e., IKK/NFκβ), and translation (i.e.,
mTOR, S6K, and eIF-4E) (45, 46) (Figure 2.2). EGFR
and IGF-1R share a common molecular structure of
tyrosine residues, which provide specific docking sites

for the SH2 or phosphotyrosine-binding domains of
adapter proteins including Grb2, Grb10, SHC, Crk,
and IRS-1/2 (47) when these receptors are activated
(phosphorylated). Therefore, EGFR and IGF-1R path-
ways utilize activation of the overlapping downstream
signaling pathways (e.g., PI3K/Akt and MAPK for pro-
moting cell growth) (Figure 2.3). Overexpression of
IGF-1R has been noted in a variety of human carcino-
mas (48-51). Kornprat has reported that IGF-1, IGF-
2, and IGF-1R were present in 55 of 57 primary GBCs
and 17 of 18 metastases (52). IGF-1 and IGF-2
immunoreactivity was seen in 25 and 14, respectively,
of the 55 primary tumors and in an additional 6 and 3
of the 17 metastases, respectively. No associations with
tumor stage, grade or prognosis were detected. IGF-1R
was expressed in 52 of 55 primary tumors and all 17
metastases. IGF-1R staining intensity decreased with
tumor cell dedifferentiation. These results provide evi-
dence for the existence of an autocrine/paracrine loop
in GBC involving the IGF-1R. However, further inves-
tigation will be necessary to clarify the exact role of
IGF-1R signaling in GBC.

c-MET

Hepatocyte growth factor (HGF) was discovered by
Nakamura et al. (53) as a factor stimulating the DNA
synthesis of cultured hepatoyctes. HGF was found to
be the ligand for c-Met, an RTK that is expressed in
most epithelial cells and in endothelial cells (54). The

FIGURE 2.2

IGF-1R signaling.
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c-Met receptor and/or its ligand HGF are often over-
expressed in tumors (55, 56). Many types of malignant
cells, primarily adenocarcinomas, are responsive to
HGF, which stimulates cell proliferation, invasion, and
metastasis via activation of c-Met (54, 55, 57). HGF is
produced by nonepithelial stromal cells (58, 59), and
overexpression of c-Met is a common feature of hyper-
plastic biliary epithelium (27, 34). Overexpression of
c-Met in human BTC has been observed most fre-
quently in intrahepatic bile duct carcinoma (21.4%)
and it was not associated with gene amplification (60).
Overexpression of c-Met is also characteristic of the rat
cholangiocarcinoma model generated by treatment
with furan (61).It has also been reported that an antag-
onist for HGF, NK4, inhibited the growth of human
GBC cells in both a subcutaneous and a positional
implantation model (62, 63).

ROLE OF MTOR AND ITS UPSTREAM
REGULATORS, AKT AND MAPK, DURING
HUMAN GALLBLADDER CARCINOGENESIS

The Role of mTOR in Cancer Development

Mammalian target of rapamycin (mTOR), also know
as FRAP, RAFT1, and RAPT1, is a member of the phos-
phoinositide kinase-related kinase (PIKK) family and is
a highly conserved serine/threonine kinase (64). mTOR
is a central regulator of cell growth and proliferation

and functions as a biologic switch between life and
death that senses changes in the cellular environment
and facilitates cellular response to these changes (65).
Fluxes in cellular dynamics include amino acid avail-
ability (66, 67), changes in nitric oxide levels (68), and
growth factor receptor signaling (69). Through its
downstream effectors, mTOR relays a signal to the
translational machinery leading to enhanced transla-
tion of mRNAs encoding proteins that are essential for
cell growth and proliferation (70, 71) (Figure 2.3).

mTOR signaling is upregulated in a significant
number of human tumors either through upregulation
of Akt or other regulatory pathways (65, 71-74). In
many tumors, multiple alterations, both upstream and
downstream of mTOR, may lead to activation of the
mTOR pathway. Phosphorylation of mTOR may
occur in response to signaling cues from three major
pathways, namely PI3K/Akt, MAPK/Erk, and LKB1/
AMPK. Figure 2.3 shows signaling pathways leading
to activation of mTOR. The mechanism of mTOR
activation via the PI3K pathway is the most promi-
nent and well characterized. PI3K phosphorylates the
membrane-bound phosphatidylinositol 4,5-bisphos-
phate at position 3 to produce phosphatidylinositol
3,4,5-trisphosphate (PIP3). PIP3 phosphorylates the
serine/threonine kinases Akt and phosphatidylinosi-
tol-dependent kinase 1 (PDK1). PDK1 activates Akt
by phosphorylating Thr308 (75). Akt, in turn, phos-
phorylates TSC2, leading to the functional inactiva-

FIGURE 2.3

Signaling pathways leading to
activation of mTOR.
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tion of the TSC1/TSC2 complex (76-78). Mutations
in either TSC1 or TSC2 result in the development of
the disease tuberous sclerosis (TSC) (79). The TSC1/
TSC2 complex is placed downstream from Akt and
upstream from mTOR to restrict cell growth and dif-
ferentiation. Akt phosphorylation of TSC2 results in
mTOR activation.

Ras, through Raf kinase, activates the MAPK/Erk
pathway, which interacts with a second major signal-
ing pathway centered on mTOR via phosphorylation
of RSK (80, 81). Activation of RSK requires coordi-
nated input from the Ras/MAPK/Erk cascade and
PDK1 (82, 83). RSK also provides an mTOR-indepen-
dent pathway linking the Ras/Erk signaling cascade to
the translational machinery through the phosphoryla-
tion of S6 ribosomal protein (84).

AMPK, through LKB1, also regulates mTOR via
modulation of TSC2. AMPK is a regulator of cellular
energy metabolism. In the presence of high AMP, the
AMPK γ regulatory subunit binds AMP, permitting the
α subunit to be phosphorylated and activated by LKB1
kinase. AMPK in turn phosphorylates TSC2, strength-
ening the ability of the TSC complex to block Rheb
GTPase activity and lowering mTOR activity (66, 85,
86). Thus, these upstream activators of mTOR lead,
in turn, to phosphorylation of two main mTOR sub-
strates, ribosomal p70S6 kinase (S6K) and eukaryotic
initiation factor 4E-binding protein-1 (4E-BP1). S6K
can then phosphorylate its substrate, ribosomal protein
S6. When phosphorylated, 4E-BP1 cannot bind effec-
tively to its binding partner, eIF4E. The cumulative
effect of both is to increase protein translation and, in
particular, the translation of proteins that are involved
in cell growth and proliferation.

The mTOR-specific inhibitor rapamycin and the
recent development of rapamycin analogs has gener-
ated considerable excitement in terms of clinical trials
for patients with a wide range of cancers, including
rhabdosarcoma, neuroblastoma, glioblastoma, small-
cell lung cancer, renal cancer osteosarcoma, pancreatic
cancer, leukemia, and B-cell lymphoma (87-89).

mTOR, Akt, and MAPK Signaling in Human
GBC

Recently, we reported that elevated levels of phospho-
Akt and phospho-mTOR were observed in 74.1% (20
of 27) and 92.6% (25 of 27), respectively, of human
gallbladder cancer specimens compared to 28.6% (2 of
7) and 28.6% (2 of 7), respectively, of normal human
gallbladder specimens (90). These results suggest that
activation of Akt/mTOR signaling may be an impor-
tant mechanism during gallbladder carcinogenesis.
However, cellular response to the upregulation of

erbB2/EGFR is mediated not only by Akt signaling, but
also through other downstream signaling pathways,
including Raf/MAPK signaling. In fact, aberrations in
MAPK signaling, which are also observed frequently in
human BTC (36, 91), are commonly associated with
elevations in mTOR signaling. These findings support
the hypothesis that upregulation of one or more criti-
cal upstream pathways may lead to the activation of
mTOR in GBC and suggest that mTOR inhibitors may
have a role in the treatment of BTC.

ROLE OF INFLAMMATORY MEDIATORS
DURING HUMAN GALLBLADDER

CARCINOGENSIS

The Arachidonic Acid Cascade

Membrane phospholipids acted upon by phospholipase
A2 (PLA2) form arachidonic acid (AA), which serves
as the precursor for inflammatory mediator
prostaglandins (PGs) via cyclooxygenase-2 (COX-2)
(92-95) (Figure 2.4). One of the PGs, PGE2, appears
to participate in the development of inflammatory reac-
tions and oncogenesis (96, 97). The action of PGE2 is
mediated by four G protein-coupled receptors
(GPCRs): EP1, EP2, EP3, and EP4 (98) (Figure 2.4).

COX-2 Involvement in Biliary Tract
Carcinogenesis

The presence of a chronic inflammatory state, usually
related to gallstones, has been found to be the most sig-
nificant risk factor for GBC. There is a known associ-
ation between gallstones and GBC, with gallstones pre-
sent in 74-92% of patients with GBC (99, 100).
Pathogenic bacteria are cultured from the gallbladders
of patients with GBC at a significantly greater fre-
quency than patients with simple cholelithiasis (101).
Typhoid carriers may also suffer chronic inflammation
of the gallbladder and have been described to have a
significantly higher risk of GBC than the rest of the pop-
ulation (102, 103).The presence of an anomalous pan-
creaticobiliary ductal junction (APDJ), which causes
long-term inflammation, has also been suggested in
numerous reports as a risk factor for GBC (104). In
fact, a number of studies have shown that AA, PLA2,
COX-2, and PGE2 are increased in BTC (105-
108).Treatment of cholangiocarcinoma cells with
exogenous PGE2 increases tumor cell growth and pre-
vents apoptosis (108-114). When COX-2 was inhibited
by selective COX-2 inhibitors, prevention of cholan-
giocarcinoma cell growth and invasion was observed in
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vitro and in nude mice (109-111, 113, 114).Grossman
et al. reported that a specific COX-2 inhibitor, but not
COX-1 inhibitor, decreased mitogenesis and increased
human gallbladder cell apoptosis associated with
decreased PGE2 (115). These studies suggest that the
COX enzymes and the prostanoids may play a role in
the development of GBC and that COX-2 inhibitors
may have a therapeutic role in GBC (115).

Crosstalk Between COX-2 and
EGFR/erbB2 in BTC

There have been several reports that show a mutual reg-
ulation between EGFR and COX-2. Bile acids, a potent
tumor promoter in the hamster model of cholangio-
genesis, were shown to induce COX-2 in cholangiocyte
cells through transactivation of EGFR (41). EGFR is
also activated by chenodeoxycholate, the primary
hydrophobic bile acid, and functions to induce COX-
2 expression through a MAPK cascade in a human
cholangiocarcinoma cell line (116). PGE2 rapidly
induces phosphorylation of EGFR and triggers the
Erk2-mitogenic signaling pathway in normal gastric
epithelial and colon cancer cell lines, and PGE2-induced
EGFR transactivation involves signaling transduced via
TGF-α (21). Zhang et al. reported that PGE2-induced
Erk phosphorylation is abrogated by pretreatment a the
EGFR-specific tyrosine kinase inhibitor (TKI) and that
activation of the EP1 receptor is involved in PGE2-stim-
ulated Erk activation in cholangiocarcinoma cells

(117).Transactivation of EGFR and Akt has been pro-
posed as one of the important mechanisms for COX-
2- and PGE-mediated cholangiocarcinoma cell growth
(118).In addition, it has been shown that a COX-2
inhibitor blocks phosphorylation of Akt in human
cholangiocarcinoma cells (110, 119).

There is also increasing evidence that COX-2 and
PGE2 may mediate some effects of erbB2 (120,
121).ErbB2 overexpression or activation increased
COX-2 gene transcription (122), and this regulation
occurred through a MAPK-dependent pathway (121).
It has also been reported that erbB2 signaling through
Akt induces COX-2 expression in breast cancer cells
(123) and that COX-2 and PGE2 lead to an enhanced
expression of erbB2 (124).Co-elevation of COX-2 has
been observed not only in a rat cholangiocarcinoma
model induced by furan (125), but also in human
cholangiocarcinoma (106), supporting the possibility
that erbB2 plays a key role in regulating COX-2 expres-
sion in neoplastic and precancerous biliary tract epithe-
lial cells. These studies suggest a link between
EGFR/erbB2 and COX-2 expression mediated by
MAPK and/or Akt activity (123, 124, 126-128) (Fig-
ure 2.4).

In addition, Xu et al reported that PPARδ, a sub-
type of peroxisome proliferator-activated receptors
(PPARs), induces COX-2 expression in human cholan-
giocarcinoma cells and that the COX-2-derived PGE2
further activates PPARδ through PLA2 (129). Figure
2.4 shows the proposed crosstalk between COX-

FIGURE 2.4

Proposed role of prostaglandins
in the development of BTC.
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2/PGE2, erbB2/EGFR, and Akt/MAPK that may play
a role in the development of BTC.

ANIMAL MODELS FOR HUMAN BTC

Spontaneous and Chemically Induced BTC

Spontaneous gallbladder cancer is rare in mice and rats
(130, 131). A low incidence of gallbladder adenocar-
cinoma can be chemically induced in mice by continu-
ous administration of either N-N-propyl-N-formylhy-
drazine (132) or 2-acetamidofluorene (133). Although
spontaneous gallbladder tumors are extremely rare in
hamsters (134), neoplasia can be induced by chronic
exposure to 3-methylcholanthrene via slow-release cap-
sules implanted in the gallbladder (135) or a combina-
tion of exposure to nitrosodimethylamine (in drinking
water) and cholesterol pellets (implanted in gallblad-
der) (136).

Sirica and coworkers showed that treatment of
rats with furan rapidly induced intestinal metaplasia
and associated cholangiofibrosis in the right/caudate
liver of rats (137) and that long-term treatment with
furan (daily dose of 30 mg/kg of body weight, five times
weekly by gavage for 9-13 weeks) resulted in the pref-
erential development of cholangiocarcinoma (138).
Incidence of cholangiocarcinoma was 70-90% in rats
treated with furan by 16 months. The researchers
demonstrated that furan-induced rat cholangiocarci-
noma characteristically overexpresses erbB2, COX-2,
and c-Met (61, 125, 139). In addition, they reported
that emodin, a TKI, effectively inhibited the growth and
tyrosine phosphorylation of erbB2 overexpressed in
cultured rat C611B cholangiocarcinoma cells and in
neu-transformed WB-F344 rat liver epithelial stem-like
cells (WBneu). In combination, emodin (30 µM) and
celecoxib (35 µM), a COX-2 inhibitor, acted synergis-
tically to significantly suppress growth of both C611B
and WBneu cells. Suppression of cell growth was asso-
ciated with induction of apoptosis in the combination-

treated cells and enhanced suppression of Akt activa-
tion (113). In vivo, celecoxib also suppressed tumori-
genic growth of C611B cells in vivo (111). Further-
more, they have recently shown that a rat cholangiocyte
cell line infected by a retrovirus containing the trans-
forming rat erbB2 displayed activated erbB2, Akt, and
MAPK, increased telomecrase activity, and upregulated
COX-2, PGE2, and vascular endothelial growth fac-
tor (140). These erbB2 transformants were tumorigenic
when transplanted into isogenic rats, yielding a 100%
incidence of tumors resembling human cholangiocar-
cinomas in their morphology (140).

BK5.erbB2 Mouse Model

Several years ago, our laboratory generated a transgenic
mouse that overexpresses wild-type rat erbB2 under the
control of the BK5 promoter (1) (Figure 2.5A). Over-
expression of wild-type erbB2 in basal epithelial cells
of gallbladder led to the development of adenocarci-
noma of the gallbladder and cystic duct in 90% of these
transgenic mice by 2-3 months of age. In addition, the
incidence of cholangiocarcinoma was ~30%. Similari-
ties between GBC in BK5.erbB2 mice and humans
include histopathologic observation and molecular
alterations such as overexpression and/or activation of
erbB2, EGFR, Akt, MAPK, and COX-2. BK5.erbB2
transgenic mice appear to represent a promising tool
for the development of new treatment and/or preven-
tion modalities.

Histopathologic Features of BTC in
BK5.erbB2 Mice

Necropsy of adult BK5.erbB2 mice revealed that the
gallbladder was dramatically enlarged and had a white,
opaque appearance (Figure 2.5B, middle). Enlarged
gallbladders were often associated with a significantly
dilated common bile duct (Figure 2.5B, right). This
enlarged hepatic duct from the liver and the cystic duct
from the gallbladder unite to form the enlarged com-

FIGURE 2.5
GROSS APPEARANCE AND

HISTOLOGIC EVALUATIONS OF
BTC IN BK5.ERBB2 MICE.

(A) DNA construct used to generate BK5.erbB2
mice; (B) Gallbladder (arrow) of nontransgenic
littermate (left) and BK5.erbB2 mouse (middle)
at 3 months of age. Gross appearance of gall-
bladder and adjacent biliary tract of BK5.erbB2
mouse (right). H&E staining of gallbladder in
BK5.erbB2 mice (C and E) and nontransgenic
mouse (D) and intrahepatic cholangiocarcinoma
in BK5.erbB2 mice at 3 months of age (F).
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mon bile duct, which extends posteriorly through the
pancreas and intestinal wall, where it opens to the
mucosal surface of the duodenum as the ampulla of
Vater (Figure 2.5B, right).The short common channel
formed from the merging of the bile duct and the pan-
creatic duct was anatomically normal, as was the
ampulla of Vater in these mice. The majority of the
GBCs completely filled the lumen (Figure 2.5C),
although some showed focal lesions (focal type). For
comparison, a normal gallbladder from a nontrans-
genic mouse is shown in Figure 2.5D. Tumors were
characterized by branching structures with finger-like
projections covered with high columnar epithelium and
hyperchromatic nuclei. Most of the tumors were diag-
nosed as well-differentiated adenocarcinomas. Carci-
noma cells frequently invaded into the surrounding
connective tissues (Figure 2.5E). In addition, hyper-
vascularization was a characteristic feature of these
tumors. Staining with CD31, a marker for endothelial
cells, revealed extensive vascularization in an adeno-
carcinoma from a BK5.erbB2 mouse. Adenocarcino-
mas exhibited a significantly elevated labeling index (a
marker of proliferation) compared to normal gallblad-
der epithelium as determined by staining with anti-bro-
modeoxyuridine (BrdU) antibody.

Tumor cells of the common bile duct often
invaded into the pancreatic duct. The ampulla of Vater
was dilated, and hyperplasia of the epithelium was
observed in transgenic mice. Pronounced congestion of
bile, inflammation, necrosis, hyperplasia of biliary duct
cells, and/or tumor development was also frequently
observed in intrahepatic biliary ducts of transgenic mice
(Figure 2.5F).

Molecular Features of GBC in BK5.erbB2 Mice

STATUS OF EGFR AND ERBB2 IN GBC OF

BK5.ERBB2 MICE

Persistent expression of the erbB2 transgene was
observed in the epithelia of both gallbladder and intra-
hepatic biliary duct as well as in gallbladder adenocar-
cinomas (Figure 2.6A) and cholangiocarcinomas (Fig-
ure 2.6B). Endogenous erbB2 expression was only
weakly detectable in both the intrahepatic biliary duct
and gallbladder from nontransgenic mice (Figure 2.6C).
Western blot analysis of gallbladder tissue lysates
showed that the level of erbB2 protein was significantly
elevated in BK5.erbB2 mice compared to that of non-
transgenic mice, as expected (Figure 2.6D). erbB2 was
also hyperphosphorylated after adjustment for total
erbB2 protein level (Figure 2.6E). Interestingly, the level
of EGFR protein (but not erbB3 or erbB4 protein) was
elevated and hyperphosphorylated on tyrosine residues
in gallbladder tissue from BK5.erbB2 mice (Figure

2.6D, E). Additional analyses by immunoprecipitation
of EGFR and erbB2 followed by Western blot analysis
for erbB2 and EGFR, respectively, confirmed elevated
heterodimer formation between erbB2 and EGFR (data
not shown) in the gallbladder tissue of BK5.erbB2 mice.

MAPK, AKT, AND MTOR IN GALLBLADDER

TISSUE OF BK5.ERBB2 MICE

The status of signaling molecules downstream of
erbB2/EGFR and other proteins was also exam-
ined.Although protein levels of MAPK were not changed
(Figure 2.6F), both MAP kinase activity (Figure 2.6F, G)
and the level of phosphorylation of Erk1 and 2 were
increased in the gallbladder of transgenic mice. Fur-
thermore, phospho-Akt, but not total Akt level, was ele-
vated in the gallbladder of BK5.erbB2 as assessed by
Western blot analysis (Figure 2.6G). We have recently
reported that mTOR and signaling molecules both
immediately upstream (Akt, MAPK) and downstream
(p70S6K) of mTOR are hyperphosphorylated in gall-
bladder tissues from BK5.erbB2 mice compared with
corresponding tissue from nontransgenic mice (90) (see
also Figure 2.6G). We also found that cyclin D1 (Figure
2.6G), bcl-2 (Figure 2.6G), c-Met (2), E-cadherin, and
β-catenin (data not shown) were upregulated in the gall-
bladder tissue of BK5.erbB2 compared to nontransgenic
mice by Western blot analysis.

INCREASED COX-2 PROTEIN AND MRNA
EXPRESSION, PGE2 SYNTHESIS, AND
PHOSPHORYLATED LEVEL OF CPLA2 IN GBC
OF BK5.ERBB2 MICE

The protein level (determined by immunohistochem-
istry and Western blot) and mRNA level (determined
by RT-PCR) of COX-2 were significantly elevated in
the gallbladder tissue of BK5.erbB2 mice (Figure 2.6H-
J) compared to nontransgenic littermates. The level of
PGE2 was also found to be elevated in the tissue (data
not shown). These results suggest that elevated
prostaglandins, particularly PGE2, may play an impor-
tant role in the development of gallbladder carcinoma
in BK5.erbB2 mice. Phospho-cPLA2, but not total
cPLA2, was also elevated in the gallbladder from
BK5.erbB2 mice (Figure 2.6G).

PRECLINICAL THERAPEUTIC STUDIES
USING BK5.ERBB2 MICE

Orally active TKIs

We have evaluated the effect of gefitinib, a selective TKI
against the EGFR, on the development of gallbladder
carcinoma in BK5.erbB2 mice (141). In addition, we also
assessed the effect of another quinazoline derivative,
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FIGURE 2.6

Analysis of protein status and kinase activity in gallbladder from 3-month-old nontransgenic and
BK5.erbB2 mice. Analysis of protein status and kinase activity in gallbladder from 3-month-old non-
transgenic and BK5.erbB2 mice. Immunostaining for erbB2 in gallbladder (A) and intrahepatic
cholangiocarcinoma (B) from a 3-month-old BK5.erbB2 mouse and gallbladder from a nontrans-
genic mouse of the same age (C).(D) Whole cell lysates were analyzed by Western blot (WB) with
antibodies against erbB family members. Protein was normalized to β-actin. (E) Whole cell lysates
were immunoprecipitated (IP) with antibodies with the phosphotyrosine-specific antibody PY20.

(F) Whole cell lysates of gallbladder were immunoprecipitated with a MAPK antibody.One half of the immunoprecipitates
were subjected to WB analysis for photo-MAPK, Erk1, Erk 2, and β-actin [F(i)], and the other half were analyzed for MAPK
activity [F(ii)].There was a significant increase in MAPK activity in transgenic mice (*p < 0.05, Mann-Whitney U test). (G)
Whole cell lysates were analyzed by Western blot with antibodies against Akt, phospho-Akt, PLA2, phospho-PLA2, bcl-2,
mTOR, phospho-mTOR, p70S60K, phospho-p70S6K, Cyclin D1 and β-actin. (H) COX-2 level determined by immunos-
taining in GB from BK5.erbB2 mice (upper) and nontransgenic littermate (lower). (I) Western blot analysis of COX-2 pro-
tein in gallbladder from nontransgenic mice (NTgGB) and Bk5.erbB2 mice (TgGB). Whole skin from K14.COX-2 mice
(K14.COX-2) skin was used as a positive control. (J) RT-PCR analysis of COX-2 mRNA expression in gallbladder from non-
transgenic (NTg) and BK5.erbB2 mice (Tg).
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GW2974, which is able to block the activation of both
the EGFR and erbB2. Two-month-old mice were
selected for treatment as the incidence of gallbladder car-
cinoma reaches a plateau of ~90% by this age.
BK5.erbB2 mice received either 400 ppm gefitinib or
200 ppm GW2974 in the diet for 1 month. During the
course of these experiments, the status of the gallblad-
ders in each group was monitored weekly by high-fre-
quency ultrasound biomicroscopy (USBM) (n = 7 and
10 for gefitinib and GW2974, respectively). Treatment
with either gefitinib or GW2974 resulted in a significant
decrease in the incidence of gallbladder carcinoma to 17
and 3%, respectively (Figure 2.7A). These reductions
corresponded to a 77% and 95% decrease in tumor inci-
dence compared with BK5.erbB2 mice receiving the con-
trol diet, which had a GBC incidence of 72% as deter-
mined by histopathologic examination. The impact of
treatment is clearly seen in the images in Figure 2.7B,

which show a gallbladder tumor prior to treatment (left
panel), the same gallbladder after day 23 of treatment
with GW2974, and, finally, the H&E staining, which
clearly show the dramatic regression of the tumor with
only hyperplasia still evident.

In the control group, adenocarcinoma cells filled
the lumen, occupying at least one third of the distal por-
tion of the gallbladder (Figure 2.7C). In most of the
gallbladder adenocarcinomas that responded to either
gefitinib or GW2974, we observed low-grade epithelial
hyperplasia, particularly in the distal region (Figure
2.7C). Thickened connective tissue, decreased vascu-
larization, a significantly lower labeling index as deter-
mined by BrdU incorporation, and an increase in the
number of apoptotic cells as determined by TUNEL
assay were also observed following treatment with
either TKI (141).

Treatment with gefitinib and GW2974 resulted

FIGURE 2.7

Effects of gefitinib and GW2974 detected by histologic and ultrasound
analyses. (A), Incidence of gallbladder carcinoma in BK5.erbB2 mice
treated with AIN76 control diet, AIN76 diet containing 400 ppm gefi-
tinib, and AIN76 diet containing 200 ppm GW2974. *p < 0.01. Numer-
ator indicates number of mice found to have gallbladder tumors.
Denominator indicates total number of mice treated. No mortality was
observed throughout the experiment. (B) Regression of gallbladder car-
cinoma by GW2974 treatment as detected by ultrasound biomi-
croscopy. All images are from a single animal depicting the response
representative of the treatment group. (Left panel) Ultrasound image
of gallbladder carcinoma (maximum size: 1.35 mm) before GW2974
treatment. (Center panel) Ultrasound image of gallbladder on the 23rd
day of treatment; this image indicates regression of the carcinoma
(observed size: 0.46 mm). (Right panel) The lesion that remained was

confirmed by H&E
staining as hyperplasia.
(C) Histologic evalua-
tion of gallbladders from
BK5.erbB2 mice treated
with gefitinib and
GW2974. (Left panel)
Gallbladder of BK5.
erbB2 mouse receiving
AIN76 control diet.
(Middle panel) Typical
histologic features of the
gallbladder from BK5.
erbB2 mice treated with
AIN76 diet containing
400 ppm gefitinib. (Right
panel) Typical histologic
features of the gallblad-
der from BK5.erbB2
mice treated with AIN76
diet containing 200 ppm
GW2974.
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in decreased levels of both erbB2 and EGFR. Further-
more, levels of phospho-erbB2 and phospho-EGFR
were markedly reduced (2). Upregulated COX-2 and
activated MAPK levels were also decreased in gall-
bladders from BK5.erbB2 mice treated with both TKIs
(2). Based on these results, targeting EGFR, and possi-
bly erbB2, could provide a potentially new and effec-
tive therapy for patients with BTC.

CS-706, a Novel COX-2 Inhibitor

We have also examined the effects of a newly engi-
neered COX-2 inhibitor, CS-706 (Sankyo Co.), on the
development of GBC in the BK5.erbB2 mouse model
(142). Two-month old mice received CS-706 (60 and
100 ppm) in the diet for one month. The therapeutic
effect of CS-706 was evaluated by ultrasound images
and histological analyses. (Seventy-eight percent of gall-
bladder tumors were diagnosed as progressive disease
(PG) in the control diet group, but only 20 and 21%
of the tumors displayed a progressive phenotype in 60
and 100 ppm of CS-706 treated groups, respectively.
Furthermore, approximately 80% of gallbladders (80
and 79% for 60 and 100 ppm of CS-706 treatment,
respectively) showed either therapeutic efficacy (partial
response, PR) or prevention from progression (mini-
mum change, MC) when treated with CS-706. The
effects of both 60 and 100 ppm of CS-706 are statisti-
cally significant (Fisher’s extact test) compared to the
control diet (Figure 2.8A).

Both immunohistochemical and Western blot
analysis (Figure 2.8B) showed that the elevated COX-
2 level was markedly decreased in gallbladders from
BK5.erbB2 mice treated with CS-706 compared to that
from BK5.erbB2 mice on the control diet. PGE2 is the
major product of COX-2-catalyzed reactiona. In addi-
tion, treatment of CS-706 strongly inhibited PGE2 pro-
duction in both serum and gallbladders from
BK5.erbB2 mice treated with 100 ppm of CS-706 com-
pared to those from BK5.erbB2 mice treated with con-
trol diet (**p < 0.05 by two-way ANOVA test) (Fig-
ure 2.8C).

In CS-706-treated BK5.erbB2 mice, gallbladder
tissue proteins showed a 1.4-fold decrease in p-EGFR
and 1.5-fold decrease in p-erbB2 levels (Figure 2.8D).
Furthermore, treatment with CS-706 resulted in
decreased levels of both total erbB2 and EGFR. We
have also found that activity of Akt, as assessed by
Western blot analysis for phospho-Akt, was decreased
in gallbladders from mice treated with CS-706 (Figure
2.8D). Based on these results, targeting COX-2 could
provide a potentially new and effective therapy alone
or in combination with other therapeutic agents for
patients with BTC. One mechanism for the effects of

CS-706 in this model system may be through inhibition
of Akt activation.

Rapamycin

As noted above, Western blot and immunohistochem-
ical analyses revealed elevated phosphorylation levels
for Akt, mTOR, and p70S6K (Figure 2.6) in the GBC
from BK5.erbB2 mice. We also analyzed the status of
Akt and mTOR in human GBC (90). Immunofluores-
cence staining of p-Akt and p-mTOR was performed in
27 human GBC (Stage IIB diagnosed by the criteria of
the American Joint Committee on Cancer) and 7 nor-
mal human gallbladders. The results showed that ele-
vated levels of p-Akt were observed in 74.1% (20 out
27) of human GBC specimens and in only 28.6% (2 out
of 7) of normal human gallbladder specimens. Elevated
levels of p-mTOR were also observed in 92.6% (25 out
27) of human GBC specimens and in only 28.6% (2 out
of 7) of normal human gallbladder specimens. These
data reveal that human GBC has elevated p-Akt and
p-mTOR levels compared to noncancerous tissue.
Thus, BK5.erbB2 mice appeared appropriate for eval-
uating mTOR inhibitors for treatment of BTC, partic-
ularly GBC.

To evaluate the therapeutic efficacy of rapamycin,
one group of BK5.erbB2 mice at ~2-3 months of age
received vehicle and the other groups received 1.25, 2.5,
and 5.0 mg/kg rapamycin by i.p. injection once daily
for 14 days. Rapamycin reduced the incidence of GBC
in a dose-dependent manner (90). Furthermore,
rapamycin treatment led to decreased levels of phos-
pho-p70S6K (Thr389) in gallbladder tissue (90). Based
on these results and the fact that the Akt/mTOR path-
way is activated in human gallbladder cancer,
rapamycin and related drugs may be effective thera-
peutic agents for the treatment of human GBC.

CONCLUSION

The dismal outcomes that generally result from gall-
bladder carcinoma and other BTCs explain the pes-
simism that surrounds treatment of these cancers. Nev-
ertheless, more aggressive surgical techniques and
advanced oncologic radiation therapy have led many
institutions to report an increase in long-term survival
rates (143-147). Although these treatments are pro-
gressive, major improvements in patients’ survival will
probably result from the efforts directed toward pre-
vention, early detection, and novel treatments derived
from basic research to determine the mechanisms
involved in BTC development. There is a real need to
develop novel therapeutic strategies for BTC based on
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FIGURE 2.8 EFFECT OF COX-2
INHIBITOR ON THE DEVEL-

OPMENT OF GBC IN
BK5.ERBB2 MICE.

(A) Therapeutic effect of CS-706 on
gallbladder carcinoma in BK5.erbB-
2 mice.Mice were treated with
AIN76A control diet (left column),
AIN76A diet containing 60 ppm CS-
706 (middle column), and AIN76A
diet containing 100 ppm CS-706
(right column) for one month. *p <
0.01; n, total number of mice deter-
mined; %, percentage of mice diag-
nosed as PG. (B) Immunoflores-
cence for COX-2 in gallbladder
sections from BK5.ErbB-2 mice that
received AIN76A control diet [B(i)]
and AIN76A diet with 100 ppm CS-
706 [B(ii)].Western blot analysis of
COX-2 protein level in the gallblad-
ders from BK5.ErbB-2 on control
diet and BK5.ErbB-2 mice treated
with 100 ppm CS-706 [B(iii)].
Epithelial cell lysates were prepared
from gallbladder tumors from five
BK5.ErbB-2 mice on control diet,
and five gallbladders from
BK5.ErbB-2 mice treated with CS-
706 were pooled. (C) Levels of PGE2

in serum and gallbladders from mice treated with CS-706. There
was a statistically significant increase in PGE2 levels in both
serum and gallbladders of BK5.ErbB-2 mice on the control diet
(middle column) compared with nontransgenic mice (left col-
umn).*p < 0.05.Right column, there was a statistically significant
decrease in PGE2 levels in both serum and gallbladders of
BK5.ErbB-2 mice treated with CS-706 compared with mice
treated with control diet.**p < 0.05.NTg, nontransgenic; Tg, trans-
genic. (D) Western blot analysis of ErbB-2, p-ErbB-2, egfr, p-
EGFR, Akt, and phosphorylated Akt (p-Akt) levels in the gall-
bladders of BK5.ErbB-2 mice treated with 100 ppm CS-706.
Epithelial cell lysates were prepared from gallbladder tumors from
five BK5.ErbB-2 mice, and gallbladders from BK5.ErbB-2 mice
treated with CS-706 were pooled.
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the molecular mechanistic study and on exploiting
select molecular targets that would significantly impact
clinical studies. The animal models for human BTC
appear to be a valuable tool for studying the mecha-
nistic basis for this disease and evaluating therapeutic
strategies. New drugs that selectively target specific sig-
naling molecules that are activated in BTC, such as
erbB2, EGFR, mTOR, and COX-2, and associated risk
conditions may serve as potentially effective adjunct
therapies or chemoprevention strategies for this cancer.
A number of potential therapeutic strategies against
BTC (e.g., using TKI, COX-2 inhibitor or rapamycin,
alone or in combination) are worth considering based
on current genomic and proteomic studies, including
our results from studies with BK5.erbB2 mice.

ACKNOWLEDGMENTS

We would like to thank Shawna Johnson and Joi Hol-
combe for their assistance in preparing this chapter.We
would also like to acknowledge Dr. Alphonse E. Sir-
ica, Virginia Commonwealth University Medical Col-
lege of Virginia Campus, for his scientific support and
interactions.

References

1. Kiguchi K, Bol D, Carbajal S, et al. Constitutive expression of
erbB2 in epidermis of transgenic mice results in epidermal
hyperproliferation and spontaneous skin tumor development.
Oncogene 2000; 19:4243-4254.

2. Kiguchi K, Carbajal S, Chan K, et al. Constitutive expression
of ErbB-2 in gallbladder epithelium results in development of
adenocarcinoma. Cancer Res 61:6971-6976. 2001;

3. Aaronson SA. Growth factors and cancer. Science 1991;
254:1146-1153.

4. Schlessinger J, Ullrich A. Growth factor signaling by recep-
tor tyrosine kinases. Neuron 1992; 9:389-391.

5. Ullrich A, Schlessinger J. Signal transduction by receptors with
tyrosine kinase activity. Cell 1990; 61:203-212.

6. Dougall W, Qian X, Peterson N, et al. The neu-oncogene: sig-
nal transduction pathways, transformation mechanisms and
evolving therapies. Oncogene 1994; 9:2109-2123.

7. Gullick WJ. Prevalence of aberrant expression of the epider-
mal growth factor receptor in human cancers. Br Med Bull
1991; 47:87-98.

8. Groenen LC, Nice EC, Burgess AW. Structure-function rela-
tionships for the EGF/TGF-alpha family of mitogens. Growth
Factors 1994; 11:235-257.

9. Shing Y, Christofori G, Hanahan D, et al. Betacellulin: a mito-
gen from pancreatic b cell tumors. Science 1993; 259:1604-
1607.

10. Toyoda H, Komurasaki T, Uchida D, et al. Epiregulin. A novel
epidermal growth factor with mitogenic activity for rat pri-
mary hepatocytes. J Biol Chem 1995; 270:7495-7500.

11. Holmes W, Sliwkowski M, Akita R, et al. Identification of
heregulin, a specific activator of p185erbB2. Science 1992;
256:1205-1210.

12. Carraway KL, Cantley LC. A neu acquaintance for erbB3 and
erbB4: a role for receptor heterodimerization in growth sig-
naling. Cell 1994; 78:5-8.

13. Beerli RR, Hynes NE. Epidermal growth factor-related pep-
tides activate distinct subsets of ErbB receptors and differ in

their biological activities. J Biol Chem 1996; 271:6071-6076.
14. Cohen BD, Green JM, Foy L, Fell HP. HER4-mediated bio-

logical and biochemical properties in NIH 3T3 cells. Evidence
for HER1-HER4 heterodimers. J Biol Chem 1996; 271:4813-
4818.

15. Karunagaran D, Tzahar E, Beerli RR, et al. ErbB-2 is a com-
mon auxiliary subunit of NDF and EGF receptors: implica-
tions for breast cancer. EMBO J 1996; 15:254-264.

16. Pinkas-Kramarski R, Soussan L, Waterman H, et al. Diversi-
fication of Neu differentiation factor and epidermal growth
factor signaling by combinatorial receptor interactions. EMBO
J 1996; 15:2452-2467.

17. Riese DJ, Bermingham Y, Van Raaij TM., et al. Betacellulin
activates the epidermal growth factor receptor and erbB-4, and
induces cellular response patterns distinct from those stimu-
lated by epidermal growth factor or neuregulin-beta. Onco-
gene 1996; 12:345-353.

18. King CR, Borrello I, Bellot F, Comoglio P, Schlessinger J. Egf
binding to its receptor triggers a rapid tyrosine phosphoryla-
tion of the erbB-2 protein in the mammary tumor cell line SK-
BR-3. EMBO J 1988; 7:1647-1651.

19. Plowman G, Culouscou J-M, Whitney G, et al. Ligand-specific
activation of HER4/p180erbB4, a fourth member of the epi-
dermal growth factor receptor family. Proc Natl Acad Sci USA
1993; 90:1746-1750.

20. Sliwkowski MX, Schaefer G, Akita RW, et al. Coexpression of
erbB2 and erbB3 proteins reconstitutes a high affinity recep-
tor for heregulin. J Biol Chem 269:14661-14665. 1994;

21. Yarden Y, Sliwkowski MX. Untangling the ErbB signalling net-
work. Nat Rev Mol Cell Biol 2001; 2:127-137.

22. Suzuki T, Takano Y, Kakita A, Okudaira M. An immunohis-
tochemical and molecular biological study of c-erbB-2 ampli-
fication and prognostic relevance in gallbladder cancer. Pathol
Res Pract 1993; 189:283-292.

23. Chow NH, Huang SM, Chan SH, et al. Significance of c-erbB-
2 expression in normal and neoplastic epithelium of biliary
tract. Anticancer Res 1995; 15:1055-1059.

24. Yukawa M, Fujimori T, Hirayama D, et al. Expression of onco-
gene products and growth factors in early gallbladder cancer,
advanced gallbladder cancer, and chronic cholecystitis [see
comments]. Hum Pathol 1993; 24:37-40.

25. Suzuki H, Isaji S, Pairojkul C, Uttaravichien T. Comparative
clinicopathological study of resected intrahepatic cholangio-
carcinoma in northeast Thailand and Japan. J Hepatobiliary
Pancreat Surg 2000; 7:206-211.

26. Ito Y, Takeda T, Sasaki Y, et al. Expression and clinical sig-
nificance of the erbB family in intrahepatic cholangiocellular
carcinoma. Pathol Res Pract 2001; 197:95-100.

27. Aishima S I, Taguchi K I, Sugimachi K, Shimada M,
Tsuneyoshi M. c-erbB-2 and c-Met expression relates to
cholangiocarcinogenesis and progression of intrahepatic
cholangiocarcinoma. Histopathology 2002; 40:269-278.

28. Ukita Y, Kato M, Terada T. Gene amplification and mRNA
and protein overexpression of c-erbB-2 (HER-2/neu) in human
intrahepatic cholangiocarcinoma as detected by fluorescence
in situ hybridization, in situ hybridization, and immunohisto-
chemistry. J Hepatol 2002; 36:780-785.

29. Kim YW, Huh SH, Park YK, et al. Expression of the c-erb-B2
and p53 protein in gallbladder carcinomas. Oncol Rep 2001;
8:1127-1132.

30. Wiedmann M, Feisthammel J, Bluthner T, et al. Novel targeted
approaches to treating biliary tract cancer: the dual epider-
mal growth factor receptor and ErbB-2 tyrosine kinase
inhibitor NVP-AEE788 is more efficient than the epidermal
growth factor receptor inhibitors gefitinib and erlotinib. Anti-
cancer Drugs 2006; 17:783-795.

31. Oettle H, Arnold D, Hempel C, Riess H. The role of gemc-
itabine alone and in combination in the treatment of pancre-
atic cancer. Anticancer Drugs, 11:771-786. 2000;

32. Terada T, Ashida K, Endo K, et al. c-erbB-2 protein is
expressed in hepatolithiasis and cholangiocarcinoma.
Histopathology 1998; 33:325-331.

33. Endo K, Yoon BI, Pairojkul C, Demetris AJ, Sirica AE. ERBB-

02BilliaryTract.qxd:02 Goshgarian  9/23/08  3:21 PM  Page 31



I ∙ GENERAL CONSIDERATIONS32

2 overexpression and cyclooxygenase-2 up-regulation in
human cholangiocarcinoma and risk conditions. Hepatology
2002; 36:439-450.

34. Terada T, Nakanuma Y, Sirica AE. Immunohistochemical
demonstration of MET overexpression in human intrahepatic
cholangiocarcinoma and in hepatolithiasis. Hum Pathol 1998;
29:175-180.

35. Nonomura A, Ohta G, Nakanuma Y, et al. Simultaneous
detection of epidermal growth factor receptor (EGF-R), epi-
dermal growth factor (EGF) and ras p21 in cholangiocarci-
noma by an immunocytochemical method. Liver 1988;8:157-
166.

36. Javle MM, Yu J, Khoury T, et al. Akt expression may predict
favorable prognosis in cholangiocarcinoma. J Gastroenterol
Hepatol 2006; 21:1744-1751.

37. Leone F, Cavalloni G, Pignochino Y, et al. Somatic mutations
of epidermal growth factor receptor in bile duct and gallblad-
der carcinoma. Clin Cancer Res 2006; 12:1680-1685.

38. Ogo Y, Nio Y, Yano S, et al. Immunohistochemical expres-
sion of HER-1 and HER-2 in extrahepatic biliary carcinoma.
Anticancer Res 2006; 26:763-770.

39. Lee CS, Pirdas A. Epidermal growth factor receptor
immunoreactivity in gallbladder and extrahepatic biliary tract
tumours. Pathol Res Pract 1995; 191:1087-1091.

40. Werneburg NW, Yoon JH, Higuchi H, Gores GJ. Bile acids
activate EGF receptor via a TGF-alpha-dependent mechanism
in human cholangiocyte cell lines. Am J Physiol Gastrointest
Liver Physiol 2003; 285:G31-36.

41. Yoon JH., Higuchi H, Werneburg NW, Kaufmann SH, Gores
GJ. Bile acids induce cyclooxygenase-2 expression via the epi-
dermal growth factor receptor in a human cholangiocarcinoma
cell line. Gastroenterology 2002; 122:985-993.

42. LeRoith D, Roberts CT, Jr. The insulin-like growth factor sys-
tem and cancer. Cancer Lett 2003; 195:127-137.

43. Pollak MN, Schernhammer ES, Hankinson SE. Insulin-like
growth factors and neoplasia. Nat Rev Cancer 2004; 4:505-
518.

44. Foulstone E, Prince S, Zaccheo O, et al. Insulin-like growth
factor ligands, receptors, and binding proteins in cancer. J
Pathol 2005; 205:145-153.

45. Obenauer JC, Cantley LC, Yaffe MB. Scansite 2.0: proteome-
wide prediction of cell signaling interactions using short
sequence motifs. Nucleic Acids Res 2003;31:3635-3641.

46. LoPiccolo J, Granville CA, Gills JJ, Dennis PA. Targeting Akt
in cancer therapy. Anticancer Drugs 2007;18:861-874.

47. Jorissen RN, Walker F, Pouliot N, et al. Epidermal growth fac-
tor receptor: mechanisms of activation and signalling. Exp Cell
Res 2003; 284:31-53.

48. Ouban A, Muraca P, Yeatman T, Coppola D. Expression and
distribution of insulin-like growth factor-1 receptor in human
carcinomas. Hum Pathol 2003; 34:803-808.

49. Freier S, Weiss O, Eran M, et al. Expression of the insulin-like
growth factors and their receptors in adenocarcinoma of the
colon. Gut 1999; 44:704-708.

50. Peters G, Gongoll S, Langner C, et al. IGF-1R, IGF-1 and IGF-
2 expression as potential prognostic and predictive markers
in colorectal-cancer. Virchows Arch 2003; 443:139-145.

51. Schips L, Zigeuner R, Ratschek M, et al. Analysis of insulin-
like growth factors and insulin-like growth factor I receptor
expression in renal cell carcinoma. Am J Clin Pathol 2004;
122:931-937.

52. Kornpat P, Rehak P, Rüschoff J, Langer C. Expression of IGF-
I, IGF-II, and IDF-IR in gallbladder carcinoma. A systematic
analysis including primary and corresponding metastatic
tumors. J Clin Pathol 2006;59:202-206.

53. Nakamura T, Nawa K, Ichihara A. Partial purification and
characterization of hepatocyte growth factor from serum of
hepatectomized rats. Biochem Biophys Res Commun 1984;
122:1450-1459.

54. Bottaro DP, Rubin JS, Faletto DL., et al. Identification of the
hepatocyte growth factor receptor as the c-met proto-onco-
gene product. Science 1991; 251:802-804.

55. Di Renzo MF, Narsimhan RP, Olivero M, et al. M. Expres-

sion of the Met/HGF receptor in normal and neoplastic human
tissues. Oncogene 1991; 6:1997-2003.

56. Furukawa T, Duguid WP, Kobari M, Matsuno S, Tsao MS.
Hepatocyte growth factor and Met receptor expression in
human pancreatic carcinogenesis. Am J Pathol 1995; 147:889-
895.

57. Matsumoto K, Nakamura T. Emerging multipotent aspects of
hepatocyte growth factor. J Biochem (Tokyo) 1996; 119:591-
600.

58. Stoker M, Gherardi E, Perryman M, Gray J. Scatter factor is
a fibroblast-derived modulator of epithelial cell mobility.
Nature 1987;327:239-242.

59. Tajima H, Matsumoto K, Nakamura T. Regulation of cell
growth and motility by hepatocyte growth factor and recep-
tor expression in various cell species. Exp Cell Res 1992;
202:423-431.

60. Nakazawa K, Dobashi Y, Suzuki S, et al. Amplification and
overexpression of c-erbB-2, epidermal growth factor recep-
tor, and c-met in biliary tract cancers. J Pathol 2005; 206:356-
365.

61. Radaeva S, Ferreira-Gonzalez A, Sirica AE. Overexpression of
C-NEU and C-MET during rat liver cholangiocarcinogenesis:
a link between biliary intestinal metaplasia and mucin-pro-
ducing cholangiocarcinoma. Hepatology 1999; 29:1453-1462.

62. Tanaka T, Shimura H, Sasaki T, et al. Gallbladder cancer treat-
ment using adenovirus expressing the HGF/NK4 gene in a peri-
toneal implantation model. Cancer Gene Ther 2004; 11:431-
440.

63. Date K, Matsumoto K, Kuba K, et al. Inhibition of tumor
growth and invasion by a four-kringle antagonist (HGF/NK4)
for hepatocyte growth factor. Oncogene 1998; 17:3045-3054.

64. Abraham R T. PI 3-kinase related kinases: ‘big’ players in
stress-induced signaling pathways. DNA Repair (Amst) 2004;
3:883-887.

65. Asnaghi L, Bruno P, Priulla M, Nicolin A. mTOR: a protein
kinase switching between life and death. Pharmacol Res 2004;
50:545-549.

66. Shaw R J, Bardeesy N, Manning BD, et al. The LKB1 tumor
suppressor negatively regulates mTOR signaling. Cancer Cell
2004; 6:91-99.

67. Brugarolas J, Lei K, Hurley RL., et al. Regulation of mTOR
function in response to hypoxia by REDD1 and the
TSC1/TSC2 tumor suppressor complex. Genes Dev 2004;
18:2893-2904.

68. Pervin S, Singh R, Hernandez E, Wu G, and Chaudhuri,G.
Nitric oxide in physiologic concentrations targets the transla-
tional machinery to increase the proliferation of human breast
cancer cells: involvement of mammalian target of
rapamycin/eIF4E pathway. Cancer Res 2007; 67:289-299.

69. Cantley LC. The phosphoinositide 3-kinase pathway. Science
2002; 296:1655-1657.

70. Hynes NE, Boulay A. The mTOR pathway in breast cancer. J
Mammary Gland Biol Neoplasia 2006; 11:53-61.

71. Wullschleger S, Loewith R, Hall MN. TOR signaling in growth
and metabolism. Cell 2006; 124:471-484.

72. Hidalgo M, Rowinsky EK. The rapamycin-sensitive signal
transduction pathway as a target for cancer therapy. Oncogene
2000; 19:6680-6686.

73. Richardson C J, Schalm SS., Blenis J. PI3-kinase and TOR:
PIKTORing cell growth. Semin Cell Dev Biol 2004; 15:147-
159.

74. Tee AR, Blenis J. mTOR, translational control and human dis-
ease. Semin Cell Dev Biol 2005; 16:29-37.

75. Alessi DR, Andjelkovic M, Caudwell B, et al. Mechanism of
activation of protein kinase B by insulin and IGF-1. EMBO J
1996; 15:6541-6551.

76. Dan HC, Sun M, Yang L, et al. Phosphatidylinositol 3-
kinase/Akt pathway regulates tuberous sclerosis tumor sup-
pressor complex by phosphorylation of tuberin. J Biol Chem
2002; 277:35364-35370.

77. Inoki K, Li Y, Zhu T, Wu J, Guan KL. TSC2 is phosphory-
lated and inhibited by Akt and suppresses mTOR signalling.
Nat Cell Biol 2002; 4:648-657.

02BilliaryTract.qxd:02 Goshgarian  9/23/08  3:21 PM  Page 32



2 ∙ GROWTH FACTOR–SIGNALING PATHWAYS 33

78. Manning BD, Tee AR, Logsdon MN, Blenis J, Cantley LC.
Identification of the tuberous sclerosis complex-2 tumor sup-
pressor gene product tuberin as a target of the phosphoinosi-
tide 3-kinase/akt pathway. Mol Cell 2002; 10:151-162.

79. Gomez M, Whittemore V. Tuberous Sclerosis Complex. 3rd
ed. New York: Oxford University Press, 1999.

80. Herbert TP, Tee AR, Proud CG. The extracellular signal-reg-
ulated kinase pathway regulates the phosphorylation of 4E-
BP1 at multiple sites. J Biol Chem 2002; 277:11591-11596.

81. Roux PP, Blenis J. ERK and p38 MAPK-activated protein
kinases: a family of protein kinases with diverse biological
functions. Microbiol Mol Biol Rev 2004; 68:320-344.

82. Blenis J. Signal transduction via the MAP kinases: proceed at
your own RSK. Proc Natl Acad Sci USA 1993; 90:5889-5892.

83. Jensen CJ, Buch MB, Krag TO, et al. 90-kDa ribosomal S6
kinase is phosphorylated and activated by 3-phosphoinositide-
dependent protein kinase-1. J Biol Chem 1999; 274:27168-
27176.

84. Roux PP, Shahbazian D, Vu H, et al. RAS/ERK signaling pro-
motes site-specific ribosomal protein S6 phosphorylation via
RSK and stimulates cap-dependent translation. J Biol Chem
2007; 282:14056-14064.

85. Inoki K, Zhu T, Guan KL. TSC2 mediates cellular energy
response to control cell growth and survival. Cell 2003;
115:577-590.

86. Corradetti MN, Inoki K, Bardeesy N, DePinho RA, Guan KL.
Regulation of the TSC pathway by LKB1: evidence of a mol-
ecular link between tuberous sclerosis complex and Peutz-
Jeghers syndrome. Genes Dev 2004; 18:1533-1538.

87. Rowinsky EK. Targeting the molecular target of rapamycin
(mTOR). Curr Opin Oncol 2004; 16:564-575.

88. Young DA, Nickerson-Nutter CL. mTOR—beyond trans-
plantation. Curr Opin Pharmacol 2005; 5:418-423.

89. Thomas GV. mTOR and cancer: reason for dancing at the
crossroads? Curr Opin Genet Dev 006; 16:78-84. 2

90. Wu Q, Kiguchi K, Kawamoto T, et al. Therapeutic effect of
rapamycin on gallbladder cancer in a transgenic mouse model.
Cancer Res 2007; 67:3794-3800.

91. Hori H, Ajiki T, Mita Y, et al. Frequent activation of mito-
gen-activated protein kinase relative to Akt in extrahepatic bil-
iary tract cancer. J Gastroenterol 2007; 42:567-572.

92. Dubois RN, Abramson SB, Crofford L, et al. Cyclooxygenase
in biology and disease. FASEB J 1998; 12:1063-1073.

93. Gupta RA, Dubois RN. Colorectal cancer prevention and
treatment by inhibition of cyclooxygenase-2. Nat Rev Cancer
2001; 1:11-21.

94. Smith WL, Langenbach R. Why there are two cyclooxygenase
isozymes. J Clin Invest 2001; 107:1491-1495.

95. Smith WL, DeWitt DL, Garavito RM. Cyclooxygenases: struc-
tural, cellular, and molecular biology. Annu Rev Biochem
2000; 69:145-182.

96. Stein-Werblowsky R. Prostaglandin and cancer. Oncology
1974;30:169-176.

97. Backlund MG, Mann JR, Dubois RN. Mechanisms for the pre-
vention of gastrointestinal cancer: the role of prostaglandin
E2. Oncology 2005; 69 (suppl 1):28-32.

98. Bos CL, Richel DJ, Ritsema T, Peppelenbosch MP, Versteeg
HH. Prostanoids and prostanoid receptors in signal transduc-
tion. Int J Biochem Cell Biol 2004; 36:1187-1205.

99. Nagorney DM, McPherson GA. Carcinoma of the gallbladder
and extrahepatic ile ducts. Semin Oncol 1988; 15:106-115.

100. Adson MA. Carcinoma of the gallbladder. Surg Clin North Am
1973;53:1203-1216.

101. Csendes A, Becerra M, Burdiles P, et al. Bacteriological stud-
ies of bile from the gallbladder in patients with carcinoma of
the gallbladder, cholelithiasis, common bile duct stones and no
gallstones disease. Eur J Surg 1994; 160:363-367.

102. Welton JC, Marr JS, Friedman SM. Association between hepa-
tobiliary cancer and typhoid carrier state. Lancet 1979; 1:791-
794.

103. Shukla VK, Singh H, Pandey M, Upadhyay SK, Nath G. Car-
cinoma of the gallbladder—is it a sequel of typhoid? Dig Dis
Sci 2000; 45:900-903.

104. Chijiiwa K, Tanaka M, Nakayama F. Adenocarcinoma of the
gallbladder associated with anomalous pancreaticobiliary duc-
tal junction. Am Surg 1993; 59:430-434.

105. Koga H, Sakisaka S, Ohishi M, et al. Expression of cyclooxy-
genase-2 in human hepatocellular carcinoma: relevance to
tumor dedifferentiation. Hepatology 1999; 29:688-696.

106. Asano T, Shoda J, Ueda T, et al. Expressions of cyclooxyge-
nase-2 and prostaglandin E-receptors in carcinoma of the gall-
bladder: crucial role of arachidonate metabolism in tumor
growth and progression. Clin Cancer Res 2002; 8:1157-1167.

107. Shiota G, Okubo M, Noumi T, et al. Cyclooxygenase-2 expres-
sion in hepatocellular carcinoma. Hepatogastroenterology
1999; 46:407-412.

108. Wu T, Han C, Lunz JG., et al. Involvement of 85-kd cytosolic
phospholipase A(2) and cyclooxygenase-2 in the proliferation
of human cholangiocarcinoma cells. Hepatology 2002;
36:363-373.

109. Han C, Leng J, Demetris AJ, Wu T. Cyclooxygenase-2 pro-
motes human cholangiocarcinoma growth: evidence for
cyclooxygenase-2-independent mechanism in celecoxib-medi-
ated induction of p21waf1/cip1 and p27kip1 and cell cycle
arrest. Cancer Res 2004; 64:1369-1376.

110. Wu T, Leng J, Han C, Demetris AJ. The cyclooxygenase-2
inhibitor celecoxib blocks phosphorylation of Akt and induces
apoptosis in human cholangiocarcinoma cells. Mol Cancer
Ther 2004; 3:299-307.

111. Zhang Z, Lai GH., Sirica AE. Celecoxib-induced apoptosis in
rat cholangiocarcinoma cells mediated by Akt inactivation and
Bax translocation. Hepatology 2004; 39:1028-1037.

112. Nzeako UC, Guicciardi ME, Yoon JH, Bronk SF, Gores G J.
COX-2 inhibits Fas-mediated apoptosis in cholangiocarci-
noma cells. Hepatology 2002; 35:552-559.

113. Lai GH, Zhang Z, Sirica AE. Celecoxib acts in a cyclooxyge-
nase-2-independent manner and in synergy with emodin to
suppress rat cholangiocarcinoma growth in vitro through a
mechanism involving enhanced Akt inactivation and increased
activation of caspases-9 and -3. Mol Cancer Ther 2003; 2:265-
271.

114. Sirica AE, Lai GH, Endo K, Zhang Z, Yoon BI. Cyclooxyge-
nase-2 and ERBB-2 in cholangiocarcinoma: potential thera-
peutic targets. Semin Liver Dis 2002; 22:303-313.

115. Grossman EM, Longo WE, Panesar N, Mazuski JE, Kamin-
ski DL. The role of cyclooxygenase enzymes in the growth of
human gall bladder cancer cells. Carcinogenesis 2000;
21:1403-1409.

116. Bellacosa A, Testa JR, Staal SP, Tsichlis PN. A retroviral onco-
gene, akt, encoding a serine-threonine kinase containing an
SH2-like region. Science 1991; 254:274-277.

117. Zhang L, Jiang L, Sun Q, et al. Prostaglandin E(2) enhances
mitogen-activated protein kinase/Erk pathway in human
cholangiocarcinoma cells: involvement of EP1 receptor, cal-
cium and EGF receptors signaling. Mol Cell Biochem 2007;
305:19-26.

118. Han C, Wu T. Cyclooxygenase-2-derived prostaglandin E2
promotes human cholangiocarcinoma cell growth and inva-
sion through EP1 receptor-mediated activation of the epider-
mal growth factor receptor and Akt. J Biol Chem 2005;
280:24053-24063.

119. Conacci-Sorrell M, Zhurinsky J, Ben-Ze’ev A. The cadherin-
catenin adhesion system in signaling and cancer. J Clin Invest
2002; 109:987-991.

120. Graus-Porta D, Beerli R, Hynes N. Single-chain antibody-
mediated intracellular retention of ErbB-2 impairs Neu dif-
ferentiation factor and epidermal growth factor signaling. Mol
Cell Biol 1995; 15:1182-1191.

121. Murali R, Brennan PJ, Kieber-Emmons T, Greene MI. Struc-
tural analysis of p185c-neu and epidermal growth factor recep-
tor tyrosine kinases: oligomerization of kinase domains. Proc
Natl Acad Sci USA 1996; 93:6252-6257.

122. Vadlamudi R, Mandal M, Adam L, et al. Regulation of
cyclooxygenase-2 pathway by HER2 receptor. Oncogene
1999; 18:305-314.

123. Qian X, LeVea C, Freeman J, Dougall W, Greene M. Het-

02BilliaryTract.qxd:02 Goshgarian  9/23/08  3:21 PM  Page 33



I ∙ GENERAL CONSIDERATIONS34

erodimerization of epidermal growth factor receptor and wild-
type or kinase-deficient Neu: a mechanism of interreceptor
kinase activation and transphosphorylation. Proc Natl Acad
Sci USA 1994; 91:1500-1504.

124. Wada T, Qian X, Greene M. Intermolecular association of the
p185neu protein and EGF receptor modulates EGF receptor
function. Cell 1990; 61:1339-1347.

125. Sirica AE, Lai,GH, Zhang Z. Biliary cancer growth factor
pathways, cyclo-oxygenase-2 and potential therapeutic strate-
gies. J Gastroenterol Hepatol 2001; 16:363-372.

126. Birchmeier W, Behrens J. Cadherin expression in carcinomas:
role in the formation of cell junctions and the prevention of
invasiveness. Biochim Biophys Acta 1994; 1198:11-26.

127. Lawrence DS, Niu J. Protein kinase inhibitors: the tyrosine-
specific protein kinases. Pharmacol Ther 1998; 77:81-114.

128. Sirotnak FM, Zakowski MF, Miller VA, Scher H I, Kris MG.
Efficacy of cytotoxic agents against human tumor xenografts
is markedly enhanced by coadministration of ZD1839 (Iressa),
an inhibitor of EGFR tyrosine kinase. Clin Cancer Res 2000;
6:4885-4892.

129. Xu L, Han C, Wu T. A novel positive feedback loop between
peroxisome proliferator-activated receptor-delta and
prostaglandin E2 signaling pathways for human cholangio-
carcinoma cell growth. J Biol Chem 2006; 281:33982-33996.

130. Yoshitomi K, Alison RH, Boorman GA. Adenoma and ade-
nocarcinoma of the gall bladder in aged laboratory mice. Vet.
Pathol 1986;23:523-527.

131. Haines DC, Chattopadhyay S, Ward JM. Pathology of aging
B6;129 mice. Toxicol Pathol 2001; 29:653-661.

132. Toth B, Nagel D, Patil K. Tumorigenesis by N-n-propyl-N-
formylhydrazine in mice. Br. J Cancer 1980; 42:922-928.

133. Enomoto M, Naoe S, Harada M, et al. Carcinogenesis in extra-
hepatic bile duct and gallbladder.Carcinogenic effects of N-
hydroxy-2-acetamidofluorene in mice fed a “gallstone-induc-
ing” diet. Jpn J Exp Med 1974;44:37-54.

134. Turosov VS, Gorin B. Tumours of gallbladder. In: V. Turosov
and U. Mohr (eds.), Pathology of Tumours in Laboratory Ani-
mals, pp. 109-125. Lyon: IARC Scientific Publications, 1996.

135. Suzuki A, Takahashi T. Histogenesis of the gallbladder carci-
noma induced by methylcholanthrene bees-wax pellets in ham-
sters. Jpn J Surg 1983;13:55-59.

136. Kowalewski K, Todd EF. Carcinoma of the gallbladder induced
in hamsters by insertion of cholesterol pellets and feeding
dimethylnitrosamine. Proc Soc Exp Biol Med 1971;136:482-
486.

137. Elmore LW, Sirica AE. Phenotypic characterization of meta-
plastic intestinal glands and ductular hepatocytes in cholan-
giofibrotic lesions rapidly induced in the caudate liver lobe of
rats treated with furan. Cancer Res 1991; 51:5752-5759.

138. Elmore LW, Sirica AE. “Intestinal-type” of adenocarcinoma
preferentially induced in right/caudate liver lobes of rats
treated with furan. Cancer Res 1993; 53:254-259.

139. Sirica AE, Radaeva S, Caran N. NEU overexpression in the
furan rat model of cholangiocarcinogenesis compared with bil-
iary ductal cell hyperplasia. Am J Pathol 1997;151:1685-1694.

140. Lai,CL, Leung N, Teo EK, et al. A. A 1-year trial of telbivu-
dine, lamivudine, and the combination in patients with hepati-
tis B e antigen-positive chronic hepatitis B. Gastroenterology
2005; 129:528-536.

141. Kiguchi K, Ruffino L, Kawamoto T, Ajiki T, Digiovanni J.
Chemopreventive and therapeutic efficacy of orally active tyro-
sine kinase inhibitors in a transgenic mouse model of gall-
bladder carcinoma. Clin Cancer Res 2005; 11:5572-5580.

142. Kiguchi K, Ruffino L, Kawamoto T, et al. Therapeutic effect
of CS-706, a specific cyclooxygenase-2 inhibitor, on gallblad-
der carcinoma in BK5.ErbB-2 mice. Mol Cancer Ther 2007;
6:1709-1717.

143. Bartlett DL, Fong Y, Fortner JG, Brennan MF, Blumgart LH.
Long-term results after resection for gallbladder cancer. Impli-
cations for staging and management. Ann Surg 1996; 224:639-
646.

144. Shirai Y, Yoshida K, Tsukada K, Muto T, Watanabe H. Radi-
cal surgery for gallbladder carcinoma. Long-term results. Ann
Surg 1992; 216:565-568.

145. Donohue JH, Nagorney DM, Grant CS, et al. Carcinoma of
the gallbladder. Does radical resection improve outcome? Arch
Surg 1990; 125:237-241.

146. Ogura Y, Mizumoto R, Isaji S, et al. Radical operations for
carcinoma of the gallbladder: present status in Japan. World
J Surg 1991; 15:337-343.

147. Curley S. Biliary tract cancer. In: Pollock RE (ed.), Surgical
Oncology, pp. 273-307. Dordrecht: Kluwer Academic Pub-
lishers, 1997.

02BilliaryTract.qxd:02 Goshgarian  9/23/08  3:21 PM  Page 34



DIAGNOSTIC APPROACHES

II

03BilliaryTract.qxd:01 Eltorai  9/19/08  2:34 PM  Page 35



03BilliaryTract.qxd:01 Eltorai  9/19/08  2:34 PM  Page 36



allbladder cancer is a very rare tumor
in most countries, particularly in
developed countries, with the excep-
tion of certain areas of Japan (1-3).

The greatest frequency is observed in the northern
regions of India (4) and in Latin American countries
such as Chile, Bolivia, and Mexico (5, 6).

Gallstones are one of the most important risk fac-
tors in this neoplasia (7-10). In countries like Chile, the
link between mortality and the cholecystectomy rate
has been proven (11, 12). Other factors such as gen-
der, age, obesity, parity (13, 14), chronic inflammation
(15, 16), gallbladder adenomas (17-19), and an anom-
alous pancreaticobiliary ductal junction (20, 21) have
also been involved. Chronic inflammation and irrita-
tion of the gallbladder mucosa, a product of gallstones,
must play an important role in the carcinogenesis; how-
ever, there are few studies linking these factors with the
development of gallbladder cancer (16, 22-24).

Knowledge is limited concerning the events and
genetic-molecular changes that occur during the devel-
opment of gallbladder cancer (6, 15, 25, 26); however,
similar to other neoplasias, initial studies have shown
a series of different changes in oncogenes, tumor sup-
pressor genes and DNA repair genes in both the early
and advanced stages of the disease (27-31).

Of the most widely accepted models in gallblad-
der carcinogenesis, the dysplasia-carcinoma sequence
is the one that has taken on the greatest significance in
gallbladder cancer (15, 32, 33). Adenomas that are pre-
cursors to adenocarcinomas appear to play a secondary
role (17, 32, 34). Even where there is morphologic and
molecular evidence that make it possible to endorse
both models, the dysplasia-carcinoma sequence seems
the most plausible.

The aim of this chapter is to analyze certain
aspects related to the histogenesis of gallbladder cancer
as well as to point out the most frequent observations
at the genetic-molecular level that have been described
for this tumor.

EPITHELIAL DYSPLASIA: THE PRECURSOR
TO ADENOCARCINOMA OF THE

GALLBLADDER

Dysplasia Not Associated with Gallbladder
Cancer

Dysplasia in the gallbladder mucosa has been defined
as a change in the maturation of the glandular epithe-
lium due to nuclear irregularity, hyperchromasia, loss
of polarity, nuclear pseudostratification, a change in the
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nucleus/cytoplasm ratio, and/or the presence of atypi-
cal mitoses (32, 35-37) (Figure 3.1). There are no con-
sistent histologic criteria ensuring the reproducibility of
the changes that characterize the dysplasia.

The frequency with which dysplasia of the gall-
bladder mucosa has been reported in cholecystectomies
for lithiasis varies between 1 and 20% of the gallblad-
ders with chronic cholecystitis (38-40). According to
our observations, epithelial dysplasia not associated
with gallbladder cancer is a rare lesion, close to 1% of
cholecystectomies for lithiasis (32).

All of the dysplasias not associated with gallblad-
der cancer were an incidental finding during the rou-
tine histologic exam not identified macroscopically.
These lesions are often multiple and are considered as
precursors to gallbladder cancer (27, 35, 40, 41).

Dysplasia Associated with Gallbladder Cancer

In the mucosa adjacent to the gallbladder cancer, meta-
plasia, dysplasia, and carcinoma in situ (CIS) have been
described at rates of 66, 81.3, and 69%, respectively
(42). A close topographic relation has been shown
between the infiltrating carcinoma and intraepithelial
lesions, which may support its progression (35, 42-45).

On the edges of the early tumor lesions studied using
serial sections, adenoma foci were found only excep-
tionally (46, 47).

Early Gallbladder Carcinoma

CIS (pTis), mucosal carcinoma (CMu) (pT1a), and
muscular carcinomas (CMp) (pT1b) are considered
early gallbladder carcinomas (48-51) (Figure 3.2). Their
recognition is of great significance according to the
therapeutic protocols currently employed; cholecystec-
tomy, simple or extended, would be the definitive treat-
ment for these types of lesions (48, 52, 53).

There is little information with respect to mucosal
carcinomas of the gallbladder (46, 51, 54, 55). In most
countries they represent anecdotal or exceptional cases.
Nevertheless, in countries with a high incidence of gall-
bladder cancer, like Chile, India, and Japan, mucosal
carcinomas may represent up to 15-20% of all gall-
bladder cancers diagnosed from cholecystectomies (2,
47).

In our series (206 cases), lithiasis was present in
95% of the early carcinomas, and the actuarial survivalFIGURE 3.1

FIGURE 3.2
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was 92% at 5 years. In this group, only eight patients
died with evidence of progression of gallbladder can-
cer. In 95% of the cases, signs of chronic inflammation
of the gallbladder wall were observed, with epithelial
changes associated with atrophy and metaplastic foci
of the mucosa (gastric and intestinal) (46).

ADENOMA AND GALLBLADDER CANCER

Solitary, sessile, and echodense gallbladder polyps greater
than 1 cm are most likely to be adenomas (17, 56, 57).
Despite only a small percentage of these undergoing a
malignant transformation to an adenocarcinoma, until
now it has not been possible to predict which ones will
do so (19, 58). Gallbladder carcinomas are infrequent
tumors in our series and correspond to 0.17% (44 cases)
of the cholecystectomies performed for symptomatic
lithiasis (18).

Most adenomas are tubular. Thirty percent of the
adenomas are doubles or multiples, and 88% are
located in the distal half (body and fundus) (18). The
malignant transformation of gallbladder adenomas, as
in the large bowel, is in proportion with the size of the
adenoma (17, 59, 60). In 8 out of 32 cases of adeno-
mas with areas of gallbladder adenocarcinomas, six
were in the fundus and seven were single lesions. In six
cases, the adenomas measured more than 10 mm and
in two more than 5 mm in diameter (18).

DYSPLASIA-CARCINOMA SEQUENCE: THE
MOST ACCEPTED MODEL IN THE

DEVELOPMENT OF GALLBLADDER CANCER

Atypical epithelial lesions (dysplasias) of the gallblad-
der have been considered preneoplastic lesions. From
them, CIS develops that evolves into a mucosal carci-
noma and subsequently an infiltrating carcinoma (32,
35, 40) (Figure 3.3). In this model, the initial lesions
are attributable to inflammation (16, 43). Chronic
inflammation produces epithelial regeneration with
adaptive changes such as metaplasias (24). Most early
carcinomas show metaplastic foci and atrophy in the
adjacent mucosa (42).

In the gallbladder, two types of metaplasia are
observed, comparable to those observed in the stom-
ach: the pyloric or gastric and intestinal metaplasia (40,
61, 62). Gallbladder cancers are associated with both
types of metaplasia, particularly the intestinal type (33,
40, 44, 61). Dysplasia appears on these metaplasia,
which progresses to a carcinoma in situ and subse-
quently becomes invasive (33, 63). The significance of
metaplasia and its connection to dysplasia has not been

completely defined in the gallbladder.
In our series of 210 completely mapped mucosal

carcinoma, remnants of an adenoma were observed in
only 6 cases (2.8%) (32). This finding strongly supports
the notion that gallbladder carcinogenesis occurs
through the transformation of the epithelium of the
mucosa and not through the transformation of a pre-
existing adenoma.

The difficulty in following up on dysplastic lesions
in the gallbladder means that the unequivocal rela-
tionship between dysplasia and gallbladder carcinoma
cannot be guaranteed. Only in exceptional circum-
stances can the gallbladder mucosa be examined in the
absence of gallstones, which is why there is so little
information with respect to the existence of epithelial
dysplasia in gallbladders with no lithiasis or chronic
inflammation (64).

AGE OF APPEARANCE OF THE PRECURSOR
LESIONS OF THE INVASIVE CARCINOMA

The presence of gallstones, chronic inflammation, and
the marked distortion of the gallbladder wall make the
preoperative diagnosis of gallbladder cancer very dif-
ficult in most patients, particularly those with early
cancers (65-67). In countries with a high rate of symp-
tomatic gallstones, cholecystectomy for lithiasis is per-
formed on thousands of patients each year (5, 68, 69).
Given that there is no other selection of patients except
for symptomatic lithiasis, the age at which the histo-
logic diagnosis is established represents one of the only
approximations possible for estimating the point at
which these lesions occur (63).

FIGURE 3.3

1 ∙ EPIDEMIOLOGY OF GALLBLADDER AND BILIARY TRACT NEOPLASMS
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The average age of patients with chronic chole-
cystitis in our cases was 46.5 years (SD 16.2), 51.9 years
(SD 14.5) for epithelial dysplasia, and 56.8 years (SD
15.7) for mucosal carcinoma. The difference in the
average ages between chronic cholecystitis and invasive
cancer was 10.3 years for the general group (10.9 years
for women and 9.2 years for men) (Figure 3.4). At the
subserous carcinoma stage, the progression to serous
carcinoma only requires a few months, suggesting that
the state of subserous carcinoma is the critical point in
the natural evolution of gallbladder cancer and is prob-
ably the last opportunity to modify its natural history.

MOLECULAR PATHOGENY OF
GALLBLADDER CANCER

In multiple malignant neoplasias in humans, including
gallbladder cancer, it has been proven that the trans-
formation is the result of the progressive accumulation
of multiple genetic alterations and that they compro-
mise different groups of genes (oncogenes, tumor sup-
pressor genes, and DNA repair genes) (70, 71-73).

Gallbladder cancer is one of the malignant neo-
plasias with the fewest published studies; therefore,
information concerning the genetic molecular events
that may participate in the appearance of a gallblad-
der cancer is limited (6, 15, 74, 75). The studies in this
area suggest the presence of (1) overall genetic damage,
(2) aberrant expression of genes connected to prolifer-

ation and cell cycle, and (3) changes in specific genes
and intracellular metabolic pathways.

It must also be mentioned that chronic inflam-
mation of the gallbladder mucosa may play a role as
capable of causing damage at the gene level and acti-
vating metabolic pathways related to the development
and progression of gallbladder cancer (76-78). In this
chapter we include some of the most important genetic
changes described for this neoplasia.

Overall Genetic Damage in Gallbladder
Cancer

Studies indicate that in gallbladder cancer there is
large-scale genetic damage, demonstrated by an
analysis of low-density chromosomal deletions
through the entire genome and another of high den-
sity in chromosomes 3p, 8p, 9q, and 22q, where more
than 30 regions with frequent deletions have been
identified (29, 79), where tumor suppressor genes
have been detected and studies have begun on these
(30). It has also been proven that in gallbladder can-
cer there is a relatively high rate of genetic instabil-
ity, not associated with changes in the hMSH2 and
hLMH1 DNA repair genes (28). Conversely, methy-
lation of gene promoter regions has been observed
as a frequent inactivation mechanism of tumor sup-
pressor genes and DNA repair genes (74, 80, 81).
Among the genes with frequent methylation of the
promoter regions are FHIT (68%), p16 (56%), PTEN

I ∙ GENERAL CONSIDERATIONS
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(30%), p73 (28%), and APC (26%) (30) CDH1, etc.
A high incidence (38%) of mitochondrial DNA muta-
tions has also been found in gallbladder cancer, which
in some way reflects the high rate of mutagenicity to
which the cells of the gallbladder epithelium are sub-
jected (82).

Study of Gene Expression in Gallbladder
Cancer

Overexpression has been demonstrated in various
groups of genes belonging to different metabolic path-
ways in gallbladder cancer (83, 84). Among other
genes, the ones that stand out are of proliferation anti-
gens and cell cycle (e.g., cyclins D2, E2, cdc/p34, gem-
inin) (85, 86), transcription factors (e.g., homeobox B7,
islet1) (87), growth factors, and growth factor recep-
tors (e.g., hepatocyte growth factor, amphiregulin,
insulin-like growth factor 1 receptor) (88, 89).

Changes in Specific Genes in Gallbladder
Cancer

Changes have been proven in specific genes studied in
gallbladder cancer that may play a significant role in its
pathogeny. The most studied include: proto-oncogenes:
K-ras (12p12.1) (90, 91), C-erbB2 (17q21.1) (92),
VEGF (6p12) (93, 94), EGFR (4q25) (95, 96), and
some tumor suppressor genes such as TP53 (17p13)
(97, 98), p16 (9p21) (99), FHIT (3p14.2) (30, 100),
CDH1 (16q22.1) (25, 80), etc.

K-ras

The main alteration of the K-ras gene observed in
malignant tumors corresponds to a mutation that
occurs at codon 12 and to a lesser degree at codon 13
in approximately 80% of cases. Most of these are tran-
sitions (guanine-adenine) (29, 90, 101). Most authors
attribute to this gene little participation in gallbladder
carcinogenesis, except for in patients with an anom-
alous pancreaticobiliary ductal junction, suggesting
that reflux can play a role in carcinogenesis in these
types of patients (102, 103).

ERBB-2

ERBB-2 codifies a tyrosine-kinase transmembrane
receptor that participates in the regulation of DNA
repair, cell-cycle checkpoints, and apoptosis. Its ampli-
fication and overexpression have been proven in 33-
70% of gallbladder cancers (92, 104, 105). Proteic
expression has not been shown in either gallbladder
adenomas or dysplasias (92, 106).

Cyclooxygenase-2

The metabolism of arachidonic acid and the synthesis
of prostaglandins are catalyzed by a group of cyclooxy-
genase (COX) enzymes. At least three isoforms have
been identified (COX-1, COX-2, and COX-3) (107-
109). Overexpression of COX-2 has been confirmed in
many neoplasias (colon, stomach, lung, etc.) (109-112).
COX-2 favors the formation of prostaglandins that
inhibit apoptosis and stimulate angiogenesis and inva-
siveness. A relation between the expression of COX-2
and p53 has been demonstrated, suggesting that the loss
of p53 function may influence the overexpression of
COX-2 (113). A low proteic expression of COX-2 has
been observed in nontumor gallbladder mucosa
(14.3%), whereas in dysplasia and cancer, its expres-
sion is detected in 45-70%, which suggests the partic-
ipation of COX-2 in the early stages of the disease.

Cyclin D1 and Cyclin E

These play a role in carcinogenesis through promotion
as positive regulators of the cell-cycle progression.
Overexpression of cyclins D1 and E has been detected
in between 40 and 68% of gallbladder cancers (114,
115), less in dysplasias and nontumor gallbladder
mucosa, which suggests that they may play a role in the
initial stages of gallbladder cancer (116). Nuclear over-
expression of cyclin D1 has been associated with the
degree of cell proliferation and the potential for tumor
infiltration, with the greatest overexpression being
observed in those tumors which are poorly differenti-
ated (86).

Vascular Endothelial Growth Factor (VEGF)

VEGF expression has been identified in 16.7% of
chronic cholecystites, 35-75% of adenomas, and 38-
91% of gallbladder cancers, with the greatest expres-
sion being seen in the most advanced tumors (117), sug-
gesting a link between VEGF expression and the
progression of the tumor. This coincides with the biol-
ogy of most malignant tumors that require a vascular
support capable of satisfying its growth needs. A con-
nection has also been observed between the increase in
VEGF expression and an abnormal expression of p53
and vice versa (117, 118).

p16/CDKN2/INK4

One of the most common changes observed in tumors
is related to the inactivation of the RB-CDK-INK4A
pathway, which is a frequent event in malignant neo-
plasias (119). The p16/CDKN2/INK4 (9p21) tumor sup-
pressor gene participates in the cell cycle, regulating G1
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progression to the S phase of the cell cycle (120, 121).
The protein of the p16/INK4 gene acts as an inhibitor,
avoiding pRb phosphorylation and thus avoiding pro-
gression to the S phase.

Gene inactivation has been demonstrated in half
of all gallbladder carcinomas. The most frequent inac-
tivation mechanisms are mutation, deletion, and methy-
lation of the promoter area of the gene (79, 121-123).
This contrasts with the low frequency of changes
observed in the RB gene in at least 20% of gallbladder
cancers (29). Some studies have shown a loss of pro-
teic expression of p16/INK4 in around 75% of cases
(120), which has been associated with a poor progno-
sis (117, 120).

p53

The p53 tumor suppressor gene has been extensively
studied in other neoplasias, and it has been established
that the point mutation occurs in specific places (so-
called hot-spots) (124, 125). In more than 98% of
cases, these mutations are produced in exons 5-8 (126,
127). Even when gene p53 participates in gallbladder
carcinogenesis, it seems to be on the late side; its pres-
ence in preneoplastic lesions is low, and its significant
increase in advanced tumor lesions has established a
connection in the dysplasia-CIS-advanced carcinoma
progression (128, 129). In gallbladder cancer, the
immunohistochemical expression of gene p53 has been
shown in more than 50% of cases (35-92%), (97, 98,
130). Most studies have confirmed point mutations in
31-70% of gallbladder cancers (97, 98, 131). The loss
of heterozygocity (LOH)of the alleles in gene p53 has
been proven in 92% of cases; in these cases, the LOH
preceded the immunohistochemical expression of the
protein (29).

FHIT

There is little information with respect to the abnor-
malities of this gene in gallbladder cancer (30, 80, 100,
132). The high rate of deletion of the locus at 3p14.2
(76%) and methylation (64%) of the FHIT gene in gall-
bladder cancer are related to a frequent loss of its
immunohistochemical expression (79%) in tumor cells
(100). A direct relation has also been observed between
the reduction in FHIT expression and an increase in
LOH. In the nontumor gallbladder epithelium, loss of
FHIT expression has been observed in 9% without
LOH; in dysplasia, there was a reduction in proteic
expression in 55% of cases and LOH in 46% of cases
and in invasive carcinoma a loss of FHIT expression
in 79% and LOH in 76% (132). These studies suggest
that the FHIT gene is altered sequentially and progres-
sively in the development of gallbladder cancer.

Cadherin-Catenin Complex

Alterations in the cadherin-catenin complex are related
to a loss of cell adhesion and the formation of cell pop-
ulations responsible for tumor invasion (133, 134). The
anomalous expression of the cadherin-catenin complex
has been frequently demonstrated in a large number of
neoplasias, including in the gallbladder (135-137). A
reduction or absence of E-cadherin has been observed
in 26% of tumors (138). Others have demonstrated a
relation between the tumor grade and the expression of
this molecule (139, 140). β-Catenin is a key regulator
of the cadherin-catenin cell adhesion complex. The β-
catenin mutation has been seen more often in gall-
bladder adenomas than in carcinomas (141, 142). The
mutations of this gene predominantly affect exon 3 and
have been observed in 10 out of 16 adenomas and in
only one out of 21 carcinomas, suggesting a different
carcinogenic pathway in the gallbladder (142, 143).

Other Molecular Finding

Other genes and metabolic pathways have recently been
described as altered in the pathogenesis of gallbladder
cancer, among which can be mentioned the loss of
DCP4 expression (144, 145) and potential tumor sup-
pressor genes located in chromosome 3p such as
DUTT1 (3p12), BLU, RASSF1A, and SEMA3B (30).
One recent report (Alvarez H, et al. Serial analysis of
gene expression identifies novel candidate markers for
gallbladder cancer. Gastrointestinal Cancers Sympo-
sium, 2007) has shown a differential expression in some
genes in gallbladder cancer, such as CEACAM5,
GOLPH2, LY6D, OLFM4, SSP1, CDK10, HMOX1,
PEBP1, PROM1, SULF1, and CLU and some new
genes-CTSD, UBD, POLD3-whose significance is still
unknown in this neoplasia.

MICROSATELLITE INSTABILITY IN
GALLBLADDER CANCER

Microsatellite instability has been reported in gall-
bladder cancer in around 10-20% of cases and also in
lesions considered preneoplastic in the gallbladder
(intestinal metaplasia and dysplasia) (27, 99).
Microsatellite instability does not seem to be a frequent
mechanism in the development of gallbladder cancer
(84, 103, 146).

HTERT/TELOMERASE

Few published studies exist with respect to the role
that hTERT/Telomerase may play in gallbladder can-
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cer. Most of these studies show a minimal expression
in the normal or regenerative gallbladder epithelium
(4%), which increases progressively in dysplasia (25%
in low-grade dysplasia, 82% in high-grade dysplasia)
and in adenocarcinoma (93%) (147). Other authors
have found hTERT expression in 57, 66, and 73% of
the adenocarcinomas studied (148). Its eventual use
as a molecular marker has been proposed for the diag-
nosis of gallbladder cancer, and it may have prog-
nostic implications (147, 149).

GENETIC ANOMALIES IN THE DYSPLASIA-
CARCINOMA SEQUENCE OF THE

GALLBLADDER

According to the most frequently observed genetic
alterations in the nontumor epithelium, dysplasia not
associated with cancer and dysplasia associated with
gallbladder cancer (150), initial models have appeared
with changes observed in the dysplasia-carcinoma
sequence (Figure 3.5). Among the genetic alterations
that may be considered as early are the mutations of
gene p53 (31) and the mitochondrial DNA, as well as
deletions in the 17p13, 9p21 (79, 147, 151), COX-2

(16), and 3p (82) chromosome regions. The genetic
alterations that appear at intermediate stages (dys-
plasias) see the inactivation of the FHIT gene and dele-
tions of 22q and p16 (30, 80, 100). In advanced stages
(invasive carcinoma), mutations of the ras genes and
deletions of the 5q21 loci in the APC, MLH1, and
VEGF genes can be found (15, 150).

A progressive increase in the frequency of allelic
losses in ranges that vary between 14 and 70% in dif-
ferent chromosome regions (3p12-FHIT, 3p21-24,
8p21-23, 9p21-CDKN2A, 9q31-34 and 17p13-TP53)
(28, 29) as well as mutations of p53 and loss of gene
expression have been observed in histologically normal
epithelia adjacent to areas of invasive gallbladder car-
cinoma, which shows that the genetic alterations in the
gallbladder mucosa precede the morphologic alter-
ations such as epithelial dysplasia, lending further sup-
port to this carcinogenetic pathway (75, 152).

INFLAMMATION AND GALLBLADDER
CANCER

In a significant number of tumors of the gastrointesti-
nal system, there is evidence that relates chronic inflam-

FIGURE 3.5
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mation to the development of malignant tumors (77,
111). Such is the case with the adaptive changes (intesti-
nal metaplasia) that the esophagus suffers subsequent
to the damage and inflammation secondary to acid
reflux. Other examples are the model of gastric car-
cinogenesis caused by inflammation secondary to infec-
tion by Helicobacter pylori (153, 154) and the tumors
of the extrahepatic bile duct associated with parasitic
infection by Clonorchis sinensis and Opisthorchis
viverrini (155, 156).

There are still too few studies to make it possible
to suggest the participation of inflammation as a sig-
nificant element in the development of gallbladder car-
cinoma (16, 23, 77). Most morphologic studies show
the presence of chronic inflammation in practically all
cases of gallbladder cancer. The mechanical damage
and irritation that gallstones cause to the epithelium
must activate the inflammatory process and the mech-
anisms of regeneration and tissue repair. There is a
proven link between the size and volume of gallstones
and the risk of developing gallbladder cancer (7, 10).
The largest gallstones are the ones that have remained
the longest in the gallbladder lumen and have produced
the most irritation trauma to the mucosa.

Chronic inflammation in the gallbladder is
expressed morphologically in various ways. At the level
of the mucosa, it is possible to observe from hyper-
plastic foci (infrequent) metaplasias (pyloric and intesti-
nal) up to different degrees of atrophy, including the
disappearance of the epithelium from the mucosa.

From the molecular point of view, the following
has been proven: deletions from the chromosome
regions in 3p, 8p, 9p (p16 locus gene), and 17p (p53
locus gene) in histologically normal epithelia of chronic
cholecystitis as well as p53 mutations in 57% of nor-
mal epithelia associated with cancer (29). Most p53
gene mutations detected have been transitions, partic-
ularly C:T, which in other neoplasias has been associ-
ated with the presence of endogenous mutagens, such
as those generated in inflammation (15, 157). A simi-
lar fact has been observed in mitochondrial gene muta-
tions (25% in the gallbladder epithelium of chronic
cholecystitis) (82) and a progressive increase in the
intensity of the COX-2 expression, in direct relation
to the progression of the histopathologic lesions pro-
posed in the model of the sequential development of
gallbladder cancer: normal epithelium-chronic chole-
cystitis-dysplasia-gallbladder cancer (Figure 3.4). All
the evidence strongly suggests the relation existing
between inflammation and gallbladder cancer; how-
ever, there is still no complete understanding of this car-
cinogenetic mechanism.

CONCLUSION

Like other malignant epithelial tumors, gallbladder can-
cer is a product of the transformation of the normal
epithelium in preneoplastic and ultimately neoplastic
lesions. Metaplasia is a very common finding in chron-
ically inflamed gallbladder mucosa in over 50% of gall-
bladders. Gallbladder cancer is associated with both
types of metaplasia, especially intestinal. On this meta-
plasia appears dysplasia, which progresses to carci-
noma in situ and subsequently invasive carcinoma.

Recently reported molecular evidence suggests
that dysplastic lesions present an altered gene expres-
sion pattern concordant with the progression to carci-
noma in situ. The initial molecular characterization
supports this transformation.

There is experimental and clinical evidence to sup-
port both carcinogenetic models: dysplasia-carcinoma
and adenoma-carcinoma. However, the findings on the
morphologic, clinical, and genetic-molecular levels sug-
gest that these correspond to two different and inde-
pendent biologic events. The low frequency of adeno-
mas and the absence of adenomatous remains in the
vicinity of early carcinomas suggest the adenoma-car-
cinoma sequence is of limited value in the gallbladder,
with the dysplasia-carcinoma sequence being the most
likely from the biologic point of view.

The dysplasia-gallbladder cancer progression is
related to the ages of the patients diagnosed with these
lesions. An almost exact correlation is observed
between the increase in age and the intensity of the
lesions, such that it has been possible to suggest a time
estimate required for this transformation. According to
these findings, the time required for the transformation
from chronic cholecystitis to mucosal carcinoma would
be 10.9 years for women and 9.2 years for men.

Gallbladder cancer represents a special model in
human carcinogenesis that requires greater attention
and from which valuable and important information
can be obtained in the study and understanding of neo-
plastic processes in the human being.
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holangiocarcinoma (CC) is a devas-
tating malignancy arising from the
ductular epithelium of the biliary tree,
either within the liver parenchyma

itself (intrahepatic CC), or from the extrahepatic bile
ducts (extrahepatic CC). Surgery is the only known
effective cure, but as CC usually presents too late for
curative resection, the disease carries a dismal progno-
sis (1). Worldwide, CC is the secondmost common pri-
mary hepatic malignancy and has exhibited a striking
increase in incidence and mortality rates over the past
few decades (2-5). Given the paucity of effectual ther-
apeutic options, understanding the pathogenesis of this
cancer is becoming increasingly relevant. This chapter
reviews the histopathology and classification of CC and
explores the postulatedmechanisms underlying its mol-
ecular pathogenesis.

ANATOMIC CLASSIFICATION OF
CHOLANGIOCARCINOMA

Cholangiocarcinomas can be divided into intrahepatic,
perihilar, and extrahepatic, depending on their location
(6, 7).

Intrahepatic Cholangiocarcinomas

These make up 20-25% of all CCs and are the second
most comon primary tumors of the liver.

Macroscopic features

Intrahepatic CCs are whiter and firmer than hepato-
cellular carcinomas as they contain more desmoplastic
stroma. Theymore commonly occur in noncirrhotic liv-
ers than do hepatocellular carcinomas. They can be
divided into three macroscopic types, which tend to
carry different prognoses (8, 9):

1. Mass forming
2. Periductal-infiltrating
3. Intraductal
4. Mixed
5. Others

MASS FORMING

This is the most common type, accounting for 40-42%
of this group of tumors. They are well demarcated
(although unencapsulated), rounded tumors. They pro-
duce secondary obstructive changes in the surround-
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ing liver. They tend not to invade the bile ducts or along
the portal structures. Initially, like hepatocellular car-
cinomas, they invade the portal vein leading to the
intrahepatic secondaries. As they grow larger they show
an increasing tendency to involve Glisson’s capsule and
spread via the lymphatics. These tumors have a 5-year
survival of approximately 20% and have a high fre-
quency of hepatic recurrences postsurgery.

PERIDUCTAL-INFILTRATING

These are less common than the mass-forming tumors
and make up 8-22% of this group of tumors. They are
relatively small tumors which arise closer to the hilum.
Periductal-infiltrating tumors produce thickening of the
bile duct wall with varying degrees of luminal narrow-
ing. They produce obstruction and dilatation of the
associated segmental bile ducts. In contrast to mass-
forming tumors, they do invade along the portal struc-
tures, often invading around the associated vessels.
They involve the lymphatics and Glisson’s capsule rel-
atively early in their natural history and uncommonly
invade the portal veins. These tumors have a 5-year sur-
vival of 7%. Following surgery these tumors do not
often recur.

INTRADUCTAL

These are only slightly less common than the periduc-
tal-infiltrating type and account for 8-14% of this
group of tumors. Theses are polypoid tumors which
produce striking dilatation of the biliary tree. They have
many features in common with the intraductal papil-
lary mucinous tumors of the pancreas, which also have
a relative long natural history. Characteristically they
secrete large amounts of mucus and show extensive
mucosal involvement. There may be invasion through
the wall of the ducts. These tumors carry the best prog-
nosis, with a 10-year survival approaching 60% (10).

MIXED

These show the features of both mass-forming and
periductal-infiltrating tumors and carry a worse prog-
nosis than do the pure mass-forming tumors; the cura-
tive resection rates are worse than for both mass-form-
ing and periductal-infiltrating tumors.

OTHER MACROSCOPIC TYPES

These include the very uncommon multicystic variant.
They are distinguished from biliary mucinous cystade-
nomas, which form larger cysts with thick fibrous walls
that often contain ovarian-type mesenchymal stroma,
particularly in women.

Microscopic features

Intrahepatic cholangiocarcinomas fall into the follow-
ing histologic types (11):

1. Adenocarcinoma
2. Adeno-squamous carcinoma
3. Squamous carcinoma
4. Cholangiocellular carcinoma
5. Lymphoepithelioma-like carcinoma
6. Clear cell variant
7. Muco-epidermoid carcinoma

Over 90% of tumors are adenocarcinomas, which
show a range of architectural patterns including tubu-
lar, acinar, and trabecular. The degree of differentiation
also varies, with the higher grade tumors tending to be
of higher stage. Cytologically the cells contain vesicu-
lar nuclei containing nucleoli which tend to be smaller
and less eosinophilic than those seen in hepatocellular
carcinomas. The cytoplasm may be clear, pale, or
eosinophilic, and the cells may be vacuolated. Mucin
almost always stains positive (Figure 4.1), although in
practice this may be very focal and is not always
demonstrable in needle biopsies. The intraductal
tumors often formwell-developed papillary structures.
When the tumors are centered on large ducts, spread of
tumor within them, which often takes the form of pap-
illary structures, with well-formed fibro-vascular cores,
is frequently seen. These papillae are often lined by rel-
atively well-differentiated cells. CCs otherwise tend to
be less well differentiated.

One of the characteristic features of CCs is that
they induce a prominent desmoplastic stromal reaction
(Figure 4.2). This feature helps distinguish them,
macroscopically and microscopically, from hepatocel-
lular carcinomas. This fibrous stroma is frequently
inflamed and may even be focally calcified. Extracel-

FIGURE 4.1

Cholangiocarcinomas are adenocarcinomas that usually
secrete prominent mucin (diastase periodic acid Schiff
stain).
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lular mucin may be present within the stroma and it
may even contain bile. The former feature, if marked,
characterizes the tumor as a mucinous carcinoma. The
tumor invades both parenchyma and portal structures.
Within the latter it may closely mimic nonneoplastic
bile ducts, fromwhich it may be difficult to distinguish,
especially where there is biliary obstruction (associated
with bile duct proliferation and reactive nuclear atypia).
On the other hand, varying degrees of true dysplasia
may be seen in the bile ducts adjacent to a tumor.While
this may be useful in conforming that an adenocarci-
noma within the liver is in fact primary to this site (i.e.,
it is an intrahepatic CC) this, again, is rarely helpful in
needle biopsies (12).

As described above, some intrahepatic CCs have
the features of mucinous (“colloid”) adenocarcinomas,
although the exact percentage of mucin required to
make this diagnosis (and how this should be measured)
is not clearly defined. Signet ring cell cancers in which
there is a noncohesive growth pattern and the cells con-
tain prominent mucin, which displaces the nucleus to
one end of the cell, are usually seen as part of tumors
that also show another form of differentiation. The pres-
ence of only signet ring cells should always raise the pos-
sibility of a secondary tumor. The clear cell variant con-
sists of tubules lined by cells that contain mucin (13).
Pure squamous cell carcinomas do occur, as do muco-
epidermoid carcinomas, which are composed of both
malignant glandular and squamous elements. More
common than the latter are adeno-squamous carcino-
mas inwhich themalignant glandular elements are asso-
ciated with squamous morrules (14). Some CCs may
have dedifferentiated areas composed of spindle cells.

These tumorsmay be termed sarcomatoid or spindle cell
carcinomas (15). Lympho-epithelioma-like carcinomas,
with the features characteristic of these tumors in other
sites, including demonstrable Epstein-Barr virus-coded
nuclear DNA, are very rarely seen (16).

Combined Hepatocellular-
Cholangiocarcinomas

This entity needs to be distinguished from “collision
tumors,” in which separate CC and liver cell cancers
are present in the same liver. Combined hepatocellu-
lar-cholangiocarcinomas are rare liver tumors making
up less than 1% of the total. Although they have been
variably classified as either variants of liver cell cancer
or CC clinically, they behave more like the former,
although they are genetically more similar to the lat-
ter. These tumors have, by definition, areas typical of
liver cell cancer and others typical of CC. There are also
areas transitional between the two composed of cells of
intermediate phenotype. These tumors need to be dis-
tinguished from “stem cell tumors” which are com-
posed entirely of cells of intermediate or progenitor cell
phenotype in which there is no evidence of differentia-
tion into either typical liver cell cancer or CC. They
express the progenitor cell marker (c-kit) as well as hav-
ing a phenotype intermediate between that of twomore
differentiated tumors they may give rise to (17-19).

DIFFERENTIAL DIAGNOSIS

Intrahepatic CCs need to be distinguished from other
primary tumors of the liver, which in practice means
liver cell cancers, as well as from metastatic adenocar-
cinomas, which are much more common than primary
tumors in clinical practice.

Distinction from Liver Cell Cancer

In the distinction from liver cell cancers (20), a promi-
nent desmoplastic stromal reaction and mucin produc-
tion are key features in favor of a tumor being a cholan-
giocarcinoma. It should be noted that fibrolamellar
carcinomas may show focal mucin production. While
the growth pattern of CCs may mimic the trabecular
growth pattern of liver cell cancers, the presence of
fibrous tissue, rather than sinusoids between the tra-
beculae, helps make the distinction. The presence of
definite biliary dysplasia is potentially very useful, but
in practice it is rarely seen and can be very difficult to
distinguish from reactive biliary changes seen as the
result of obstruction due to any kind of tumor. Biliary
dysplasia is characterized by nuclear stratification,

FIGURE 4.2

Cholangiocarcinomas are associated with abundant
desmoplastic stroma.
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micropapillary and cribiform growth patterns, nuclear
hyperchromasia, and polymorphism as well as an
increased mitotic rate. The presence of bile within a
tumor is strongly suggestive that it is a liver cell can-
cer, although rarely bile may be found trapped within
a CC.

Immunohistochemisry can be useful in making the
distinction in difficult cases. CCs are positive for the
biliary cytokeratins (CK 7 and CK19) while they are
less frequently expressed by liver cell cancers, although
in some series up to 50% are CK7 positive. Both types
of tumor are usually CK8 positive. Liver cell cancers
express HepPar1 (in over 90% of cases), whereas CD
10 (or polyclonal CEA) is useful in identifying the bile
canaliculi which are present in these tumors. In situ
hybridization of albumin mRNA has also been used to
identify liver cell cancers. Staining for alpha-fetopro-
tein is infrequently of help. It has recently been sug-
gested that the expression of claudin-4 helps in this dif-
ferential diagnosis (21).

Distinction from Metastatic Adenocarcinomas

The distinction of CC frommetastatic adenocarcinoma
(22, 23) is one of the most common problems facing
histopathologists when dealing with liver tumors. In
many cases, especially in those of a foregut origin (lung,
esophagus, stomach, and pancreas), a definite distinc-
tion cannot be made on pathologic grounds alone, and
other clinical modalities, especially imaging, are essen-
tial. The presence of definite biliary dysplasia may be
useful inmaking the distinction of a primary from a sec-
ondary adenocarcinoma, but for the reasons discussed
above this is infrequently useful. Some kinds ofmetasta-
tic adenocarcinomas have characteristic features which
allow a presumptive diagnosis to bemade. For example,
large bowel cancer metastases are usually composed of
large, well-formed glands, with prominent necrosis,
which often contains calcified areas. In other cases where
the primary tumor is available for examination, direct
comparison is of value. Primary clear cell tumors need
to be distinguished from renal or adrenal metastases.
The former contain glycogen, rather than mucin.

CK7 negativity and CK20 positivity is the typical
immunophenotype of metastatic large bowel cancers
and indicate against a primary CC. However, other pat-
terns of CK7 and CK20 staining are less helpful as
metastatic gastric and pancreatic cancers can have the
same immunophenotype as primary tumors. Metasta-
tic breast cancers are often strongly estrogen and prog-
esterone receptor positive. While testing prostate-spe-
cific antigen positive is valuable in identifying a
metastatic tumor as being of prostatic origin, this is a
very uncommon clinical problem. Metastatic lung car-

cinomas are frequently positive for thyroid transcrip-
tion factor-1. Metastatic neuroendocrine tumors are
positive for appropriate markers (such as synaptophy-
isn and chromogranin). However, focal positivity is not
uncommon with CC (or hepatocellular carcinomas).
Strong cytoplasmic staining for galectin 3 is a charac-
teristic feature of intrahepatic bile ducts and of intra-
hepatic cholangiocarcinomas and may be useful in the
differential diagnosis of these tumors.

Distinction from Benign Biliary Tumors

Although the distinction of benign from malignant bile
duct tumors (24) is not a common one, it can be very
difficult. Hamartomatous lesions such as microhamar-
tomas (von Meyenberg’s complexes) and peribiliary
gland hamartomas (bile duct adenomas) may show
marked reactive atypiawhen inflamed. Even normal peri-
bilairy glandsmay show similar changes when inflamed.
Especially in needle biopsies, even reactive bile duct pro-
liferationsmay be very difficult to distinguish from aCC.
However, the size of the nuclei, the degree of nuclear pleo-
morphism, the presence and atypicality of mitoses, and
the cribiform growth pattern are usually sufficient to
allow the distinction to be made between even well-dif-
ferentiated adenocarcinomas and these benign lesions.

Distinction from Other Tumors

Epithelioid hemangioendotheliomasmay closely resem-
ble holangiocarcinomas in that they are both associated
with abundant desmoplastic stroma, and the vascular
lumina seen in the former may be confused with evi-
dence of glandular differentiation. Immunohistochem-
ical features of epithelioid hemangioendotheliomas
include positivity for the vascular markers CD31 and
C34 or, less frequently, factor VIII-related antigen (25).

Extrahepatic Cholangiocarcinomas

These can be divided into those arising close to the
hilum of the liver (perihilar CC or Klatskin tumors) and
those arising more distally (26, 27). The former make
up approximately two thirds of this group of tumors.
Three different growth patterns have been described
with this group of tumors: infiltrative (75-80%), nodu-
lar (20%), and intraductal (less than 5%).

The first two groups tend to be poorly differenti-
ated and to be associated with the marked desmoplas-
tic reaction characteristic of typical intrahepatic CC.
Intraductal tumors tend to be better differentiated and
to have more delicate stroma. The large amount of
stroma in the former group can make the diagnosis a
very difficult one to be certain of on pathologic grounds
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alone. Multiple biopsies and the use of cytologic tech-
niques are essential. Even so, it has been estimated that
a diagnosis can only be made in this way in about 50%
of cases. The range of histologic subtypes, and their fea-
tures, is very similar to those described for intrahep-
atic CC described above.

Invasion of the portal vein (in approximately one
third of cases) is associated with the development of
lobar atrophy on the same side. Tumors arising on the
background of primary sclerosing cholangitis tend to
be multifocal. Lymph node metastases are common,
and even in those cases selected for surgical resection
they are found in up to 50% of cases. The hilar and
peridochal nodes are those most frequently involved.

REPORTING RESECTION SPECIMENS

All resected tumors need to be staged using the TNM
system described here (28). There are different TNM
scoring systems for intrahepatic and extrahepatic
tumors. A number of protocols have been developed
for the cutting up and reporting of liver cancers, includ-
ing intrahepatic CC. The dimensions of the tumor, a
multifocal growth pattern, vascular and perineural
invasion (Figure 4.3) (29), the presence of lymph node
metastases (30), and the involvement of serosal surfaces
of resection margins are all features that indicate a poor
prognosis. The grade of the tumor is not considered an
important prognostic indicator. A range of immuno-
histochemical markers have been reported as carrying
a better prognosis. These include HLA-DR,MUC2, the
overexpression of the vitamin D receptor, and the
decreased expression of cyclooxygenase-2MUC1,
MUC4, keratin 903, p27, tenascin, and matrix metal-
loproteinase-7 (Figures 4.4 and 4.5) (31-33).

FIGURE 4.3

Marked perineural invasion is a characteristic feature of
cholangiocarcinomas.

a

FIGURE 4.4

Cholangiocarcinomas are usually cytokeratin 7 positive (a)
but cytokeratin 20 negative (b).

FIGURE 4.5

Intrahepatic cholangiocarcinomas: strong cytoplasmic
staining for galectin 3.

b

04BilliaryTract.qxd:Khan  9/19/08  2:39 PM  Page 53



II ∙ DIAGNOSITC APPROACHES54

TNM CLASSIFICATION

Although this classification is intended primarily for
hepatocellular carcinoma, it can also be used for intra-
hepatic CC. TNM classification is summarized in Table
4.1.

RISK FACTORS FOR
CHOLANGIOCARCINOMA

Most cases of CC are sporadic, and known risk fac-
tors account for only a minority of cases. Recognized
risk factors are listed in Table 4.2 (1, 34).

Primary Sclerosing Cholangitis

Primary sclerosing cholangitis (PSC) is the most com-
mon known predisposing condition for CC in theWest.
Cholangiocarcinoma rates of up to 40% have been

reported in PSC patients in follow-up studies and
explant specimens (35). Cholangiocarcinoma in the
context of PSC tends to present earlier, in 30- to 50-year
age groups, compared to sporadic cases (1,36).

Liver Flukes

In East Asia, where CC is much more common than in
the West, CC has been pathogenically associated with
liver fluke infestation, particularly Opisthorcis viver-
rini, and less definitively Clonorchis sinensis (37).Most
epidemiologic data, including case-control studies, are
from Thailand, which has the highest incidence rates of
cholangiocarcinoma worldwide (87/100,000 popula-
tion) and where opisthorciasis is endemic (38). Malig-
nant change in the biliary epithelium of Syrian hamsters
occurs following infection with O. viverrini, particu-
larly if fed nitrosoamines (39). These carcinogens, pro-
duced by bacteria in fish and other foods, are postu-
lated to act as a cofactor in cholangiocarcinogenesis.

TABLE 4.1
TNM Classification and Staging for Cholangiocarcinoma

T—Primary Tumor
pTx Primary tumor cannot be assessed
pT0 No evidence of primary tumor
pT1 Solitary tumor without vascular invasion
pT2 Solitary tumor with vascular invasion or multiple

tumors , none more than cm
pT3 Multiple tumors <greater than>5 cm or tumor

involving major branch of portal or hepatic
vein(s)

pT4 Tumor(s) with direct invasion of adjacent organs
other than the gall bladder

For hilar CC, the classification for staging extrahepatic
bile duct carcinoma is appropriate.
pTx Primary tumor cannot be assessed
pT0 No evidence of primary tumor
pTis Carcinoma in situ
pT1a Tumor invades subepithelial connective tissue
pT1b Tumor invades fibromuscular layer
pT2 Tumor invades perifibromuscular connective

tissue
pT3 Tumor invades adjacent structures (liver, gall

bladder) and/or unilateral tributaries of the
portal vein (right or left) or hepatic artery (right
or left)

pT4 Tumor invades any of the following: main portal
vein or its tributaries bilaterally, common hepatic
artery, or other adjacent structures

N—Regional Lymph Nodes
pNx Regional lymph nodes cannot be assessed

pN0 No regional lymph node metastases. Histologic
examination of a regional lymphadenectomy
specimen will ordinarily include three or more
lymph nodes. If lymph nodes are negative, but
the number ordinarily examined is not met, clas-
sify as pN0.

pN1 Regional lymph node metastasis

M—Distant Metastasis
pMx Distant metastasis cannot be assessed
pM0 No distant metastasis
pM1 Distant metastasis

Stage grouping for intrahepatic tumors:

Stage I T1 N0 M0
Stage II T2 N0 M0
Stage IIIA T3 N0 M0
Stage IIIB T4 N0 M0
Stage IIIC Any T N1 M0
Stage IV Any T Any N M1

Stage grouping for hilar cholangiocarcinoma:
Stage 0 Tis N0 M0
Stage IA T1 N0 M0
Stage IB T2 N0 M0
Stage IIA T3 N0 M0
Stage IIB T1, T2, T3 N1 M0
Stage III T4 Any N M0
Stage IV Any T Any N M1
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Fibropolycystic Liver Disease

Congenital abnormalities of the biliary tree associated
with Caroli’s syndrome, congenital hepatic fibrosis, and
choledochal cysts (cystic dilatations of the bile ducts)
carry a 15% risk of malignant change after the second
decade, the average age being 34 years (40). These bil-
iary anomalies can lead to biliary stasis, activation of
bile acids (28), and deconjugation of carcinogens. Bile
duct adenomas and biliary papillomatosis are also asso-
ciated with the development of cholangiocarcinoma.

Hepatolithiasis

Up to 10% of patients with intrahepatic biliary stones
reportedly develop cholangiocarcinoma (41). Although
rare in the West, hepatolithiasis is relatively common in
parts of Asia and is associated with peripheral intrahep-
atic CC particularly (35). In Taiwan, up to 70% of
patients undergoing surgical resection for CChave intra-
hepatic biliary stones, and in Japan up to 18% (42, 43).
Biliary stones may lead to stasis of bile, predisposing to
recurrent bacterial infections and subsequent inflamma-
tion, a potential cofactor for cholangiocarcinogenesis.

Chemical Carcinogen Exposure

Various chemical toxins have been associated with
cholangiocarcinoma. Thorotrast, a radiologic contrast
agent, banned several decades ago for its carcinogenic
effects, has been strongly associated with the develop-
ment of cholangiocarcinomamany years after exposure,
increasing the risk to 300 times that of the general pop-
ulation (35,44). Epidemiologic associations with CC
have also beenmade to byproducts from the rubber and
chemical industries, including dioxins and nitrosamines
(45) aswell as to alcohol and smoking (46), but the num-
bers involved in these studies are generally small, results
have been conflicting, and no firm conclusions can be
drawn. Several novel associations with CC have been

suggested in a recent case-control study from the United
States. Hepatitis C virus (HCV) infection, chronic non-
alcoholic liver disease, and obesity, all of which are
increasing in incidence, and smoking were associated
only with ICC[da1], suggesting that these conditions
might explain the divergent incidence trends of the
tumors (47). The mechanisms involved in chemically
associated carcinogenesis are likely to involve the induc-
tion of promutagenic DNA adducts. Such adducts have
been demonstrated to occur in significantly greater num-
bers in human CC tissue compared to controls, sug-
gesting exposure of the biliary epithelium toDNA-toxic
agents, a clear risk factor for cancerous change (48).

Viral Hepatitis

Cirrhosis, due to any underlying cause, has been asso-
ciated with the risk of developing CC (47,49). A cohort
study that followed up more than 11,000 patients with
cirrhosis over 6 years found a 10-fold risk of CC com-
pared to the general population (49). Hepatitis B (HBV)
and HCV, the two most common causes of virally
induced chronic liver disease, have also been linked to
CC. A Korean case-control study found that 13% of
CC cases tested positive for HCV and 14% for HBV
surface antigen (HBsAg), compared to 4 and 2% of
controls, respectively (50). In a similar study from Italy,
23% of CC patients were anti-HCV positive and
11.5% HBsAg positive compared with 6% and 5.5%
of controls (51). A prospective control study from
Japan reported the risk of developing CC in HCV-
related cirrhosis at 3.5% after 10 years-1000 times
greater than the general population (52). HCV is an
established risk factor for hepatocellular carcinoma,
and both hepatocytes and cholangiocytes have the same
progenitor cell, supporting a role for HCV in cholan-
giocarcinogenesis. Furthermore, HCV RNA has been
detected in cholangiocarcinoma tissue (53). A recent
U.S. case-control study on risk factors for CC found
adjusted odds ratios (OR) of 6 for HCV, and similar
OR for HIV infection. Diabetes was also prevalent in
CC, but thepathogenic mechanisms are unclear (54).
Other infections have been implicated in CC. For exam-
ple, DNA fragments from the Helicobacter genus have
been isolated in bile from patients with biliary malig-
nancy, although the relevance of this is as yet unclear
(55). A high prevalence of Salmonella typhi carriage has
been noted in Eastern CC patients, but this does not
appear to be specific to biliary malignancy per se (56).

CHOLANGIOCARCINOGENESIS

Differences in the epidemiology, morphology, and clin-
ical course of biliary tract cancers, along with differ-

TABLE 4.2
Risk Factors for Cholangiocarcinoma

Primary sclerosing cholangitis
Parasitic infection (Opisthorcis viverrini, Clonorchis
sinensis)
Fibropolycystic liver disease
Intrahepatic biliary stones
Chemical carcinogen exposure
Viral hepatitis
Bile duct adenomas
Biliary papillomatosis

Source: Refs 1, 34.
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ences in mutation and protein expression profiles, sug-
gest that diverse carcinogenic mechanisms are likely to
be involved in the development of CC (57). In keeping
with the current opinion of carcinogenesis in relation
to other tumors; cholangiocarcinogenesis is likely to
be a multistep process. The recognized risk factors
appear to have an underlying similarity in that they lead
to chronic inflammation and/or cholestasis in the bil-
iary tree. It is in this setting, in the crucial balance
between inflammation/cellular repair/proliferation and
normal homeostasis, that carcinogenesis appears to
occur.

STEPS IN THE MOLECULAR
PATHOGENESIS OF

CHOLANGIOCARCINOMA

Cholangiocarcinogenesis at the molecular level is likely
to be triggered by the sequelae of a highly complex cas-
cade occurring in the aftermath of inflammation in the
biliary tree. Changes in the microenvironment can lead
to, for example, the proliferation of cell signaling,
development of growth autonomy, avoidance of senes-
cence, increased replication, restriction of growth
inhibitory signals, and evasion of programmed cell
death (34, 57). The major steps in the molecular patho-

genesis of cholangiocarcinogenesis that will be dis-
cussed are summarized in Figure 4.6 (57).

Biliary Epithelial Cell Proliferation Signaling

Biliary epithelial cell proliferation normally relies on
cell surface receptor-ligand interactions, which instigate
intracellular signaling cascades, leading to the activa-
tion of relevant transcription factors. In CC there is evi-
dence to support self-sustained growth signaling related
to unregulated mitogen production and/or constitutive
activation of the intracellular signal transduction cas-
cade (57).

Chronic inflammation of biliary epithelium results
in the generation of cytokines and growth factors such
as interleukin (IL)-6 and hepatocyte growth factor
(HGF). Upregulation of gp80/gp and c-met receptors
on cholangiocytes occurs, and the proliferation of
cholangiocytes is promoted (58). The c-erb-2 oncogene
is also expressed and dimerizes with the epidermal
growth factor receptor (EGFR; transmembrane recep-
tor), leading to constitutive activation of signal trans-
duction pathways. Normally, antigrowth signals pro-
tect against cellular proliferation, but this control
appears to be lost during cholangiocarcinogenesis.
Autocrine loop signaling develops, bypassing normal
cell growth regulation (57).

FIGURE 4.6

Steps in the molecular pathogenesis of cholangiocarcinoma. (From Ref. 53.)
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Interleukin-6

IL-6 is largely drawn from periportal stromal cells,
including stellate cells. Interestingly, IL-6 is constitu-
tively secreted by CC cells (59), which triggers pro-sur-
vival p38 mitogen-activated protein kinase. IL-6-medi-
ated signal transducers and activators of transcription
3 (STAT-3) phosphorylation (activation) are aberrantly
sustained in CC cells, resulting in enhanced expression
of the antiapoptotic myeloid cell leukemia 1 (Mcl-1)
(60). This sustained IL-6/STAT-3 signaling may be due
to epigenetic silencing of suppressor of cytokine sig-
naling 3 (SOCS-3), which controls the IL-6/STAT-3 sig-
naling pathway by a classic feedback loop (61). IL-6
may also reduce cell senescence by increasing expres-
sion of telomerase (discussed further below) (62). Fur-
thermore, IL-6 and EGFR can also influence expression
of cyclooxygenase (COX)-2.

Cyclooxygenase-2

COX isoenzymes are involved in the formation of the
important biologicmediators, prostaglandins (PG), from
arachidonic acid. Overexpression of COX-2 by various
mitogens has been implicated in cholangiocarcinogene-
sis, occurring in CC cells but not normal cholangiocytes
(63,64). Enhanced expression of COX-2 has been
shown to occur in biliary epithelia of bile duct cancer
in histochemical studies (65). Exposure of biliary epithe-
lial cells to bile acids can increase COX-2 levels via the
EGFR-signaling cascade (66). Both bile acids andCOX-
2 upregulation have been associated with gastrointesti-
nal luminal tumors (for example, colorectal adenomas
and adenocarcinomas), e.g., by the activation of onco-
genic transcription factor β-catenin (34,67). Increased
COX-2 expression may have a carcinogenic role via the
inhibition of Fas-mediated apoptosis (68). Another
potential factor in cholangiocarcinogenesis within this
complex cascade is the peroxisome proliferator activated
receptor δ (PPARδ), a nuclear receptor involved in lipid
oxidation. Overexpression of PPARδ was found to pro-
mote the growth of CC human cell lines via the induc-
tion of COX-2 gene expression and the production of
PGE2, which in turn transactivated EGFR. COX-2-
derived PGE2 further activates PPARδ through phos-
phorylation of cytosolic phopspholipase A2α, thus cre-
ating a positive feedback loop (69).

Inducible Nitric Oxide Synthase

Inducible nitric oxide synthase (iNOS) activation is
another result of the chronic inflammatory response
occurring in the biliary epithelium (70). iNOS,
expressed by macrophages and epithelial cells during
inflammation, generates the bioreactive molecule nitric

oxide (NO), which has pleiotropic effects in carcino-
genesis (71). In addition to causing DNA lesions, NO
can directly interact with proteins, for example, by
nitrosylation, and can increase DNA adduct formation,
thus promoting DNA mutation risk. NO can also
inhibit DNA repair enzymes (71). Furthermore, iNOS
promotes COX-2 upregulation inmurine cholangiocyte
cell lines, thus stimulating further growth (72).

Augmented Cell Cycle Progression

The risk factors associated with CC produce chronic
inflammation and/or cholestasis. One result of this is the
exposure of biliary epithelial cells to a toxic environment
that promotes DNA damage and mutation (1,34). This
may overburden natural DNA repair mechanisms or
directly reduce their efficacy by a nitric oxide depen-
dent pathway (71). Mutations in key genes involved in
cell cycle control, for example, k-ras and p53, may con-
tribute to cholangiocarcinogenesis. The k-ras oncogene
has a role in mitogenic signaling, and k-ras mutations
have been noted in up to 39% of resected human CC
specimens, particularly hilar tumors (73).

The p53 tumor suppressor gene has a key role in
antigrowth signaling and regulating cell cycle progres-
sion. It controls proteins that are involved in cells enter-
ing the cell cycle as well as proteins important for apop-
tosis. p53 is involved in cell cycle control via regulation
of the p21/WAF1/Cip1 protein. This binds to the cell
division kinase (CDK) 4:cyclin D complex and stops it
from phosphorylating Rb, resulting in prevention of the
release of bound E2F transcription factor that normally
regulates proteins critical for entrance into the S phase
of the cell cycle (57,74). p53 also controls Bax, a gene
product that binds to the antiapoptotic protein Bcl-2 in
mitochondria and promotes apoptosis (57). p53 is
mutated in the majority of human cancers, including
CC, as shown in a variety of immunohistochemical and
gene analysis investigations (75). Upregulation of a p53
inhibitor, such as mdm-2, has also been noted in CC
as an alternative mechanism by which the normal func-
tion of p53 is compromised (76). Loss of p53 function
results in uncontrolled progression through the cell
cycle and reduced apoptosis. Inactivation of other
tumor suppressor genes has also been implicated in CC,
for example, the p16INK4A inhibitory protein, which
also has a key role in controlling the CDK 4:cyclin D
complex. p16INK4A gene mutations have been
reported in up to 80%of human CC specimens (77,78).

In addition to p53, differential expression of sev-
eral other cell-cycle regulatory proteins has been
described in bile duct cancrcinoma and may correlate
with tumor location, morphology, and prognosis. An
immunohistochemical study of surgically resected spec-
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imens of intrahepatic, hilar, and distal CC, as well as gall
bladder cancer, found that p27 expression decreased
progressively from proximal to distal in the biliary tree
and correlated with location-related differences in out-
come. Cyclin D1 and Bcl-2 overexpression also varied
according to anatomic site. Aberrant p53 staining and
cyclinD1 overexpressionwere lower in papillary tumors
compared with the more common sclerosing tumors.
Following resection, overexpression of Mdm2 and
absent p27 expression predicted a poorer prognosis (79).

Dysregulation of Apoptosis

Effective apoptosis, or programmed cell death, is cru-
cial in preventing uncontrolled cell proliferation sec-
ondary to mutation and other anomalous cellular
processes by removing abnormal cells including those
vulnerable to malignant transformation. Immunohis-
tochemical studies of resected human CC show a rela-
tive increase of antiapoptotic signals compared to apop-
totic ones (80). Apoptosis is triggered by protein
capsases resulting from ligand activation of the
CD95/Fas/TRAIL/TNF receptor family and/or release
of mitochondrial cytochrome c (57). Cholangiocytes
express Fas receptor (Fas-R) and respond to exogenous
Fas ligand (Fas-L) to undergo apoptosis. Studies on CC
cell lines suggest that during cholangiocarcinogenesis,
biliary epithelial cells escape apoptotic immune sur-
veillance by disabling Fas-R signaling through the
expression of FLICE inhibitor and/or increased Fas-L
expression to induce apoptosis of invading T cells (81).

p53 mutations also affect transcription of the Fas
gene, resulting in reduced expression of Fas on the
cholangiocyte cell membrane, thus reducing suscepti-
bility to apoptosis. A study of 30 resected human CC
specimens examined the phenotypic pattern of Fas dis-
tribution and found Fas expression more common in
extrahepatic compared to intrahepatic CC. Fas expres-
sion decreased from dysplastic epithelium to CC and
further decreased from well to poorly differentiated
tumors (82). Hence, alterations in Fas expression may
be an important early event in the pathogenesis of CC.
Furthermore, increases in intracellular NO in cholan-
giocytes, as occurs under oxidative stress, can further
raise resistance to apoptosis downstream of cytochrome
c release by inhibiting caspases (57,83).

Telomere Length

Telomeres have a crucial role in maintaining chromo-
somal stability and limiting the number of cell divisions
that can occur before a cell dies. They are regions of
highly repetitive 6-base-pair sequences at the end of
chromosomes that conserve genetic information during
cell division as DNA polymerase cannot replicate all the

way to the end of the chromosome.With every cell divi-
sion, telomeres progressively shorten, eventually to a
finite length when DNA polymerase can no longer bind
and further DNA synthesis or cell division can no longer
occur. The loss of telomere shortening is a common fea-
ture in human cancer (84). High levels of telomerase
mRNAhave been found inmany human cancers, includ-
ing CC (85). Telomere shortening has been demon-
strated in metaplastic and dysplastic biliary epithelium
as well as in CC, but not in normal or inflamed biliary
epithelium, suggesting that telomere shortening occurs
at an early stage in the carcinogenic process (86).

Stimulation of Angiogenesis

The formation of new blood vessels is necessary to feed
the metabolic needs of a tumor, particularly in its early
stages. CCs are greatly vascularized tumors. Studies of
human CC samples and CC cell lines have detected
increased levels of vascular endothelial growth factor
(vEGF), possibly via stimulation by transforming
growth factor (TGF) β1 (87).

Tissue Invasiveness

One reason CC presents late clinically (88) is that it is
a highly infiltrative tumor with ability for local inva-
sion. This is influenced by alterations in the expression
of cellular adherence molecules. For example, immuno-
histochemical investigations have shown reduced
expression of E-cadherin and increased expression of
matrix metalloproteinases, which play a role in cancer
cell invasion by degrading extracellular matrix proteins.
Changes in the expression of E-cadherin were found
to correlate with the tumor’s histologic grade and inva-
siveness (89). Reduced expression of E-cadherin, α-
catenin, and β-catenin have been associated with
weaker intercellular adhesion (89,90).

Human aspartyl (asparaginyl) β-hydroxylase
(HAAH) is a protein that is believed to play a role in
malignant transformation and to favor tumor invasion
(57). It is an α-ketoglutarate-dependent dioxygenase
that catalyzes posttranscriptional hydroxylation of
aspartate and asparagine residues in EGF-like domains
of proteins. Increased expression of HAAH has been
demonstrated in CC and hepatocellular carcinoma (91).
Overexpression of HAAH has also been found to
induce increased motility and invasion in CC cell lines,
further suggesting that HAAH may contribute to the
infiltrative growth pattern of CC cells (92). Apomucin
(mucin core protein, MUC-1) overexpression has been
demonstrated immunohistochemically in hepatocellu-
lar carcinoma and CC. High levels of expression were
found to correlate with histologic differentiation,
metastasis to lymph nodes, portal canal emboli, and
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postoperational recurrence (86).
WISP1v is an additional protein marker associated

with invasive CC. It is a member of the connective tis-
sue growth factor, cysteine-rich 61, nephroblastoma
overexpressed gene (CCN) family, which encode cys-
teine-rich secreted proteins with roles in human fibrotic
disorders and tumor progression. Genetic analysis of
WISP1v on surgically resected specimens of CC found
it to be overexpressed; occurring in 49%but not in nor-
mal livers (93). The WISP1v biologic effects were ana-
lyzed using the HuCCT1 human cholangiocarcinoma
cell line. Expression of WISP1v was significantly asso-
ciated with lymphatic and perineural invasion of tumor
cells as well as a poor clinical prognosis. In vitro analy-
sis showed that WISP1v stimulated the invasive phe-
notype of cholangiocarcinoma cells with activation of
both p38 and p42/p44 mitogen-activated protein
kinases (MAPKs) (94).

Loss of Heterozygosity and
Microsatellite Instability

Loss of heterozygosity (LOH) in a cell represents the
loss of one parent’s contribution to part of the cell’s
genome. This allelic loss can arise, for example, due to
deletion, chromosome loss, or gene conversion. LOH
is a common finding in cancers and may signal absence
of a tumor suppressor gene, leaving only one functional
gene, which may be inactivated, for instance, by point
mutation. An example is inactivation of the tumor sup-
pressor gene RASSF1A in extrahepatic CC (95).

Microsatellites, or simple sequence repeats, are
normal and common polymorphic loci present in DNA
that consist of repeating units of 1-4 base pairs. The
lengths of microsatellites are highly variable between
individuals. Microsatellite instability (MSI) refers to
when these sequences become unstable and can result
in an increase or decrease in their length. MSI occurs
secondary to damaged DNA due to defects in the DNA
repair process and is postulated to be a key factor in
several cancers, including colorectal, gastric, and ovar-
ian. A study of liver fluke-related CC focusing on the
chromosomal region 1p36-pter found that in 75% of
cases LOHwas present in one or more loci. Microsatel-
lite instability occurred in at least one locus in 38% of
cases. Fine mapping at 1p36 showed two distinctive
groups of common loss. These related to lymphatic and
nerve invasion and also correlated with prognosis (96).

BILE, CHOLESTASIS, AND
HOST INFLUENCES

Theoretically, the reported rise in CC in the United
Kingdom and other Western countries could be due

either to a change in their populations’ genetics, caus-
ing increased host susceptibility to CC, or to environ-
mental changes, leading to increasing exposure to eti-
ologic agents. Significant changes in population
genetics in all the countries studied causing these find-
ings is unlikely, particularly given the relatively short
time frame. It has therefore been postulated that the
environment has a role and the increase in sporadic CC
may relate to the known recent increase in exposure to
potentially carcinogenic environmental toxins (97-99),
which are largely metabolized via the hepatobiliary sys-
tem. Even if toxins have a causal role, however, as with
the other recognized risk factors, only a minority of
those exposed/affected will develop CC. Therefore, host
genetic mechanisms that govern the metabolic response
to these to pathophysiologic stimuli are likely to play
a major role in determining cholangiocarcinogenesis.
These metabolic responses include the detoxification of
potentially carcinogenic xenobiotics, the concentration
of bile constituents, such as toxic metabolites and bile
acids, and the flow of bile through the bile ducts (1).

Hepatobiliary Metabolism and
Transport of Xenobiotics

The issue of bile flow is particularly relevant as several
proposed risk factors and mechanisms for cholangio-
carcinogenesis relate to chronic cholestasis, a reduction
in the flow of bile, which may result in destabilization
of biliary constituents and increased exposure of
cholangiocytes in the biliary epithelium to potential car-
cinogens.

Toxin-Metabolizing Enzymes

The hepatic enzyme systems predominantly involved in
the metabolism of potentially carcinogenic xenobiotics
include cytochrome P450 (CYP) and UDP-glucurono-
syltransferases (UGTs). As well as being present in
hepatocytes, they are also expressed and heteroge-
neously distributed in the biliary epithelium, thus
impacting the generation and detoxification of reactive
metabolites in the bile ducts (100).

CYTOCHROME P450
Environmental carcinogens are initially metabolized by
cytochrome P450 (CYP) monooxygenase enzymes.
There are 57 CYP proteins, most abundant in the liver,
arranged into 18 families (101). Those that metabolize
foreign chemicals are almost exclusively in the CYP1,
CYP2, and CYP3 families. Because of their role in car-
cinogenmetabolism and their demonstrated association
with other forms of cancer (102,103), they represent
candidates for susceptibility loci in cholangiocarcino-
genesis. CYP isoforms of particular interest in cancer
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risk are summarized in Table 4.3. CYP1A2 has been
implicated in the carcinogenesis of CC through the
metabolism of some endogenously formed carcinogens
and environmental toxins (104).

UDP GLUCORONYLTRANSFERASES

UDP glucoronyltransferases (UGTs) perform glu-
curonidation, a major conjugation process in the detox-
ification of heterocyclic amines, polyaromatic hydro-
carbons, and arylamines. They are also major
conjugators of bile acids. The two main families of
UGTs are UGT1 and UGT2. UGT1A1 is the most
abundant UGT1 isoform found in the liver and per-
forms glucuronidation of bilirubin, and it is also selec-
tively active towards certain phenols and 17α-
ethinylestradiol. There is high interindividual variability
in UGT1A1 expression. An inverse dose-response rela-
tionship was demonstrated between the detoxifying
activity of the UGT1A7 genotypes and HCC (105).
There are no published studies to date investigating
UGT polymorphisms and CC, although preliminary
proteomic studies have shown downregulation of UGTs
in CCa tissue (106).

Hepatobiliary Transport

Bile flow and constituents vary between individuals.
Biliary excretion of bile salts and xenobiotics is per-
formed by transporters expressed on the apical surface
of hepatocytes and cholangiocytes. These biliary trans-
porters also govern the rate of bile flow, and dysfunc-

tion of the transporters is a leading cause of cholesta-
sis (107). Themajor biliary transporters include the bile
salt excretory pump (BSEP), the MDR-related proteins
(MRP1 andMRP3), and products of the familial intra-
hepatic cholestasis gene (FIC1) and multidrug resis-
tance genes (MDR1 and MDR3) (108).

BILE ACIDS

Bile acids have long been suspected of having car-
cinogenic properties and have previously been impli-
cated in colorectal cancer. The concentration of intra-
hepatic bile acids is tightly regulated and in normal
physiology does not exceed 1-2 (M. Elevated concen-
trations of bile acids are toxic to the hepatocyte and
cholangiocyte and have been implicated in cholesta-
tic liver and biliary diseases (109). Bile acids stimu-
late cholangiocyte proliferation by the phos-
phatidylinositol 3-kinase pathway. Bile acids can bind
to the epidermal growth factor receptor expressed on
cholangiocytes in a ligand-dependent manner and
transactivate it, which in turn can induce COX-2
expression (110). An alternative mechanism for
cholangiocyte proliferation via EGFR is increased
expression of antiapoptotic proteins, e.g., Mcl-1,
which is increased in CC cell lines exposed to uncon-
jugated bile acid. Oxysterols are oxygenated deriva-
tives of cholesterol. These bile acid intermediates have
been identified in bile from patients with biliary
inflammation, known to predispose to CC. Some
oxysterols are thought to further upregulate COX-2
expression via p38 MAPK activation.

TABLE 4.3
Genes Encoding Cytochrome P450 Enzymes and Functional Alleles of Potential Relevance to CC

CYTOCHROME P450 SUBSTRATE VARIANTS PROPOSED EFFECT ON

(XENOBIOTIC) TO INFLUENCE FUNCTION ENZYME ACTIVITY

Cyp1a1 Polychlorinated hydrocarbons Not identified −

Cyp1a2 Polychlorinated hydrocarbons 1c ↓
1f ↑
Cyp1a2-7 ↓ (splicing defect)

Cyp1b1 Heterocyclic amines Not identified −

Cyp1b2 Heterocyclic amines Not identified −

Cyp3a4 Polyaromatic hydrocarbons Cyp3a4-17 ↓
Cyp3a4-18a

Cyp2c9 Dioxins 2a, 2b, 2c, 3a, 3b, ↓
5, 11a, 11b, 12 ↓
8 ↑

* Examples of human cytochrome P450 alleles associated with cancer.
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Further evidence for the carcinogenic properties
of bile acids comes from studies on the farnesoid X
receptor (FXR). FXR is a member of the nuclear hor-
mone receptor superfamily and controls the synthesis
and transport of bile acids. By 15 months of age, FXR-
null (i.e., lacking FXR expression) male and female
mice spontaneously developed hepatocellular adeno-
mas, carcinomas, and hepatocholangiocellular carci-
noma, the latter of which is rarely observed in mice
(111,112). At 3 months, FXR-null mice, but not wild-
type controls, had increased expression of the proin-
flammatory cytokine IL-1β mRNA and elevated β-
catenin and its target gene c-myc. By 12 months of age,
FXR-null livers displayed prominent injury and inflam-
mation. These mice also had elevated levels of bile acids
in serum and liver. Lowering the bile acid pool in FXR-
null mice by a 2% cholestyramine feeding significantly
reduced the malignant lesions (111, 112).

BILIARY TRANSPORTERS

Secretion of bile acids is a major determinant of bile
flow (113). The bile salt export pump (BSEP, ABCB11
gene) is a canalicular transmembrane transporter gene,
responsible for the active transport of bile acids across
the hepatocyte canalicular membrane into bile. MDR1
mediates the canalicular excretion of xenobiotics and
cytotoxins.MDR 3 encodes a phospholipid transporter
protein that translocates phosphatidylcholine from the
inner to the outer leaflet of the canalicular membrane.
A recent study identified 45 sequence variants in the
normal population (107). Children with genetic BSEP
mutations develop the severe cholestatic condition pro-
gressive familial intrahepatic cholestasis type-2 (PFIC-
2). Some affected individuals have developed CC in
childhood (114). Loss of functional BSEP results in
intrahepatocytic bile acid accumulation with conse-
quent injury to cellular constituents, including DNA,
thus potentially leading to hepatocellular carcinoma.
Bile acids induce mutation via reactive oxygen and
nitrogen species generated from detergent effects on
membrane enzymes. Similar mechanisms may induce
proliferation of abnormal stem cell elements (oval cells)
that differentiate along biliary epithelium lines (114).

SUMMARY AND MODEL FOR
CARCINOGENESIS IN CC

The roles of alterations in growth signaling, tumor
suppressor genes, oncogenes, apoptosis, telomerase,
angiogenesis, hepatic metabolizing enzymes, and hepa-
tobiliary transport in CC have been reviewed. It is
likely that the development of CC, as with probably
most other tumors, is dependent on interplay between

environmental factors and host genetic factors. Envi-
ronmental risk factors, known and unknown, cause
chronic inflammation of the biliary tree, predisposing
to DNA damage in cholangiocytes. Several host fac-
tors likely affect the degree of genomic damage accu-
mulated. These factors are likely to include genes for
tumor suppression, DNA repair, cell cycle regulation,
apoptosis, and oncogenes, as well as genes control-
ling hepato-biliary transport and the individual’s envi-
ronmental exposure, including the macro environment
(exogenous agents such as chemicals and infection)
and the micro environment (growth factors, hor-
mones, other disease, etc.).

The likelihood that several phases are required in
cholangiocarcinogenesis, suggests that a long time lag
is necessary between the initiating events and eventual
clinical malignancy. This is borne out by the fact that
most patients are elderly. Further studies are needed to
understand the relative importance of the pathways dis-
cussed and to provide molecular targets for new ther-
apies. Given that CC appears to be increasing and kills
most people affected and there have been no major
advances in curative therapies, there has never been a
more urgent time to investigate the etiopathogenesis
behind this disease.
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n some tumors, the understanding of
abnormal biochemical pathways and
genetic alteration allows for interest-
ing newmarkers to establish the diag-

nosis and monitor treatment. Furthermore, they may
lead to new and specific therapies. An example of this
is the presence of c-kit staining in gastrointestinal (GI)
stromal tumors, indicating that Gelvec(r) should be an
efficacious treatment. This chapter reviews some of the
current knowledge about our progress with cholangio-
carcinoma, an uncommon cancer in theWestern world.
There are regional influences that increase the inci-
dence, particularly in Southeast Asia, where chronic bil-
iary inflammatory conditions prevaile.

Cholangiocarcinoma is generally thought to arise
on a background of prolonged inflammatory events in
the biliary tree. This inflammation may result from the
presence of gallstones, choledochal cysts (1), a back-
ground of sclerosing cholangitis (2), or following radio-
therapy. In the process of malignant transformation,
hyperplasia of the biliary mucosa progresses to dys-
plasia and early carcinoma lesions (3), with subsequent
changes in mucus production (4). The changes are con-
sidered to be sufficiently widespread to have an influ-
ence on the tissue proteome (the entire complement of
proteins expressed by the genome). The frequency of
such lesions in patients without underlying pathology

is less than 0.5% of cholangiocarcinomas (4).
Only cholangiocytes, the epithelial cells lining the

biliary tree, are considered to have the ability to dif-
ferentiate into cholangiocarcinoma. However, under
severe injury or toxicity they may develop a morphol-
ogy suggestive of intestinal, pancreatic acinar, hepato-
cyte, or ductal cell origin. If the process continues to the
development of cancer, the malignant cells continue to
have a phenotype related to their metaplastic origin.
Small hepatocellular carcinomas may imitate cholan-
giocarcinoma and produce similar mucins (5). This
great heterogeneity in the characteristics of cholangio-
carcinoma and gallbladder carcinoma is often observed
in the histology of gallbladders at the time of chole-
cystectomy where metaplasia similar to intestinal, gas-
tric, or pancreatic epithelium is seen in association with
dysplasia. It is therefore reasonable to expect that no
one biomarker will exist which can distinguish cholan-
giocarcinoma from other chronic noncancerous con-
ditions of GI ductal epithelium (6).

Biomarkers can assume many functions (Table
5.1). The ideal of having a single blood test that could
establish a specific diagnosis is very difficult to achieve.
This is particularly so in a rare condition because only
a small false-negative rate would make the test imprac-
tical for screening purposes. In subgroups of patients at
high risk of cholangiocarcinoma, such as primary scle-
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rosing cholangitis (PSC), where there is a dominant
stricture, the pretest probability of a malignant cause
may be as high as 15% (http://www.gi.org/patients/
gihealth/sclerosing.asp). In these cases a hypothetical
test with a sensitivity and specificity of 90% would
result in a posttest probability of 65%, a result of clin-
ical value. Preliminary results using proteomic tech-
niques are now approaching these values. Similar tests
can be undertaken on bile, but difficulties exist with the
preparation of the sample to give reliable results.

Biomarkers on tissue specimens (histology, fine
needle aspiration biopsy, and brushings from bile duct
strictures) may also be useful for improving the accu-
racy of diagnosis and prediction of prognosis. Identifi-
cation of these biomarkers requires an understanding
of the complex biology of cholangiocarcinoma.

BIOLOGIC CONSIDERATIONS FOR
BIOMARKER CONCEPTS

Cholangiocytes are arranged in a single layer and have
important and diverse functions, which affect bile flow
and prevent the absorption of toxic substances in bile.
They are also closely associated with dendritic cells as
protection from bacteria and other antigens. Cholan-
giocytes are strongly connected by cytokeratins, and
they secrete bicarbonate and a number of specialized
mucins to provide protection from the bile (7). One
area of importance when searching for new biomark-
ers is the rich mucin pool derived from cholangiocytes.
The established serum biomarkers carcinoembryonic
antigen (CEA) and cancer antigen (CA) 19-9 are gly-
coproteins and have use in the monitoring of progress
of treatment, but their sensitivity and specificity (60-
80%) make them poor diagnostic biomarkers, partic-
ularly because they are elevated in chronic inflamma-

tory conditions which lead to the induction of cholan-
giocarcinoma. They are also frequently elevated in
other malignant conditions of the GI tract, so they are
poor discriminators between cancers of the GI tract.

Along with the production of mucin, cholangio-
cytes produce trefoil factor family (TFF) peptides,
which also protect cholangiocytes and act as receptors,
inducing hyperplasia or apoptosis. These proteins have
intense cross-linking with sulfur bridges. The synthe-
sis and release of TFFs are regulated by a number of
environmental and local agents, estrogens, and pro-
inflammatory and anti-inflammatory cytokines (8).

The significance of MUC mucins in developing
and adult livers, various hepatobiliary diseases, and
intrahepatic cholangiocarcinoma has recently been
reviewed (9).

IMPORTANCE OF GLYCOPROTEINS FOR
CHOLANGIOCYTES

When chronic inflammation induces metaplasia, this
may take on an intestinal, gastric, or pancreatic appear-
ance. Inflammatory biliary conditions and tumors of
the biliary tree are associated with altered expression
of mucins. It is interesting that alteration of mucin pro-
duction begins as early as during the process of meta-
plasia leading to dysplasia, and this early switch is car-
ried on through the malignant progression of
cholangiocarcinomas (10). Histologic assessment of tis-
sues may result in important diagnostic and prognos-
tic information from the immunohistochemical study
of the many mucins related to cholangiocarcinoma.
When the metaplasia is of gastric cell type, it is likely
to be associated with the production of MUC1, while
metaplasia of intestinal cell arrangement is associated
with MUC2 overproduction, implying slightly differ-
ent malignant potential.

Hughes et al. (11) found that most cases of dys-
plastic biliary epithelium and cholangiocarcinoma dis-
play a Brunner or pyloric gland cell phenotype and a
gastric foveolar cell phenotype. However, while aggres-
sive invasive cholangiocarcinoma frequently is associ-
ated with MUC1 overexpression, altered MUC1 gene
expression also occurs in inflammatory diseases and
carcinomas of the GI tract and breast (12, 13), making
MUC1 a poor discriminator between tumors.

Cholangiocarcinomaswith a better prognosis, par-
ticularly those of the intraduct papillary type, produce
large quantities of gelatinous mucin, which is predomi-
nantlyMUC2. It is interesting that there is a similar pro-
gression from preinvasive lesions in the pancreas with
mucin production having a dichotomy in the dysplasia-
CIS-invasive carcinoma sequence. In a study of 268 pan-

TABLE 5.1
Aims of Biomarkers

I. Screening, diagnosis, and prognosis
a) Discover candidate biomarkers.
b) Qualify sensitivity and specificity of biomarkers
c) Monitoring outcome of treatment

II. Therapy efficacy
a) Evaluate biomarkers in clinical trials
b) Determine dose effect of a treatment
c) Identify new therapeutic possibilities.

III. Prediction of therapy response
a) Identify novel targets and/or pathways
b) Identify agents that predict clinical efficacy
c) Develop markers that predict response to spe-

cific therapy
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creatic tumors, 54% of the intraductal papillary muci-
nous neoplasms expressed MUC2, whereas none of the
pancreatic intraepithelial neoplasms (PanINs) did. In
contrast, PanINs, especially higher grade lesions, were
often positive forMUC1 (61%of PanIN 3), whereas the
expression of this glycoprotein was infrequent in intra-
ductal papillary mucinous neoplasms (20%). This
dichotomy was further accentuated in the invasive car-
cinoma group (14). The MUC2 expression in the intra-
hepatic biliary system, including intestinal metaplasia,
intraductal papillary tumors, and mucinous carcinoma,
is dependent on the CDX2 homeobox gene, which
induces intestinal differentiation (15, 16).

Overexpression of mucins MUC4 and MUC5AC
has also been observed in the early phase of the devel-
opment of hyperplasia and dysplasia In cholangiocar-
cinoma (9).MUC4 is a novel intramembrane ligand for
receptor tyrosine kinase ErbB2 (HER-2) (17), which
has been shown to be associated with a poorer prog-
nosis in patients with mass-forming intrahepatic
cholangiocarcinoma (18). The expression ofMUC5AC
was associated with the dysplasia-carcinoma sequence.
In summary, tumors that predominantly express the
gelatinous mucins-MUC2, MUC5AC, MUC5B, and
MUC6-are more likely to have a good prognosis, while
those associated with the transmembrane mucins-
MUC1, MUC3, MUC4, MUC12, and MUC17-have a
poorer prognosis.

In a study of four cases of oncocytic biliary intra-
ductal papillary neoplasms (IPNs), IPNs were com-
posed of distinctive oncocytic cells. The invasive carci-
nomas accompanying two of the cases were also
composed of oncocytes. None of the cases showed aber-
rant expression of theWnt signaling proteins, although
cyclin D1was markedly overexpressed in all four cases.
Three of four cases had positive staining for MUC3,
MUC4, MUC5AC, MUC5B, and MUC6. Thus the
Wnt pathway proteins (especially β-catenin and E-cad-
herin) are expressed normally in oncocytic variants of
intraductal papillary neoplasms of the biliary tree, and
the mucin profile is similar to their counterparts in the
pancreas (19).

Diagnosis of cholangiocarcinoma is futher com-
plicated by the presence of intrahepatic peribiliary
glands, which, particularly when dysplastic, add to the
complexity of the microscopic appearance of the biliary
tree. These glands are present in the large intrahepatic
bile ducts (20-22). The lobules of branched tubu-
loalveolar seromucous glands communicate with bile
ducts via conduits (23) and have serous, mucous, and
endocrine cells, which stain positively for somatostatin,
serotonin, and pancreatic polypeptide (24, 25) and add
to the variety of cell types which may become malig-
nant. These glands have been shown to secrete a sero-

mucin which is rich in amylase and lipase (26, 27). Also,
the bile duct wall intramural glands have sparsely
branching tubular mucous glands with tall columnar
cells. These glands could be confused with invasive car-
cinoma.

At the ampulla of Vater the distinction between
tumors arising from biliary, intestinal, or pancreatic tis-
sue may be helped by a study of the mucus subtypes.
Ampullary tumors can be classified histologically as
either intestinal type or pancreaticobiliary type and dis-
play different features according to tumor location,
association with adenoma, andMUC2 expression. Fur-
thermore, K-ras mutation is supposedly associated with
tumors arising in the area from the ampulloduodenum
to the ampullopancreatic duct, with metaplastic mucus
occurring in both intestinal and pancreaticobiliary
types (28).

CA 19-9 AND CEA-CURRENT MARKERS FOR
CHOLANGIOCARCINOMA

CA 19-9 and CEA are the established tumor markers
that have clinical utility in management of cholangio-
carcinoma and gall bladder carcinoma. There are
numerous studies showing that themean values for these
markers are elevated above those of patients presenting
in a similar way but found to have benign pathology
(29). However, there are numerous reasons why these
markers are of limited value. First, they are elevated in
some patients with benign conditions in whom the lev-
els can be extremely high (30, 31). Bothmarkers are ele-
vated in patients with other forms of GI cancer and can-
cers of the genitourinary system. Ca 19-9 is not able to
be demonstrated in about 10% of the population with
Lewis-negative blood factors (32). Tumor markers as a
tool in diagnosing cholangiocarcinoma in patients with
PSC are unfortunately not as valuable as previously
reported. The serum levels of CA 19-9 frequently rise
temporarily in associationwith a “biochemical relapse”
of PSC (increased values of serum alkaline phosphatase).
Themarker product of CA 19-9 andCEA has a low sen-
sitivity but a relatively high specificity for the detection
of cholangiocarcinoma in PSC patients (33). Therefore,
assessment of patients with elevated values needs to be
made with an awareness of these variations. They are
ofmost value when used in conjunctionwith other tests,
such as radiologic findings.

In a study of 866 patients with a presentation of
general biliary symptoms, CA 19-9 was investigated as
a screening test for early pancreatic or biliary cancer. Of
117 subjects with an elevated level above the normal
range, 115 did not develop a biliary or pancreatic malig-
nancy after 2 years of follow-up and therefore had a
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false-positive result (34). Thus, a test with low speci-
ficity such as CA 19-9 is unacceptable as a screening test.

CA15-3 AND CA27.29 FOR SCREENING,
DIAGNOSIS, AND STAGING

CA15-3 and CA27.29 are well-characterized assays for
the detection of circulating MUC1 antigen in periph-
eral blood. This circulating marker has prognostic rel-
evance in early-stage breast cancer (35). The produc-
tion ofMUC1 in breast cancer is very limited compared
to that in cholangiocytes, and yet this topic has been
more extensively studied in relation to breast cancer.
Given the importance of mucin production by cholan-
giocytes, it is perhaps surprising that there is a dearth
of publications studying the usefulness of such mea-
sures for the management of gallbladder carcinoma and
cholangiocarcinoma. Two general types of assay mea-
suring MUC1 gene-derived glycoprotein are used:
assays for CA15-3, which are sandwich assays, and
assays for CA27.29, which are competitive assays.
These types of assay measure slightly different parts of
this tandem-repeat molecule. As long as the tests are
calibrated carefully, CA15-3 and CA27.29 measure-
ment of MUC1 give comparable results (36). While it
is likely that serum tumor markers CA15-3 and
CA27.29 have prognostic value, their role in the man-
agement of early-stage breast cancer is unclear (37), and
although they have value at detecting recurrence (38),
there is no prospective randomized clinical trial to
demonstrate survival benefit, and so their role remains
uncertain (39). CA15-3 or CA27.29 can be used in con-
junction with diagnostic imaging, history, and physi-
cal examination for the monitoring of patients with
metastatic disease during active therapy, but they
should not be used in isolation.

An interesting cross-sectional study evaluating
two GI markers (CA19-9 and CEA) and four breast
cancer markers (CA27.29, CA15-3, MCA, and CEA)
in 213 patients demonstrated sensitivity of 90%, but
specificity was 40.3% for CEA and 32.3% for CA19-
9 when GI tumors were compared to benign GI disease.
This was not as good as the result for breast cancer
where a sensitivity of 90% and specificity of 70% was
obtained for CA27.29, 67.5% for CA15-3, 52.5% for
MCA, and 40% for CEA. Comparison of breast can-
cer and GI malignancies with other malignancies led
to a marked shift of the receiver operating characteris-
tic (ROC) curve to the right and loss of specificity. High
serum antigen levels were found in late-stage tumors.
Further, the presence of liver metastases in breast can-
cer was associated with abnormal levels of CA27-29
(p = 0.028). Pancreas adenocarcinomas had a higher

CA19-9 antigen level (p <0.001) than other GI malig-
nancies. None of the above markers retains its speci-
ficity when compared with a control group consisting
of other malignancies (40).

MARKERS OF PROLIFERATION

Markers of cellular proliferation can be obtained from
tissue samples. For many tumors such markers are pre-
dictors of a poorer prognosis. In general, markers of
elevated proliferative rate correlate with a worse prog-
nosis in untreated patients andmay predict benefit from
chemotherapy (41). The implementation of DNA flow
cytometry as a marker of proliferative rate is compli-
cated by the variation in methods of tissue preparation,
differences in instrumentation, and methods for con-
verting information on the histograms to the estimate
of the cell cycle S-phase. In addition, interpretation of
individual studies is complicated by the fact that many
are too small to have statistical power, cut-offs have not
been prospectively defined, and study populations have
not been controlled for adjuvant systemic treatments.

There is a small number of studies examining the
value of cellular proliferation in cholangiocarcinoma.
The usefulness of the finding of aneuploidy has been
demonstrated from samples taken from paraffin blocks,
indicating that this may be a clinically useful approach
in cholangiocarcinoma (42). DNA flow cytometry
determination of S-phase is one of several markers of
proliferative rate in tumor specimens, which is applic-
able to cytology specimens from biopsy of masses or
brush cytology at the time of endoscopic retrograde
cholangiopancreatography (ERCP). In pancreatic can-
cer, aneuploidy has been shown to be predictive of a
poorer outcome. Aneuploidy was associated with
higher than normal levels of other biologic markers of
prognosis such as HER-2 (43). Despite these findings,
measures of proliferation rate in cholangiocarcinoma
are not routinely determined in clinical practice.

DNA analysis has been shown to add to the accu-
racy of CA 19-9 and CEA for the diagnosis of cholan-
giocarcinoma in bile duct strictures. In 57 patients with
a diagnosis of PSC undergoing ERCP, brush samples
were taken from strictures for cytology and DNA
analysis by flow cytometry for measures of prolifera-
tion. The tumor markers CA 19-9 and CEAwere deter-
mined both in serum and bile fluid. Thirty-nine patients
were found to have malignant strictures (7 with PSC),
and diagnostic sensitivity of 100% and specificity of
85% were reached when the results of brush cytology,
DNA analysis, serum CA 19-9, and serum CEA were
combined. Analyses of CA 19-9 and CEA in bile fluid
had no diagnostic significance. The authors concluded
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that the combination of positive brush cytology at
ERCP plus aneuploidy improves the results of serum
CA 19-9 and CEA. The results were valuable for dis-
tinguishing betweenmalignant and benign biliary stric-
tures, especially in PSC patients (44). Further studies
are required before these measures could be introduced
into clinical practice.

P53 AS A MARKER FOR
CHOLANGIOCARCINOMA

Inactivation of the tumor suppressor gene p53 is the
most common genetic abnormality in human cancer
and has been implicated in the genesis of cholangio-
carcinoma. It is assumed that the cause is the exposure
of cholangiocytes to toxic substances being excreted in
bile. P53 (protein) may be measured in paraffin-fixed
tissue by immunohistochemistry (IHC) and p53 genetic
changes by gene sequencing. P53 is accumulated in the
nucleus in up to 50% of cholangiocarcinoma cases,
reflecting a minor abnormality of the protein and an
inhibition of its natural degradation. It is interesting
to note that about 90 different mutations of p53 have
been recognized and that there is little difference in the
nature of these along the biliary tree. The structure and
function of p53 and its role in linking cancer to spe-
cific carcinogens by way of mutational signatures has
recently been reviewed (45). In a study of 36 patients
with cholangiocarcinoma, clinical outcome was com-
pared for abnormalities of sequencing of p53 gene in
the region of exon 5-8 and for P53 protein accumula-
tion to find whichmeasure is the better predictor of out-
come. p53 gene mutations were found in 22 of 36
(61.1%) patients, and for P53 protein, expression was

positive in nineteen of 36 (52.8%) patients. There were
significant differences in extent of differentiation and
invasion between tumors with positive and negative
expression of P53 protein. However, there were no sig-
nificant differences in pathologic parameters between
the mutations and nonmutations. The authors con-
cluded that the identification of alterations of the p53
gene evaluated by DNA sequence analysis is relatively
accurate, but, despite this, the overexpression of P53
protein could not act as an independent index to esti-
mate the prognosis of cholangiocarcinoma (46). Fluke-
associated cholangiocarcinoma appears more likely to
overexpress p53 than sporadic cholangiocarcinoma.
This may be because of the greater likelihood of an
intestinal goblet cell phenotype which overexpresses
p53 arising in fluke-associated cholangiocarcinoma.
Differences in the etiopathology of the cancers may
reflect different pathways to the development of
cholangiocarcinoma (11).

Several studies of patients with cholangiocarci-
noma suggest that high tissue P53 protein levels mea-
sured by IHC or mutations or deletions in the p53 gene
measured by single-strand conformational gel elec-
trophoresis, manual sequencing, or allele-specific poly-
merase chain reaction (PCR) appear to predict poor out-
come (Table 5.2). Results in studies showing no effect of
p53 accumulation on survival may have been affected
by small study numbers. These studies indicate that
about 36% of cases accumulate P53 in the nucleus and
that in these cases there is a poorer survival outcome.
However, it seems unlikely that IHC for p53 will pro-
vide sufficiently accurate results to be clinically useful,
given that it detects both mutated p53 and stabilized
wild-type p53 and conversely will miss p53 deletions.
Methods to define genetic abnormalities in p53 more

Table 5.2

STUDIES OF P53 IN CHOLANGIOCARCINOMA
P53 PROTEIN EXPRESSION

SOURCE NUMBER OF CASES PERCENT EFFECT ON SURVIVAL

Ahrendt et al., 2000 (47) 12 50 Reduced survival
Bergan et al., 2000 (48) 60 ductal type 25 Reduced survival 0.76 vs. 1.4 yr

22 intestinal 50
Cong et al., 2001 (49) 22 37 Reduced survival
Havlik et al., 2000 (50) 29 Reduced survival
Isa et al., 2002 (51) 23 21 No effect
Jarnagin et al., 2006 (52) 128 27 None, but effect of p27 and Mdm2 seen
Kim et al., 1999 (53) 25 37 No effect
Liu et al., 2006 (46) 36 51 Reduced survival
Kuroda et al., 2007 (54) 55 32 Reduced survival
Tannapfel et al., 1999 (55) 41 32 Reduced survival
Washington et al., 1996 (56) 41 58 No effect
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precisely and convenientlymight permit amore accurate
analysis of the association of p53 and clinical outcomes,
either as a pure prognostic factor or as a predictor of
benefit from systemic therapies. However, at present,
methodologies to do so are cumbersome, expensive, and
not widely available as routine clinical assays, limiting
the utility of this marker in clinical practice. Further-
more, no prospective studies assessing clinical benefits
using these new techniques have been published.

UROKINASE PLASMINOGEN (UPA), ITS
RECEPTOR UPAR, AND PLASMINOGEN
ACTIVATOR INHIBITOR 2 (PAI2) AS
MARKERS OF INVASIVENESS IN

CHOLANGIOCARCINOMA

The uPA system has been shown to increase invasive-
ness, and increased expression of these factors has been
associated with poor outcome in some cancers. This
system involves a cell surface receptor, uPAR, which
becomes active when the uPA protein binds to it. Acti-
vation of the uPA/uPAR mechanism may be inhibited
by the small proteins PAI-1 and PAI-2. Studies of pan-
creatico-biliary cancers indicate that poor outcome is
predicted by increased expression of uPA and uPAR and
further that PAI-2 is an independent predictor of
improved outcome by suppression of the uPAR mech-
anism. Several assay formats for these markers have
been evaluated, including IHC, quantitative real-time
reverse transcriptase (qRT)-PCR, and enzyme-linked
immunosorbent assay (ELISA) (57). Both qRT-PCR
and IHC have been shown to be predictive of survival
(58). Further work is required to determine the value
of this measure in cholangiocarcinoma.

EXPRESSION OF CATHEPSIN AND CYCLIN
PROTEINS AS MARKERS OF TUMOR

PROGRESSION IN
CHOLANGIOCARCINOMA

Present data are insufficient to recommend use of
cathepsin measurements for management of patients
with cholangiocarcinoma, although studies indicate
that different cathepsins are involved in the mechanism
of metastasis (59).

Similarly, the cyclin proteins which are expressed
in the late G1 phase and promote the transition to the
S phase of the cell cycle are abnormally expressed in
some cases of cholangiocarcinoma (19, 52, 54). They
can be measured by IHC in formalin-fixed paraffin-
embedded (FFPE) tissue, and mRNA for cyclin E has
been quantitated by RT-PCR in fresh frozen specimens

(60). Low molecular weight (LMW) forms of cyclin E
have been measured by Western blot analysis of pro-
teins in fresh frozen tissue (61). Discordance between
IHC and Western blot analysis in assessment of the
prognostic value of cyclin E may be related to the anti-
bodies used for each assay, given that the reagents that
detect intact cyclin Emay not react with the LMW frag-
ments. Further work is required to demonstrate the role
of such in hepatobiliary tumors.

It is considered that the location of a cholangio-
carcinoma may be related to the etiology of the tumor,
which may influence the pathways in the dysplasia-car-
cinoma sequence. In a study of cell cycle proteins, tis-
sue arrays from tumors at different sites in the biliary
tree have been examined by IHC. P27, cyclin D1, and
Bcl2 were more frequently overexpressed in proximal
tumors, whereas P53 and Mdm2 were more frequently
overexpressed in distal tumors. While cholangiocarci-
nomas differentially express cell cycle regulatory pro-
teins based on tumor location and morphology, these
differences were not sufficiently distinct to be of diag-
nostic importance. Vascular invasion, lymph node
metastases, absence of p27 expression, andMdm2 over-
expression independently predicted poor outcome on
multivariate analysis, and there may be prognostic roles
for the proteins Mdm2 and p27. However, these mea-
sures did not provide a strong guide for prognosis (52).

PROTEOMIC ANALYSIS FOR BILIARY
CARCINOMA

New technology is revealing a complex array of pro-
teins and peptides in tissue and blood samples, and the
pattern of these is distinct for different conditions. Var-
ious mixtures of truncated peptide fragments, or of
modifications of proteins or peptides, such as glycosy-
lation, cysteinylation, lipidation, and glutathionylation,
require careful evaluation to determine their biologic
role and the value of this new knowledge for improved
diagnosis and therapeutic possibilities. It is expected
that these differences, either in tissue, in the circulation,
or in secreted fluids, will be sufficiently specific to eval-
uate many different clinical questions. For proteomic
pattern analysis, computer-based algorithms have been
developed to distinguish bile duct cancer from benign
diseases (62).More work is required on larger numbers
of samples from patients to answer specific questions
such as identifying the proteins that distinguish patients
with PSC from those with cholangiocarcinoma.

Protein expression in tumors reflects the activa-
tion of biologic pathways, and the degree of activation
of these pathways is predictive of patient outcome (63).
Furthermore, tissue may be available for proteomic
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assessment from samples taken at surgery and through
needle biopsy and as well as from FNA or ERCP with
cytology. Although cancer mechanisms are best studied
in the cancer cells taken with laser dissection, many of
the samples acquired include stroma. Stroma may also
hold important messages about cancer biology because
the migration of tumor cells relies on an interaction
with the stroma and with the immune system through
dendritic cells. Therefore, many opportunities exist for
the discovery of new markers of different aspects of
cancer biology.

Many technological advances have allowed the
assessment of numerous proteins at very low concen-
trations. Patterns of protein expression and measure-
ment of specific proteins open diagnostic possibilities.
It is of note that the majority of serum proteins which
differentiate patients with cancer from those without
cancer are not derived from the neoplastic cells, but are
host-specific proteins from tissues such as stroma, liver,
or immunologic material (64). New methods that
allow isolation of low-abundance serum proteins more
likely to represent tumor markers are in development
(65, 66). Alternatively, once a number of proteins have
been identified and a limited number of proteins are
shown to be discriminatory, they may be measured by
IHC or serum-based immunoassays. Markers can then
be validated individually or in combination as a pro-
file or signature.

PROTEOMIC PATTERN ANALYSIS

Methodology

Analysis of multiple proteins or peptide fragments
simultaneously can be approached in several ways, and
each has positive and negative features (67). Some of
these methods include multiplex ELISA, phage display,
and aptamer arrays, summarized in Table 5.3 (68-70)
However, the most widely studied methods involve
identification of proteomic profiles as peaks on mass
spectometric analysis with precise charge-to-mass
ratios. In some cases, proteins have been designated by
their apparent molecular weight and isoelectric point
within two-dimensional (2D) gel analysis. Specific pep-
tides can be identified further based on their amino acid
sequence identity or homology to known proteins or
their fragments. Some studies have used whole tumor
specimens that include both epithelial cells and stroma,
whereas others have used microdissected epithelial
cells. If isolation of epithelial cells is not required, fine-
needle aspirate can provide adequate material (71).
Before mass spectoscopic analysis, preliminary separa-
tion of proteins can be performed with 2D gel analysis
(72) or by binding of proteins to chips or specific sur-

faces to attract subsets of proteins called surface-
enhanced laser desorption and ionization (SELDI) (70,
71, 73) andmatrix-associated laser desorption and ion-
ization (MALDI) (72), respectively. After desorption
and ionization, the pattern of charged peptides gener-
ally has been analyzed by time-of-flight (TOF) mass
spectroscopy.While these methods are excellent at mea-
suring small proteins with low abundance, they are not
able to identify these proteins with ease. Nonetheless,
they are able to recognize patterns of proteins and
demonstrate the specificity of these proteins for differ-
ent conditions. The multiplex ELISAs method can also
be used to detect several different proteins simultane-
ously (74). Multiple peptides can also be measured by
phage displays or aptamers (68, 70). Indeed, screening
protein arrays with sera from patients with cancer
would facilitate the identification of autoantibody sig-
natures that can be used for diagnosis and/or progno-
sis of patients. The usefulness of multiplexed measure-
ments lies not only in the ability to screen many
individual marker candidates, but also in evaluating the
use of multiple markers in combination. The advantage
of protein and serum screening of peptides and cDNA
repertoires displayed on phages as well as the fabrica-
tion of protein microarrays for probing immune
responses in patients has been reviewed (68).

Proteomic Pattern Analysis

This is a new field, but 362 articles listed in PubMed
had the key words “proteomic analysis” and “neo-
plasms” addressing proteomics and cancer in 2007.
SELDI-TOF has been used to profile proteins in serum
and tissue from cholangiocarcinoma subjects. This
demonstrated the potential of SELDI to provide serum
biomarkers that differentiate cholangiocarcinoma from
benign disease and/or healthy individuals (62).

In this preliminary study SELDI-TOF MS pro-
teomic profiling differentiated cholangiocarcinoma
from nonmalignant tissue, and the serum of cancer
patients was differentiated from disease controls. Pre-
vious studies involving different cancer types (81-83)
have shown similar findings, but the pattern of bio-
markers varies between the cancer types. The most
interesting discovery of the study relating to cholan-
giocarcinoma patients was the finding of a SELDI-
derived peak (m/z 4462), demonstrated in Figure 5.1.
This peak was as effective at discriminating cancer from
benign serum as the tumor markers CEA or CA19-9.
The relevant ROC curves are demonstrated in Figure
5.2. There was an improved diagnostic accuracy when
these three serum markers were combined. Classifica-
tion could be further enhanced with data generated
from a panel of peaks, suggesting that analysis of pro-
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teomic profiles, rather than individual proteins, may
yield improved diagnostic ability. The value of this tech-
nology is in its capacity to analyze large numbers of
proteins rapidly to determine whichmay become poten-
tial biomarkers. The low molecular weight portion of
the proteome, previously hidden by the limited resolu-
tion of 2D gel electrophoresis, appears to carry an
abundance of tumor-specific information with the
potential to improve both diagnosis and the under-
standing of tumor pathogenesis.

A remarkable finding in that paper was that 14
peaks were common to both the tissue and serum
groups. Of these, one peak was significantly upregu-
lated in both cancer subgroups: m/z 11664, p = 0.001
(tissue), p <0.001 (serum). Interestingly, the 10-fold

cross validation/multivariate logistic regressionmodels
did not pick either of these proteins for any of the puta-
tive biomarker panels used above. Nonetheless, these
peaks are of significant interest for future investigation.

Alterations in the serum protein profile would also
seem likely both as a result of the malignant process
itself and secondary to the inflammatory response,
including release of cytokines and acute phase proteins
from the liver. It was therefore crucial to have a con-
trol group of patients who did not have cancer but who
had a variety of biliary inflammatory processes with
matched liver dysfunction.

Discrimination between patients with PSC and
those with the added complication of cholangiocarci-
noma is perhaps one of the most difficult challenges

TABLE 5.3
Proteomic Techniques

METHOD DESCRIPTION ADVANTAGE

2D gel electrophoresis Uses isoelectric properties and SDS-PAGE to MS identifies proteins of interest.
separate protein spots. Discovered proteins is New software for analysis of protein
biased toward abundant proteins (75, 76). 2DE spots (69).
does not identify proteins which are small, very
basic, very acidic, or hydrophobic. 2DE is a slow
process (77–80).

MALDI-TOF Matrix solution (M) + sample (S) dried on glass Measures proteins up to 30 kDa. Can
slide. A laser directed at surface ionizes complex, be helpful in sequencing of proteins
which becomes (M+S)-/+. The ionized complex is and oligonucleids.
accelerated through electric potential along a flight
tube to a detector. The time of flight is related to the
mass to charge (m/z) of the compound.

SELDI-TOF ms Similar principles to MALDI-TOF but the glass Protein pattern of low concentration.
chips have specific surfaces to select a subset of Not easy to collect proteins for identi-
proteins. This is then covered by a matrix. The m/z fication.
of the proteins in the sample is measured by time
of flight technique. The identification of unknown
proteins requires further separation of the sample.

Multiplex ELISA Multiple antibodies placed in different wells, Small 50-µL sample is required
Measure by luminescence. Requires good quality
antibodies to give accurate results

Phage display Screens for protein-protein interactions and Suitable for testing a large number of
protein-DNA using genetic sequences from a samples.
DNA library of interactions. Many proteins can
be tested at the same time by integrating their
sequence into a suitable phage.

Protein microarry Here, different proteins are affixed in ordered Multiple interactions can be tested.
fashion to a glass slide. Substrates, e.g., protein
kinase, or biologically active small molecules are
identified when they bind being detected by
luminescence or similar technique.

Aptomere microarray An aptamer is a nucleic acid macromolecule that Binds 1000-fold more tightly than many
binds tightly to a specific molecular target. These other reactions. It is most suited to
are being developed as biomarkers. low substrate concentrations.
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because transplantation formalignancy can lead to early
recurrence. In a prospective study (84) in 84 subjects, the
novel tumor markers trypsinogen-1, trypsinogen-2,
tumor-associated trypsin inhibitor, human chorionic
gonadotropin-β and trypsin-2-α-antitrypsin were eval-
uated. Forty-six had transplantation for PSC, and 3 of
these had an unsuspected cholangiocarcinoma. Five of
the patients with cholangiocarcinoma had PSC. These

markers were measured by the immunofluorescence
technique. Serum trypsinogen-2 showed the highest
accuracy in differentiating between cholangiocarcinoma
and PSC. The area under the curve (AUC) value was
0.804 and 0.613 for CA19-9. Serum trypsinogen-2 also
showed the highest accuracy for differentiation between
PSC and PSC with simultaneous cholangiocarcinoma,
with an AUC value of 0.759. This finding needs to be
considered within a multimarker platform using a
method such as the advanced protein microarray.

PROTEOMIC ANALYSIS OF BILE

Bile is a rich source of proteins, but the complexity of
bile with its ample array of mucins and lipids, its high
pH, concentrated inorganic ions, and active bile salts cre-
ates problems with analysis. Bile is freely accessible
through ERCP, and it is clear that there will be impor-
tant biomarkers present if some of the difficulties with
analysis can be overcome. Although it is early in the dis-
covery of the complex map of proteins in bile, there are
two recent papers demonstrating that the methods are
reproducible and that specific proteins can be recognized
(85, 86). Two-dimensional electrophoresis (2DE) is a
popular and proven separation technique for proteome
analysis. One problem involves preparation of the bile
sample tomake it suitable for 2DE, namely, how to clean
up the sample and remove lipid and carbohydrate com-
ponents without destroying the proteome. Another
problem relates to gaining confidence in the repro-
ducibility and resolution of the 2D biliary maps. Only
then can the protein patterns specific for potential tumor
biomarker discovery be recognized. A methodologic
study undertook a variety of sample preparation options
to remove contaminants that affect 2DE results, includ-
ing delipidation, desalination, and nucleic acid removal.
A large number of protein spots was separated in 2D
maps from the experimental and control groups, with
means of 250 and 216 spots on pH 3-10 IPG strips, and
182 and 176 spots on pH 4-7 strips, respectively. When
the authors compared bile from a patient with malig-
nancy with bile from a patient with benign disease,
approximately 16 and 23 spots were differentially
expressed. This study established a reliable sample
preparation process suitable for 2DE of bile fluid. By this
method, 2D biliary maps with high reproducibility and
resolution were obtained. The differentially displayed
proteomes in the 2D biliary maps from the experimen-
tal and control groups indicated the potential applica-
tion for bile fluid analysis to identify disease-associated
biomarkers, especially for biliary tract tumors (87).

Human gallbladder bile from a cholesterol stone
patient contained 222 different proteins, which were

FIGURE 5.1

Printout of the protein mass profile for a small segment of
the curve. Results are from the spectrum of two subjects
from each of the groups: healthy controls, benign biliary
disease, and cholangiocarcinoma. *m/z 4462 peak. (Mod-
ified from Ref. 62.)

FIGURE 5.2

ROC curves for the serum results from (A) cholangiocarci-
noma vs. benign disease, where the solid line is from the
marker m/z 4462, the dashed line is a two-marker panel,
and the dotted line includes CEA in the panel, and (B)
cholangiocarcinoma vs. healthy volunteers, where the solid
line represents the curve for the marker m/z 11535, the
dashed line is a three-marker panel, and the dotted line is
a five-marker panel including CEA and CA 19-9. (Modi-
fied from Ref. 62.)
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identified by tryptic digestion (88). However, the prepa-
ration of these samples is a laborious process requir-
ing dialysis, precipitation, and delipidation procedures.
Thus, there is a rich pool of proteins to study, but the
methodology needs to be refined before the clinical util-
ity can be realized.

One novel marker, Mac-2BP, has been found in
bile using tandemmass spectrometry and demonstrated
to be as frequently elevated as CA 19-9 in cholangio-
carcinoma subjects. This allowed the study of bile with
ELISA, and the results indicated that Mac-2BP had the
ability to discriminate specimens from patients with
PSC with a ROC AUC of 0.70. When both bile mark-
ers were used, the accuracy improved to an ROC-AUC
of 0.75 (86). Further markers have been sought using
cell culture techniques, which have suggest that CK7,
CK19, U2/2, and galectin-3 may be useful markers for
differential diagnosis of cholangiocarcinoma from
hepatocellular carcinoma (89).

MULTIPARAMETER MARKERS

One observation that can be surmised from these results
is that the cancer process is not a uniform one, other-
wise the same genetic abnormalities, proteins, and pep-
tide abnormalities would be consistently found. This
heterogeneous process is the reason that a panel of bio-
markers will be required to improve the discrimination
power of important clinical questions. There are a num-
ber of emerging new technologies which hold promise
for the future. Furthermore, correlation of protein lev-
els with altered pathways within cancer cells may give
important new insights into the causes of the differences
in the proteins being expressed. Biomarkers will pro-
vide an improved understanding of the cancer mecha-
nism and the host response to cancer.
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athologic staging of cancer plays a
critical role in the management of can-
cers arising from the biliary system.
Cancer staging will help in the selec-

tion of adequate primary or adjuvant therapy, predict
outcomes, help to evaluate the effectiveness of a given
therapy, and facilitate scholarly exchange of informa-
tion about cancer. Similar to other organ cancer stag-
ing systems, the TNM system (i.e., the extent of tumor
invasion-T, the status of lymph nodes-N, and the dis-
tance of metastasis-M) is the most widely used staging
system (1). The World Health Organization has devel-
oped a classification system based on cancer histologic
types, which has not been widely used in clinical prac-
tice. The American Joint Committee on Cancer (AJCC)
regularly publishes the criteria about TNM staging in
all cancers. In this chapter we will outline the staging
criteria for cancers arising in the gallbladder and extra-
hepatic biliary tract according to the guidelines in the
AJCC Cancer Staging Manual, 6th ed. (2).

The premise of a cancer staging guideline is that
the classification system should be able to define the
tumor behavior and clinical survival. As we gain more
knowledge about the biology and clinical medicine
about cancers, the staging system is also evolving (3).
Nevertheless, the basic tenets of cancer staging are well
established.

The overall stage grouping for cancers is denoted
by Roman numerals I to IV. The stage reflects the extent
of tumor spreading. Stage I indicates localized cancer
that is usually treatable. Stage II and Stage III indicate
that the cancers are locally advanced or involve regional
lymph nodes. Stage IV usually indicates the cancer is
inoperable or with distant metastasis. Similar to other
solid tumors, the precise overall stage of biliary tract
cancer is defined by the TNM staging, which can be
either clinical or pathologic.

It is necessary to emphasize that clinical staging
and pathologic staging are not always identical. Clini-
cal staging is based on findings of physical examination
and imaging analysis. It is useful for planning surgical
intervention, and it is particularly important for
patients who have unresectable cancers. Pathologic
staging is based on the examination of the resected
tumor specimen. This staging system is more objective,
but obviously is only able to describe the tissue that has
been resected. The pathologist can make no comment
about lymph nodes that have not been resected or about
tumor metastasis to distant sites.

To adhere to the requirements of being a National
Cancer Institute (NCI) designated cancer center, it is
mandatory to record TNM pathologic staging for all
resected cancer specimens. Here we want to emphasize
that both clinical staging (cTNM) and pathologic stag-
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ing (pTNM) should be in the patient’s medical record.
When referring to TNM status, one must specify
whether the staging is based on clinical or pathologic
data (cTNM or pTNM, respectively). Beyond NCI-des-
ignated cancer centers, it behooves all clinical care cen-
ters to record TNM staging.

To accurately report pathologic staging one must
clearly understand anatomy (4). The gallbladder is
located under the liver in the gallbladder fossa. The
superior surface is firmly attached to the liver, while the
inferior surface is covered with peritoneum. As an
anatomic variation, gallbladder can be buried in the
liver (intrahepatic gallbladder) or freely suspended from
the liver. The gallbladder can be divided into three
parts: fundus, body, and neck. Histologically (Figure
6.1), the gallbladder has four layers: (1) the mucosa
(epithelium and lamina propria); (2) a smooth muscle
layer; (3) a perimuscular connective tissue layer that is
continuous with the interlobular connective tissue of
the liver; and (4) the serosa (there is no serosa on the
superior surface where it is adherent to the liver). The
gallbladder is unique in the alimentary tract in that it
has no muscularis mucosa and no submucosa; there is
only one smooth muscle layer. Hence, invasion of gall-
bladder cancer through the “first” muscle layer places
the cancer outside the gallbladder. Because of the imme-
diate proximity of the gallbladder to the liver, cancer
invasion along the superior portion of the gallbladder
leads to direct invasion into the liver.

The extrahepatic biliary tree includes the left and
right hepatic ducts, the common hepatic bile duct, and
the cystic duct from the gallbladder that joins the com-
mon hepatic duct to form the common bile duct. The

common bile duct travels through the head of the pan-
creas and the duodenal wall. It needs to be noted that
the histology of the extrahepatic bile duct is unique:
the wall is thin (less than 0.15 cm), consisting of
mucosa, compact elastic and collagen fibers with inter-
rupted small bundles of smooth muscles, and periduc-
tal loose connective tissue (Figure 6.2). Hence, carci-
nomas from the bile duct epithelial layer can easily
invade through the wall and into vessels (lymphatic
or vascular) and nerves in the periductal tissue.
Mucous glands are also present in the wall of the dis-
tal common bile duct. In the setting of inflammation
or mechanical stimulation such as stents, these glands
are easily distorted and exhibit atypical cytologic fea-
tures that can be mistaken for carcinoma. Therefore,
caution must be exercised in interpreting biopsies of
the extrahepatic biliary tree, especially on frozen sec-
tions, as inflamed mucous glands may be misinter-
preted as invasive cancer.

The Vaterian system consists of the intrapancre-
atic common bile duct, the main pancreatic duct, the
duct of Wirsung, the duodenal papilla, the ampulla of
Vater (commonly referred to as ampulla), and the peri-
ampullary sphincteric smooth muscle (the sphincter of
Oddi). There are common variations in the general pop-
ulation. Approximately 60% of the population have a
true ampulla. Most of the remainder have a separate
common bile duct and pancreatic duct lumena all the
way to the ampullary orifice. Histologically, the
ampullary region contains the abrupt transition
between ductal epithelium and duodenal mucosa. In
addition, mucous glands embedded in the spiral mus-

FIGURE 6.1

Normal histology of gallbladder. The image shows the
mucosa, lamina propria, muscularis propria, and perimus-
cular connective tissue. There is no muscularis mucosa and
submucosa in the gallbladder.

FIGURE 6.2

Normal histology of extrahepatic bile duct. The image of
normal bile duct shows the mucosa, compact elastic and
collagen fibers with interrupted small bundles of smooth
muscles, and periductal loose connective tissue. Note the
mucosal glands in the wall of the bile duct.
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culature of the sphincter are particularly numerous in
this region, which creates a problem when interpret-
ing small biopsies. Because of this unique anatomy and
histology, it is sometimes virtually impossible to ascer-
tain the precise origin of epithelial cancers occurring
in this region, i.e, from the duodenal mucosa,
ampullary confluence, the common bile duct, or the
pancreatic duct. For this reason, cancers in this region
are usually classified as “ampullary carcinoma” and
hence have their own staging system.

STAGING OF GALLBLADDER CANCER

Gallbladder carcinoma is relative rare, but it is the
most common cancer of the biliary system (5). It com-
monly affects older patients with longstanding
cholelithiasis, which afflicts 10-20% of adult popula-
tions in developed countries. Similar to cancers in the
gastrointestinal tract, tumor behavior is dependent on
tumor staging. Gallbladder carcinoma is relatively rare
in the United States. Most such cancer cases are from
Asian countries. Therefore, many clinical data used for
formulating the staging criteria are from studies in
these countries.

Carcinomas of gallbladder exhibit two patterns of
growth: infiltrating or exophytic. The infiltrating pat-
tern is more common. The gallbladder is usually thick-
ened without obvious visible tumor. The exophtic tumor
grows into the lumen as an irregular, cauliflower-shaped
mass (Figure 6.3). Histologically, the majority of carci-
nomas of the gallbladder are adenocarcinoma (Figure
6.4); the other rare histologic types include squamous
cell carcinoma, adenosquamous cell carcinoma, and car-

cinosarcoma. Regardless of the histologic types of the
primary tumors, the same staging scheme is applied. As
shown in Table 6.1, TNM information is the basis for
forming the overall stage grouping of gallbladder can-
cers. Rarely, lymphoma, carcinoid tumors, or sarcomas
are seen in the gallbladder, but the current staging sys-
tem does not apply to these rare tumors.

Besides the widely used AJCC staging system,
there are two clinical staging systems for gallbladder
carcinoma: the Nevin system (6) and the Japanese Bil-
iary Surgical Society system (7). However, the AJCC
staging system is widely used in the United States. It
has been an important tool to guide management of
gallbladder carcinoma. With more available clinical
data about this cancer, modification of this staging
system has been recently advocated. This suggestion
has been based on a comprehensive study by Fong et
al (3). Using the National Cancer Database (NCDB),
Fong et al. found that the current staging scheme in
the AJCC Cancer Staging Handbook does not dis-
criminate between Stage III and Stage IV in terms of

FIGURE 6.3

Gallbladder carcinoma. The exophytic growth of a gall-
bladder carcinoma. (Courtesy of Robin Foss at the Uni-
versity of Florida.)

FIGURE 6.4

Histology of gallbladder carcinoma. The image demon-
strates adenocarcinoma the gallbladder.

TABLE 6.1
Staging Gallbladder Cancer

STAGE T N M

0 Tis N0 M0
IA T1 N0 M0
IB T2 N0 M0
IIA T3 N0 M0
IIB T1-3 N1 M0
III T4 Any N M0
IV Any T Any N M1
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survival rate. As shown in Table 6.1, Stage III only
includes T4NxM0 and Stage IV includes TxNxM1.
The authors suggested that Stage III should include
T3N0M0 and T1-T3 with any node metastasis (T1-
T3N1M0) and that Stage IV should include
TxN2Mx, T4N1M0, and TxNxM1. The other poten-
tial changes in gallbladder cancer staging are the
inclusion of molecular prognostic markers and mod-
ern imaging findings. These two fields are advancing
rapidly and a tremendous amount of information will
be available in the near future. Thus, the incorpora-
tion of new information into the current staging sys-
tem appears to be certain.

The foundation of the current staging scheme is
pathologic staging based on an examination of resec-
tion specimens. Although gallbladder resections (chole-
cystectomy) are common in most hospitals, gallbladder
cancer resection specimens are relatively rare. Fortu-
nately, pathologic assessment of tumor status is read-
ily performed, as shown in Table 6.2.

The criteria for N and M are straightforward. The
T classification is dependent on the depth of the tumor
invasion in the wall of the gallbladder, presence or
absence of cancer invasion into the liver, hepatic artery,
or portal vein, and the presence or absence in adjacent

organs, which include liver, duodenum, stomach, colon,
or pancreas, omentum, or extrahepatic bile ducts.

It has to be mentioned that laparoscopic chole-
cystectomy is more commonly used in clinical practice.
Its impact on gallbladder carcinoma staging remains
to be determined. It is known that approximately 50%
of the gallbladder carcinomas are incidentally found
during upon examination of gallbladders resected by
laparoscopic cholecystectomy (8). Most of these
patients have Stage I or Stage II disease. It is still ques-
tionable whether these patients should undergo imme-
diate adjunctive radical surgical resection, though some
of the studies demonstrated the survival advantage
when patients had radical resection for early stage dis-
ease (9, 10). When invasive carcinoma is found during
laparoscopic cholecystectomy, surgical manipulation
may lead to intra-abdominal spread and endoscopic
tract seeding (11, 12), which certainly complicates the
staging of gallbladder cancer.

When examining gallbladders resected for
cholelithiasis, it is important to thoroughly examine the
mucosal surface at the time of gross inspection. The
fundus must be given particular attention, since 60%
of gallbladder carcinomas arise from this region.
Regardless of whether a macroscopic lesion is identi-
fied, it is mandatory to take representative sections for
histologic evaluation, especially when the gallbladder
wall is thickened. When polyps or tumorous lesions are
present, the entire lesion needs to be examined micro-
scopically. Attention should be paid to the presence of
dysplasia or carcinoma in situ and whether invasive
carcinoma is present. When in situ or invasive carci-
noma is identified, more tissue sections should be
obtained to fully examine the extent of tumor invasion.
It is also important to histologically examine any lymph
nodes attached to the gallbladder specimens.

When examining gallbladder carcinoma resection
specimens, it is important to maintain the anatomic ori-
entation of the specimen and identify the cystic duct,
serosal surface, or any attached liver tissue. The tumor
size and location should be accurately recorded.
Depending on the size of the tumor, it is advisable to
submit as many sections as possible for histologic
examination, because it is not uncommon for gall-
bladder carcinoma to be multifocal.

Tumor spread is via direct liver invasion-less
commonly involvement of the hilar region and/or
regional lymph node metastasis. The lymph nodes
involved are often located in the retroperitoneal, right
celiac, and pancreaticoduodenal regions. Thus, when
more radical resection procedures are performed, care-
ful identification of lymph nodes in the resection spec-
imen is critical to determine the nodal status hence the
tumor staging.

TABLE 6.2
Pathologic Staging of Gallbladder Carcinoma

T (Primary Tumor)

TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma in situ
T1 Tumor invades lamina propria or muscle layer

T1a Tumor invades lamina propria
T1b Tumor invades muscle layer

T2 Tumor invades perimuscular connective tissue
but not into serosa or into liver

T3 Tumor perforates the serosa, or directly
extends to the liver, or other adjacent organs,
such as stomach, duodenum, colon, pancreas,
omentum, or intrahepatic bile ducts

T4 Tumor invades main portal vein, or hepatic
artery, or multiple extrahepatic organs or
structures

N (Regional Lymph Nodes)

NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Regional lymph node metastasis.

M (Distant Metastasis)

MX Distant metastasis cannot be assessed
M0 No distant metastasis
M1 Distance metastasis
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STAGING OF THE EXTRAHEPATIC BILE
DUCT CANCER

Both benign and malignant tumors occur along the
extrahepatic biliary system. The benign lesions include
papillary adenoma and cystadenoma. The malignant
tumors are predominantly adenocarcinoma with some
histologic variants. Some benign inflammatory condi-
tions may resemble malignant tumor, such as lympho-
plasmacytic cholangiopathy. Differential diagnosis
must be considered.

Carcinomas of the extrahepatic bile ducts exhibit
multiple appearances, including an infiltrating, nodu-
lar, polypoid (Figure 6.5), or constricting pattern of
growth. Dysplasia or carcinoma in situ is often seen in
the setting of invasive carcinoma. In most of the surgi-
cal resection specimens, extensive cancer invasion is
present, especially local spread through the wall of the
bile duct into the periductal connective tissue (Figure
6.6). The tumors usually spread by direct invasion of
adjacent tissue, including the portal vein, hepatic artery,
liver, and pancreas. The tumors can also spread along
the blood vessels, lymphatics, and small nerves.

The majority of extrahepatic biliary tract cancers
(around 70%) arise from the bifurcation site of the
common bile duct (i.e., the confluence site of right and
left hepatic ducts). Tumors arising in this location are
also referred to as Klatskin tumors. Approximately
20% of extrahepatic biliary tract cancers originate in
the lower bile duct. In a small percentage of patients,
cancer involves multiple segments of the extrahepatic
biliary system, and it is impossible to determine the pre-
cise origin of the cancer.

Tumor staging for the extrahepatic biliary tree is
only used for primary malignant tumors arising in the

extrahepatic bile ducts above the ampulla of Vater. The
staging scheme is similar to gallbladder cancer, which
is based on the extent of tumor invasion, lymph node
status, and distal metastasis (Tables 6.3 and 6.4). Stag-
ing correlates with overall survival. Although not
included in the staging scheme, the tumor location
along the extrahepatic bile ducts, certain histologic sub-
types, and the histologic grade appears to influence the
survival. In particular, patients with tumor arising in
the distal portion of the common bile duct tend to have
better survival rate than those with more proximal
tumors (13). Tumors that grow in a papillary pattern
to the lumen have better prognosis (14). Low-grade
tumors generally have better outcome. Perineural inva-
sion imparts a poor prognosis (15).

STAGING OF AMPULLARY CARCINOMA

As noted, the ampulla of Vater is located at the con-
fluence of the pancreatic and common bile ducts, which
forms a common channel. Both benign and malignant

FIGURE 6.5

Extrahepatic bile duct tumor. This photograph shows an
exophytic tumor mass in the lumen of common bile duct.

FIGURE 6.6

Adenocarcinoma of extrahepatic bile duct tumor. The
image shows irregular tumor glands in the bile duct wall.

TABLE 6.3
Staging Cancers of the Extrahepatic Bile Ducts

STAGE T N M

0 Tis N0 M0
IA T1 N0 M0
IB T2 N0 M0
IIA T3 N0 M0
IIB T1-3 N1 M0
III T4 Any N M0
IV Any T Any N M1
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tumors occur in this region. The common benign tumor
is adenoma, which constitutes 80% of ampullary
tumors. Adenomas can exhibit a flat, tubular, or pap-
illary conformation. Regardless of conformation, ade-
nomas can undergo malignant transformation.

Malignant tumors of the ampulla are predomi-
nantly adenocarcinoma. Tumors can be exophytic or
infiltrative (Figure 6.6). Ampullary carcinomas tend to

be associated with other primary cancers, such as col-
orectal carcinoma in the setting of familial adeno-
matosis polyposis (FAP) (16) and neurofibromas in
association with Recklinghausen’s disease (17).

It is difficult to distinguish ampullary carcinoma
from periampullary carcinoma of the duodenum. Gross
examination and histologic examination of the adja-
cent duodenal tissue and common bile duct tissue are
critical (18). Even with rigorous effort at the time of
gross dissection and histologic examination, sometimes
it is still impossible to make this distinction. Fortu-
nately, carcinomas arising both ampulla and peri-
ampulla share similar clinical and pathologic features.
It is appropriate to classify the carcinoma as ampullary
carcinoma even when it is difficult to know whether the
tumor is from periampullary duodenal mucosa or the
ampullary region proper.

The majority of ampullary carcinomas are ade-
nocarcinoma. Multiple histologic variants occur: undif-
ferentiated carcinoma, squamous cell carcinoma, and
small cell carcinoma of the ampullary region. Although
histologic subtypes of the ampullary cancers may be
additional predictive factors for survival, the current
staging scheme does not include the tumor histologic
types. Carcinoid tumor or other neuroendocrine
tumors can also occur in the ampullary region (Figure
6.7). They are clinically and histologically different
from carcinoid tumors arising in the duodenum (19).
The ampullary carcinoma staging system does not
apply to carcinoid tumors (20).

Clinical staging of ampullary carcinoma is usually
based on endoscopic ultrasonography and computed
tomography. Laparoscopy is sometimes performed on
patients who may have localized, potentially respectable
tumors to exclude metastasis to the peritoneal surface

TABLE 6.4
Pathologic Staging for Cancers of

Extrahepatic Bile Ducts

T (Primary Tumor)

TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma in situ
T1 Tumor confined in the bile duct histologically
T2 Tumor invades beyond the wall of the bile duct
T3 Tumor invades the liver, gallbladder, pancreas,

and/or unilateral branches of the portal vein
(right or left) or hepatic artery (right or left)

T4 Tumor invades any of the following: main portal
vein or its branches bilaterally, common hepatic
artery, or other adjacent structures, such as the
colon, stomach, duodenum, or abdominal wall

N (Regional Lymph Nodes)

NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Regional lymph node metastasis

M (Distant Metastasis)

MX Distant metastasis cannot be assessed
M0 No distant metastasis
M1 Distance metastasis

FIGURE 6.6

Adenocarcinoma of extrahepatic bile duct tumor. The
image shows irregular tumor glands in the bile duct wall.

FIGURE 6.7

Ampullary cancer. This image shows an exophytic tumor
mass at the ampulla of Vater.
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and the liver. Pathologic staging is based on examination
of the surgical resection specimen. The T classification
depends on the extension of the primary tumor through
the ampulla of Vater or the sphincter of Oddi into the
duodenal wall or beyond into the head of the pancreas
or contiguous soft tissue. It is worth noticing that even
T4 tumors are usually locally resectable, in contrast to
T staging of other solid tumors.

There is a rich lymphatic network in the peri-
ampullary region. Thorough examination of all lymph
nodes is required. Although the current staging sched-
ule does not further subclassify the lymph node status
(N) according to the number and location of the posi-
tive lymph nodes, studies have shown that the location
and number of positive nodes does affect the survival
of patients with ampullary carcinoma (21, 22). The
staging system for ampullary carcinoma is given in
Tables 6.5 and 6.6.
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arcinoma of the gallbladder is the fifth
most commonmalignant tumor of the
gastrointestinal tract. Cancers of the
bile ducts are less common, but their

incidence has been increasing (1). Bile duct tumors can
be classified as intrahepatic (or peripheral) cholangio-
carcinomas (ICC), hilar (or Klatskin) tumors, and
extrahepatic tumors. Klatskin tumors are the most
common (2). Most biliary tumors (tumors of the gall-
bladder and the bile ducts) are malignant adenocarci-
nomas, the prognosis for which has been dismal. Other
malignant biliary neoplasms are anaplastic or squa-
mous cell carcinomas of the gallbladder, anaplastic car-
cinomas and cystadenocarcinomas of the bile ducts,
and carcinomas of the ampulla of Vater. Metastases,
carcinoid tumors, lymphomas, and sarcomas of the bil-
iary tract also occur.

Early diagnosis of biliary tumors would be impor-
tant to improve their prognosis, and accurate staging
would help to choose the best possible treatment. How-
ever, biliary tumors present specific diagnostic chal-
lenges. Their symptomsmay bemild or unspecific, such
as malaise, mild fever, weight loss, or a sensation of full-
ness. In the case of bile duct obstruction, jaundice may
be the presenting sign. The differences in the clinical
behavior of bile duct cancers are due to variation in
the location and size of the tumor at the time of diag-

nosis. A tumor of the papilla of Vater or the distal com-
mon bile duct may cause jaundice at an early stage,
while ICC-or gallbladder carcinomas-are often
advanced before causing symptoms of obstruction.
Gallbladder carcinoma is often found incidentally in a
resected cholecystectomy specimen. Gallstones are pre-
sent in most of the affected patients.

Imaging modalities, imaging-guided fine-needle
aspiration (FNA), and endoscopic brush samples play
a crucial role in the diagnostic work-up, although lab-
oratory findings or tumor markers may also be sug-
gestive of a tumor. However, there is no single modal-
ity capable of reliably detecting and accurately staging
biliary cancers, hence, complementary modalities are
usually needed.

This chapter will concentrate on the potential of
different imagingmodalities to respond to the challenge
of how to diagnose and stage biliary cancers. The cur-
rent state-of-the-art strategies are also discussed. Sub-
sequent chapters in book will go into greater depth.

Similar imaging modalities and diagnostic strate-
gies are mainly used for both carcinoma of the gall-
bladder and carcinoma of the bile ducts. Therefore, the
possibilities of each imaging method in both cancer
types are presented under the subheadings of the
modalities. Although jaundice with bile duct obstruc-
tion is typical for cancer of the bile ducts, it is also com-
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mon in advanced gallbladder cancer.
It is, however, somewhat problematic to give

detailed, up-to-date information about the diagnostic
possibilities of the modern imaging modalities and
strategies in biliary cancers, in part due to the rapid
emergence of novel technology.We lack new large-scale
studies of the sensitivities of modern magnetic reso-
nance imaging (MRI) with magnetic resonance cholan-
giography (MRC) or multidetector computed tomog-
raphy (MDCT) in biliary cancers. The studies are
mostly about older techniques, e.g., computed tomog-
raphy (CT) without a multidetector technique with
high-resolution images andmultiplanar reconstructions
of good quality. The classification and nomenclature of
bile duct tumors is also variable and confusing, and
original studies are often about tumors from only one
location, e.g., Klatskin tumors. Also, the studies are
often retrospective, the size of the study population can
be small, and there are differences in study design, algo-
rithms, and equipment, whichmakes it difficult to com-
pare different papers. Nevertheless, the conclusions of
the pertinent literature are highlighted and discussed.

SPREAD, STAGING, AND TREATMENT OF
BILIARY CANCERS

With the exception of ampullary carcinoma, the prog-
nosis of biliary carcinomas is poor. In biliary cancers,
the histologic type, the staging, and, in the case of car-
cinoma of the bile ducts, the location of the tumor are
the most important prognostic factors. Resection pro-
vides the only chance of cure, and since advanced sur-
gical techniques are increasingly used, there is a need
for accurate preoperative staging and determination of
the best therapeutic option.

Gallbladder carcinoma spreads early in its course.
It invades the wall of the gallbladder and spreads into
the regional lymph nodes (the cystic duct node and the
pericholedochal, hilar, peripancreatic, periduodenal,
periportal, celiac, and superior mesenteric nodes).
Spread into the liver segments IV and V, duodenum,
colon, abdominal wall, and common hepatic duct may
also occur. ICC may spread directly into the surround-
ing hepatic parenchyma, portal pedicle, and bile duct.
It may also spread into the regional lymph nodes, and
late intrahepatic and pulmonary metastases occur.
Ampullary carcinoma infiltrates locally, sometimes
involving the regional lymph nodes. In the case of other
bile duct carcinomas, in addition to the location, length,
and local invasion of the tumor, spread into the liver,
hepatic artery, portal vein, gallbladder, regional lymph
nodes (as in gallbladder carcinoma), and adjacent
organs and tissues should be evaluated. The TNM clas-

sifications of biliary tumors are used for staging. There
are separate staging schemes for gallbladder carcinoma,
ICC, and tumors arising more distally in the biliary
tract (2, 3).

There are various practices for the treatment of
biliary cancers. In gallbladder carcinomas, surgery is
the only curative therapy in properly selected patients.
The presence of major vascular encasement or metas-
tases leads to a nonoperative approach. Simple chole-
cystectomy is feasible at an early stage (stage I,
T1N0M0; Table 7.1). The debate over how aggressive
the surgery for more advanced cancers should be con-
tinues. Patients with advanced cancer or significant
comorbidities are candidates for biliary enteric bypass
or biliary drainage, and chemotherapy and radiother-
apy are also possible (4).

ICC is managed with liver resection, but early
detection of ICC is difficult, and fewer than 10% of
patients with ICC have resectable disease. Lymph node
spread, vascular invasion, positive margins, and bilo-
bar distribution are associated with a poor prognosis.
There is no universally accepted surgical approach for
tumors of the perihilar area, and variable practices are
employed. Surgical resectability is shown by about one
third of patients. Bismuth staging is often used to
describe the extent of tumor involvement within the
ductal system (Table 7.2). Criteria for unresectability
have been published and are presented in Table 7.3 and
will be discussed in greater detail elsewhere. The oper-
ative goal is complete resection with a negative histo-
logic margin. The operative procedure for distal bile
duct cancers consists of pancreaticoduodenectomy or
local bile duct excision. Hepaticojejunostomy and
regional lymph node dissection may also be required.
Ampullary carcinoma is usually treated by pancreati-
coduodenectomy. Endoscopic treatment or transduo-
denal excision is reserved for high-risk patients (4, 5).

TABLE 7.1
T-Classification of Gallbladder Carcinoma

T1 Tumor invades lamina propria or muscle layer
T2 Tumor invades perimuscular connective tissue,

no extension beyond serosa or into liver
T3 Tumor perforates serosa and/or directly invades

the liver and/or one other adjacent organ or
structure, e.g., stomach, duodenum, colon, pan-
creas, omentum, extrahepatic bile ducts

T4 Tumor invades main portal vein or hepatic artery,
or invades two or more extrahepatic organs or
structures

Source: Ref. 3.
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Patients with unresectable bile duct carcinoma
may need palliative treatment for jaundice, which can
be accomplished by biliary enteric bypass, percutaneous
biliary drainage, or by inserting a plastic or metallic
stent percutaneously or endoscopically. Catheters suf-
fer from the risk of infection or dislodgement, and the
major problems with plastic stents are displacement
and occlusion with sludge. Self-expandable metallic
stents inserted by radiologists have advantages over
plastic stents in they can be introduced on a small deliv-
ery catheter, have a large inner diameter, and remain
in a fixed position after release. However, they may also
cause infections or become occluded by tumor ingrowth
or overgrowth. Radiotherapy or chemotherapy is used
as adjuvant therapy or palliation, and arterial
chemoembolization and photodynamic therapy are also
possible (6, 7). Subsequent chapters on therapeutic
approaches will discuss therapy in greater detail.

A few biostatistical terms will be defined here, as
they are used widely in the literature and in subsequent
chapters. Sensitivity is the proportion of true positives
(TP) that are correctly identified by the test, and speci-
ficity is the proportion of true negatives (TN) that are
correctly identified by the test. Positive predictive value
is the proportion of patients with positive test results
who are correctly diagnosed, and negative predictive
value is the proportion of patients with negative test
results who are correctly diagnosed. Accuracy is the
proportion of true results in the population. It is defined
as a ratio of TP + TN and TP + FP + FN + TN.

ULTRASOUND

Transabdominal ultrasound (US) is often the first imag-
ing modality applied to patients with nonspecific gas-
trointestinal complaints or jaundice. It is a suitable
method for even mild symptoms, and it is commonly
available. US does not include any radiation, the exam-
ination can be performed bedside, and it is relatively
inexpensive. However, the value of US depends on the
experience of the operator and the quality of the equip-
ment. It may also be problematic in the case of obese
patients and in the presence of bowel gas. The sensi-
tivity of US to reveal a primary tumor of the gallblad-
der or the bile ducts has increased to over 90% with
technical development of the equipment, although
problems do occur, especially with small bile duct
tumors (8, 9).

Carcinoma of the Gallbladder

A tumor of the gallbladder may appear on US as a mass
of variable echogenicity filling the entire lumen of the
gallbladder (exophytic type) (Figure 7.1). There may be
tumor necrosis, and echogenic foci may be related to
gallstones, air, or calcification of the wall of the tumor
itself. Other manifestations are focal or diffuse thick-
ening of the gallbladder wall, which can be hypo- or
hyperechoic and often irregular (infiltrating type) (Fig-
ure 7.2), or an intraluminal fungate mass with a nodu-
lar or smooth contour and variable echogenicity (poly-
poid type). The mass type (exophytic) is the most
common, and the infiltrating type has been the most
difficult to detect by US. Gallstones may disturb the
visualization of tumors (10-12).

US- or CT-guided FNA is necessary to reveal the
malignant nature of the tumor. This technique has a
diagnostic accuracy of 95%. For differential diagno-
sis, tumorous sludge, other causes of wall thickening
(e.g., cholecystitis), benign polyps, and other malig-
nancies should be noticed.

Table 7.2

Bismuth Classification of Hilar Carcinoma

Type I Confluence of the right and left hepatic
ducts not involved

Type II Tumor involves the confluence of the
hepatic ducts

Type III Tumor involves the confluence of the
hepatic ducts and extends into the right
(IIIA) or left duct (IIIB)

Type IV Tumor extends into both hepatic ducts and
the confluence

Source: Ref. 4.

TABLE 7.3
Criteria for Unresectability in Patients with

Hilar Cancers

Medical comorbidities limiting the patient’s ability to
undergo major surgery

Significant underlying liver disease prohibiting liver
resection necessary for curative surgery based
on preoperative imaging

Bilateral tumor extension to secondary biliary radicals
Encasement or occlusion of the main portal vein
Lobar atrophy with contralateral portal vein involve-

ment
Contralateral tumor extension to secondary biliary

radicals
Evidence of metastases to N2 level lymph nodes
Presence of distant metastases

Source: Ref. 5.
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Early-stage cancers have been difficult to detect
sonographically. However, it has been reported that
most early cancerous lesions appear polypoid at US,
and high-resolution US can detect even small lesions.
Lesions larger than 1 cm are more likely to be malig-
nant. There have been efforts to differentiate benign
from malignant lesions with Doppler, and the results
are suggestive at best (13, 14).

For detailed analysis, endoscopic US (EUS) or
intraductal US (IDUS) have also been promising (15,
16). Laparoscopic US may help to detect unsuspected
cancer during laparoscopic cholecystectomy. High-fre-
quency EUS can provide high-resolution images, and
it can reveal the layered structure of the gallbladder and

gallbladder masses. It has been useful in differentiat-
ing polyps or wall thickening. In the presence of polyps,
the internal echogenicity and contour of polypoid
lesions is analyzed. EUS is also used to guide FNA pro-
cedures. However, EUS and IDUS are more invasive,
less widely available, and more examiner-dependent
(15, 16).

Carcinoma of the Bile Ducts

Themost frequently seen abnormality due to carcinoma
of the bile ducts at US is dilatation of the intrahepatic
bile ducts, which may also accompany advanced gall-
bladder carcinoma. In fact, such dilatation can be an

FIGURE 7.1

Figure 7.1 Gallbladder carcinoma. (A) Sonography reveals
tumorous tissue replacing the gallbladder (arrows). A gall-
stone is also seen (open arrow). (B) MRI (T1 fat-saturated
gradient echo) shows tumorous tissue even in the hilar area
(arrows). There are vessels inside the tumorous area (open
arrow). (C) MRC reveals intrahepatic bile duct dilatation
(arrows). Extrahepatic bile ducts are seen only partly (open
arrows) because of the strictures caused by tumorous tis-
sue. Duodenum (asterisk). (From Ref. 2.)
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indirect sign of a biliary tumor. The accuracy of US to
define the level and cause of obstruction with surgical
obstructive jaundice has been 95% and 88%, respec-

tively.Malignancies are found especially in obstructions
at the intra- or suprapancreatic level or at or proximal
to the porta hepatis. The zone of transition from a
dilated to a nondilated or nonvisualized duct should
be evaluated regardless of the imaging modality. Bile
duct carcinoma can also be visible as a mass (exophytic,
nodular), an infiltrating tumor (sclerosing, periductally
infiltrating), or a polypoid growth (papillary, intra-
ductal growth). The infiltrating type has been especially
difficult to detect. The polypoid type is rare and of low-
grade malignancy (17-20).

The mass-forming type of ICC, Klatskin tumor, or
extrahepatic carcinoma may present as a tumor mass
with variable echogenicity (Figure 7.3). Carcinomas of
the distal common bile duct are often small. The archi-
tecture is also dependent on the amount of fibrous tis-
sue, mucin, calcification, and necrosis. An infiltrating
tumor may show a diffusely abnormal liver echo pat-
tern or focal irregularity of the ducts. However, in these
two types, US may only reveal bile duct dilatation-a
small mass or bile duct wall thickening may not be
depicted. A polypoid tumor may be single or multiple
with variable echoes, and a mucin-secreting tumor
(intraductal papillary mucinous tumor) may present as
a cystic mass and sometimes severe bile duct dilatation.
With bile duct cancers, peripheral bile duct dilatation,
necrosis, satellite nodules, calcification, lobar atrophy,
pressure effects, and, in the case of Klatskin tumors,
segmental dilatation and nonunion of the right and left
ducts may also be seen. Lobar atrophy may be caused
by vascular or biliary obstruction (18, 21).

Contrast-enhanced US has been introduced to
characterize focal liver lesions and has shown hyper-
perfusion in the arterial phase and punched-out defects
in the late portal venous phase with ICC. It has also
improved the detection and staging of malignant hilar
obstruction (mostly caused by biliary malignancies)
compared with unenhanced sonography (22, 23).

US- or CT-guided FNA may reveal the malignant
nature of the tumor. However, FNA can be hazardous
in the case of hilar tumors due to the adjacent big ves-
sels. Differential diagnosis of bile duct cancer includes
other malignant diseases (e.g., liver and lymph node
metastases, hepatocellular carcinoma, pancreatic can-
cer, or gallbladder carcinoma), bile duct stones, and
benign tumors or strictures (e.g., primary sclerosing
cholangitis). Extrinsic tumors may displace, encircle,
obstruct, or invade the bile ducts visualized by differ-
ent modalities.

To get detailed information, laparoscopicUSor EUS
may show the presence and origin of a small hilar or com-
mon bile duct tumor. IDUS has also been valuable in bil-
iary strictures, and it can show tumor extension. EUS-
guided FNA is useful in bile duct tumors, too (16, 24).

FIGURE 7.2

Gallbladder carcinoma. (A) The gallbladder is thick-walled
and deformed (arrows) due to carcinoma (sonography). (B)
CT (arterial phase) also reveals a tumorous gallbladder
(arrows) and metastases of the liver (open arrows). (C) The
thickened gallbladder wall (white arrows) seen in MRI (T1
spin echo). Liver metastases are also visible (black arrows).
(From Ref. 2.)
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In the case of an ampullary tumor, transabdomi-
nal US may only reveal the double-duct sign (dilata-
tion of the bile duct and the pancreatic duct).
Endoscopy with a biopsy, EUS, or IDUS may show the
tumor itself, and EUS and IDUS are able to define the
size and invasion of the tumor (25).

Staging of Biliary Cancers by US

US may help to reveal the spread of a suspected malig-
nancy. Doppler can be used to analyze hepatic vessels.
In gallbladder carcinoma or Klatskin tumors, US with
Doppler can detect spread into the liver, the portal vein,
and the bile ducts rather well, but it is not equally good
in the detection of lymph node and especially peritoneal
metastases. Advanced gallbladder carcinoma has been
understaged by US. There are also controversial results
about US in liver and lymph node invasion in gall-

FIGURE 7.3

Figure 7.3 Klatskin tumor. (A) Intrahepatic biliary dilata-
tion (white arrow) ends in the hilar area, where sonography
shows an unclear heterogeneous mass (open arrows). (B)
(1) MRI (T1 gradient echo) reveals slightly different tissue
in the hilar area (arrows). (2) Gadolinium-enhanced MRI
(T1 gradient echo) shows nonhomogeneously enhanced tis-
sue in the hilar area (white arrows). Intrahepatic bile duct
dilatation (black arrow) and a biloma (open arrow) are also
shown. (C) ERC shows a long stricture of the common
hepatic duct (arrow) and intrahepatic bile duct dilatation
(open arrows). (From Ref. 2.)
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bladder carcinoma. At any rate, other imaging modal-
ities are also involved in the difficult analysis of patho-
logic, but normal-sized lymph nodes (8, 11, 21).

More invasive EUS, IDUS, or laparoscopic or
intraoperative US has improved staging. EUS and IDUS
are useful especially in evaluating the distal common
bile duct and the regional lymph nodes, but they are not
suitable for the detection of distant metastases (9).

COMPUTED TOMOGRAPHY

Further investigations after US are usually desirable in
ambiguous cases or if there is any suspicion of a
resectable biliary tumor after US. Recent technologi-
cal developments have led to improvements in CT and
MRI. As previously mentioned, we lack comparative
reports of MDCT and modern MRI with MRC on the
sensitivity of finding and staging biliary cancers, which
makes it difficult to rank these twomethods. The choice
of modality also depends on local expertise, capacity,
and facilities. Sometimes both modalities are needed.

With MDCT, the liver can be imaged in a single
breathhold, which eliminates artifacts from respiratory
motion and slice misregistration. Thin, high-resolution
images and high-quality multiplanar reformations of
even curved structures are produced. The arterial and
portovenous phases can be separated, and vascular
structures can be displayed. CT angiography (CTA)
with high-resolution three-dimensional (3D)
angiograms and virtual CT cholangioscopy are also
possible. There are not yet many reports of the utility
of CT cholangiography with cholangiographic contrast
medium. In biliary tumors, the CT protocol should
include biphasic CT acquisition with the arterial and
portovenous phases in gallbladder tumors and tripha-
sic acquisition with an additional delayed phase in
tumors of the bile ducts (26). In spite of the marked
improvement of image quality, modern MDCT con-
tinues to suffer from the increasingly high levels of radi-
ation and possible allergy to the iodinated contrast
medium.

Carcinoma of the Gallbladder

The sensitivity of CT in the detection of gallbladder car-
cinoma has been about 90%.Helical CT has been accu-
rate in the diagnosis of T2 and more advanced lesions
(Table 7.1). The findings of gallbladder carcinomamay
include a heterogeneous mass replacing the gallbladder,
wall thickening (Figure 7.2), or a fungate (polypoid)
tumor. The mass may have variable enhancement, an
ill-defined contour, and low-attenuation areas of necro-
sis or calcification. Wall thickening and a polypoid

tumor may enhance, and the adjacent gallbladder wall
may be thickened with a polypoid change. There have
been differences in the enhancement of the wall thick-
ening between carcinoma and chronic cholecystitis.
Protrusion of the quadrate lobe with lymphadenopathy
has been reported to be unique to gallbladder carci-
noma (10, 27, 28).

Carcinoma of the Bile Ducts

Bile duct carcinoma often shows abrupt termination
of bile duct dilatation at CT, which can be a finding in
advanced gallbladder carcinoma as well. The accuracy
of CT to determine the level and cause of obstruction
has been 97% and 94%, respectively. The sensitivity of
CT to find bile duct carcinoma has been about 90%
(29). However, CT may not readily detect a small mass
or bile duct wall thickening.

A mass-type tumor (Figure 7.4) manifests as a
low-attenuation mass, which may show peripheral
enhancement during the arterial and portal venous
phases. Delayed images with concentric retention of
contrast are typical of highly fibrous content, and some
tumors may only visualize on delayed images. This fea-
ture may help to differentiate them from hepatocellu-
lar carcinoma. Focal, eccentric wall thickening may
have various enhancement patterns (Figure 7.5). A
polypoid-type tumor can be a single or multiple intra-
ductal lesion with increased enhancement on delayed
scans. In the case of excessive amounts of mucin, accu-
mulated mucin can cause significant ductal dilatation,
direct continuity of a cystic tumor to the ducts, and
increased attenuation of the ducts caused by tumor
casts or by diffuse spreading of the tumor. CTmay have
an important role in the diagnosis of papillary tumors
(17, 18, 30-33).

In the case of an ampullary tumor, CT may reveal
both the double-duct sign and the tumor itself (Figure
7.6) (25). Bile duct carcinoma may also show calcifi-
cation, biliary dilatation, nonunion of the right and left
hepatic ducts, satellite lesions, lobar atrophy, and cap-
sular retraction. Stents inserted to relieve jaundice may
limit the usefulness of CT in diagnosis and staging.

Staging of Biliary Cancers by CT

CT has been quite sensitive in assessing liver, vas-
cular, and bile duct invasion of gallbladder carcinoma
(Figure 7.2) or bile duct tumor (Figure 7.4), but not car-
cinomatous spread into lymph nodes, some adjacent
organs, omentum, and peritoneum (27, 29, 34). In
practice, however, CT seems to be the best modality for
assessing peritoneal spread. As mentioned earlier, heli-
cal CT has provided good accuracy in the diagnosis of
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the local extent of carcinomas of the gallbladder in T2
(Table 7.1) and more advanced lesions (28). Infiltrat-
ing gallbladder carcinomamay show irregular enhance-
ment with regions of necrosis. The accuracy for local
staging has been better for intraluminal mass types than
for thickened wall type tumors. Dual-phase helical CT
has been reported to be a useful tool in assessing the
resectability of gallbladder cancers (35).

The accuracy of MDCT has been 77% in T stag-
ing of extrahepatic bile duct carcinoma, 63% inN stag-
ing, and 97% in M staging (Table 7.4) (36). In one
report, 3D MDCT angiography and cholangiography
with biliary contrast agent through a transhepatic
drainage catheter showed the degree of vascular and
biliary involvement of a Klatskin tumor. The diagnos-
tic accuracy of portal vein and hepatic artery invasion
was 94% and 89%, respectively (37).

MAGNETIC RESONANCE IMAGING AND
MAGNETIC RESONANCE

CHOLANGIOGRAPHY

Fast-imaging techniques have made MRI more useful
in biliary imaging. T1- and T2- weighted images of the
liver can be obtained within a single breathhold. Using
gadolinium chelate, it is possible to obtain images in the
arterial, portal venous, and delayed phases.MRC is the
least invasive mode of cholangiography, and it can

FIGURE 7.4

Bile duct carcinoma. (top) CT in the venous phase shows
a heterogeneous mass (arrows) in the hilar area around the
portal vein (open arrow). The common bile duct is not seen
because of obliteration caused by the tumor. (bottom) In
the delayed phase the mass shows enhancement (arrows).
(From Ref. 2.)

FIGURE 7.5

Carcinoma of the common bile duct. (top) Coronal view
reconstruction of contrast-enhanced CT reveals enhance-
ment of the thickened wall of a 2-cm stricture in the distal
common bile duct (arrow) and marked intra- and extra-
hepatic bile duct dilatation (thick arrows). (bottom) MRCP
(4-cm-thick slab) visualizes a stricture in the distal com-
mon bile duct (arrow) and marked intra- and extrahepatic
bile duct dilatation (open arrows).
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show a detailed map of the biliary tree. Many studies
considerMRC to be equally diagnostic as direct cholan-
giography in biliary diseases (38). It is often a nonin-
vasive alternative to endoscopic retrograde cholan-
giopancreatography (ERCP) or percutaneous
transhepatic cholangiography (PTC), or when tradi-
tional cholangiography fails.MR imaging also has mul-
tiplanar capability, and it does not cause any radiation.
However, there are certain contraindications toMRI as
well, and interventions are usually not available.

Intrahepatic segmentary ducts are visible up to the
first-order branches at MRC, and more peripheral
ducts are seen in the case of dilatation. The accuracy
of MRC to diagnose the presence and level of obstruc-
tion approaches 100%, and it can show the bile ducts

both above and below the obstruction as well as the
severity of dilatation (Figure 7.1). Information on adja-
cent organs or extrinsic masses is also provided by
MRC. However, the evaluation of obstruction in the
case of bile duct carcinoma or advanced gallbladder
carcinoma requires not only MRC, but also T1 and T2
images with gadolinium and magnetic angiography
(MRA). Combined MRI/MRC has been superior to
MRC or endoscopic retrograde cholangiography (ERC)
alone in identifying malignant strictures in Klatskin
tumors, andMRA is able to provide images that resem-
ble standard angiography (26, 39, 40).

Carcinoma of the Gallbladder

There are only a few reports of MRI in the diagnosis
of gallbladder carcinoma, but it has been considered a
promising method. The tumor has been hypointense on
T1 images (Figure 7.2) and hyperintense or heteroge-
neous on T2 images compared with the liver. With
gadolinium, there may be early irregular enhancement,
which persists throughout the dynamic study. Dynamic
MRI has been used to differentiate different malignant
gallbladder lesions from benign changes based on the
enhancement pattern. The method has been promising
(41-43).

Carcinoma of the Bile Ducts

At MRC, bile duct carcinoma may typically show an
irregular, asymmetric biliary stricture or obstruction
with a dilatation above it (Figures 7.5 and 7.7). The
morphology and length of the stricture can be evalu-
ated by MRC. The accuracy of magnetic resonance
cholangiopancreatography (MRCP) to differentiate
extrahepatic bile duct cancer from benign stricture has
been comparable with that of ERCP. However, differ-
ential diagnosis of a stricture may be difficult with
MRC alone, and the discovery of a tumor at MRI may
help to suspect a malignancy. MRC/MRI may show a
mass- or a polyp-type tumor, and advanced gallbladder
malignancy may also be revealed (32, 44, 45). Single-
shot thick-slab MRCP has been superior to multisec-
tion thin-sliceMRCP in hilar carcinomas both in image
quality and in ductal visualization. However, the latter
facilitated the visualization of periductal lesions and
adjacent structures. A combination of these techniques
with MRI has been recommended in malignant hilar
obstruction (46). However, in view of recent technical
improvements, thin-slice MRCP with MIP is the best
choice today. Biliary drainage canmake bile duct assess-
ment difficult, and MRC should hence be performed
before biliary drainage.

ICC and hilar tumors have been hypo- or isoin-
tense on T1 images (Figure 7.3), while the former have

FIGURE 7.6

Carcinoma of the papilla of Vater. Enhanced CT reveals a
dilated gallbladder (white arrow) and a common bile duct
(black arrow) (1) with an enhancing small mass in the
ampullary area (arrows) (2). The coronary reconstructions
show similar findings: the mass (white arrow) and the dilated
common bile duct (black arrow) (3, 4). (From Ref. 2.)

TABLE 7.4
T-Classification of Carcinoma of

Extrahepatic Bile Ducts

T1 Tumor confined to the wall of the bile duct
T2 Tumor invades beyond the wall of the bile duct
T3 Tumor invades the liver, gallbladder, pancreas,

and/or unilateral tributaries of the portal vein or
hepatic artery

T4 Tumor invades any of the following: main portal
vein or its tributaries bilaterally, common hepatic
artery, or other adjacent structures, e.g., colon,
stomach, duodenum, abdominal wall

Source: Ref. 3.
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been hyperintense and the latter variable on T2 images.
ICC may also have a hypointense central scar. There
may be peripheral enhancement by gadolinium and
concentric enhancement in the delayed phase. A high
mucin content can cause high signal intensity on T2
images. Dilated ducts (Figure 7.3), capsular retraction,
satellite lesions, and lobar atrophy may also be seen,
and segmental cholestasis may cause segmental hyper-
intensity on T1 images (30, 31).

An extrahepatic mass is often hypointense in both
T1 andT2 images, and themalignancymay show strong
enhancement in the delayed phase. A papillary tumor is
less enhanced. Ampullary carcinomas have had low sig-
nal intensity on T1 and T2 images and have enhanced
less than the pancreas. MRCP may reveal the double-
duct sign. MRI with MRC is also useful in the differen-
tial diagnosis of periampullary carcinomas (32, 45, 47).

Staging of Biliary Cancers by MRI

There is only scant information about the sensitivity
of MRI/MRC in the staging of biliary cancers. MRI
with MRC and MRA has revealed liver invasion and
spread into the bile ducts, vessels, lymph nodes, peri-
toneum, or pancreas and liver metastases in bile duct
cancers. In gallbladder carcinoma, it has been sensitive
in at least the first three groups of spread (Figures 7.1
and 7.2), but its status in for instance lymph node
spread is still unclear. The accuracy of MRI in the
assessment of lymph nodemetastases in malignant hilar
obstruction-mostly caused by hilar carcinomas-has
been 66%. Dynamic MRI has been used to assess the
depth of carcinoma invasion in gallbladder carcinoma.
The signal intensity of the tumor in the liver is similar
to that of the primary tumor. The T1 signal intensity
contrast between the tumor and the surrounding tissues
also facilitates the detection of tumor extension into
surrounding structures. When MRA and digital sub-
traction angiography have been compared for their
ability to reveal arterial and venous invasion in bile duct
carcinoma, similar diagnostic accuracies have been
obtained (45, 46, 48-50).

FIGURE 7.7

Klatskin tumor. (A) MRCP (2-cm-thick slab) shows intra-
hepatic bile duct dilatation and a short, tight stricture in the
common hepatic duct next to the bifurcation (arrow). (B)
Gadolinium-enhanced MRI (T1 fat-saturated gradient
echo) reveals enhancement of the wall thickening of the
stricture (arrow). (C) ERC shows a short stricture in the
common hepatic duct (arrow) and dilated intrahepatic bile
ducts (open arrow).

A

B

C
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CHOLANGIOGRAPHY

Traditionally, tumors causing biliary obstruction have
been evaluated with cholangiography, ERC, or PTC.
This technique provides a detailed view of the anatomy
of the biliary tree and detects the level of obstruction
in 100% of cases. It may provide the most accurate
anatomic information because of its better spatial res-
olution compared toMRC. Brushings, biopsies, or bile
cytology may also be simultaneously obtained to facil-
itate the final diagnosis. Cholangiography is performed
for therapeutic purposes as well: a plastic or metallic
stent may be inserted either endoscopically or percuta-
neously, or percutaneous biliary drainage can be accom-
plished (51). Traditional cholangiography is still one of
the main alternatives for single examination after US,
especially in the case of bile duct obstruction, but it may
also be performed in combination with CT and/orMRI
with MRC.

At cholangiography, bile duct carcinoma may
appear as an irregular stricture of variable length, a dif-
fuse sclerosing change, or polypoid filling defects, or it
may obstruct the duct (Figures 7.3 and 7.7). Luminal
narrowing is usually abrupt, irregular, or uneven.
Cholangiography can be essential to evaluate the dis-
ease extent. Advanced gallbladder malignancy may
show bile duct changes or cause external bile duct com-
pression. In ampullary carcinoma, PTC may show
stenosis, obstruction, or an irregular polypoid filling
defect, and ERCP may reveal the double-duct sign and
the tumor itself. In a very small ampullary tumor, ERCP
with its dynamic capability may be more diagnostic
than MRCP (25, 51, 52).

However, traditional cholangiography has its
drawbacks. In cases of total obstruction, ERC does not
show the cranial extent of the stricture, and PTC does
not show the caudal extent. They are invasive proce-
dures, not always possible, and carry the risk of com-
plications. ERCP is associated with significant mor-
bidity-pancreatitis, cholangitis, hemorrhage,
perforation, sepsis-and a mortality of 0.2-1%. Cholan-
giography requires contrast medium and ionizing radi-
ation, the technique is operator dependent, and it only
provides information on the bile ducts.

OTHER MODALITIES

Angiography has had a major role in revealing encase-
ment of the portal vein and hepatic artery by the malig-
nancy. The recent improved versions of helical CT and
MRI are increasingly replacing traditional angiography,
unless there is a lack of capacity and facilities. Similar
diagnostic accuracies were obtained when MRA was
compared with digital subtraction angiography for

arterial or venous tumor invasion in hilar cancers (53).
The FDG-PET (2-fluoro-2-deoxy-D-glucose-

positron emission tomography) technique is based on
the uptake of a radioactive-labeled glucose analogue by
rapidly metabolizing tumors. The sensitivity of FDG-
PET in revealing gallbladder or bile duct carcinoma has
been quite high. However, its sensitivity in bile duct car-
cinoma has been dependent on the tumor subtype,
being higher for the mass type than the infiltrating type.
FDG-PET can reveal distant metastases, but there have
been problems with carcinomatosis and regional lymph
nodes. Unfortunately, it has only limited spatial reso-
lution and is not widely available (26, 49).

PET-CT (positron emission tomography-com-
puted tomography) combines functional and structural
imaging. It may help to visualize non-FDG-accumulat-
ing tumors, carcinomatosis, or metastatic lymph nodes.
It has been sensitively able to reveal gallbladder or bile
duct carcinomas and distant metastases, but it has also
been insensitive for regional lymph node metastases
(54, 55).

Cholangioscopy with biopsies may reveal a small
tumor or the longitudinal extent of a bile duct tumor.
In the case of an ampullary tumor, endoscopy and
biopsy may significantly contribute to the diagnosis.
Sometimes even laparoscopy and biopsies are necessary
to reveal the extent of the biliary malignancy, e.g., to
detect occult lymph node and peritoneal metastases.

STRATEGIES OF IMAGING

A flow diagram of imaging strategies in a typical case
of a suspected biliary malignancy is shown in Figure
7.8.

The prognosis of biliary cancers has been mainly
dismal. However, recent advances in surgical techniques
have led to a need for improved detection and staging
of these cancers. There has also been rapid development
of radiologic techniques, which has improved the diag-
nostic possibilities. Early diagnosis would be important
in improving the prognosis, and careful staging would
help in choosing the best possible treatment. All this
still remains a challenge. There is no single modality
capable of reliably detecting and especially staging bil-
iary cancers. In spite of these major advances, each
modality seems to have its restrictions, and there are
variable capacities and practices. Detailed recommen-
dations cannot be given, and continuing advances will
still modify the practice.

Transabdominal US is often the first imaging
modality applied to patients with jaundice or nonspe-
cific gastrointestinal complaints. It is noninvasive, non-
radiative, and commonly available, and it is a suitable
method for assessing evenmild symptoms. US visualizes
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bile duct obstruction accurately, and it is able to reveal
a gallbladder or bile duct tumor in about 90% of cases,
but less well able to reveal especially small bile duct
lesions. If a biliary malignancy is suspected, US-guided
FNA is often able to confirm the final diagnosis. USwith
Doppler is helpful, but of limited value, in staging.

Further investigations are usually desirable in
ambiguous cases or if US suggests a resectable tumor.
Technological developments have led to improvements
especially in MRI and CT. Both methods may yield
additional information of the tumor and/or its extent.
Fast-imaging techniques have made MRI potentially
more valuable, and MRC is the least invasive mode of
cholangiography, which is useful with MRI in the case
of biliary obstruction. It is practical especially in
patients who are unlikely to require any therapeutic
intervention. The technique should include T1 and T2
sequences and gadolinium, often withMRC andMRA.
There is ongoing discussion about the ranking of MRI
and modern CT. The advantage of MRI is the absence
of radiation.

Modern MDCT can produce multiplanar recon-
structions of good quality, but the increased x-ray dose
makes it problematic. MDCT with CT cholangiogra-
phy has been as reliable as MRC in assessing the level

of obstruction and ductal extension of Klatskin tumors.
The protocol should include biphasic or triphasic CT
acquisition, and vascular structures can also be dis-
played. Simultaneously, CT of the thorax may reveal
metastases of the lungs. Since we lack new large-scale
comparative reports of MRI and MDCT and their
respective sensitivities, it is difficult to rank these meth-
ods. The choice also depends on the contraindications,
local expertise, facilities, relative cost, and capacity. In
ambiguous cases, both methods may be needed.

Traditional cholangiography (PTC or ERCP) is
still often necessary andmay provide the most accurate
anatomic information. It is also needed for therapeu-
tic purposes in the case of bile duct obstruction. Brush-
ings, biopsies, or bile cytology may be obtained simul-
taneously, unless imaging-guided FNA is available.
However, cholangiography is invasive, includes radia-
tion, and carries the risk of complications.

Further, EUS and IDUS might help in the diagno-
sis and staging of the tumor as well, but they are inva-
sive and not widely available and do not reveal distant
metastases. PET and especially PET-CT have been
promising ways to reveal the tumor and distant metas-
tases, and cholangioscopy may determine the longitu-
dinal extent of a bile duct change. Sometimes even
laparoscopy with biopsies or laparoscopic or intraop-
erative US, when available, may be needed.

Detection of preneoplastic lesions of the gallblad-
der and microscopic tumor extension is a big challenge
for the future. Again, large-scale comparison studies
of the sensitivities of MRI/MRC and MDCT in biliary
cancers and their staging would be helpful. And the
development of even better spatial resolution of MRC
and intervention-compatible MRI scanners and instru-
ments would also be welcome.
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holangiocarcinoma (CCA) accounts
for 2% of all malignancies in the
United States, and 40-60% are con-
sidered hilar, arising at the hepatic

duct bifurcation (1). Complete operative resection may
be curative, but local extension of disease often pre-
cludes complete resection. Less than 20% of patients
with hilar cholangiocarcinoma are amenable to a
potentially curative resection (2). Even with complete
resection, local recurrence is common with most series
reporting 5-year survival of 25-35% (3).

The major factors that preclude curative resection
are:
1. Hilar tumor extending to both lobes of the liver

remains unresectable despite the fact that they
may not have other extrahepatic disease.

2. Patients with primary sclerosing cholangitis (PSC)
tolerate resection poorly because of the underly-
ing liver impairment.

3. Invasion of the main portal vein (PV) or common
hepatic artery, tumor extension into lobe with
invasion of the contralateral branch of the PV,
and/or hepatic artery render the tumor unre-
sectable.

4. Dissection in the hepatic hilum has the potential
to cause tumor spillage
Liver transplantation (LT) may yield a solution for

the clinical scenarios outlined above. LT has several
benefits over conventional resection for hilar cholan-
giocarcinoma. It is not limited by the traditional crite-
ria of unresectability. Without the need to dissect the
porta hepatis in the region of tumor, there is decreased
possibility of tumor spillage and a higher chance of
achieving a clear margin (longitudinal and circumfer-
ential). In addition, patients with hilar cholangiocarci-
noma with underlying PSC tolerate resection poorly,
and LT is an attractive option as it aims at the treatment
of the tumor as well as the underlying liver disease (4).

Several reports historically have shown poor out-
comes after liver transplantation for CCA, with poorer
outcomes following liver transplantation when com-
pared to other diagnoses (5). Unfavorable mortality in
these earlier reports was due to a high risk for recur-
rence. The stage of disease in these cases was often
advanced. Two centers have subsequently demon-
strated that with selection of patients with only earlier
stage disease and the addition of neoadjuvant therapy,
the survival after liver transplantation for CCA
approaches the outcomes for other diseases (6, 7). Both
centers utilized a new paradigm for CCA involving a
formal staging procedure carried out after completion
of neoadjuvant therapy before proceeding to trans-
plantation to ensure the disease is confined to the liver
and does not involve perihilar lymph nodes.
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Traditionally, neoadjuvant chemoradiation for
hilar CCA has been limited by its toxicity, particularly
to the liver (see Chapters 18 and 21). Major liver resec-
tions may be challenging after such treatment, as the
remnant radiated liver is likely to be functionally sub-
optimal. LT following neoadjuvant chemoradiation is
not limited by hepatotoxicity as the diseased and radi-
ated liver is replaced by a new liver (4).

The most important disadvantage of the LT pro-
tocol for hilar CCA is the limited availability of cadav-
eric donor organs. The remarkable progress of living
donor liver transplant (LDLT) in recent years has made
the long waiting lists for transplantation redundant in
centers actively engaged in LDLT. Liver transplantation
without neoadjuvant therapy should probably be
avoided in patients with hilar CCA, with long-term
patient survival in the range of 28% at 5 years and a
prohibitively high recurrence rate.

Patients with CCA experience a set of complica-
tions attributable to neoadjuvant therapy, including
higher rates of hepatic arterial thrombosis and PV
stenosis. Hepatic artery thrombosis is avoided (in
deceased donor recipients) by use of donor iliac artery
grafts between the donor hepatic artery and the recip-
ient infrarenal aorta. PV stenosis is amenable to per-
cutaneous transhepatic angioplasty and stent place-
ment (3).

ROLE OF IMAGING

Multiphasic computed tomography (CT) andmagnetic
resonance imaging (MRI) are the cornerstones of imag-
ing, both pre- and postoperatively, with ultrasound (US)
being utilized intraoperatively and in the immediate
postoperative period.

EVALUATION IN TRANSPLANT RECIPIENTS

Liver Parenchyma and the Malignancy

Evaluation of the local extent of tumor is critical
because the CCA must be above the cystic duct and be
unresectable as assessed by an experienced hepatobil-
iary surgeon. Patients with intrahepatic metastasis,
uncontrolled infection, prior attempts at resection,
prior irradiation or chemotherapy for this disease, or
evidence of extrahepatic disease including lymph node
metastasis would be excluded.

The caudate lobe can become enlarged and sur-
round the inferior vena cava (IVC). Exposure of the
IVC and removal of the liver from the retrohepatic por-
tion of the IVC can be a technical challenge in such
cases. This situation becomes relevant in cases of liv-

ing donor transplantation in which the cava is pre-
served.

Splenoportal Venous Axis

Diffuse thrombosis of the PV and superior mesenteric
vein remains a contraindication to liver transplantation.
However, if there is focal or a lesser degree of involve-
ment, a variety of surgical techniques are available. If
acute portal thrombus is present, manual thrombec-
tomy is performed at surgery (8). If chronic PV throm-
bosis is present or the PV diameter is less than 4 mm,
the donor PV is anastomosed to the splenomesenteric
confluence, the superior mesenteric vein, or a splenic
varix (9).

If the graft PV is not long enough to reach the con-
fluence, an iliac vein graft is obtained from the donor (9).

Inflammatory stranding of the perivenous fat may
be seen with phlebitis. Higher recipient morbidity due
to uncontrolled bleeding has been seen in patients with
phlebitis that is present with thrombosis (9).

Varices

Perihepatic and pericaval varices can cause increased
bleeding when the native liver is excised. Varices in
other parts of the abdomen do not affect the surgical
procedure and decrease in size spontaneously after
transplantation (9).

Celiac Artery Stenosis

Celiac artery stenosis occurs with atherosclerotic dis-
ease and from compression by the median arcuate lig-
ament. Recipients with celiac artery stenosis are at risk
for compromised blood flow to the transplanted organ
(10). The stenosis is therefore corrected at surgery.

Splenic Artery Aneurysm

Splenic artery aneurysms result from increased flow in
the splenic artery in patients with cirrhosis and portal
hypertension (11). Consideration can be given to liga-
tion of the aneurysms, since they may rupture after
transplantation due to increased flow.

EVALUATION OF LIVING TRANSPLANT
DONORS

Hepatic Arterial Anatomy to the Graft Lobe

Adequate hepatic arterial flow is necessary for suc-
cessful graft function and the avoidance of necrosis of
biliary structures. Since extrahepatic collateral routes
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that are present in the native liver are no longer avail-
able once it is removed from the donor, all vessels sup-
plying the liver need to be identified prior to its
removal (12).

Even when normal arterial anatomy is found, a
hepatic artery with sufficient length for reconstruction
is sometimes difficult to obtain because only a part of
the liver is harvested. Thus, it is important to recog-
nize the proper hepatic artery bifurcation and to mea-
sure the length of the RHA (in cases of right lobe dona-
tion) or LHA (in cases of LLS donation) before the
next bifurcation (13). Even so, findings such as filiform
or redundant arteries may impede arterial reconstruc-
tion (14).

Some variants are suitable for the transplantation
surgeon, whereas others are not. Up to one third of
potential donors may be ineligible for transplantation
because of unsuitable hepatic arterial anatomy (10).

The right hepatic artery is replaced and arises from
the superior mesenteric artery in 11% of the general
population. The left hepatic artery is replaced and arises
from the left gastric artery in 10%. Accessory right or
left hepatic arteries are present in approximately 8% of
subjects (9). The presence of accessory vessels to a lobe
requires at least two arterial anastomoses, and small-
caliber arteries are more likely to be present in donors
with multiple vessels that supply a single lobe (15). In
some cases, the presence of multiple small vessels pre-
cludes donation. Atherosclerotic disease in the celiac
artery of a donor precludes donation (9).

Venous and Biliary Anatomy

Accessory right hepatic veins are estimated to occur in
6% of people (16). An accessory hepatic vein can cause
increased bleeding if not recognized before surgery and
may be necessary for venous drainage of the trans-
planted right lobe. If there are multiple veins, veno-
plasty is performed or each vein is anastomosed sepa-
rately to the IVC.

The main PV may also “trifurcate,” with an early
branching pattern in the right lobe. If there are two
branches to the right lobe, two anastomoses are
required when the lobe is transplanted into an adult
recipient (9).

Evaluation of the biliary tree is routinely per-
formed in potential donors by magnetic resonance
cholangiopancreatography (MRCP) or endoscopic ret-
rograde cholangiopancreatography (ERCP) as varia-
tions in anatomy are very common. It permits preop-
erative detection of abnormalities and anatomic
variants of the biliary tract that may complicate resec-
tion of the right hepatic lobe. Although such variant
anatomy may be delineated at intraoperative cholan-

giography, the preoperative detection of suchmay allow
the surgical team the opportunity to plan their
approach accordingly.

Liver Volumes

CT or MRI is used for volumetric assessment. A mini-
mum of 40% of the normal liver volume is needed by
the recipient (17). The donor volume is also used to
ensure that a minimum of 35% of the liver is left in the
donor (17). If the donor liver is too large, closure of
the abdomen can be difficult and respiratory status may
be compromised (18).

Liver Parenchyma

It is necessary to evaluate the donor liver for any undi-
agnosed diffuse or focal diseases. Even a common con-
dition like moderate to severe fatty change in a poten-
tial donor generally precludes donation due to lowering
of the corrected graft mass (9).

POSTOPERATIVE EVALUATION OF DONOR
AND RECIPIENT

Normal Appearance After Transplantation

OLT requires grafting of one arterial anastomosis
(hepatic artery), at least two venous anastomoses (PV
and IVC), and a biliary anastomosis. It is extremely
important to know which surgical technique was used
in each patient before planning the helical CT exami-
nation so that all of the anastomoses will be included
in the study.

The hepatic artery is typically reconstructed with
a “fish-mouth” anastomosis between the donor and
recipient arterial anastomotic sites.

The PV anastomosis is typically an end-to-end
type between the two portal veins. Arterialization of the
PV (i.e., creation of anastomoses between both the PV
and hepatic artery of the donor and arterial vessels of
the recipient) is occasionally used as a last resort when
a portal-visceral (splenic vein, superior or inferior
mesenteric vein) venous anastomosis cannot be per-
formed because of extensive venous thrombosis.

During hepatectomy, the retrohepatic IVC of the
recipient is usually resected and the IVCs of the recip-
ient and donor are sutured twice, with end-to-end anas-
tomoses. New techniques have recently appeared, with
preservation of the recipient retrohepatic IVC and cre-
ation of anastomoses between the donor and recipient
IVCs in an end-to-side or side-to-side configuration or
an end-to-end anastomosis between the donor IVC and
a common stump of the three hepatic veins (the piggy-
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back technique) (19).
The biliary anastomosis is made between the

donor common bile duct and the recipient common
hepatic duct, usually after a cholecystectomy.

There can be small right pleural effusion and a
small amount of free intraabdominal fluid or
hematomas in the perihepatic region, especially in the
hepatic hilum, adjacent to the IVC anastomoses, or in
the fissure for the ligamentum teres (20, 21). These usu-
ally resolve within a fewweeks, although infiltration of
the hepatic hilum fat can sometimes persist for months.

A periportal area of low attenuation is often seen.
This finding is attributed to dilatation of lymphatic
channels due to lack of normal lymphatic drainage into
the extrahepatic lymphatic system (20-22). The peri-
portal halo resolves within weeks following transplan-
tation (possibly due to development of alternative path-
ways), although it can persist for months (19). This
periportal edema was once considered a sign of graft
rejection, but later studies have ruled out this relation-
ship (19).

Regeneration of Liver

The liver has a remarkable capacity for regeneration
after major resection (23, 24), particularly normal liv-
ers. A report of 37 donors who underwent MR imag-
ing after left lateral segmentectomy or left lobectomy
shows that the volume of the remnant liver is restored
to some extent within 4 weeks (24).

Complications and Postoperative Observations

Themajor complications in donors include abscess, bile
leakage, and liver dysfunction because of ligation of a
major bile duct branch, hepatic artery injury, and duo-
denal ulcer.

The major complications in recipients include vas-
cular problems such as hepatic artery thrombosis,
stenosis of the PV anastomosis, outflow obstruction of
the hepatic vein anastomosis, PV thrombosis, biliary
issues such as anastomotic stenosis, bile leakage,
biloma, and abscess formation. Although acute rejec-
tion is one of the most serious complications affecting
graft survival, it cannot always be reliably detected with
available diagnostic tests or radiologic methods.

Ultrasonography is the initial imaging technique
used for the detection of complications in the early post
transplantation phase, since it can be performed at the
bedside and is capable of demonstrating the hepatic
parenchyma and bile ducts. Doppler ultrasound (US)
allows detection of vascular abnormalities, but it is
associated with a significant frequency of false-negative
results (25, 26). In cases where US results are incon-

clusive, confirmation is required, or clinical suspicion
of a complication persists despite normal US results,
helical CT) should be performed (19).

VASCULAR COMPLICATIONS

Vascular compromise is a frequent cause of graft loss,
estimated to occur in 9% of patients (27). Most trans-
plantation centers perform routine postoperative
Doppler US as the initial imaging study to evaluate the
integrity of the graft vasculature.

The most important vascular complication, with
a potential to cause graft failure, is thrombosis of the
hepatic artery or PV. Vascular complications related to
the IVC are much less frequent.

Hepatic Artery Thrombosis

Hepatic artery thrombosis is the most common vascu-
lar complication of OLT, with a prevalence of 4-12%
in adult recipients and up to 40% in children. It has a
mortality rate of 50-58% (28, 29). Unless thrombec-
tomy can be promptly performed, most cases require
retransplantation; even after retransplantation, the
mortality rate is 27-30% (27, 30).

Risk factors for hepatic artery thrombosis include
(a) significant differences in caliber between the donor
and recipient hepatic arterial vessels or preexisting
lesions such as celiac artery stenosis, (b) prolonged cold
ischemia time of the donor liver, (c) ABO blood type
incompatibility, and (d) rejection (19). Even in complete
arterial thrombosis, small intrahepatic arterial vessels
can sometimes be identified because of extensive col-
lateralization to the liver. This situation can lead to
false-negative results at Doppler US, although in most
cases a tardus-parvus arterial waveform suggests the
correct diagnosis (19). Hepatic artery thrombosis is
often associated with bilomas, infarcts, abscesses, or
bile duct dilatation (Figure 8.1).

Hepatic Artery Stenosis

The second most common vascular complication of
orthotopic liver transplant (OLT), reported in about
5% of cases, is hepatic artery stenosis; which generally
occurs at the anastomotic site within 3 months of OLT
(19). If left untreated, it can eventually lead to hepatic
artery thrombosis due to slow flow (31).

Risk factors are similar to those for hepatic artery
thrombosis and include (but are not limited to) surgi-
cal issues, such as faulty technique, clamp injury, and/or
intimal trauma caused by perfusion catheters (32, 33).
Early identification and prompt reestablishment of ade-
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quate blood flow (revascularization surgical procedures
or arteriography and balloon angioplasty) usually
resolve the stenosis resulting in long-term graft and
patient survival (31), thus avoiding the need for retrans-
plantation.

Hepatic Artery Pseudoaneurysm

This is an uncommon complication. Extrahepatic
pseudoaneurysms usually develop at the vascular anas-
tomosis or arise as a complication of angioplasty (19).

FIGURE 8.1

(A) Coronal reconstruction of contrast enhanced CT scan in a 55-year old post transplant patient (living donor)
demonstrating thrombus in the native common hepatic artery (arrow) which developed as a consequence of dis-
section during the transplant. (B) Contrast CT in the same patient demonstrating thrombosis of the jump graft
performed during transplant arising higher up from the aorta. The thrombosis was discovered a few weeks after
transplant. (C) Contrast enhanced CT scans in the same patient at two levels demonstrating the air and bile con-
taining collection (arrows) in the center of the liver, arising as a consequence of biliary necrosis secondary to hepatic
artery thrombosis. Percutaneous CT guided drainage was performed.

C

A B

C

08BilliaryTract.qxd:02 Goshgarian  9/19/08  2:57 PM  Page 103



II ∙ DIAGNOSITC APPROACHES104

They can rupture intraperitoneally and lead to massive
hemorrhage. Treatment for extrahepatic pseudoa-
neurysms includes surgical resection, embolization, or
exclusion with stent placement. Intrahepatic pseudoa-
neurysms, which can occur after percutaneous needle
biopsy or local infection (33), are often detected inci-
dentally. A ruptured intrahepatic pseudoaneurysmmay
result in PV or biliary fistulas (34). Intrahepatic
pseudoaneurysms can be treated with endovascular coil
embolization.

Portal Vein Thrombosis or Stenosis

PV complications followingOLT are relatively unusual,
occurring in 1-3% of cases, and result from faulty sur-
gical technique, vessel misalignment, differences in cal-
iber of anastomosed vessels provoking turbulent flow,
hypercoagulable states, previous PV surgery, or previ-
ous thrombosis in the recipient PV system (19). Heli-
cal CT can provide excellent visualization of filling
defects within the PV or focal narrowing (usually at the
anastomosis). However, such narrowing can occur nat-
urally in patients in whom the discrepancy between
donor and recipient PV sizes is significant. Percuta-
neous transhepatic direct portography allows mea-
surement of the pressure gradient across the stenosis,
with values higher than 5mmHg being significant (32).
Treatment includes percutaneous transluminal angio-
plasty with or without stent placement, surgical
thrombectomy, placement of a venous jump graft, cre-
ation of a portosystemic shunt, or even retransplanta-
tion (19).

IVC Stenosis or Thrombosis

The prevalence of IVC complications is less than 1%.
Stenosis of the IVC can occur at the anastomosis. IVC
thrombosis can be caused by surgical problems and
hypercoagulable states. Swelling of the graft can result
in compression of the IVC, and sometimes a size dis-
crepancy between the donor and recipient IVCs is mis-
diagnosed as stenosis (34). The functional significance
is unclear until the pressure gradient across the steno-
sis is measured and found to be significant (32). Suc-
cessful balloon angioplasty and stent placement has
been reported in IVC stenosis (33).

Arterioportal Fistula

Intrahepatic arterio-portal fistula is a relatively frequent
complication following surgical or percutaneous liver
biopsy performed to rule out graft rejection. The heli-
cal CT findings of arterio-portal fistula include (a) early
enhancement of peripheral PV branches during the

hepatic arterial phase and before the main PV is
enhanced; (b) enhancement of peripheral PV branches
and themain PVwith nonenhanced superior mesenteric
and splenic veins, signs that have been considered diag-
nostic on hepatic angiograms; and (c) transient, periph-
eral, wedge-shaped, usually straight-margined hepatic
parenchymal enhancement during the hepatic arterial
phase (35).

BILIARY COMPLICATIONS

Biliary complications following OLT occur in 6-34%
of cases, most of them within 3 months of transplan-
tation. They are the secondmost common cause of liver
dysfunction in OLT patients, exceeded only by rejec-
tion (35). Biliary complications include leak, stricture,
obstruction, and stone formation.

Bile leak is most often located at the T-tube site
and rarely occurs at the anastomosis. A small bile leak
may close spontaneously, or a stent can be placed across
the site of leakage, but surgical revision of the anasto-
mosis is often necessary. Formation of a bile collection
can be treated with percutaneous drainage.

Most biliary strictures occur at the anastomotic
site andmay be secondary to scar formation that results
in retraction and narrowing. Percutaneous dilation can
be performed, although repeat surgery is occasionally
required. Nonanastomotic strictures are probably
caused by ischemia due to hepatic artery stenosis or
thrombosis or preservation injury. Intrahepatic biliary
strictures can also be due to recurrent sclerosing cholan-
gitis. If a biliary stricture is suspected and CT shows
no dilatation, endoscopic retrograde or percutaneous
transhepatic cholangiography should be performed,
since many liver transplants do not develop bile duct
dilatation even in high-grade stenosis. (Figure 8.2)

Less common complications include sphincter of
Oddi dysfunction and biliary obstruction due to kink-
ing in a redundant common bile duct or to stones or
sludge caused by alterations in bile composition.Muco-
cele of the cystic duct remnant is a rare complication
resulting from ligation of the cystic duct both proxi-
mally and distally. It is seen as a round fluid collection
that can compress the common bile duct, producing
obstruction.

LIVER ISCHEMIA OR INFARCTION

Most cases of liver ischemia or infarction are due to vas-
cular problems involving the hepatic artery (85% of
cases) or, less frequently, the PV. These are seen at CT
as wedge-shaped, low-attenuation peripheral lesions
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FIGURE 8.2

(A) Contrast enhanced T1 weighted axial LAVA image demonstrates a large fluid collection anterior and inferior to the
transplanted liver in a 51-year-old man. The collection was suspected to be a bilomas and percutaneous drainage was per-
formed. Chemical analysis showed the fluid to be biliary in origin.

(B) The percutaneous drainage catheter (arrow) was exchanged several times over a period of 10 weeks, until com-
plete drainage was achieved. In the meanwhile, ERCP (Figure 8.2C) showed a mild anastomotic stricture that was stented
(dashed arrow). Subsequently, the percutaneous drain was removed, and the collection did not recur. An actual bile leak
was never demonstrated.

(C) ERCP demonstrating mild anastomotic narrowing (arrow) in this 51-year-old post transplant patient. No bile leak
was demonstrated. A stent was placed.

(D) MRCP image demonstrating mild biliary stricture in a 53-year-old woman. There is mild dilation above the stric-
ture (arrow). Incidental note is made of two cystic ducts (one each from the donor and recipient) (dashed arrows).
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(Figure 8.3). Extensive parenchymal and bile duct
necrosis can lead to graft failure and require retrans-
plantation (Figure 8.4).

MALIGNANCY

These patients are at increased risk for developing
malignancy, especially non-Hodgkin lymphoma and

FIGURE 8.3

Contrast enhanced CT scan in a 52-year-old woman with
biliary necrosis following liver transplant and hepatic arte-
rial thrombosis. There is a biliary stent in place (solid
arrow). Additionally, there are percutaneous drainage
catheters in place (dashed arrows) draining the necrosed,
infected pools of bile. Despite heroic measures, including
a partial resection of the transplant liver, the patient even-
tually succumbed to sepsis.

FIGURE 8.4

Contrast enhanced CT scan images in a 55-year-old post
transplant woman demonstrating extensive areas of necro-
sis in segment VII and VIII primarily. The necrosis was
thought to be secondary to intraoperative hypotension, and
was managed conservatively. However, the necrosed portion
of the liver became infected, and had to be resected. Unfor-
tunately, the patient died after prolonged hospitalization.
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squamous cell skin cancer, because of the immunosup-
pressive therapy administered to avoid graft rejection
(19). The primary tumor can recur in the graft or at any
other location. The transplant recipients can also
develop any type of neoplasm, as in the general popu-
lation.

The diagnosis of acute rejection, one of the most
serious complications of OLT, is established with graft
biopsy and histologic study. The role of imaging meth-
ods consists of excluding the other complications
described herein, which can have clinical signs and
symptoms similar to those of acute rejection.

OLT patients are immunocompromised and prone
to bacterial and opportunistic infections.
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espite overall advances in the ability
to diagnose and treat patients with
cholangiocarcinoma, the prognosis
for patients with this malignancy

remains poor (1, 2). Further improvements in the sur-
vival of patients with cholangiocarcinoma will come
with the early diagnosis of these lesions. New molecu-
lar techniques should improve the ability to screen high-
risk patients, such as those with primary sclerosing
cholangitis, hepatolithiasis, choledochal cysts, and
ulcerative colitis (1). Improvements in magnetic reso-
nance imaging (MRI) allow one to diagnose and stage
patients with cholangiocarcinoma noninvasively.

The major clinical sign of cholangiocarcinomas
is obstructive jaundice, which is persistent and pro-
gressive (3, 4). The first-line imaging investigation is
ultrasonography (US), which always detects dilatation
of the bile ducts, but more rarely the tumor itself (5,
6). Classically, endoscopic retrograde cholangiopan-
creatography (ERCP) or percutaneous transhepatic
cholangiography (PTC), the “gold standard” investi-
gations in case of obstructive jaundice, have been per-
formed following US (7, 8). The actual recommenda-
tions, based on grade B and C evidence, are to start
investigations with US and to continue with noninva-
sive methods-MRI/MR cholangiopancreatography
(MRCP) or spiral computed tomography (CT)-when-
ever a malignant obstructive jaundice is suspected (9-
11). The spread of MRI has drastically changed diag-

nostic management of obstructive jaundice as a result
of the ability of MRCP sequences to provide a cholan-
giographic map of the bile ducts. Moreover, integration
of the information provided by these sequences with
that of T2- and T1-weighted (w) sequences obtained
before and after contrast medium (c.m.) administration
can suggest the nature of the obstruction with an accu-
racy that varies depending on the site (10, 12, 13). In
addition, postcontrast dynamic acquisition obtained
with three-dimensional (3D) T1w sequences makes
possible angiographic evaluation of the hepatic vascu-
lature (14-16). The “all-in-one” diagnostic role of MRI
therefore allows one to limit the use of ERCP and PTC
for tissue diagnosis or therapeutic decompression when
cholangitis is present or for stent insertion in unre-
sectable tumors (10, 17, 18).

The noninvasive nature and panoramic capabilities
of MRCP and the fact that no contrast material is needed
make it the examination of reference in the diagnosis of
malignant stenosis of the distal bile duct thanks to its abil-
ity to visualize the entire biliary tree in the presence of
critical strictures of the common bile duct (CBD). On the
contrary, in the presence of obstructive stenosis ERCP is
limited regarding the identification of distal bile ducts (7,
19). Technological advances, including new contrast
agents and new sequences that are capable of improving
spatial resolution, have shown promise for the increas-
ing role of MR/MRCP as the initial modality in assess-
ing postoperative hepato-biliary complications (20).
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TECHNIQUE

MRCP is the newest modality for biliary and pancreatic
duct imaging that combines the advantages of projec-
tional and cross-sectional imaging techniques (10-12,
21). The aim of MRCP is to visualize selectively the fluid
present in the biliary and pancreatic ducts as high signal
intensity on heavy T2w sequences. Because it is a “fluid-
based” imaging modality, we suggest giving patients, 10
minutes before the study, a superparamagnetic oral con-
trast agent to decrease the high signal intensity on T2w
images of gastrointestinal (GI) fluid (10, 22). MRCP
images can be obtained as a combination of multisec-
tion single-shot rapid acquisition with relaxation
enhancement (RARE) images in the different spatial
planes and “thick-slab” acquisitions (slice thickness: 50-
70 mm) in oblique coronal angles using heavily T2w (TE:
1100 ms) RARE sequences (3, 20, 23-25). The “thick
slab” is rotated with multiple acquisitions (six to eight)
at progressive increments of about 15° angles. Acquisi-
tion time for thick slices is short (<2 seconds) limiting car-
dio-respiratory artefacts and eliminating the need for
postprocessing. More recently a respiratory-triggered 3D
turbo spin echo (TSE RT) sequence with a fairly isotropic
1-mm voxel was introduced, making possible high spa-
tial resolution images in multiplanar views. Postprocess-
ing maximum intensity projection (MIP) images and mul-
tiplanar reformations (MPR) give clinicians a 3D biliary
map (26). Overall image quality of single-shot “thick-
slab” MRCP can be superior, in particular in noncollab-
orating patients, compared to 3D sequences requiring
longer acquisition time (27). In contrast, the original data
from multisection thin partitions facilitate ductal visual-
ization of different parts of the biliary system, periduc-
tal lesions, and adjacent structures. Therefore, a combi-
nation of both MRCP techniques is recommended for the
diagnostic work-up and therapy planning of malignant
hilar obstructions (28).

In addition, conventional T2w and T1w images
and dynamic imaging after bolus injection of a gadolin-
ium (Gd) chelate appear to be a fundamental compo-
nent of an MRI examination of the liver for detection
and characterization of biliary neoplasms (10). The
combination of nonenhanced T1w and less heavily
T2w images with MRCP images significantly improved
the diagnostic accuracy of MR examinations of pan-
creaticobiliary disease (29).

Optimal dynamic scanning depends on the use of
a multisection spoiled gradient-echo (GRE) technique
that allows one to image the entire region of interest
during a single suspended respiration. Images are
obtained during four phases relative to the injection of
the contrast agent: precontrast, arterial (presinusoidal),
portal (sinusoidal), and delayed (equilibrium) phase (5-
10 minutes after injection of c.m.). Liver-specific con-

trast agents, including hepatobiliary agents and reti-
coloendothelial system-targeted iron oxide particles,
may offer advantages over gadolinium chelates in some
clinical settings (30-32)

The following is the protocol adopted in our insti-
tution and diffusely accepted: single-shot T2w
sequences in coronal and axial planes; precontrast
acquisition of axial T1 GRE sequences with fat satu-
ration (TR:140 ms, TE: 4.2 ms); axial T2 short tau
inversion recovery (STIR) (TR: 6000 ms, TE: 66 ms)
sequences; 3D T1w GRE sequences (i.e., volumetric
interpolated breath-hold examination, VIBE; TR: 4.6
ms; TE: 1.8 ms); after administration of contrast mate-
rial (Gd chelate): 0.2 ml/kg at flow rate of 2 ml/s. We
acquire 3D T1w GRE sequences in arterial, venous,
equilibrium, and delayed phases. Finally, a MRCP
study is obtained.

MR FINDINGS OF CHOLANGIOCARCINOMA

Carcinoma of the biliary tree involves rare tumors of
the GI tract with a rising incidence during the last years
(1, 33). Cholangiocarcinoma arises from the bile ducts
and is the most common primary malignancy of the bil-
iary tree (34). Biliary neoplasms are classified into intra-
and extrahepatic cholangiocarcinoma (Klatskin tumor,
middle and distal extrahepatic tumors), gallbladder
cancer, and ampullary carcinoma.

Intrahepatic cholangiocarcinoma (ICC) accounts
for 10% of all cholangiocarcinomas, hilar cholangio-
carcinoma for 25%, and extrahepatic cholangiocarci-
noma for 65% (10, 35). Cholangiocarcinoma is classi-
fied according to its growth pattern as a mass-forming,
periductal-infiltrating, or intraductal-growing type
according to the recent classification of the Liver Can-
cer Study Group of Japan (36). Because the imaging
findings and therapeutic options are different, we dis-
cuss those forms separately.

Intrahepatic Cholangiocarcinoma

Microscopically, cholangiocarcinoma represents an
adenocarcinoma with a glandular appearance arising
from the epithelium of the intrahepatic bile ducts (34).

Some underlying liver diseases may favor the
development of intrahepatic cholangiocarcinoma, such
as Caroli disease, sclerosing cholangitis, hepatolithia-
sis, and thorotrast deposition (1). Association between
peripheral cholangiocarcinoma and clonorchiasis has
also been reported (37, 38).

Mass-Forming Type

The usual gross appearance of mass-forming cholangio-
carcinoma is a large, white, firm tumor that is solid and
fibrous (Figure 9.1F,G), with a sclerotic appearance on
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FIGURE 9.1

Mass-forming intrahepatic cholangiocarcinoma. (A) Unenhanced
T1w GRE MR image shows a hypointense mass with an irregular
margin (arrow) in the left lobe of the liver. (B)Unenhanced T2wTSE
image demonstrates a mass hyperintense peripherically and
hypointense in the central part (arrow) with initially dilated intra-
hepatic bile ducts (arrowheads). (C) Arterial-phase dynamic MR
sequence shows a low intense mass- with rim enhancement. (D)
On a portal-phase sequence the central portion is now more
enhanced. Capsular retraction is also seen (small arrow). (E) On
delayed phase (2 hours) after e.v. Gd-BOPTA administration the
mass is hypointense. The rim enhancement seen in the arterial
phase is washed out. (F,G) Photograph of the pathologic specimen
obtained at segmentectomy reveals a lobulated, yellow-whitemass,
due to fibrosis, with capsular retraction.
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the cut surface of the specimen and frequently with dense
fibrous stranding in the central portion (39). Mass-form-
ing cholangiocarcinomas are usually large because they
are rarely symptomatic early in their course, ranging from
6 to 10 cm of mean diameter; frequently (20-30% of
cases) satellite nodules are present (39).

Cholangiocarcinoma appears as a homogeneous
hypointense mass relative to the liver on T1w images
and hyperintense on T2w sequences (Figure 9.1A,B) )
(40-42). They are typically nonencapsulated with lob-
ulated contours or smooth. On T2w images, the signal
is usually heterogeneous because the amount of fibro-
sis, mucous secretion, and necrosis may vary in cholan-

giocarcinoma (Figure 9.1B) (12, 43). Central
hypointensity corresponding to fibrosis may be seen on
T2w images (Figure 9.1B) (43). Importantly, a central
hypointensity can be a reliable feature for differentiat-
ing primary liver tumors from metastases on MRI eval-
uation (43). On the basis of signal intensity, MRI can
differentiate two subtypes of cholangiocarcinomas: a
scirrhous subtype with a large amount of fibrosis and
a low content of mucous secretion and necrosis (Fig-
ure 9.1) and another subtype with a low or mild
amount of fibrosis and a high content of mucous secre-
tion and/or necrosis (Figure 9.2) (44).

On dynamic MR images, cholangiocarcinomas

FIGURE 9.2

Dynamic MR findings of mass-forming type intrahepatic cholangiocarcinoma. (A) Unenhanced T2w STIR image shows a
disomogeneous hyperintense mass (arrow) in the segment VII with lobulated margin. (B) On the arterial phase image, the
mass shows a rim like enhancement along the periphery (arrows). (C) On the equilibrium phase image, the mass shows
progressive and concentric filling of contrast material but the central part remains hypointense. (D) On the delayed-phase
image obtained 2 hours after c.m. injection (Gd-BOPTA), the central portion of the mass is enhanced due to pooling phe-
nomena of c.m. Peripheral washout is evident (arrows).
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show moderate peripheral enhancement followed by
progressive and concentric filling in the tumor with con-
trast material (Figures 9.1 and 9.2) (40). Pooling of con-
trast within the tumor on delayed MR images is sug-
gestive of peripheral cholangiocarcinoma (Figure 9.2D).
The entire mass may be enhanced only on delayed-phase
images, many minutes after contrast administration (Fig-
ure 9.1D). Some cholangiocarcinomas are depicted only
on delayed-phase images because of slow diffusion of
contrast material into the interstitial spaces of the tumor
(39, 45). The degree of enhancement on delayed-phase
MR images is a useful indicator for predicting the prog-
nosis of patients with mass-forming ICC (46). Asayama
et al. (46) recently demonstrated that the degree of
enhancement on the delayed-phase images is statistically
significant correlated with the amount of fibrous stroma
and the frequency of perineural invasion making the sur-
vival rate significantly worse. In this article multivari-
ate analysis revealed that enhancement of more than two
thirds of the ICC is a significant and independent prog-
nostic factor (46).

This enhancing pattern differs from that of hyper-
vascular tumors such as hepatocellular carcinomas,

which most commonly show totally high intensity in the
hepatic arterial phase and iso- or low intensity on the
portal venous phase (47). Even if rarely, we found that
small ICC can be hypervascular enhancing early in the
arterial phase mimicking HCC (Figure 9.3) (48).

Mixed HCC-ICC frequently show the same MRI
findings of classing ICC, making it impossible a differ-
ential diagnosis based only on imaging findings.

Hemangioma can cause a pitfall showing periph-
eral enhancement with central fill-in. In these cases the
key findings are the homogeneous high T2 signal and
the globular peripheral enhancement with complete fill-
in characteristics of hemangioma.

Hypovascular metastases from fibrous tumors,
especially colorectal, may show an enhancing pattern
similar to that of peripheral cholangiocarcinomas (Fig-
ure 9.4) (49). Absence of the possible primary site, a rel-
atively large tumor size, and other ancillary findings
such as bile duct dilation (Figure 9.5) can be clues for
differentiating mass-forming cholangiocarcinomas
from metastases that also are usually multiple. Because
of fibrosis fibrolamellar HCC can also show a similar
pattern of enhancement (Figure 9.5).

FIGURE 9.3

DynamicMR findings of a small mass-forming type intrahepatic cholangiocarcinoma. (A) Unenhanced T1wGREMR image
shows a small hypointense mass with sharp margin (arrow) in the left lobe of the liver. (B) Unenhanced T2-weighted turbo
spin-echo image demonstrates a hyperintense mass. (C) On the arterial phase image, the mass shows a disomogeneous
enhancement. (D,E) On the equilibrium phase image, the mass showsmore homogeneous enhancement. (F) On the delayed-
phase image obtained 2 hours after c.m. (Gd-BOPTA) the lesion is hypointense.
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The use of hepato-specific c.m. like Gd-EOB-
DTPA and Gd-BOPTA that are selectively taken up by
hepatocytes allow a selective enhancement of the liver
parenchyma on T1w images. Liver parenchyma signal
intensity is influenced by the extent to which liver func-
tion is compromised, in that residual hepatocytic func-
tionality permits Gd-BOPTA uptake by certain lesions
composed by normal hepatocytes; in contrast, metas-
tases and neoplasms do not take up Gd BOPTA and
EOB on delayed phase (Figures 9.1E,G, 9.3F, 9.4C)
(50). The presence of desmoplastic tissue with large
extracellular spaces allows a pooling effect of c.m (Fig-

ures 9.1E, 9.2D, ). Therefore, most scirrhous-type ICC
appear on delayed images hyperintense centrally with
a peripheral hypointense rim (Figure 9.2D). These con-
trast agents may improve the MR imaging capability to
detect focal liver lesions and to characterize them. Also,
superparamagnetic c.m. (USPIO) was useful in char-
acterizing ICC, which became markedly hyperintense
10 minutes after c.m. injection due to the absence of
reticoloendotelial cells (Figure 9.6) (51).

The presence of ancillary signs such as intrahepatic
bile duct dilatation (30%) may indicate cholangiocarci-
noma (Figure 9.7) (52). The most common pattern of

FIGURE 9.4

Dynamic MR findings of metastasis from colon cancer. (A) On the venous phase
image, a small mass in the segment IV shows a disomogeneous enhancement at
the periphery (arrow). (B) On the delayed-phase image (2 hours) after e.v. Gd-
BOPTA administration, the lesions show a central enhancement due to the pres-
ence of fibrosis with rim washout (arrow). (C,D) Other lesions are seen in the
liver (arrowheads).

FIGURE 9.5

Fibrolamellar hepatocarcinoma mimicking ICC: MR
imaging findings. (A) Unenhanced T1w GRE image
shows a hypointense mass with an irregular margin in
the right lobe of the liver. (B) Unenhanced T2w TSE
image demonstrates disomogeneous high signal of the
mass. (C) On the venous phase image, themass shows
progressive and concentric filling of contrast material.
(D,E) On the delayed-phase image obtained 2 hours
after c.m. administration (Gd-BOPTA), the central por-
tion of the mass is enhanced with peripheral washout
(arrows).
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biliary duct dilation is diffuse, mild dilation with focally
severe dilation around the tumor (15). Capsular retrac-
tion (20%) (Figure 9.1) and dilation with thickening of
the peripheral intrahepatic ducts (especially when asso-
ciated with clonorchiasis) (37) are corollary signs. The
dense fibrotic nature of mass-forming cholangiocarci-
noma may be the cause of retraction of the adjacent liver
capsule. Capsular retraction adjacent to a hepatic tumor
is an unusual finding, with a reported prevalence of 2%
of HCC (53). This finding can be associated with a vari-
ety of tumors, including epithelioid hemangioendothe-
lioma, metastasis from colorectal cancer, fibrolamellar
hepatocellular carcinoma, carcinoid tumor, and lym-
phoma (Figure 9.8) (53). Although this sign is not spe-
cific for cholangiocarcinoma, it is suggestive of a malig-
nant tumor with a relatively prominent desmoplastic
reaction (53). Finally, useful associated findings are vas-
cular invasion (50%), ipsilater lobar hypotrophy, and
controlateral hypertrophy (20-40%). Narrowing or
encasement of the portal vein is not an uncommon find-

ing in mass-forming cholangiocarcinoma located cen-
trally within the liver (Figure 9.9)

Parenchymal changes of the liver such as segmen-
tal or lobar atrophy (Figure 9.6) and increased transient
degree of enhancement (THAD) of the liver
parenchyma on postcontrast MR or CT images can be
seen in hilar and intrahepatic cholangiocarcinoma (12).
This area is generally hyperintense on T2w images.

Extrahepatic spread of mass forming cholangio-
carcinoma is common, with an autopsy incidence of 50-
67% (43). Lymph node metastasis with involvement of
the celiac and left gastric areas or direct invasion of the
omentum is frequently detected (1)

Periductal-Infiltrating Type

This form matches radiologically and pathologically
infiltrating hilar cholangiocarcinoma but has a differ-
ent location (i.e., peripheral to the secondary conflu-
ence). It grows along the bile ducts, and frequently

FIGURE 9.6

Mass-forming intrahepatic cholangiocarcinoma. (A,B) Axial T1w and T2w MR images of extrahepatic cholangiocarcinoma
in the left lobe, respectively, hypo and hyperintense. (C) After the administration of superparamagnetic iron oxide (SPIO),
the liver shows loss of signal because of the strong T2 shortening effect of SPIO. On the contrary, the mass is more hyper-
intense due to the absence of reticoloendothelial (RES) cells.

FIGURE 9.7

Mass-forming intrahepatic cholangiocarcinoma. (A) Unenhanced T1wGREMR image shows a hypointense mass with well-
defined margin (arrow) in the left lobe of the liver. (B,C) Unenhanced T2w turbo spin-echo images in the axial (B) and
coronal (C) planes demonstrate hyperintense signal of the mass with dilated intrahepatic bile ducts (arrowheads).
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FIGURE 9.8

Non-Hodgkin lymphoma mimicking ICC: MR imaging findings. (A,B) Unen-
hanced T1w and T2w images show a subcapsular mass, respectively, hypo-
intense and hyperintense with sharp margin located in segment IV. Slight dila-
tion of the bilary tree is seen. (C) On the venous phase image the mass shows
a progressive enhancement (small arrow). On the delayed-phase image obtained
2 hours after c.m. administration (Gd-BOPTA), the mass is hypointense. Cap-
sular retraction is present in the area adjacent to the lesion.

II ∙ DIAGNOSITC APPROACHES116

irregular narrowing of the involved bile duct or
obstruction is present. In the early phase the tumor
causes segmental dilatation of the bile ducts. In the
advanced phase, the tumor may invade the hepatic
parenchyma and hepatic hilum (40). On MR, ill-
defined infiltrating tumor tissue can be detected as focal

wall thickening (Figure 9.10), usually with a lower sig-
nal than the liver parenchyma, and the bile ducts prox-
imal to the cholangiocarcinoma are dilated and hyper-
intense on T2w images unless secondary biliary stones
or sludges are formed. Usually periductal-infiltrating
cholangiocarcinoma results in obliteration of the bile
ducts and proximal dilatation without an identifiable
mass. MRCP shows focal stricture or complete obstruc-
tion of the bile ducts (Figure 9.10D). The correlation
between the length of the stricture and the enhancement
of the parietal bile duct after c.m. administration
obtained by conventional and MRCP images deter-
mines the extent of disease with a good correlation with
pathology (54, 55).

Primary sclerosing cholangitis (PSC) can show the
same MR appearance as ICC, in particular the infil-
trating type. In the absence of a clinical and laboratory
setting typical of PSC, the differential diagnosis can be
very difficult to achieve, in particular in the early stage.
Patients with PSC are at increased risk for developing
cholangiocarcinoma (1% for each year). The direct
imaging finding useful for an early diagnosis is the pres-
ence of mass effect. The indirect signs are the presence
of segmental biliary dilatation, lobar atrophy, and vas-
cular involvement. The diagnosis of ICC on PSC
remains challenging for Radiologists.

Intraductal-Growing Type

Intraductal intrahepatic cholangiocarcinoma is often
limited to the mucosa invading the wall in the late phase.

FIGURE 9.9

Intrahepatic cholangiocarcinoma. The infiltrating-type
mass causes dilation of the biliary tree. The lesion is adja-
cent to a branch of the portal vein for segment IV without
a defined surgical plane (arrowheads).
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Most intraductal growing cholangio-
carcinomas are small, sessile, or poly-
poid; they often spread superficially
along the mucosal surface and result
in multiple tumors (papillomatosis)
along different segments of the bile
ducts (Figure 9.11) (56). They also
can slough spontaneously, simulate
bile duct stones, and occlude the bile
ducts (56). Occasionally, the tumor
produces a profuse amount of mucus,
resulting in partial biliary obstruction
(57). At MRCP intraductal-growing

cholangiocarcinoma presents with focal or
segmental bile duct dilatation with or with-
out visible intraductal papillary tumors (Fig-
ure 9.11D) (56).

The mucin-producing form can be sim-
ilar at MRCP to the intraductal papillary
mucinous form of the pancreas. The biliary
ducts can be segmental or diffusely dilated
and filled by thick mucin. For this reason
patients frequently present with symptoms.
The cystic form of ICC is very rare. The dif-
ferential diagnosis is with benign epithelial
serous cyst or biliary cystadenoma, often
being impossible only using imaging criteria.

Hilar Cholangiocarcinoma

Hilar cholangiocarcinomas account for
more than 50% of bile duct malignancies

FIGURE 9.10

Infiltrating hilar cholangiocarcinoma with tumoral involvement of the right sec-
ondary confluence and common hepatic duct. (A,B) Unenhanced T1w and T2w
images show dilation of the biliary tree but not evidence of mass causing the
obstruction. (C) Postcontrast T1w image clearly shows circumferential thickening
and infiltration of intrahepatic ducts (arrowheads). (D) MRCP shows dilation of
the right and left hepatic biliary ducts. The common hepatic duct is not seen.

FIGURE 9.11

Intraductal papillary cholan-
giocarcinomas. (A,B) Axial bal-
anced images (True-Fisp) show
multiple polypoid tumors
(arrows) involving the intra-
hepatic bile ducts. (C) Postcon-
trast T1w image shows tiny
enhancement of the endolumi-
nal masses. (D) MRCP demon-
strates multiple intraductal
papillary tumors (arrow) with
upstream ductal dilatation.
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(43). At pathologic analysis, infiltrating hilar cholan-
giocarcinoma manifests as a sclerotic lesion with abun-
dant fibrous tissue (34). Tumors originating from a
large bile duct are in a critical location and are discov-
ered early due to the presence of jaundice or cholangi-
tis (58). Thus, these tumors are usually very small. The
role of MR imaging in hilar cholangiocarcinoma is to
confirm a diagnosis, suspected by ultrasound as a first-
step imaging modality, and to assess resectability (10).
Because of its intrinsic high tissue contrast and multi-
planar capability, MR imaging and MRCP are able to
detect and preoperatively assess patients with cholan-
giocarcinoma, investigating all involved structures such
as bile ducts, vessels, and hepatic parenchyma (13, 17,
21).

Cholangiography through a retrograde endoscopic
or percutaneous transhepatic approach may provide the
most accurate anatomic information pertaining to which
segmental branches are involved (Figure 9.12A). How-
ever, because direct cholangiography provides informa-
tion only on the ductal system, any data on extraductal
extension or the cause of the biliary obstruction cannot
be obtained (59). In addition, cross-sectional MRI and
MRCP can directly visualize hilar cholangiocarcinoma
(Figure 9.12) (13, 17, 21). The morphology of bile duct
stricture detectable on MRCP closely reflects the gross
morphologic changes occurring along the biliary ductal
walls (Figure 9.12D,E) (59).

Combined use of MRCP and dynamic MRI can
display the overall extent of biliary tree involvement
and the correct diagnosis of biliary malignancies (13,
17, 21).

Other diseases that can cause hilar obstruction
indistinguishable from hilar cholangiocarcinoma are

metastases to periportal lymph nodes, gallbladder can-
cer invading the hepato-duodenal ligament, lym-
phadenopathy due to other inflammation, and idio-
pathic benign focal stricture of the bile duct (60).

Periductal-Infiltrating Hilar Cholangiocarcinoma

Infiltrating hilar cholangiocarcinoma is the most com-
mon type of hilar cholangiocarcinoma (70% of cases)
(43). Although the tumor can appear as a mural thick-
ening or an encircling mass along the bile duct wall, a
definite mass is rarely seen on US (6). On MRCP images,
it appears as an irregular thickening of the bile duct wall
(≥5 mm) with symmetric upstream dilation of the intra-
hepatic bile ducts (Figure 9.13) (13). The lumen may be
completely obstructed or markedly narrowed.
Nonunion of the right and left hepatic ducts with or
without a visibly thickened wall is a typical finding of
infiltrating hilar cholangiocarcinoma (Figure 9.13C) (43,
55). On cross-sectional MR images, the lesion appears
hypointense to the liver on T1w images and moderately
hyperintense until a high signal on T2w images (61).

On contrast-enhanced MR images, infiltrating
tumors are better seen as a focally thickened ductal wall
obliterating the lumen (Figure 9.13). About 80% of
these tumors are hyperintense relative to the liver on
arterial or portal phase or both. They usually are bet-
ter seen at equilibrium phase due to fibrosis (Figure
9.13) (10).

One of the most challenging differential diagnoses
is with inflammatory myofibroblastic tumor (IMT). On
MR images IMT may manifest as either a mass-like
lesion with heterogeneous signal intensity characteris-
tics or as an area of periportal soft-tissue infiltration

FIGURE 9.12

Hilar mass-like
cholangiocarci-
noma involving
the perihilar and
upper parts of
the extrahepatic
ducts. (A) PTC
shows dilated
intrahepatic bile

duct with an obstructed common hepatic duct. (B)
Axial conventional T2w MR image shows an
expansive mass at the confluence of the common
hepatic duct and the cystic duct. The lesion has a
hypointense central component. (C) Postcontrast
T1w image shows enhancement of the peripheral
and central component. Most of the mass does not
enhance because of the necrotic component. (D,E)
A single thick slab (D) and 3D MRCP (E) demon-
strate the intrahepatic bile ducts diffusely dilated
with a stop at the level of the commun hepatic duct.
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FIGURE 9.14

Inflammatory myofibroblastic tumor of the
hilum. (A,B) Transverse T1w fat-suppressed
spoiled GRE MR images obtained after
gadolinium chelate administration show soft-
tissue infiltration (arrows) along the intra-
hepatic ducts. (C) Biliary dilatation is visual-
ized at MRCP. (D,E) Spindled myofibroblast
and plasma cells set in a collagenized back-
ground (D) (hematoxylin-eosin). Immuno-

histochemical stain for smooth muscle actin (E), highlighting the myofibroblastic nature of the spindle cell proliferation.
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with variable signal intensity at unenhanced T2w imag-
ing and a variable enhancement pattern after the
administration of c.m. (Figure 9.14) (62-64). The MRI
findings can be explained by the varied composition of
these lesions. Histologically, IMTs are composed of
fibrous tissue associated with a mixed inflammatory
infiltrate consisting of macrophages, lymphocytes,
eosinophils, and neutrophils intermixed with areas of
necrosis (Figure 9.14D,E) (62-64). The presence of
fibrosis and granulation tissue can explain occlusive
portal phlebitis visualized as periportal soft-tissue infil-
tration on MR images (Figure 9.14A,B). Both IMT and
cholangiocarcinoma are more often seen in male
patients and, when present as a focal mass, are more

common in the right lobe of the liver. Both tumors have
moderately low signal intensity on T1w MR images
and moderately high signal intensity on T2w MR
images. Also, the pattern of enhancement after c.m.
administration is similar and varies, with mild to mod-
erate enhancement, in the early postcontrast phase and
moderate to progressive enhancement on delayed post-
contrast MR images (62-64).

Secondary involvement of the liver occurs com-
monly in stage IV Hodgkin and non-Hodgkin lym-
phoma (65). Histopathologically, liver involvement is
heralded by tumor deposits within the portal tracts
(65). This is typically seen at MR imaging as peripor-
tal soft-tissue infiltration. Periportal tumor infiltration

FIGURE 9.13

Hilar infiltrating cholangiocarcinoma. (A,B) Postcontrast T1w images clearly demonstrate circumferential neoplastic thick-
ening of the common bile duct (CBD) with extension to main right duct (arrow). (C) At MRCP the intrahepatic bile ducts
are slightly dilated and a right duct is obstructed.
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FIGURE 9.15

Mass-forming hilar cholangiocarcinoma.
(A,B) Axial T1w and T2w images clearly
depict a large mass, respectively, hypo-
intense and disomogeneously hyperin-
tense at the hilum. (C) Contrast-
enhanced T1w axial section after
administration of gadolinium chelate
shows peripheral enhancement of the
mass with a hypointense necrotic com-

ponent. (D) On delayed (2h) contrast enhancement (Gd-BOPTA) the mass shows a central pooling of c.m. with peripheral
washout. (E) 3D MRCP shows severe strictures at the hilum with dilation of the left biliary system.
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is more common in lymphoma than in other forms of
malignant disease (65). Lymphoma can also manifest
as focal mass-like lesions (Figure 9.8). As reported by
Kelekis et al. (65), lymphomatous hepatic lesions have
two different appearances at MR. This variation in sig-
nal intensity was due to the differences in the relative
amount of vascularity, the size of the extracellular
space, and the presence of fibrosis and necrosis. The
enhancement pattern after gadolinium chelate admin-
istration ranged from minimal to intense peripheral
enhancement on the early images, to persistent
enhancement, progression of enhancement, and
washout with delayed peripheral enhancement on
images obtained at equilibrium phase (65).

Considerable similarities between IMT and lym-
phoma and IMT and cholangiocarcinoma make the dif-
ferentiation difficult, and, hence, histologic examina-
tion is necessary.

Mass-Forming Exophytic Hilar
Cholangiocarcinoma

Hilar cholangiocarcinoma shows the same signal inten-
sity pattern of peripheral tumors both on precontrast
T1w and T2w images and after c.m. administration (Fig-
ure 9.15) (13, 17, 21). It can be difficult or even impos-
sible to ascertain whether the carcinoma arises at the
main hepatic juncture or represents a peripheral cholan-
giocarcinoma that secondarily obliterates the hilar area.

Intraductal Polypoid Hilar Cholangiocarcinoma

Polypoid hilar cholangiocarcinoma manifests as an
intraductal soft tissue mass that has the same gross and
histologic features as intraductal intrahepatic cholan-
giocarcinoma. The site of origin determines the pre-
senting symptoms (jaundice in large duct lesions or inci-
dentally found segmental ductal dilatation in
intrahepatic lesions). On cross-sectional MR images,
the lesion appears hypointense to the liver on T1w
images and moderately hyperintense with a high sig-
nal on T2w images (Figure 9.16) (43). The tumors are
frequently multiple or disseminated within the biliary
system and involve both the intrahepatic and extra-
hepatic bile ducts.

Preoperative Evaluation

Before determining the best treatment method for a
cholangiocarcinoma, its precise location must be known
and the presence of intrahepatic metastases or other
lesions and tumor thrombi must be confirmed or ruled
out. MR imaging staging of biliary neoplasm has to
define the following aspects: (a) the extent and location
of intrahepatic disease, (b) the involvement of surgically
critical areas such as the portal vein, inferior vena cava,
and major bile ducts, and (c) the presence of extrahep-
atic disease (13). The principal question is whether an
apparently free segment of the right and left lobes is
uninvolved, thus permitting the obviously involved seg-
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ment to be excised (17). Delineation of tumor site and
number relative to segment anatomy involved can be
obtained from multidetector CT or MRI.

The biliary extension of the tumor is defined
according to Bismuth’s classification (Table 9.1). Most
surgeons accept the nonresectability of hilar cholan-
giocarcinoma in the following cases: (a) cholangio-
graphic evidence of severe bilateral involvement of the
secondary confluence, (b) involvement of the main
trunk of the portal vein, (c) involvement of both
branches of the portal vein or bilateral involvement of
the hepatic artery and portal vein, or (d) vascular
involvement on one side of the liver and extensive bile
duct involvement on the other side. Unilateral involve-
ment of the hepatic artery, portal vein, or both vessels
is compatible with resection (13). Precise preoperative
evaluation of tumor extent often requires several imag-
ing modality. MRI with a technique called “all in one”
offers all the information needed. MRCP is competitive
with cholangiography for detecting these neoplasms
and determining the intraductal extent. The extent of
tumor in the bile duct is one of the important factors
that determine resectability. Therefore, identification of
the proximal extent of the tumor is important in plan-
ning surgical treatment. MRI is also effective in detect-
ing spreading tumor that extends above the level of bil-

iary obstruction showing enhancement of the inner wall
of the bile duct with a preserved lumen: this appearance
differentiates it from inflammation. The extent of intra-
ductal tumor spread tends to be underestimated with
MR. MR angiography and venography easily evaluate
vascular involvement of the hepatic artery and portal
vein as focal or segmental narrowing (encasement) of
the involved vessel (66). In contrast, digital angiogra-
phy cannot depict vascular invasion that does not
change the diameter of the involved vessel. With MR
as well as CT, obliteration of the fat plane between the
biliary tumor and the hepatic artery or portal vein can
be used as a criterion for vascular invasion (Figure 9.9).
In addition, because the liver has a dual blood supply,
obstruction or significant stricture of one vessel causes
compensatory hyperperfusion of the other (67).

Gallbladder Malignant Neoplasms

Since the symptoms and signs of gallbladder carcinoma
are vague, it is difficult to diagnose it clinically (68).
Early-stage carcinoma is typically diagnosed inciden-
tally because of inflammatory symptoms related to
coexistent cholelithiasis or cholecystitis (68). Cholelithi-
asis is a well-established risk factor for the development
of gallbladder carcinoma (68), and gallstones are pre-

FIGURE 9.16

Intraductal-growing papillary cholangiocarcinoma of the hilum. (A,B) Coronal and axial half Fourier single shot TSE
sequences depict a dilated common bile duct (arrow) filled by amass isontense to the hepatic parenchyma. (C) Direct cholan-
giogram obtained by PTC demonstrates expansile growth of a spherical tumor (arrowheads) within the midportion of the
extrahepatic bile duct. (D,E) Coronal and axial half Fourier single shot TSE sequences depict a dilated common bile duct
filled by a marked hypointense ovoid structure (stone) (F) MRCP is similar to the previously described PTC (C) showing a
marked dilated biliary tree and common hepatic duct with a meniscus sign due to the presence of a large stone.
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sent in 74-92% of affected patients (69). Porcelain gall-
bladder is an uncommon condition in which there is dif-
fuse calcification of the gallbladder wall, and 10-25%
of patients with this condition have gallbladder carci-
noma (69). Several pathologic and congenital anatomic
anomalies are associated with a higher prevalence of
gallbladder carcinoma. These conditions include con-
genital cystic dilatation of the biliary tree, choledochal
cyst, anomalous junction of the pancreaticobiliary
ducts (with or without a coexistent choledochal cyst),
and low insertion of the cystic duct (69). Gallbladder
abnormalities are frequently seen in patients with pri-
mary sclerosing cholangitis with the increased incidence
of this tumor (68).

The majority (68%) of gallbladder carcinomas are
diffusely infiltrating lesions, and the remainder exhibit
intraluminal polypoid growth (32%) (69) . Approxi-
mately 60% of tumors originate in the gallbladder fun-
dus, 30% in the body, and 10% in the neck (69).

At MRCP neoplasms appear as filling defects that
may represent tumor or stones, a mass displacing and
invading the gallbladder (11). When the mass is huge
or sludge fills the gallbladder, MRCP cannot display the
lesion and the organ itself because of the absence of
fluid. MRCP may demonstrate malignant strictures or
obstruction involving the extrahepatic bile ducts, con-
fluence of the right and left common ducts (70, 71) (Fig-
ure 9.17). Associated findings from MRCP include
intraductal filling defects that may represent tumor or
coexistent choledocholithiasis in the common hepatic
ducts and/or intrahepatic ducts in the right lobe.

The cross-sectional imaging patterns of gallblad-
der carcinoma have been described as mass replacing
the gallbladder, focal or diffuse gallbladder wall thick-
ening, and an intraluminal polypoid mass (69, 70).

1. Mass replacing the gallbladder. This is the most
common form of gallbladder cancer and repre-
sents 40-65% of all tumors (70). MR shows a
hyperintense mass on T2w images in the gall-
bladder fossa, featuring dyshomogeneous

TABLE 9.1
Bismuth’s Classification of Hilar and Extrahepatic

Cholangiocarcinomas

FIGURE 9.17

Gallbladder carcinoma: thickening of the wall. (A) MRCP
shows dilated intrahepatic bile ducts obstructed at the
hilum. (B,C) Postcontrast T1w MR image in the axial plan
shows an irregular and diffuse thickening of the gallblad-
der wall markedly enhanced (arrows). (D) Coronal bal-
anced image demonstrate multiple nodes.
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enhancement after injection of gadolinium (Figure
9.18) (69, 70). The enhancement of the mass is
better visualized on T1w images after fat satura-
tion. Intraneoplastic stones or necrosis of the
tumor are frequently observed. Areas of enhance-
ment reflect viable tumor. Direct extension to the
liver and biliary tree is a common associated find-
ing with large, advanced carcinomas (11, 69, 70).
In these cases, the tumor is inseparable from the
adjacent liver. Biliary obstruction at the level of
the porta hepatis and lymph node metastasis are
frequent associated findings (Figure 9.17A,D).

2. Thickening of the gallbladder wall secondary to
tumor infiltration and inflammatory changes is
seen in 20-30% of cases of gallbladder carcinoma
and can be diffuse (Figure 9.17) or focal (70). This
is the most diagnostically challenging of the three
patterns because it mimics the appearance of more
common acute and chronic inflammatory condi-
tions of the gallbladder. Pronounced wall thick-
ening (i.e., more than 1 cm), demonstrated by
MRCP or T1w images after c.m. administration,
with associated mural irregularity or marked
asymmetry, should raise concerns for malignancy
or complicated cholecystitis (72). It is therefore
particularly important to look for signs of local or
metastatic involvement in such cases. Focal thick-
ening of the wall may represent an early stage of
cancer involvement.

3. Intraluminal mass within the gallbladder is the least
common form of gallbladder carcinoma, repre-
senting 15-25% of tumors (70). These carcinomas
tend to expand into the lumen of the gallbladder
before invading the wall and seem to be associated
with a less invasive, papillary-type carcinoma. MR
imaging demonstrates a hypointense and hyperin-
tense mass, respectively, on T1w and T2w images
(11, 69, 70). Ill-defined early enhancement is a typ-
ical appearance of these tumors at dynamic
gadolinium-enhanced MR imaging (72).

Whether T2w imaging and MRCP have high sensitiv-
ity to edema and fluid and are paramount in the eval-
uation of certain gallbladder diseases (cholelithiasis,
cholecystitis, adenomyomatosis, and cystic duct abnor-
malities), dynamic gadolinium-enhanced MR imaging
has the potential to differentiate among the many non-
specific-appearing lesions involving the gallbladder
(72). Dynamic MRI is useful for the differentiation of
chronic cholecystitis from carcinoma and for the eval-
uation of its local extension (72).

MR imaging may not yet replace US as the work-
horse of acute gallbladder imaging. Currently, MRCP
is an ideal complementary study to inconclusive US
studies and can help plan surgical intervention in the
setting of acute cholecystitis. Unfortunately, the diag-
nosis of gallbladder carcinoma is not usually estab-
lished until after the tumor has spread to the liver and
other viscera (11, 69, 70).

FIGURE 9.18

Gallbladder carcinoma: mass replacing the lumen. (A,B)
Conventional T1w and T2w images show the gallbladder
filled by amass hypointense on T1wand hyperintense on
T2w images. A big hypointense stone is present. (C)
Gadolinium-enhanced axial T1w image shows irregular
enhancement of the gallbladder carcinoma and of the
adjacent infiltrated liver parenchyma. (D) On delayed-
phase image (2 hours) after e.v. administrations of Gd-
BOPTAthe infiltrated liver parenchyma is hypointense. (E)
MRCP shows a small stone migrated into the distal CBD
(arrow) and the presence of pancreas divisum.
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The most common route of dissemination for gall-
bladder carcinoma to adjacent organs is direct exten-
sion, followed by lymphatic and vascular extension.
Contiguous spread of the tumor is facilitated by the thin
gallbladder wall, narrow lamina propria, and only a
single muscle layer. The liver is the organ most fre-
quently involved by direct continuous spread. The inci-
dence of liver involvement at the time of diagnosis
varies from 34 to 89% according to the series, followed
by involvement of the duodenum (15%), colon (15%),
and pancreas (6%) (69). On MR images, tumor exten-
sion has the same signal intensity as the primary tumor
(Figure 9.18), and biliary dilatation is a common asso-
ciated finding (Figures 9.17 and 9.18). Infiltrative
tumor growth alongside or within the cystic duct with
spread to the extrahepatic bile duct causes biliary
obstruction and dilatation (62%) (71).

Seeding of viable tumor cells into the peritoneal
cavity can lead to peritoneal implants.

The prevalence of lymphatic spread is high in gall-
bladder carcinoma (76%) (71); positive lymph nodes
are 1 cm in diameter or larger and show ring-like or het-
erogeneous enhancement at CT and MR. The peric-
holedochal lymph nodes are the primary nodes drain-
ing the gallbladder. Enlargement of these nodes
provides another mechanism for obstruction of the
extrahepatic biliary system from gallbladder carci-
noma. Further lymphatic spread leads to involvement
of the postero-superior pancreato-duodenal, retropor-
tal, right celiac, hepatic, and superior mesenteric nodes.
The inter-aorto-caval nodes represent the terminal
nodes of the regional lymphatic drainage system of gall-
bladder. Spread to these lymph nodes is regarded as dis-
tant metastasis. Hematogenous metastases are most
commonly seen in the liver.

Differential Diagnosis

Gallbladder carcinoma manifesting as diffuse gallblad-
der wall thickening has a differential diagnosis that
includes the more common inflammatory and nonin-
flammatory causes of wall thickening. These conditions
include heart failure, cirrhosis, hepatitis, hypoalbu-
minemia, renal failure, and cholecystitis (69). Occa-
sionally, a pericholecystic abscess, gallbladder necrosis,
or fistula formation to adjacent bowel can complicate
acute cholecystitis (Figure 9.19). The findings in these
cases may simulate those of an aggressive neoplastic
process. Gallbladder carcinoma should be suspected
when there are features of a focal mass, lym-
phadenopathy, hepatic metastases, and biliary obstruc-
tion at the level of the porta hepatis (11, 69, 70).

Xanthogranulomatous cholecystitis is a pseudo-
tumoral inflammatory condition of the gallbladder that
radiologically simulates gallbladder carcinoma (73).

The MR features of xanthogranulomatous cholecysti-
tis and gallbladder carcinoma overlap substantially;
thus, these entities cannot be reliably differentiated
(73). Both diseases may demonstrate gallbladder wall
thickening, infiltration of the surrounding fat, hepatic
involvement, and lymphadenopathy (73).

Adenomyomatosis is a common tumor-like lesion
of the gallbladder with discussed malignant potential
(69). It may involve the gallbladder in a focal, seg-
mental, or diffuse form. Its histologic features include
a proliferation of epithelial and mural elements, and
Rokitansky-Aschoff sinuses are seen as prominent
infoldings of the epithelium (69). Rokitansky-Aschoff
sinuses are best visualized on T2w sequences; there-
fore, MR imaging can be useful for distinguishing this
benign entity from gallbladder carcinoma (Figure
9.20) (74).

FIGURE 9.19

Complicated cholecystitis: thickening of the wall. Coronal
(A) and axial (B) gadolinium-enhanced T1w images show
irregular enhancement of the thickened gallbladder wall
communicating with the duodenum (arrows)
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The differential diagnosis for those tumors that
manifest as an intraluminal polypoid mass includes ade-
nomatous, hyperplastic, and cholesterol polyps; carci-
noid tumor; metastatic melanoma; and hematoma
within the gallbladder.

The differential diagnosis for a mass replacing the
gallbladder fossa includes hepatocellular carcinoma,
cholangiocarcinoma, and metastatic disease to the gall-
bladder fossa.

Extrahepatic Cholangiocarcinoma

Extrahepatic cholangiocarcinoma is an adenocarci-
noma arising from the bile ducts below the bifurcation
of the right and left hepatic ducts. Fifty to 75% of
extrahepatic cholangiocarcinomas occur in the upper
third, 10-30% in the middle third, and 10-20% in the

lower third of the extrahepatic duct (75). Many extra-
hepatic cholangiocarcinomas, because the bile ducts are
occluded during the early stage, are diagnosed when
they are small (10, 75). Bile ducts proximal to the
tumor are dilated, and the severity of this dilatation
depends on the degree and duration of the obstruction.
Like the previous forms, they are divided into mass-
forming, periductal-infiltrating, and intraductal-grow-
ing types (75).

Mass-Forming Cholangiocarcinoma

This usually is a single nodule measuring 1-2 cm in
diameter obstructing the bile duct. Because it is small,
US may not identify the mass, which may be masked by
adjacent structures or obscured by duodenal gas (6, 10).
The bile ducts are usually completely obstructed,
whereas the duct distal to the mass regains its normal
diameter. MRCP shows dilated bile ducts proximally
(Figure 9.21C). Like the previously described “mass-
forming” type, the tumor is hypointense and hyperin-
tense, respectively, on T1w and T2w images, demon-
strating enhancement better visualized on delayed
phase (5-10 minutes after injection of c.m.) (Figure
9.21B) (10, 42, 76).

Periductal-Infiltrating Cholangiocarcinoma

In periductal-infiltrating extrahepatic cholangiocarci-
noma, the involved bile ducts show a concentric thick-
ening of the bile duct wall that varies in length (10). On
CT and MR images, this parietal thickening can be
depicted better on enhanced images as a ring or spot
(Figure 9.22). The tumor margin appears as an abrupt
transition or as an asymmetrically thickened bile duct
wall at the transition zone (Figure 9.22) (10, 24, 75).
Adjacent periductal fat may be infiltrated by direct inva-
sion, and lymph node metastasis is relatively frequent.

Because of bile duct obstruction, ERCP depicts
only the distal normal segment of the bile duct, and
PTC may depict only the dilated proximal ducts (10).
However, MRI depicts the cancer involved segment as
well as the proximal and distal normal bile ducts (77).
In patients with a partial obstruction, the cancer-
involved segment may be delineated as a string-like
stenotic bile duct (10, 75, 77). Only MRI demonstrat-
ing the extraductal component of the tumor indicates
the true extent of the lesion (10).

Intraductal-Growing Cholangiocarcinoma

Intraductal-growing cholangiocarcinoma of the extra-
hepatic duct accounts for about 10% of cholangiocar-
cinomas (75). It may be polypoid, sessile, or superfi-

FIGURE 9.20

Gallbladder focal adenomyomatosis. MRCP (A) and coro-
nal single shot T2w images (B) show focal thickening of the
gallbladder neck with hyperintense small dots corre-
sponding with Rokitansky-Aschoff sinuses (arrows).
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cially spreading along the bile duct lumen, single or
,more frequently, multiple (56). Most intraductal-grow-
ing cholangiocarcinomas are papillary cholangiocarci-
nomas. Sometimes the tumor can slough spontaneously
and simulate a bile duct stone, which intermittently
occludes the bile duct (57). On CT and MRI, the tumor
usually appears as an intraluminally enhancing mass or
as eccentric wall thickening (Figure 9.23) (40, 56). Pre-
contrast T1w sequences are important in the differen-
tial diagnosis because a tumor attached to the wall of
the bile duct will be enhanced (Figure 9.23C), whereas
detached tumor fragments or stones will not. Rarely,

lymph nodes are enlarged. MRCP allows visualization
of papillary intraductal tumors as a defect in the hyper-
intense duct (Figure 9.23A). Sometimes multiple pap-
illary proliferations can involve intra- and extrahepatic
ducts, resulting in floating masses mimicking bile duct
stones. On MR, stones have a low signal intensity on
T2w images; in contrast, a mass protruding into the bile
duct lumen usually has the same signal intensity of the
liver. At MRCP stones usually have a smooth, some-
times faceted surface, whereas papillary tumors are
irregular or velvety (57).

FIGURE 9.21

Mass-forming cholangiocarcinoma of the distal extrahepatic duct. Coronal image from thin-slices T2w single-shot TSE
sequence (A) and contrast-enhanced T1w image (B) clearly depict a well defined mass (arrows) involving the wall of the
distal bile duct, highly enhanced after c.m administration. (C) Single thick slab MRCP (coronal projection) shows severe
strictures in the distal bile duct and the dilated upstream duct.

FIGURE 9.22

Periductal infiltrating extrahepatic cholangiocarcinoma. Coronal images from nonenhanced T1w (A) and thin-slice T2w
(B) sequences show initial dilatation of the intrahepatic bile ducts with focal circumferential narrowing of the middle por-
tion of CBD. (C) After administration of c.m., late-phase coronal image shows peripheral enhancement that envelops the
wall of the CBD, which appears thickened (arrow).
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Differential Diagnosis

Most extrahepatic cholangiocarcinomas are of the infil-
trative type and manifest as a focal stricture of the bile
duct, whereas papillary carcinoma is occasionally
found (78). Preoperative histologic diagnosis of extra-
hepatic cholangiocarcinoma depends solely on endo-
scopic tissue sampling and cytologic analysis. Endo-
scopic biopsy or brushing of the stricture requires a high
degree of skill on the part of the endoscopist, and the
lesions may not always be accessible; sensitivity of the
test therefore ranges from 44 to 100% (79). Moreover,
in the infiltrative type, endoscopic findings and tissue
sampling frequently are unsatisfactory because intra-
mural spread beneath the bile duct epithelium and
abundant fibrosis interfere with adequate tissue sam-
pling and lead to high false-negative rates (78, 79).
MRCP has been reported to be highly sensitive (72-
98%) for the diagnosis of biliary obstruction (24). The

reported sensitivity of MRCP for differentiating benign
from malignant biliary obstructions, however, ranges
very widely, from 30 to 98% (4, 16, 24, 29, 79). An
irregular and asymmetric stricture margin is more com-
mon in cholangiocarcinoma, and a smooth and sym-
metric stricture margin is more common in benign stric-
ture (Figure 9.24). Irregular margins and asymmetric
narrowing, however, were not specific to malignant
strictures but were seen also in benign strictures. The
involved segment of stricture is longer in cholangio-
carcinoma than in benign stricture. The degree of bile
duct dilatation and the frequency of depiction of the
double-duct sign are not significantly specific to differ-
entiate cholangiocarcinoma and benign stricture. In
summary, a lengthy biliary stricture with asymmetric
narrowing and an irregular margin may indicate
cholangiocarcinoma (78). On the other hand, a short
stricture with symmetric narrowing and a smooth mar-

FIGURE 9.23

Intraductal-growing papillary cholangiocarcinoma of the distal common bile duct. (A) MRCP shows a small defect (arrow)
in the mild dilated lower bile duct. T2w (B) and contrast-enhanced (C) MR images show a hypointense (B) well-defined
mass protruding into the duodenal lumen. After c.m. administration the lesion is enhanced (C).

FIGURE 9.24

Benign versus malignant distal biliary
stenosis: MRCP appearance. (A) MRCP
shows mild dilation of the common bile
duct, which presents as “mouse-tail” mor-
phology in its distal tract with tapered
margin (sclero-odditis). (B) MRCP shows
irregular, asymmetric, and angled steno-
sis at the level of ampulla (ampulloma).

A B

A B C
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gin may indicate a benign lesion rather than cholan-
giocarcinoma (78). A malignant CBD stricture is char-
acterized by strong enhancement during the hepatic
arterial or portal venous phase, a thick wall (more than
1.5 mm), a longer involved segment and a more dilated
duct proximal to the involved CBD than observed in
cases of benign stricture (10, 78) .

As reported by Andersson et al. (80) MRI with
MRCP was significantly more accurate than CT in dif-
ferentiating between malignant and benign lesions in
patients with suspected distal biliary tumors, mainly
due to the information obtained on the MRCP images
of the biliary and pancreatic duct anatomy.

The performance of MRCP in enabling differen-
tiation of benign strictures from strictures caused by
extrahepatic cholangiocarcinoma is comparable with
that of ERCP, and the differential diagnosis may be sim-
ilarly difficult with both tests (78).
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n gallbladder cancer (GBC), the chal-
lenge for any diagnostic imaging pro-
cedure is to be early and specific. The
nonspecific clinical manifestations of

this disease hamper an early diagnosis, and this situa-
tion is complicated by the fact that surgery remains the
only available curative treatment. Because GBC is
therefore usually only detected in advanced stages,
there is a need for accurate presurgical staging to avoid
unnecessary surgery in patients with metastatic disease.

As in conventional radiology, GBC diagnosis by
nuclear medicine (NM) procedures is based on the
detection of indirect signs produced by the growth and
invasion of the tumor. These signs are often only
detected in advanced stages and are also commonly
produced by benign diseases of the gallbladder (1).
Although conventional NM techniques can contribute
valuable functional data on the hepato-biliary system,
they are less useful for direct examination of GBC. This
information is frequently related to tumor-induced
obstruction or hepatic invasion and can assist treatment
planning and interpretation of the local and systemic
repercussions of the disease. We recommend the
reviews by Zeismman et al. on the use of these proce-
dures in acute cholecystitis, biliary obstruction, and bil-
iary leakage (2) and on the examination of chronic acal-
culous gallbladder or biliary disease (3).

The relatively recent inclusion of positron emis-
sion tomography (PET) tracers may be useful for the
specific study of GBC. This chapter describes the con-
tribution of biochemical imaging with PET procedures
to the study of GBC.

POSITRON EMISSION TOMOGRAPHY:
THE PHYSICS

PET is the volumetric imaging registration of the biodis-
tribution of biomolecules labeled with radionuclides
decaying by positron emission. These radionuclides are
produced in a cyclotron and usually have a relatively
short physical half-life, which means that the cyclotron
must be in close physical proximity to the detection
devices, designated positron cameras, scanners, or
tomographs. From its beginnings, the development of
PET instrumentation has been based on advances in
multiple scientific fields, e.g., atomic physics, electron-
ics, and computing. Since the introduction by Phelps
and Hoffman (1974-1976) of the first PET devices (4),
major technological improvements have been made,
especially in the labeling of metabolic substrates with
radiotracers that use biologically ubiquitous atoms
(e.g., carbon, oxygen, nitrogen) and can offer direct
physiologic information.
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Positrons are antiparticles of electrons, having the
same properties but an opposite electric charge. They
derive from the disintegration of an unstable nucleus
with a neutron:proton ratio of <1. The positron (β+)
emitted by the nucleus loses its kinetic energy in the tis-
sue through which it moves. When most of its kinetic
energy has been lost, the positron collides with a resi-
dent electron in an annihilation reaction, resulting in two
511 keV gamma photons emitted in a straight line of
coincidence (also called formally the “line of response”
or LOR) but opposite direction (Figure 10.1).

Since PET radionuclides have a short half-life, they
must be rapidly added to the radiopharmaceuticals at
a laboratory situated alongside the cyclotron. The most
widely used PET radionuclides are C-11, N-13, O-15,
and F-18, and their key physical characteristics are sum-
marized in Table 10.1 (5). F-18 is the most interesting
radionuclide for diagnostic use because of its chemistry
and physics (half-life: 109.6 minutes), allowing it to be
used in centers at some distance from the cyclotron (6).

PHARMACOLOGIC AND BIOCHEMICAL
BASES

The most important phase of the process is the record-
ing of temporal changes in the radioactivity proceeding
from the distribution of the radiopharmaceutical after its
administration (usually intravenous) to the patient. Sev-
eral characteristics have been proposed for the ideal
radiopharmaceutical for PET, e.g., an easy uptake by tar-
get tissue, low unspecific absorption, elevated affinity for
the binding site, and an appropriate time period related
to clearance, nonspecific vascular activity, and low or no
catabolism to facilitate mathematic modeling (7).

PET permits the study and quantification of var-
ious biochemical pathways and parameters, e.g., ener-
getic metabolism, protein synthesis rate, cell prolifera-
tion, intracellular pH, blood flow, signal transmission,
or gene expression and regulation. Some of these
aspects are summarized in Table 10.2.

FDG: 2-Deoxy-2-(18F)Fluoro-D-Glucose

The most widely used radiopharmaceutical in PET is 2-
deoxy-2-(18F)fluoro-D-glucose (FDG) (8), due to its
relatively long half-life (110 minutes), easy synthesis,
and metabolic characteristics, allowing its use in a wide
range of clinical situations.

FDG is a structural analog of D-glucose (missing
an OH group in position 2) and can therefore be intro-
duced into the cell by two types of specific cell mem-
brane receptors: (a) Na+/glucose transporters (SGLT1
and SGLT2), with expression of both subtypes even in
low molar concentrations of glucose and allowing
introduction of glucose against the concentration gra-
dient; and (b) passive diffusion transporters, designated
Glut 1-5 , with the passage of glucose into the cell
related to the number and activity of these receptors
and to blood insulin levels (8).

Once within the cell, FDG is phosphorylated
by hexokinase to 18F-2-DG-6P, an intermediary
compound that has a higher polarity than glu-
cose and does not freely cross the membrane,
remaining trapped within tumor cells. This mol-
ecule could convert to fructose-6P and enter the
Krebs cycle or (theoretically) undergo gluconeo-
genesis as glucose-6P due to an isomerase,
although this enzyme does not act on 18F-2-DG-
6P. 18F-2-DG-6P may be dephosphorylated by
glucose-6-Pase, allowing it to pass through the
cell membrane to interstitial space. This pathway
is relatively slow in tumor cells, which usually
lack this enzyme, resulting in a selective meta-
bolic trapping of 18F-2-DG-6P in the cells. This
allows external detection of the decay of 18F and

FIGURE 10.1

Annihilation diagram.

TABLE 10.1
Mean Physical Characteristics of PET Radionuclides

for Clinical Use

POSITRONS PHOTONS

T1/2 Eβ+ Eβ+
ISOTOPE (min) nº % (KeV) nº % (KeV)

C-11 20.4 1 99.7 960 2 193.46 511
N-13 9.9 1 99.8 1198 2 199.61 511
O-15 2.0 1 99.9 1732 2 199.80 511
F-18 109.6 1 96.73 634 2 193.46 511

Source: Ref. 5.
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study of its in vivo distribution in the patient (8, 9) (Fig-
ure 10.2).

The metabolic behavior of the FDG is different in
tumor cells than in normal cells, which is especially use-
ful for the study of oncologic processes. The underly-
ing mechanisms proposed for this differentiation are
(9):

1. Higher expression of glucose transporters (Glut
receptors) on the cell surface. Intake of glucose
(and therefore FDG) is accelerated due to a higher
need for nutrients and a decreased metabolic rate
(oxygen/glucose consumption), implying a pre-
dominantly anaerobic metabolism of the glucose.

2. Higher hexokinase activity.
3. Lower glucose-6-phosphatase level compared

with most normal tissues (tumor dedifferentia-
tion?).

As a general rule, images are acquired 45-60 minutes
after intravenous injection of the radiopharmaceutical,
an adequate time for all of the metabolic processes
described above (10).

IMAGE ANALYSIS

After the image is acquired and processed, it is can be
analyzed by visual or semiquantitative analysis. Visual
interpretation is the most common method. Tumors are
identified as an area with higher FDG activity in com-
parison with surrounding healthy tissue. Grading can
be carried out with respect to neighboring tissue, usu-
ally the liver in GBC cases (10).

Semiquantitative methods use an imaging matrix
in which the value of the pixel is proportional to the
concentration (measured as activity) of the radiophar-
maceutical in the studied area. Quantitation can be
based on a semiquantitative index that relates lesion
activity to the administered dose and body weight (stan-
dardized uptake value, SUV) or to activity in a refer-
ence area (tumor-to-background ratio). The most com-
mon semiquantitative index is the SUV, defined by the
ratio between tumor FDG activity (mCi/g) and injected
dose (mCi) divided by the body weight in grams. The
resulting parameter is adimensional.

SUV measurements can be influenced by the fol-
lowing factors (7, 11): the spatial resolution of the PET
camera, which determines the capacity to detect or miss
small (<10-15 mm) lesions; the body weight of the
patient, which affects the SUV because the body fat
compartment is not part of the volume of FDG distri-
bution; blood glucose levels, which affect the biodis-
tribution of FDG, with high levels reducing tumor FDG
uptake (which does not occur in inflammatory disease).
Finally (10, 12, 13), the FDG injection-image acquisi-
tion interval has important effects. With a longer inter-
val, FDG uptake is higher in tumor tissue but lower in
benign lesions, providing the “differential clearance.”

SUV measurements can be used to characterize a
lesion. A value above 2.5 should raise the possibility
of a malignancy (14), although this is not always the
case. FDG accumulation can also be observed in benign
conditions or lesions, since inflammation or infection
(e.g., granulomatous diseases) can produce focal infil-
tration of metabolically active host cells. Consequently,
numerous groups have considered SUV to be comple-
mentary to visual analysis (14, 15). In order to obtain
a high specificity, it is necessary to know the patterns
of normal and pathologic FDG distribution and to use
semiquantitative algorithms.

CLINICAL APPLICATIONS

Study of the diagnostic accuracy of FDG-PET in GBC
is limited by the low prevalence of GBC (0.5-7.4% of
autopsies, 1% of cholecystectomies) (16) and by the
poor prognosis of the disease in advanced stages, lead-
ing to a reluctance to use invasive procedures to con-

TABLE 10.2
Biochemical Use of PET Radiopharmaceuticals

Glycolysis
2-Deoxy-2-(18F)fluoro-

D-glucose (FDG)

ß-Oxidation (11C)Palmitate

Metabolic (11C)Acetate

pathways DNA synthesis (11C)Thymidine
(18F)Fluorothymidine

Protein (11C)Methionine

synthesis (18F)Tyrosine
(18F)Fluoro-L-DOPA

Regional By diffusion (15O)Water

blood flow By extraction Rubidium-82
(13N)Ammonia

FIGURE 10.2

Metabolism of glucose and FDG.
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firm the diagnosis. Therefore, most of the information
on the clinical use of FDG-PET in GBC derives from
relatively small case series in reports on positive find-
ings for GBC and on the potential shortcomings and
pitfalls of this diagnostic method. No studies have been
conducted in large series of patients covering the full
spectrum of disease, and ethical considerations impede
the performance of examinations under independent
and blinded conditions. Nevertheless, although high-
quality evidence is not available, published studies offer
some valuable information with immediate repercus-
sions for the clinical management of patients.

In routine clinical practice, the diagnostic accu-
racy in GBC is related to the algorithm applied in dif-
ferent local settings, i.e., the order in which structural
imaging, notably ultrasonography (US), and functional
imaging is applied (17). FDG-PET has been used in the
diagnostic workup for malignancy in gallbladder lesion
and after the incidental finding of GBC after cholecys-
tectomy, when posttreatment FDG-PET has been
applied for residual tumor detection and staging.

Diagnostic Workup for Malignancy in
Gallbladder Lesion

Despite unfavorable outcomes, surgery usually repre-
sents the only therapeutic option in GBC. Hence, a reli-
able staging algorithm is required to distinguish
between patients who can and cannot benefit from
surgery.

As already mentioned, FDG-PET is generally per-
formed after structural procedures. In GBC cases, these
procedures include conventional or helical computed
tomography (CT) and magnetic resonance (MR) or MR
cholangiopancreatography, etc., whose results are influ-
enced by the skill of the ultrasonographer and use of
contrast media, among others (17). These factors can
affect the sensitivity for diagnosing GBC and lead to
potential pitfalls in both directions, i.e., false-negative
or false-positive results. This may produce a bias in the
selection for FDG-PET that might in part explain why
the diagnostic accuracy of FDG-PET has proven supe-
rior to that of CT (usually helical CT) in all published
series. In general, radiology is expected to be more spe-
cific with respect to unspecific clinical findings and
FDG-PET more specific with respect to unspecific radi-
ologic signs. The most common findings by structural
imaging techniques are (a) complete occupation or
replacement of gallbladder lumen by the mass (in 40-
65% of published series), (b) focal or diffuse parietal
thickening (20-30% of series), and (c) intraluminal
polyp (15-25%) (18).

In most FDG-PET reports, GBC is described as a
“hot” lesion that results from active incorporation of

FDG into tumor cells and occupies the gallbladder layer
or is found near the hepatic hilum, with a higher uptake
than observed in the surrounding liver tissue (17) (Fig-
ures 10.3, 10.4). This uptake of the radiotracer can be
quantified on a subjective visual analysis scale (estab-
lishing relationship with surrounding tissue) (10) or by
objective determination of the SUV, which usually
shows a value of >2.5 in GBC.

Koh et al. (19) studied the differential diagnosis of
GBC with FDG-PET in 16 candidates for surgery with
only protuberant lesions of the gallbladder. A global
diagnostic accuracy of 81% (sensitivity, 75%; speci-
ficity, 87.5%) was obtained by this approach compared
with an accuracy of 68.8% obtained with CT (sensi-
tivity, 62.5%; specificity, 75%), in a series with a GBC
prevalence of 50%. Two false negatives were produced
in a patient with diabetes and in another with a small
lesion (13 mm) and one false negative in a patient with
xanthogranulomatous cholecystitis.

When only the finding of parietal thickening was
considered (20), the global accuracy for GBC diagno-
sis was 93% (sensitivity, 75%; specificity, 100%; tumor
prevalence, 3/12), with one false positive in a patient
with chronic cholecystitis. FDG-PET findings that rule
out GBC and therefore avoid surgical management are
of value.

Similar results to the above were obtained by our
group (21) using FDG-PET in the presurgical workup
of 16 patients with suspected GBC lesions (sensitivity,
80%; specificity, 82%; tumor prevalence, 31.2%).
There was one false negative in a mucinous adenocar-
cinoma with low metabolic rate and two false positives,
one in a tuberculous granuloma (22) with caseous
necrosis and the other in a polyp with adenomy-

FIGURE 10.3

Gallbladder carcinoma. FDG-PET coronal and transaxial
images showing high uptake at the gallbladder (arrows).
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omatosis. A more recent study (23) of a wider sample
(24 patients) showed comparable results (sensitivity,
88%; specificity, 80%; tumor prevalence, 37.5%), with
a false positive in an acute gangrenous cholecystitis and
two cases of unsuspected dissemination (22.2% of
patients with GBC, 8.3% of series). No significant dif-
ference in global diagnostic accuracy was found
between the examination of protuberant lesions and
lesions with parietal thickening.

In a similar group of patients (with suspicion of
GBC by conventional radiologic studies), Nishiyama et
al. (10) reported a significant increase in sensitivity
(from 82.6 to 91.3%) by visually analyzing early (62
± 8 min) and delayed imaging (146 ± 14 min), with no
change in the specificity. This improvement is based on
an increase in the contrast resolution, which gives a bet-
ter lesion-to-background ratio. They also reported a
greater accuracy for early and delayed SUV and reten-
tion index in patients with normal versus high C-reac-
tive protein (CRP) levels. The prevalence of GBC in
their series was 72%, and the specificity was relatively
low (44.4%), especially in patients with severe inflam-
mation (estimated by CRP levels). These authors sug-
gest that only delayed imaging may be adequate for
clinical diagnostic purposes.

No clear relationship has been established (20)
between FDG-PET findings and CRP levels (10) or bio-
chemical changes that indicate the severity of inflam-
matory disease (24). Nevertheless, our group shares the
view that FDG-PET results should be interpreted with
caution in patients with elevated inflammation, espe-
cially in the acute phase, given the possibility of false
positive studies due to glucose uptake in activated
inflammatory cells (10).

Incidental Finding of GBC after
Cholecystectomy: Posttreatment FDG-PET for

Residual Tumor Detection and Staging

GBC is often an incidental finding during cholecystec-
tomy. In this situation, FDG-PET may be useful for ini-
tial staging or for restaging when recurrence is sus-
pected.

After the first description by Lomis et al. (16) of
recurrent GBC at laparoscopy port sites, there have
been further reports of changes in the staging of GBC
when FDG-PET examination has revealed unexpected
presence (26) or spread (27) of the disease. Anderson
et al. (28) used FDG-PET to examine 14 GBC patients
with suspicion of residual carcinoma (defined as pri-
mary tumor, local gallbladder fossa invasion, or hepatic
metastases) or distant metastases. Using these defini-
tions, they found a sensitivity of 78% and specificity
of 80% for FDG-PET in the diagnosis of residual car-
cinoma and a sensitivity of 0.56 in the detection of dis-
tant metastases or carcinomatosis, detecting peritoneal
carcinomatosis in three out of six affected patients. This
relatively low sensitivity in the case of carcinomatosis
was attributed to the small size of the lesions (below the
limits of detection of the equipment). There was one
false-positive examination in a patient studied at one
month after cholecystectomy, and this possibility must
be kept in mind when the GBC diagnosis is incidental
and postsurgical staging is performed. The prevalence
of tumor activity was 64.3% in patients studied for the
first time. Based on their results in this small sample of
patients, Anderson et al. questioned the value of FDG-
PET in the routine follow-up of these patients.

Possible regional lymph node involvement cannot
usually be accurately established by the use of PET
devices alone due to their low spatial resolution and the
absence of anatomic reference structures. One case
report has been published in this respect (26), but most
groups have not adopted a specific approach for lymph
node staging. Initial expectations about the contribu-
tion of new hybrid devices have been not endorsed by
the only published study on this issue (29), which
reported a detection rate of regional lymph node metas-
tases by PET-CT of only 12% of affected cases, simi-

B

A

FIGURE 10.4

Gallbladder carcinoma. (A) FDG-PET coronal and transax-
ial images showing high uptake in liver at gallbladder bed.
(B) Unexpected peritoneal implants.
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lar to that obtained with conventional systems (30).
Although the impact on patient survival of regional
lymph node spread in primary biliary cancer is contro-
versial (31, 32), regional nodal involvement does not
appear to alter the surgical approach and does not
clearly contraindicate surgery (33).

Unlike N staging, the detection of distant metastases
has immediate negative repercussions for survival, ruling
out surgery with curative intent. FDG-PET has been
described as a useful tool in this respect, not only to assess
the prognosis but also to select patients for surgical resec-
tion. Although no specific approach has been proposed,
detection of unsuspected distant metastases has been
reported in 17% (29) to 30% (30) of patients with pri-
mary biliary tumors. In the former study, the majority
of cases with unsuspected metastases (7/12) were in
patients with GBC (29). In our experience with FDG-
PET, unsuspected dissemination has been discovered in
22.2% of GBC patients, ruling out surgery (Figure 10.4).
Evidently, this proportion could be lower in patients with
suspicion of malignancy due to a space-occupying lesion
than in patients evaluated for residual carcinoma. More-
over, account should be taken of the possibility of miss-
ing diffused carcinomatosis by this method.

HYBRID IMAGING TOOLS: PET-CT

Hybrid PET (functional imaging) and CT (structural
imaging) equipment has recently been developed. Ini-
tial expectations were raised by the possibility of
obtaining invaluable complementary information in a
single examination for assessing possible tumor par-
ticipation in nonspecific structural changes and deter-
mining the precise topographic limits of this involve-
ment (19) (Figure 10.5). Another potential use of this
equipment is in the difficult evaluation of patients after
biliary stent placement (28).

Petrowsky et al. (29) contributed important data
on this issue in their study of biliary tumors (GBC and
cholangiocarcinoma). In the 14 patients with GBC, they
compared the diagnostic accuracy and clinical relevance
of PET-CT with those of enhanced-contrast CT (CTec).
PET-CT showed a sensitivity of 100% versus 71% for
CTec in the detection of primary or recurrent GBC.
CTec failed to differentiate between local recurrence
and scarring in one out of the four patients with recur-
rent GBC after previous surgery. Both CTec and PET-
CT gave a false-positive result for a patient with
Mirizzi’s syndrome. As already stated, PET-CT was not
superior to a single FDG-PET examination for the
detection of regional lymph node involvement. PET-CT
influenced the therapeutic management of 17% of the
whole group of patients with primary biliary tumor,

largely due to its better detection (versus CTec) of
unsuspected distant metastases, especially in GBC.
Therefore, initial results of the use of PET-CT in GBC
are encouraging, and the study of larger populations is
required to establish its role.

OTHER RADIOPHARMACEUTICALS

Although any PET tracer used in oncology could theo-
retically be of interest, there are no definitive data to
guide us. Thus, (18F)·FDOPA-PET may be considered
a suitable alternative to (18F)·FDG-PET, based on the
metabolism of amino acids by the tumor, although the
physiologic excretion pathway of FDOPA may include
the gallbladder, and nonspecific retention in the hepatic
hilum may mimic a GBC (34).

FIGURE 10.5

PET-CT imaging of gallbladder carcinoma. (A) FDG-PET
coronal view showing high uptake in gallbladder wall. (B)
FDG-PET (top row), CT (middle row), and fusion imaging
(bottom row) showing hypermetabolism at gallbladder with
spread to liver.

A

B
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FDG-PET: LIMITATIONS AND PITFALLS

The main limitations of FDG-PET are that it is not yet
widely available for routine clinical use and is often
wrongly considered an expensive examination (19, 35)
for use in only a few clinical situations. In addition, the
low prevalence of GBC (0.5-7.4% of autopsies) (16)
has meant that little information is yet available on the
possible contribution of these procedures in the func-
tional imaging diagnosis of this disease or on their cost-
effectiveness.

The potential pitfalls of this technique are inde-
pendent of the clinical context of the diagnosis (e.g.,
workup of gallbladder lesion or tumor persistence) and
must be taken into account. Although errors can be
explained on a case-by case basis, general conclusions
cannot be drawn. Table 10.3 summarizes published

reports of diagnostic errors. The possibility of a false
positive is of special interest in the postsurgical staging
of patients with an incidental diagnosis of GBC after
cholecystectomy (28) and in patients with biliary stents
or known granulomatous disease (21, 28).

The marked biochemical-metabolic character of
the information offered by FDG-PET is counterbal-
anced by its relative limited spatial resolution, resulting
in the failure to detect lesions smaller than double the
equipment resolution, which is usually 4-5 mm (partial
volume effect). At any rate, this minimum detection size
should be corrected as a function of the density and
metabolic rate (marked avidity for glucose) of the cells
that form the tumor (36, 37).

There is a general consensus (10, 28, 29) that
FDG-PET has a low sensitivity for small lesions, prob-
ably due to the partial-volume effect, the respiratory

TABLE 10.3
Pitfalls of FDG-PET in Gallbladder Cancer

REF. CLINICAL PITFALL EXPLANATION

CONTEXT

Koh (2) FN Diabetes mellitus
2003 (19) Small 13-mm lesion

FP Xanthogranulomatous
cholecystitis

Anderson Gallbladder FP Postsurgical (1 mo) tissue repair
2004 (28) cancer (2) FN Bulky intra-abdominal metastases

Carcinomatosis
Cholangiocarcinoma FP Sclerosing cholangitis

Carcinomatosis
FN Carcinomatosis

Carcinomatosis

Rodríguez (1) FN Mucinous adenocarcinoma
2004 (21) FP Tuberculosis

Adenomyomatosis

Oe 2004 (20) (1) FP Chronic cholecystitis

Nishiyama (1) FN 10-mm tubular adenocarcinoma
2006 (10) 10-mm tubular adenocarcinoma

Petrowsky (1) FP Mirizzi´s syndrome
2006 (29)

Serradilla (1) FP Acute gangrenous cholecystitis
2007 (23)

Reference and clinical context of studies are shown, describing the type of error (FN = false-nega
tive; FP = false-positive) and proposed explanation.
(1) = Diagnostic workup for malignancy in a gallbladder lesion.
(2) = Incidental gallbladder cancer: posttreatment FDG-PET for residual tumor and staging; type

of error, and its possible explanation (see text).
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movements of the upper abdomen, and the presence of
background activity in the liver parenchyma (10).
Although 10 mm could be considered a reasonable limit
of detection, some authors (19) have reported false-neg-
ative results in 13-mm lesions. As already mentioned,
the size limitation could be modified by the cell meta-
bolic activity.

However, the relationship between tumor type and
FDG metabolic behavior has yet to be fully clarified, and
false-negative findings have been reported for different
forms of GBC. It can reasonably be considered that infil-
trative and highly aggressive patterns of growth may not
reach the minimal critical tumor cell mass required to
produce a sufficiently intense positron emission signal
(29). Anderson et al. (28) found a lower diagnostic accu-
racy for FDG-PET in the whole series of biliary cancers
than in those showing a nodular pattern. They also
described three false-negative examinations in lesions >3
cm, which they attributed to a change in the tumor biol-
ogy due to the advanced stage of the disease. This propo-
sition is supported by reports of false-negative findings
in infiltrative cholangiocarcinoma (tumor mass diame-
ter < 8-10 mm). It may also explain false-negative find-
ings in patients with carcinomatosis.

SUMMARY

Despite the methodologic limitations of the different
studies, some conclusions can be drawn that are of
value to clinicians and surgeons in the management of
patients under suspicion of GBC. The resectability of
the tumor is usually the main issue, and it is especially
important to rule out the presence of distant metastases.
Functional imaging (and specifically metabolic imag-
ing) used in the appropriate clinical situation appears
able to optimize the use of costly and invasive proce-
dures for the diagnosis and staging in patients with sus-
picious lesions (e.g., endoscopic retrograde cholan-
giopancreatography or percutaneous transhepatic
cholangiography) in the standard workup of these
patients (29). It can also offer reliable information for
appropriate treatment planning, avoiding unnecessary
surgery.

In general, FDG-PET shows a higher sensitivity
versus structural imaging for GBC detection, with a
sensitivity of 75-85% for the initial diagnosis and for
staging. This sensitivity can be increased by using
hybrid equipment (PET-CT) (29) and/or by acquiring
delayed images (10).

Our group agrees with comments made by
Petrowsky et al. (29) on the repercussions of positive
examinations. It should be kept in mind that diagnos-
tic doubts usually arise in patients with a surgical indi-

cation due to their symptoms and clinical status rather
than in patients with a tumor diagnosis. Thus, in the
case of a cholecystitis, a negative FDG-PET does not
preclude surgery and a false-positive FDG-PET due to
inflammatory activity has no repercussions for the sur-
gical management of the patient. In this context, the key
objective is to avoid unnecessary surgery with curative
intent in patients with metastatic disease, for whom sur-
gical management should be ruled out and who could
be expected to represent as many as 17-30% of cases.

Regardless of the theoretical and practical advan-
tages of functional imaging and especially hybrid sys-
tems, its use requires a consensual diagnostic algorithm
according to the procedures available at each center,
and the information from functional imaging must
form a complementary part of the complete set of data
on each individual patient (e.g., clinical signs, bio-
chemical inflammation markers, tumor markers, struc-
tural appearance). In our view, functional imaging pro-
cedures should be considered immediately after
first-line structural procedures (usually US-CT) if GBC
is suspected before applying invasive procedures for
staging or treatment. Studies of long series are war-
ranted to offer definitive information on the role of
FDG-PET in GBC, especially in terms of its cost-effec-
tiveness.
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maging of primary gallbladder and
biliary tract tumors is challenging due
to the anatomic complexity of the bil-
iary tree and the large number and fre-

quency of anatomic variations. The different morpho-
logic subtypes of cholangiocarcinomas and their
patterns of spread in the liver and along the biliary tree
add to the complexity of imaging gallbladder and bil-
iary cancers, placing additional demands on radiology
to precisely demonstrate the extent of disease.

Computed tomography (CT) is a method of
acquiring and reconstructing the image of a thin cross
section on the basis of measurement of its attenuation.
Since its inception in 1972, CT has rapidly become an
essential imaging modality with numerous clinical
applications in a wide variety of diseases. Dramatic
improvements in CT technology have resulted in unpar-
alleled advancements in image quality, acquisition
speed, and patient throughput. The development of
helical or spiral CT around 1990 represented a revolu-
tionary advancement in CT technology, allowing a
three-dimensional volume of tissue to be imaged within
a single breathhold. The advent of thin section imag-
ing with multislice computed tomography (MSCT) in
1998 was a major technological breakthrough. MSCT
resulted in unprecedented advances in the clinical prac-
tice of CT, with important contributions to imaging of
the gallbladder and biliary tree. One of the most
promising advantages of multidetector row technology

is its ability to obtain true “isotropic” voxels. Isotropic
voxels are essential for a variety of different postpro-
cessing techniques, translating into high-quality multi-
planar and three-dimensional reconstructions. In our
institution, MSCT has solidified its role as the prime
imaging modality for the initial diagnostic evaluation,
staging workup, and oncologic surveillance of patients
with gallbladder and biliary tract cancer.

GALLBLADDER CANCER

Epidemiology

Gallbladder carcinoma is the most common malig-
nancy of the biliary tree and the fifth most common gas-
trointestinal cancer following cancers of the colon, pan-
creas, stomach, liver, and esophagus. The estimated
incidence of gallbladder cancer is 3 cases per 100,000
persons and approximately 6500 new diagnoses per
year in the United States alone (1). Women are two to
six times more commonly affected than men, and the
incidence increases with age. Obesity, high-carbohy-
drate diet, alcohol use, and smoking have also been
implicated with a higher incidence of gallbladder can-
cer (2).

Although the exact etiology is unclear, chronic irri-
tation of the gallbladder mucosa by stones is believed
to play a major role. The proposed pathophysiology
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consists of chronic inflammation and repetitive epithe-
lial repair, which result in epithelial dysplasia with even-
tual progression to carcinoma in situ and then to inva-
sive carcinoma. Most tumors are adenocarcinomas.
Squamous cell carcinoma, adenosquamous carcinoma,
and small cell carcinoma also occur. Other tumors are
sarcomas, lymphomas, carcinoids, and other unusual
malignancies.

Clinical Presentation

The clinical presentation is usually insidious, and early-
stage gallbladder cancer is typically diagnosed inciden-
tally on pathologic review of cholecystectomy speci-
mens. Some patients may present with right upper
quadrant pain and symptoms indistinguishable from
those of cholecystitis. Presenting symptoms include
chronic abdominal pain, unintentional weight loss,
jaundice, and hepatomegaly. These are poor prognos-
tic signs and usually indicate advanced disease.

Laboratory studies rarely show any abnormalities
in patients with early disease. Elevated levels of serum
bilirubin, transaminase, and γ-glutamyl transpeptidase
may be seen in advanced cases, which present with
obstructive jaundice (3). The prognosis is generally
poor at the time of diagnosis. The mean survival rate
is 6 months and the 5-year survival rate is approxi-
mately 5% for nonresected gallbladder cancer (4).

Imaging

The main role of imaging in gallbladder cancer is to
provide accurate information regarding the extent of
disease. The size and location of the primary tumor, the
depth of hepatic parenchymal invasion, nodal disease,
vascular anatomy, and presence of distant metastases
constitute the key elements to be addressed by imag-
ing. Radical surgical resection (usually including exci-
sion of segments V and IVb) has been shown to
improve survival in patients whose tumors are locally
confined to the cystic fossa and adjacent hepatic
parenchyma (5, 6).

Protocol and Technique

The preoperative imaging of gallbladder cancer is per-
formed in a selected population. In many cases, gall-
bladder cancer is detected after laparoscopic cholecys-
tectomy for benign indications (7). In a patient with
clinical suspicion of gallbladder carcinoma, we initially
perform a nonenhanced scan through the liver and kid-
neys with a 5-mm collimation acquisition reconstructed
at 2.5-mm intervals. Images are routinely reconstructed
at 2.5-mm intervals for better spatial resolution.
Nonenhanced images are useful for detecting fatty infil-

tration of the liver, parenchymal calcifications, and cal-
cified gallstones. Following intravenous injection of
125–150 cc of nonionic iodinated contrast at a rate of
3 cc/sec, a multidetector (MDCT) imaging acquisition
is performed from the diaphragm to the ischial
tuberosities after a 60-second delay. This routine pro-
tocol results in imaging of the liver during the portal-
venous phase of contrast enhancement and the kidneys
in the early nephrographic phase, ensuring a compre-
hensive evaluation of the entire abdomen.

In the setting of preoperative evaluation of gall-
bladder cancer, a multiphasic liver protocol is per-
formed. One hundrred and fifty cc of intravenous iod-
inated contrast is injected at 5 cc/sec over 33 seconds.
SmartPrep® (GE Healthcare, Milwaukee) is used for
contrast tracking, monitoring the aorta at the level of
the celiac artery until 100 Hounsfield units is obtained.
This takes roughly 20 seconds. Dynamic imaging
through the liver in the late arterial phase is then
obtained over approximately 5 seconds. Portal venous
phase imaging is then obtained after 90 seconds, and
delayed images through the liver are obtained at 180
seconds.

Imaging Findings

The imaging analysis of gallbladder cancer should focus
on the parameters used to judge the chances of achiev-
ing a complete surgical resection. Familiarity with the
normal appearance of gallbladder, cystic fossa, and
adjacent structures on CT is essential for the accurate
interpretation of CT findings.

Normal Gallbladder

The gallbladder lies within the cystic fossa along with
the inferior vena cava (IVC). On contrast-enhanced CT
the normal gallbladder appears as an elongated tubu-
lar structure of homogeneous low attenuation with a
thin wall, not exceeding 3 mm when adequately dis-
tended. Thin homogeneous mucosal enhancement may
be observed during the early arterial or portal venous
phases of enhancement and constitutes a normal find-
ing (Figure 11.1). When contracted, the gallbladder
wall appears thickened (more than 3 mm) and may
showmore significant enhancement. The size and shape
of the normal gallbladder are highly variable and
depend on the fasting state of the patient.

Primary Tumor

When detected de novo, the appearance of gallbladder
cancer on CT depends upon the morphology of the
tumor and extent of disease at the time of imaging. Car-
cinomas of the gallbladder can be divided into five sub-
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types, according to their grossmorphologic appearance,
as papillary, nodular, flat, filling, and massive (8). Pap-
illary, nodular, and filling tumors usually present on
imaging as an enhancing soft tissuemass protruding into
the normally low-density fluid attenuation lumen of the
gallbladder (Figure 11.2). Flat tumors may present as
irregular thickening of the gallbladder wall without a
discrete soft tissue mass or nodule. Massive tumors are
more commonly identified on imaging and appear as a
large mass that completely replaces the gallbladder and
adjacent hepatic parenchyma (Figure 11.3).

According to the AJCC staging criteria, T1 tumor
invades the lamina propria or muscle layer. T2 tumor
invades the perimuscular connective tissue but does not
extend beyond the serosa. T3 tumor perforates the
serosa and directly invades the liver (less than 2 cm) or
one other adjacent organ or structure, such as the bile
duct, colon, duodenum, or pancreas. T4 tumor invades
the liver (greater than 2 cm), the main portal vein or
hepatic artery, or multiple (two or more) adjacent
organs and structures. CT is not useful for T-staging
except to discriminate between T3 and T4 tumors.

FIGURE 11.1

Normal gallbladder. Axial contrast-enhanced image
obtained during the arterial phase shows a normal gall-
bladder. Its walls are sharply demarcated from the adjacent
liver parenchyma and peritoneal fat. Thin homogeneous
wall enhancement (arrow) during the arterial or portal
venous phase is a normal finding.

FIGURE 11.2

Papillary gallbladder cancer: 55-year-old female with gall-
bladder cancer incidentally found on cholecystectomy
specimen. Axial contrast-enhanced image shows a soft tis-
sue mass protruding into the homogeneous low attenua-
tion lumen of the gallbladder (arrow).

FIGURE 11.3

Sixty-six-year-old female with advanced gallbladder can-
cer. A large heterogeneous mass replaces most of the right
liver. There is irregular peripheral enhancement (black
arrow) and central areas of low attenuation indicative of
necrosis (white arrow).
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Radial Tumor Growth and
Adjacent Organ Invasion

The liver is the organ most commonly involved by
direct extension (65% of cases), and tumors of the fun-
dus and body of the gallbladder have a propensity to
invade segments IVb and V at an early stage (6, 9).
Direct hepatic invasion is demonstrated on contrast-
enhanced CT as an irregular soft tissue mass disrupting
the adjacent liver parenchyma, usually in segments IVb
and V (Figures 11.4–11.6).

Anatomic structures in the hepatic hilum and in
close proximity to the gallbladder can also be involved
by direct tumor extension. The bile duct and the por-
tal vein are the structures more commonly involved by
direct local extension of gallbladder cancer (9, 10). The
colon and duodenum are also frequently involved, com-
prising 15% of cases each, followed by the pancreas
with 6% (10, 11). Disruption of the fat planes between
the tumor and adjacent structures is used as a criterion
for diagnosis of infiltration by tumor (11). Extension
into the hepatic flexure of the colon is shown on CT
as infiltration of the normal low-density pericolonic fat
by soft tissue with obliteration of vessels (Figure 11.7A
and Figure 11.7B). Wall thickening with possible lumi-
nal narrowing and eventual obstructionmay also occur.

Nodal Disease

The presence or absence of nodal disease is important
for accurate staging. The prevalence of lymphatic
metastases is high in gallbladder carcinoma and sur-
passes 70% in some series (3, 6). Lymphatic spread in
gallbladder cancer occurs first to the hepatoduodenal
nodes (N1 nodes). Disease can then spread to the celiac,
superior mesenteric, and peripancreatic nodes, which
comprise the N2 nodes (Figures 11.8 and 11.9). Left
paraaortic and interaoartocaval adenopathy in the
retroperitoneum are regarded as distant nodal metas-
tases. Detection of nodal involvement on CT is based
on size and internal imaging features of the nodes.
Nodes greater than 1 cm in short axis are likely malig-
nant (12). Nodes with a low attenuation center indi-
cating central necrosis are also likely to harbor metasta-
tic disease (12). The sensitivity of CT in the detection
of positive nodes in gallbladder cancer is 36 and 47%
for N1 and N2 nodes, respectively (13).

Metastatic Disease

Hematogenous metastases occur most commonly to the
liver. Hepatic metastases appear as multifocal areas of
low attenuation in relation to the adjacent hepatic
parenchyma, usually with a peripheral rim of contrast
enhancement, and are identified on routine contrast-
enhanced CT (Figure 11.10). Lung, cerebral, and osseus
metastases occur less frequently. Gallbladder cancer has

FIGURE 11.4

Locally invasive gallbladder cancer. Noncontrast axial
MSCT image shows a soft tissue mass in the fundus of the
gallbladder. There is greater than 2 cm invasion into seg-
ment V of the liver (arrow) and also in segment IV (T4
tumor). Tumor of the fundus of the gallbladder has a
propensity for early invasion of segments V and IVb.

FIGURE 11.5

Fifty-five-year-old female with gallbladder carcinoma. Con-
trast-enhanced MSCT image shows a low density mass in
the fundus of the gallbladder (arrow). Indistinct margins
with segment V are indicative of invasion. The depth of
invasion is less than 2 cm (T3 tumor).
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a remarkable propensity to seed and grow in the peri-
toneal cavity (10, 14). Peritoneal deposits appear on
imaging as nodularity or fat stranding of the normal
low-density peritoneal fat (Figure 11.11). Peritoneal
metastases may be difficult to diagnose and are easily
overlooked. The sensitivity of CT for detection of peri-
toneal metastases is in the range of 63–79% (15).

Overall, MSCT has been found to be an accurate
technique to determine resectability of gallbladder car-

cinoma when factors such as vascular invasion, adja-
cent organ invasion, and metastases are considered,
with a sensitivity of 72.7%, specificity of 100%, and
accuracy of 85% (16)

Differential Diagnosis

A variety of clinical conditions may mimic gallbladder
carcinoma on imaging studies, for example, inflamma-

FIGURE 11.6

Sixty-two-year-old female with
locally invasive gallbladder car-
cinoma. Contiguous contrast-
enhanced axial MSCT images
show an enhancing mass
(arrows) of heterogeneous
attenuation involving segments
IVb and V, consistent with
locally invasive gallbladder car-
cinoma.

FIGURE 11.7

(A) Seventy-one-year-old female with advanced gallbladder carcinoma. Contrast-enhanced axial MSCT showsmultiple low-
density masses with a peripheral rim of contrast enhancement in segments IVb, V, and VI (white arrows). An enlarged cen-
trally necrotic portocaval node is also identified (black arrow). (B) Contrast-enhanced axial MSCT in the same patient shows
soft tissue nodules infiltrating the transverse mesocolon and involving the hepatic flexure of the colon. Note infiltration of
the pericolonic fat, which should display homogeneous fat attenuation (arrows).

A B
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tory conditions such as acute cholecystitis. The imag-
ing features of acute cholecystitis on CT are gallblad-
der wall thickening, cholelithiasis, pericholecystic fluid,
and infiltration of the pericholecystic fat (Figure 11.12).
CT can readily identify calcified gallstones, but detec-

tion of cholesterol stones is difficult due to the similar
attenuation of the bile. Gallstones are a well-known
risk factor for gallbladder cancer, and the two condi-

FIGURE 11.8

Lymphangitic spread in gallbladder carcinoma. Contrast-
enhanced MSCT shows a large lobulated enhancing mass
in segment IV, consistent with gallbladder carcinoma (white
arrow). An enlarged low-density node is noted in the hepa-
toduodenal ligament (black arrow), consistent with a N1
node. Nodes larger than 1 cm in short axis or nodes of cen-
tral low attenuation are likely metastatic.

FIGURE 11.9

Lymphangitic spread in gallbladder carcinoma. Contrast-
enhanced axial MSCT image shows an enhancing soft tis-
sue mass in the medial wall of the gallbladder, consistent
with gallbladder cancer (white arrow). Prominent intera-
ortocaval and left para-aortic nodes are identified indica-
tive of distant nodal metastases (black arrows).

FIGURE 11.10

Hematogenous metastases in gallbladder cancer: 71 year-
old female with advanced gallbladder carcinoma. Multi-
ple contrast-enhanced axial MSCT images obtained during
the portal venous phase showmultiple ring-enhancing nod-
ules, compatible with hematogenous metastases (arrows).
There is a filling defect in segment VIII portal vein (thin long
arrow), consistent with thrombus.

FIGURE 11.11

Peritoneal metastases. Contrast-enhanced MSCT image
shows nodular soft tissue thickening in the omentum con-
sistent with peritoneal deposits (arrow). Nodularity and
stranding of the peritoneal fat are signs indicative of peri-
toneal carcinomatose
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tions may coexist, making differentiationmore difficult
(Figure 11.13). Enhancement of the liver parenchyma
adjacent to the cystic fossa has been reported in acute
cholecystitis and should not be misinterpreted as a focal
hepatic lesion (Figure 11.14). Also, tumors arising in
the neck of the gallbladder not infrequently may cause
obstruction of the cystic duct and present clinically as
acute cholecystitis.

Adenomyomatosis, a benign, nonneoplastic con-
dition of the gallbladder, may mimic malignancy on
imaging studies. Adenomyomatosis is an acquired
hyperplastic lesion of benign etiology, characterized by
proliferation of the surface epithelium, thickening of
the muscle layer, and multiple enlarged and deepened
invaginations of the mucosa into the thickened muscle
layer (17). Imaging features of adenomyomatosis on CT
include focal or diffuse cystic-appearing gallbladder
wall thickening (18) (Figure 11.15). Although it is not
possible to reliably differentiate gallbladder carcinoma
from this condition in all cases, the presence of cystic-
appearing spaces in the thickened gallbladder wall
allows the diagnosis of adenomyomatosis to be made
with reasonable confidence (18).

FIGURE 11.12

Acute cholecystitis. Axial contrast-enhanced MSCT image
shows a distended gallbladder with a thick enhancing wall
(white arrow), consistent with acute cholecystitis. Note a
calcified gallstone impacted at the gallbladder neck (black
arrow). Wall thickening in acute cholecystitis is usually
symmetric along the entire wall of the gallbladder and
cholelithiasis is almost always present.

FIGURE 11.14

Hyperemia of the hepatic parenchyma in a 56-year-old
female with acute cholecystitis. Contrast-enhanced axial
MSCT image shows hyperemia of the hepatic parenchyma
adjacent to the gallbladder (arrow). Hyperemia of the
hepatic parenchyma adjacent to the gallbladder fossa is
commonly seen in patients with acute cholecystitis and
should not be confused with a hepatic lesion.

FIGURE 11.13

Cholelithiasis and gallbladder carcinoma. Contrast-
enhanced axial CT image shows a large necrotic mass
replacing the cystic fossa and invading segments IVb and
V (black arrow). A large calcified gallstone is present (white
arrow). Note direct tumor invasion into the anterior abdom-
inal wall (arrowhead).
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Cholesterol polyps represent approximately 50%
of all polypoid lesions in the gallbladder and have no
malignant potential. Cholesterol polyps may be single
or multiple and are usually less than 1 cm in diameter
(19). On unenhanced CT, cholesterol polyps are diffi-
cult to see, but are readily apparent on contrast-
enhanced scans due to vascularity within the polyp.

There are other benign tumors of epithelial and
nonepithelial origin thatmay involve the gallbladder and
biliary tract. Adenoma of the gallbladder is a rare benign
epithelial tumor found in approximately 0.5%of chole-
cystectomy specimens. Patients with familial adenoma-
tous polyposis and Peutz-Jeghers syndrome have a
reported higher prevalence of adenomas of the gall-
bladder and biliary tract. A small proportion of gall-
bladder adenomas progress to carcinomas. At contrast-
enhanced CT, gallbladder adenoma presents as an
enhancing intraluminal soft tissue mass or nodule that
may be iso- or hypo-attenuating relative to the liver (19).

Treatment Response and Recurrence

CT is used to monitor patients following treatment for
gallbladder carcinoma. Following surgery, a nonen-
hancing fluid collection may be seen at the resection
margin. This fluid collection usually decreases in size
after 3–6 months but may never completely disappear.
If a catheter is left in the surgical bed, small pockets of
air may be present and not necessarily imply infection.

FIGURE 11.15

Adenomyomatosis of the gallbladder. Axial contrast-
enhanced MSCT image shows a focal area of significant
wall thickening involving the fundus of the gallbladder.
Small cystic-appearing spaces are noted in the focal area
of segmental wall thickening (arrow). When cystic-appear-
ing spaces are identified within the area of gallbladder wall
thickening, the diagnosis of adenomyomatosis can bemade
with reasonable accuracy.

FIGURE 11.16

(A) Postoperative abscess following surgery for gallbladder cancer. Contrast-enhanced follow-up CT examination obtained
a month following surgery reveals a low-density collection in the surgical bed with peripheral rim enhancement compati-
ble with an abscess (vertical white arrow). An additional collection with similar imaging features is noted in the right rec-
tus abdominis, representing a smaller abscess (horizontal white arrow). Note evolving infarct in segment V (black arrow).
(B) Lobar hepatic infarction following radical resection of gallbladder cancer: 60-year-old female status post resection of
gallbladder carcinoma, with abnormal liver function tests in the postoperative. Axial contrast-enhanced MSCT obtained in
the late arterial phase shows a sharp demarcation between the right and left liver (arrow). The entire right liver is homoge-
neously lower attenuation when compared with the left liver. (C) Lobar hepatic infarction following surgery for gallbladder
cancer. Contrast-enhanced axial MSCT image at a lower level shows a filling defect within the right hepatic artery (thin white
arrow), consistent with a thrombus. A geographic area of low density is noted in segments V and VI, compatible with hepatic
infarction (black arrow). The fluid collection in the resection bed with a small pocket of air does not necessary imply an
abscess in the early postoperative period (thick white arrow). Close continual follow-up is required to document involution
of the collection and to exclude abscess formation.

A B C
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Increasing amounts of fluid and gas, development of a
thick rim of peripheral enhancement, and progressive
infiltration of the adjacent fat are signs of abscess for-
mation (Figure 11.16A). Differentiating an abscess
from a postoperative seroma or hematoma can be
extremely difficult in the early postoperative period.

Hepatic segmental infarction due to portal vein or
hepatic artery thrombosis may be seen in the early post-
operative period. Segmental hepatic infarction is
demonstrated on CT as a sharply marginated area of
decreased enhancement in the anatomic distribution of
the thrombosed or occluded vessel (Figure 11.16B,C).

Infiltration of the peritoneal fat in the operative
bed and focal areas of fat necrosis are normal postsur-
gical findings and should not be misinterpreted as
recurrent disease (Figure 11.17). The degree of soft tis-
sue infiltration regresses gradually andmay never com-
pletely disappear. A discrete nodule of soft tissue atten-
uation that increases in size 3–6 months following
surgery is concerning for peritoneal metastasis and
needs to be followed closely on subsequent imaging
studies (Figure 11.18A). Recurrent disease may also
occur at the resection margin in the liver or along the
tract of previous drainage catheters in the abdominal
wall (Figure 11.18B).

FIGURE 11.17

Normal postoperative CT appearance after radical chole-
cystectomy for gallbladder cancer. Infiltration of peritoneal
fat following surgery is a normal finding and does not imply
peritoneal seeding or metastases (arrow). The degree of soft
infiltration and stranding decreases with time.

FIGURE 11.18

(A) Recurrent disease after surgery for gallbladder. Axial contrast-enhanced image shows a soft tissue nodule in the right
paracolic gutter that increased in size 4 months after surgery for gallbladder cancer, consistent with a metastatic peritoneal
deposit. (B) Recurrent disease 6 months following surgery for gallbladder cancer. An enhancing lobulated nodule is identi-
fied in the right transversalis, internal oblique muscles, consistent with metastases (thick arrow). The subcutaneous tract
of prior drains should be carefully evaluated in routine oncologic surveillance CT examination (thin arrow). Not infrequently,
metastatic deposits will be discovered in close proximity to these tracts.
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INTRAHEPATIC CHOLANGIOCARCINOMA

Epidemiology

Intrahepatic cholangiocarcinoma (ICC), also called
peripheral cholangiocellular carcinoma, is a malignant
tumor arising from intrahepatic bile duct epithelium.
It is thought to arise from the secondary bile duct or
proximal branches of the intrahepatic bile ducts. Intra-
hepatic cholangiocarcinomas account for 8% of all
cholangiocarcinomas, with extrahepatic perihilar
tumors representing 50%, and extrahepatic distal
tumors 42% (19). The estimated annual incidence in
the United States is 1 per 100,000 persons. ICC
accounts for approximately 7% of all malignant liver
tumors, with hepatocellular carcinoma (HCC) being
the most common primary liver malignancy (20).
Approximately 2–6% of primary malignant liver
tumors exhibit hepatocellular and bile duct differenti-
ation, and these are called combinedHCC-ICC (cHCC-
ICC) (21). Risk factors for developing ICC include pri-
mary sclerosing cholangitis, choledochal cysts,
inflammatory bowel disease, biliary cirrhosis,
cholelithiasis, alcoholic liver disease, thyrotoxicosis,
chronic pancreatitis, familial polyposis, congenital
hepatic fibrosis, parasitic infestation of Opisthorchis
senensis, and thorotrast exposure (22).

Clinical Presentation

Patients present with nonspecific symptoms, such as
malaise, weight loss, abdominal pain, or nausea (23).
In contrast to patients with extrahepatic cholangiocar-
cinoma (ECC), patients with ICC do not present with
jaundice due to biliary obstruction. In contrast to
patients withHCC, patients do not have ascites or symp-
toms associated with portal hypertension or cirrhosis.

Laboratory abnormalities include elevation of CA
19-9 and carcinoembryonic antigen (CEA); this is also
seen in ECC. α-Fetoprotein (AFP), frequently elevated
in patients withHCC, is usually normal in ICC. In com-
bined tumors of HCC-ICC pathology, there will be ele-
vated α-fetoprotein and modestly elevated CA19-9,
versus elevation of AFP alone for HCC and CA19-9 for
ICC (24).

Imaging: Protocol and Technique

The clinical presentation for imaging in our institution
is a patient with an incidentally found liver mass with
abdominal pain. The differential diagnosis for a liver
mass in this setting includes ICC, HCC, or metastatic
disease. For diagnosis and staging, a liver MSCT pro-
tocol as described in the section for gallbladder carci-
noma is utilized.

Imaging Findings

There are three macroscopic presentations of intra-
hepatic cholangiocarcinoma described by the Liver
Cancer Study Group: mass-forming (MF), periductal-
infiltrating (PD), and intraductal (ID) types (25). A
fourth group has been created to combine tumors that
exhibit mixed characteristics, for example, MF + PD.

Mass-Forming Type

The mass-forming and the combination types are the
most common, accounting for over 70% of cases. On
noncontrast images, there is a large hypoattenuating
mass with lobular or irregular margins (Figure 11.19A).
On late arterial phase images (Figure 11.19B) there is
minimal to no peripheral enhancement of the tumor.
On portal venous phase images, continued centripetal
enhancement can be seen in the tumor (Figure 11.19C).
On the delayed images, there is continued, homoge-
neous enhancement (Figure 11.19D). The delayed
enhancement in ICC is due to the presence of a fibrous
stroma, which retains contrast over time. Associated

FIGURE 11.19

Enhancement pattern of ICC: 43-year-old female with intra-
hepatic cholangiocarcinoma presenting with right upper
quadrant abdominal pain. (A) MSCT noncontrast image
shows low-attenuation mass in segment IV with extension
into segment VIII (thick white arrow). (B) MSCT late arterial
phase image shows mass to be hypointense to adjacent
hepatic parenchyma. Minimal peripheral enhancement is
seen. Enhancement of the surrounding liver is due to tran-
sient hepatic attenuation. (C) MSCT portal venous phase
image shows continued peripheral enhancement of themass.
Themass involves themiddle hepatic vein (black arrow). (D)
MSCT delayed image shows continued peripheral enhance-
ment, with near-complete enhancement of the mass.
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findings include peripheral ill-defined calcification due
to mucin production in 18% and capsular retraction
due to desmoplastic response (Figure 11.20) (26–28).

The differential diagnosis of this type is metasta-
sis from colorectal carcinoma, which has a similar
enhancement pattern. This enhancement pattern helps
exclude HCC or hypervascular metastases (for exam-
ple, neuroendocrine carcinoma), which are intensely
enhancing on arterial phase, wash out quickly in the
portal venous phase, and are hypoattenuating on
delayed images.

Periductal-Infiltrating

The periductal-infiltrating type accounts for approxi-
mately 15–20% of cases (25, 29). On noncontrast CT,
this tumor pattern presents as proximal ductal dilation
without a discrete mass or as periductal soft tissue. On
the arterial phase, there is minimal ductal wall enhance-
ment or periductal soft-tissue enhancement (30). In the
portal venous phase, more intense enhancement is seen
in the ductal wall and periductal soft tissues (25).

The differential diagnosis of this type includes
benign stricture due to hepatolithiasis or cholangitis.
The presence of portal vein obliteration and lymph
node involvement is more suggestive of a malignant
etiology.

Intraductal Type

The intraductal type of ICC accounts for approximately
5% of cases (25, 29). This pattern of ICC is considered
similar to the intraductal papillary mucinous neoplasm
of the pancreas and has the best prognosis (31). On
noncontrast CT, a dilated duct with or without a mass
greater than 1 cm can be seen. On the arterial and por-
tal venous phases, a hypoattenuating mass or a hyper-
attenuating duct may be seen (32) (Figure 11.21A,B).
The differential diagnosis of a high-attenuation intra-
ductal mass includes stone, tumor such as HCC or
metastatic disease, or stricture with debris. Intraductal
HCC will usually have the typical pattern of HCC
enhancement, being slightly less hypoattenuating on the
noncontrast images and showing marked enhancement
on arterial phase images and washout on the portal
venous images (33).

Combined HCC-ICC

The rare tumors of mixed HCC and ICC (cHCC-CC)
present as large, solitary tumors with irregular mar-
gins (24). The contrast enhancement pattern is depen-
dent on the percentage of each tumor. An HCC pat-
tern with intense arterial enhancement is most common
occurring in over 50%, followed by an ICC pattern rep-
resenting 33%, and the remainder represents a combi-
nation of the two. It can be very difficult to predict
prospectively whether themass represents HCC or ICC.
On noncontrast CT there is a large hypoattenuating
tumor. During the arterial phase, the HCC portion will
enhance avidly, while the ICC portion may stay

FIGURE 11.20

Capsular retraction: 65-year-old male with intrahepatic
cholangiocarcinoma presenting with weight loss, fatigue
and weakness. MSCT portal venous phase image shows
capsular retraction (arrow) due to desmoplastic reaction.
Adjacent stranding of the fat represents metastatic spread
to peritoneum.

FIGURE 11.21

Imaging appearance of intraductal type of ICC: 83-year-old
female with ICC intraductal type presenting with right upper
quadrant pain, jaundice, and dark urine. A stent has been
placed to reduce jaundice. (A) MSCT delayed image shows
dilated duct with enhancing material (thin arrow) in seg-
ment IV of liver. Note adjacent atrophy of the remainder of
the left lobe. (B) MSCT delayed image inferior to (A) shows
enhancingmass (thick arrow) containedwithin the left intra-
hepatic duct.
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hypointense. At the portal venous phase, the enhanc-
ing portion representing HCC will wash out and the
portion representing ICC continues to enhance. On the
delayed phase, the HCC component is hypoattenuat-
ing, and the ICC portion is homogeneously enhancing
(Figure 11.22).

STAGING

Primary Tumor

Mass-forming ICC and cHCC-ICC are staged accord-
ing to the AJCC hepatocellular carcinoma system. The
discriminating factors for T-staging are tumor size,
satellite nodules, vascular invasion, and extracapsular
extension. MSCT is a good initial study for identifying
the presence of the mass and assessing local organ
involvement. Thin-section imaging with 1.25-mm
reconstructed images is very useful for evaluating arte-
rial and venous involvement; however, MSCT tends to
underestimate the extent of biliary ductal involvement.
ICC has a propensity to encase and even invade small
branches of portal veins through direct extension (34).

There can be wedge-shaped enhancement of the liver
surrounding the tumor due to arterial supply as a result
of portal vein encasement (Figure 11.23) (35). Biliary
ductal dilation and gallbladder involvement due to
direct extension of the tumor into the gallbladder fossa
can also be seen (Figure 11.24).

FIGURE 11.22

Enhancement pattern: 55-year-old female with cHCC-ICC
presenting with metastatic skull mass. (A) MSCT noncon-
trast image shows low-attenuationmass in right lobe of liver
with central calcification. (B) MSCT late arterial phase
image shows lateral aspect of mass has intense nodular
enhancement (arrow). More medial portion of tumor (short
arrow) remains hypoattenuating to liver. (C) MSCT portal
venous phase image shows slight washout in the previously
enhancing lateral portion (arrow). There is peripheral
enhancement of the medial portion of the mass (short
arrow). (D) MSCT delayed image shows continued periph-
eral enhancement of the medial portion (short arrow), with
near-complete enhancement of the mass.

FIGURE 11.23

Transient hepatic attenuationdue to obstructionof portal flow:
65-year-old female with ICC presenting with pain in the right
flank. (A) MSCT noncontrast image shows a large mass
involving the left lobe with extension into the right lobe. (B)
MSCT late arterial phase image shows an area of hyperat-
tenuation (arrow), which corresponds to altered blood sup-
ply due to encasement of portal vein. (C)MSCTportal venous
phase image shows a large mass involving the left lobe with
extension into the right lobe. (D) MSCTdelayed image shows
a largemass involving the left lobewith extension into the right
lobe and inferior extension to involve the gallbladder.

FIGURE 11.24

Ductal dilation and gallbladder involvement: 68-year-old
male with ICC presenting with abnormal liver function tests.
(A) Mass involves the left lobe of the liver and causes ductal
dilation (fat arrow). (B) More inferiorly, the mass is seen to
involve the gallbladder wall (long arrow) by direct extension.
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Nodal Disease

Lymph node status is one of the most important prog-
nostic indicators. Helpful clues for metastatic lymph
nodes include size greater than 1 cm, low-density cen-
ter due to necrosis, or delayed enhancement. CT has a
high negative predictive value but a low positive pre-
dictive value for lymph node involvement (36).

ICC typically spreads into the hepatoduodenal
ligament first, and then into the para-aortic nodes,
retropancreatic nodes, and common hepatic artery
nodes, in that order. Involvement is also seen along the
left gastric nodes along the lesser curvature as well as
the paracardiac nodes for tumors in the left lobe (37).
Classification is divided into N0, with no regional
lymph nodemetastasis, andN1, with spread to regional
lymph nodes such as perihepatic, periportal, porto-
caval, and periceliac nodes (Figure 11.25). Peripancre-
atic and para-aortic/retroperitoneal nodes are rare.

Metastatic Disease

The most common site of metastatic spread is to the
hepatic parenchyma via the portal venous system (38).
CT has high sensitivity for assessing distal metastatic
disease but underestimates the extent of peritoneal dis-
ease, spread along Glisson’s capsule, and metastatic
liver disease(39).

In the portal venous phase images, enhancing nod-
ules with peripheral enhancement are seen in the non-
contiguous lobe (Figure 11.26). Distal metastastic dis-
ease affects the lung, bone, adrenal gland, peritoneum,
and brain. Lung metastasis can be present as single or
multiple nodules (Figure 11.27). Bony involvement can
be seen as lytic lesions. Adrenal metastases present as

large, irregular masses (Figure 11.28). Spread to the
peritoneum results in peritoneal carcinomatosis and
thickening of the omentum (Figure 11.29).

Treatment Response and Recurrence

Curative treatment of intrahepatic cholangiocarcinoma
is primarily surgical (19, 40). Factors that preclude sur-

FIGURE 11.25

Portocaval lymph node: 54 year old male with ICC pre-
senting with right upper quadrant pain. MSCT portal
venous image shows portocaval lymph node (arrow). There
is also portal vein bland thrombosis (arrowhead).

FIGURE 11.27

Lung metastasis: 49-year-old female with ICC resected 3
years prior. MSCT contrast image shows lobulated mass
in the lung (dashed arrow), biopsy-proven metastasis.

FIGURE 11.26

Hepatic metastases in the right liver: 68-year-old male with
ICC in the left lobe presenting with abnormal liver func-
tion tests. MSCT portal venous image shows hypoattenu-
ating hepatic metastases in the right lobe of the liver.
Peripheral enhancement (arrow) is seen.
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gical resection are bilobar involvement, main portal
vein involvement, involvement of two or more hepatic
veins, and metastatic spread. Other factors that can
impact surgery are degree of cirrhosis, degree of steato-
sis, and comorbid factors.

Prior to surgery, CT volumetric analysis of the
liver is usually performed to assess residual liver vol-
ume (Figure 11.30). The liver is marked into individ-
ual segments by the radiologist, and then 3D volumet-
ric reconstructions are performed using 1.25-mm
collimation images. Calculations of the future liver vol-
ume (FLV)/total expected liver volume (TELV) ratio are
made. If this ratio is less than 20% in noncirrhotic liv-
ers or less than 40% in cirrhotic livers, then portal vein
embolization is utilized to increase liver volume to
avoid liver failure after surgery (41).

Postoperative changes include stranding of the
peritoneal fat and seroma, which appears as low-den-
sity fluid collection at the surgical site and resolves
within 3–6 months (Figure 11.31). The most common
site of recurrence is local, with patients presenting with
elevation of CA19-9 or jaundice. On MSCT, there is a
nodular mass underneath the hemidiaphragm or con-
tiguous to the surgical site (Figure 11.32).

Chemotherapy can be used alone or combined
with radiotherapy for preoperative debulking of the
tumor or for palliation. Imaging findings after
chemotherapy include decrease in the size of the
mass, decrease in enhancement of solid components,
and decrease in the adjacent perfusion abnormalities
(Figure 11.33). Findings after radiotherapy include

FIGURE 11.28

Adrenal metastasis: 79-year-old male with cHCC-ICC 2
years s/p extended right hepatectomy. MSCT contrast
image shows a heterogeneous mass in the right adrenal
gland, presumed metastatic disease. Patient was treated
with radiofrequency ablation.

FIGURE 11.29

Peritoneal disease: 65-year-old male with ICC presenting
with weight loss, fatigue, and weakness. (A) MSCT portal
venous phase image shows the primary tumor in the left
lobe of the liver. Arrow shows peritoneal disease between
stomach and spleen. (B) Inferiorly, there is ascites and
nodularity of the transversemesocolon and omentum (white
arrows), consistent with peritoneal dissemination of tumor.

FIGURE 11.30

Volume calculation: 35-year-old female with ICC of the
right lobe. Multiple volume-rendered images of the whole
liver and expected residual liver segments (I, II, and III),
whole liver volume of 1923.1 cc, segment I 27.2 cc, segment
II 151 cc, segment III 168.2 cc.
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low attenuation in the liver parenchyma adjacent to
the radiation port (Figure 11.34). This is due to per-
itumoral edema, which appears as a lower attenua-
tion area compared to adjacent liver.

EXTRAHEPATIC CHOLANGIOCARCINOMA

Extrahepatic cholangiocarcinomas are adenocarcino-
mas of the bile ducts that arise proximal in the right or
left hepatic ducts, at the confluence of the ducts, or in
the common hepatic or common bile ducts. They are
usually subdivided into hilar or distal cholangiocarci-
nomas if they arise at the confluence of the ducts or in
the distal bile duct near the ampulla, respectively. Hilar
cholangiocarcinomas are the most prevalent, with a
reported incidence ranging from 40 to 60% in large
series (49). Tumors of the distal bile duct are less com-
mon, accounting for approximately 20–30% (49).

A classification system has been proposed by The
Liver Cancer Study Group of Japan that provides infor-
mation on the gross appearance, tumor growth, and
biologic behavior and is useful for radiologic interpre-

FIGURE 11.31

Seroma: 49-year-old female with ICC status post–left hepa-
tectomy.MSCT contrast-enhanced image shows a low-den-
sity fluid collection (arrow) at the surgical site (clips shown
by fat arrow).

FIGURE 11.33

Changes of chemotherapy: 35-year-old female with ICC
with tumoral reponse status post–3 months of chemother-
apy. MSCT contrast-enhanced images show decrease in
peripheral enhancement and the size of the tumor.

FIGURE 11.32

Recurrent tumor at the surgical site: 79-year-old male with
cHCC-ICC 2 years s/p extended right hepatectomy. MSCT
contrast-enhanced image shows nodularity in the infra-
diaphragmatic region (arrow).

FIGURE 11.34

Changes of chemoradiation: 65-year-old male with ICC
after 11 months of chemoradiation. MSCT contrast-
enhanced images show a decrease in the size of the tumor
(white arrows) involving segment IV extending into seg-
ment V. Adjacent low-density changes in the liver are
edema due to radiation therapy (arrowhead).
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tation. According to this classification, cholangiocar-
cinoma can be divided into three subtypes: (a) mass
forming, (b) periductal-infiltrating, and (c) intraductal-
growing (37).

Epidemiology

Extrahepatic cholangiocarcinoma is a disease of the
elderly, and the majority of patients are over 65 years
of age. The prognosis is poor, and, if untreated, it usu-
ally leads to death in approximately 12 months.

Risk factors for the development of extrahepatic
cholangiocarcinoma are similar to those for intrahepatic
cholangiocarcinoma. Primary sclerosing cholangitis is
probably the most widely recognized risk factor (2). The
reported incidence of cholangiocarcinoma in patients
with primary sclerosing cholangitis varies from8 to 40%,
and, unlike sporadic cholangiocarcinoma, these patients
are at risk for multifocal disease. An increased incidence
has also been reported in patients with choledochal cysts
and Caroli’s disease (2). Oriental cholangiohepatitis has
shown an association with a higher incidence of cholan-
giocarcinoma, particularly in Japan and parts of South-
east Asia, where the disease is more prevalent.

Clinical Presentation

Most patients with extrahepatic cholangiocarcinoma
present with obstructive jaundice. Jaundice may not
occur if biliary obstruction is not complete, such as
when only the right or left hepatic ducts are involved
or with segmental ductal obstruction. Abdominal pain,
pruritus, weight loss, and anorexia are present in about
one third of patients. The alkaline phosphatase level is
usually elevated. Tumor markers such as CEA and CA
19-9 are elevated after the mass has become very large

Imaging

The imaging approach for ECC should focus on pro-
viding a comprehensive noninvasive resectability eval-
uation in order to assist the surgeon in correctly strat-
ifying patients preoperatively into operable and
nonoperable categories. The CT imaging protocol must
be tailored to provide accurate information on the fol-
lowing factors: location and extent of the primary
tumor within the biliary tree, vascular anatomy and
involvement by the tumor, nodal disease, and the pres-
ence of metastases.

Protocol and Imaging Technique

In our institution, CT has become the primary imaging
modality for workup of biliary tractmalignancy. Recent
developments in multidetector CT have made possible

imaging the entire abdomen at 0.7-mm slice thickness in
one breathhold. These capabilities decrease volume aver-
aging artifacts and significantly lower the chance of
motion artifacts that may hinder the detection of small
tumors and their true extent along the biliary tree.

In order to increase tumor conspicuity, rapid intra-
venous injection (4–8 cc/sec) of 120–150 cc of iodinated
contrast is required (50). Dual-phase imaging of the
entire abdomen during the hepatic arterial dominant
phase and during the peak of portal venous enhance-
ment optimizes detection of the primary tumor, visual-
ization of arterial and venous structures for staging, and
identification of hepatic metastasis (50).

Our dual-phase protocol for imaging on a 64-
detector row scanner results in a 5-second image acqui-
sition for the entire abdomen. Images are then recon-
structed for both phases to 0.625 mm for problem
solving and multiplanar 3D reconstructions. We inject
at 5 cc/sec for a 30-second injection duration. Smart-
Prep® (GE Healthcare, Milwaukee) is used for bolus
tracking, monitoring the aorta at the level of the celiac
artery until a trigger value of 100 Hounsfield units is
reached. After a diagnostic delay of 20 seconds, we
begin imaging at the level of the diaphragm at 40 sec-
onds postinjection and complete scanning the abdomen
at 45 seconds. After another 15-second delay, the
abdomen is imaged again for portal venous imaging.

Imaging Findings: Tumor Location and
Extension into the Biliary Tree

A thorough understanding of the normal anatomy of the
hilar fissure of the liver is essential for the correct inter-
pretation of CT images. In the hilar fissure, the left
hepatic duct (which drains segments II, III, and IV) joins
the right hepatic duct (which drains segments V, VIII, VII,
and VI) to form the common bile duct. The confluence
of the hepatic ducts is located anterior to the bifurcation
of the portal vein or just anterior to the origin of the left
portal vein. The intrahepatic biliary ducts are not visible
on contrast-enhanced CT unless dilated. The normal
right and left hepatic ducts and the common hepatic duct
may be seen as thin tubular structures of water attenua-
tion and imperceptible walls anteriorly to the portal vein
(Figure 11.35). The left hepatic duct is usually longer than
the right duct, measuring approximately 2–5 cm, while
the right duct measures around 1 cm.

The Bismuth and Corlette Classification System is
used to stage patients with hilar cholangiocarcinoma.
This system takes into account the location of the pri-
mary tumor in relation to the confluence of the right and
left ducts and the extent of ductal involvement (51, 52)
According to this system, hilar cholangiocarcinomas are
classified into four types: Type I lesions involve only the
common hepatic or common bile duct but do not extend
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to the bifurcation of the hepatic duct . Type II lesions
involve the confluence of the right and left hepatic ducts.
Type IIIa lesions involve the right secondary confluence,
and type IIIb, the left secondary confluence. Type IV
lesions involve both secondary confluences.

The CT imaging features we use to determine
tumor location and extension are: enhancement of the
bile duct wall (Figures 11.36 and 11.37), changes of
attenuation from water to soft tissue within the bile
ducts (Figure 11.38), abrupt caliber changes, and pres-
ence of a mass within the bile duct with proximal dilata-
tion of the biliary tree (Figures 11.39 and 11.40).

Most extrahepatic cholangiocarcinomas are of the
periductal infiltrating type, and these tumors present on
contrast-enhanced CT as areas of irregular circumferen-
tial thickening and luminal narrowing of the bile duct
associatedwith proximal biliary dilatation (Figures 11.41
and 11.42). Bile duct wall enhancement or thickening is
always an abnormal finding and is an indication of tumor
involvement in the absence of inflammatory disease or
recent instrumentation. Mass-forming and intraductal-
growing types of extrahepatic cholangiocarcinoma pre-
sent as an enhancing soft tissue mass filling and expand-
ing the lumen of the bile duct (Figure 11.43).

The periductal-infiltrating cholangiocarcinoma
shows a tendency to disseminate submucosally, which
underestimates the extent of disease on imaging stud-
ies. In a study by Tillich et al., CT was able to detect
the primary tumor, but the exact proximal tumor

FIGURE 11.35

Normal anatomy of the hepatic hilum onMSCT. In the hilar
fissure the hepatic artery (thick black arrow) and the bile
duct (thick white arrow) are anterior to the portal vein (long
thin black arrow). The bile duct is lateral to the hepatic
artery. Note the homogeneous water attenuation of the bile
duct. Its walls are thin and imperceptible.

FIGURE 11.37

Circumferential thickening and enhancement of the bile
duct in Type IIIa hilar cholangiocarcinoma. Contrast-
enhanced axial MSCT image shows prominent circumfer-
ential thickening of the right bile duct with bile duct wall
and enhancement (arrow), consistent with a hilar cholan-
giocarcinoma. There is a stent in the bile duct extending
into segment VIII bile duct (long arrow).

FIGURE 11.36

Bile duct enhancement in cholangiocarcinoma. Axial con-
trast-enhanced MSCT image shows enhancement and
irregular thickening of the right bile duct in the hilar fis-
sure (arrow). Bile duct thickening and enhancement is
always an abnormal finding and should raise concerns for
tumor involvement in the absence of recent instrumenta-
tion or infection.This tumor involves the confluence of the
ducts and extends in the right duct consistent with a bis-
muth Type IIIa hilar cholangiocarcinoma.
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FIGURE 11.38

Transition from water to soft tissue attenuation within bile
duct in cholangiocarcinoma. Multiple axial contrast-
enhancedMSCT images show dilatation of the segment III
bile duct and of the left bile duct. Note transition fromwater
to soft tissue attenuation within the left bile duct in the left
hilar fissure extending into the confluence of the ducts, con-
sistent with a Type IIIb hilar cholangiocarcinoma (arrows).

FIGURE 11.39

Mass-forming hilar cholangiocarcinoma. Axial contrast-
enhanced MSCT image shows a soft tissue mass in the com-
mon hepatic duct involving the confluence of the ducts, con-
sistent with a type II hilar cholangiocarcinoma (arrow). Note
the hepatic artery (long arrow) is anterior to the duct, an
anatomic variation that occurs in approximately 13%of cases.

FIGURE 11.40

Type I hilar cholangiocarcinoma. Axial contrast-enhanced
MSCT image shows a focal area of mural soft tissue thicken-
ing in the common bile duct, at the level of the insertion of
the cystic duct, consistent with a type I cholangiocarcinoma
(arrow). In cases when there is a low insertion of the cystic
duct just above the pancreatic head or the tumor is located
more than 2 cm from the confluence of the ducts, it should
be classified as distal or suprapancreatic cholangiocarcinoma.

FIGURE 11.41

Periductal-infiltrating cholangiocarcinoma. Axial contrast-
enhanced image shows circumferential thickening and
enhancement of the right bile duct, just proximal to the con-
fluence (white arrow). There is a clear fat plane surround-
ing the hepatic artery, which is not narrowed (black arrow).
Enhancement and irregular soft tissue thickening are fea-
tures of periductal-infiltrating type of cholangiocarcinoma.
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FIGURE 11.43

(A) Intraductal-growing hilar cholangiocarcinoma.Multiple
axial contrast-enhanced MSCT images show a soft tissue
mass expanding the right duct and extending into the com-
mon hepatic duct, consisting with an intraductal-growing
type of cholangiocarcinoma (arrow). A plastic stent is dis-
placed medially with the duct by the large polypoid tumor.
(B) Intraductal-growing hilar cholangiocarcinoma. Axial
contrast-enhanced image shows with better detail the large
mass filling the lumen of the bile duct. Note the thin wall
of the expanded bile duct (arrow). This is a distinct feature
of this type of cholangiocarcinoma. There is no infiltration
of the periductal soft tissues or desmoplastic response with
narrowing of the lumen of the bile, as commonly seen in
periductal-infiltrating tumors. (C) Intraductal-growing hilar
cholangiocarcinoma. Fluoroscopic image obtained during
ERCP shows a polypoidmass arising in the right duct (black
arrow), which is not opacified with contrast. The mass fills
the lumen of the common hepatic duct and obstructs the
left ducts, which are markedly dilated (white arrow).
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FIGURE 11.42

Periductal-infiltrating type of hilar cholangiocarcinoma.
Coronal reformation shows a focal area of narrowing, irreg-
ular thickening, and enhancement of the common hepatic
duct, at the level of the confluence (arrow), consistent with
a periductal-infiltrating type of cholangiocarcinoma. There
is prominent proximal biliary dilatation. This type of tumor
infiltrates the periductal soft tissues and causes a desmo-
plastic response that results in significant enhancement.
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extent was underestimated by CT, accounting for an
overall accuracy of resectability of only 60% (53). In
a recent study by Aloia et al. utilizing thin section
MSCT, CT was proven accurate in predicting
resectability of hilar cholangiocarcinoma when factors
such as tumor location within the biliary tree, vascu-
lar invasion, and metastatic disease were taken into
consideration. MSCT shows a sensitivity of 94%,
specificity of 79%, and negative and positive predic-
tive values of 92 and 85%, respectively, with an over-
all accuracy of 74.5% (54).

After the anatomic site of the primary tumor has
been determined by imaging, attention needs to be paid
to the extent of radial growth and adjacent organ inva-
sion. The periductal-infiltrating type of cholangiocar-
cinoma commonly invades the surrounding periductal
fat and has a propensity to spread along the peribiliary
nerve plexus and arteries (53). Soft tissue attenuation
with obliteration of the fat surrounding the vessels in
the hepatic hilum is a feature of periarterial and per-
ineural spread of cholangiocarcinoma (Figures
11.44–11.47). It is important to carefully evaluate the
ducts and vessels in the hilar fissure for signs of inva-
sion. Similar to gallbladder carcinoma, extrahepatic
cholangiocarcinoma can invade adjacent structures.
Adjacent organ invasion is usually readily apparent on
CT as direct tumor extension into the hepatic
parenchyma, gallbladder, or bowel.

FIGURE 11.44

Type IV periductal-infiltrating cholangiocarcinoma. Multi-
ple contigous contrast-enhanced axial MSCT images show
dilatation of BIII, BIV, and BVIII ducts. There is an infil-
trative enhancing mass growing in the left and right hilar
fissure (arrow). The left portal vein is occluded, and there
is and there is soft tissue infiltration surrounding the left
hepatic artery branches in the left hilar fissure. Periarterial
and perineural spread is a feature commonly seen with
periductal-infiltrating cholangiocarcinoma.

FIGURE 11.45

Periarterial perineural spread in cholangiocarcinoma.
Oblique coronal volume rendered image shows infiltrating
soft tissue (black arrow) encasing the left hepatic artery
(white arrow), consistent with periarterial perineural spread
of a hilar cholangiocarcinoma. Note atrophy of the left lobe
of the liver.

FIGURE 11.46

Periarterial perineural spread of cholangiocarcinoma. Axial
contrast-enhanced MSCT image shows infiltrative soft tis-
sue (black arrow) encasing the right hepatic artery (white
arrow) in the hilar fissure, compatible with periarterial
spread of tumor.
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Nodal Disease

Lymphatic spread represents crucial information with
direct impact in patient management and prognosis.
Five-year survival of 39% has been reported for
patients with N0 disease as opposed to only 3% in
patients with N2 disease (51, 55). The cystic and peri-
choledochal nodes (N1 disease) are usually resected
with the primary tumor and do not represent a con-
traindication to surgery. These need to be differentiated
from the celiac, periduodenal, and superior mesenteric
nodes (N2 nodal station), since they usually represent
a contraindication to surgical resection (9, 10) (Figures
11.48 and 11.49). Imaging features that indicate
metastatic involvement of lymph nodes are nodal
enlargement (short axis greater than 1 cm) and its inter-
nal attenuation. Nodes with lower attenuation are gen-
erally necrotic, and necrotic nodes are more likely to
harbor metastatic disease, even if not enlarged by CT
criteria (12). Enlarged nodes distant to the primary such
as retroperitoneal, para-aortic, and mesenteric nodes
should be biopsied prior to surgical planning to exclude
the possibility of lymphoproliferative disorders or reac-
tive lymphadenopathy. MSCT has been proven accu-
rate in predicting nodal metastasis in patients with hilar
cholangiocarcinoma with a positive predictive value of

FIGURE 11.47

Perineural periarterial spread of cholangiocarcinoma. Sagit-
tal oblique reformation shows infiltrative soft tissue in the
hepatic hilum (short black arrow) encasing the right hepatic
artery (long black arrow). A stent is noted in the right duct
(white arrow). Perineural periarterial spread of tumor is
seen on imaging as soft tissue infiltration along the course
of the artery. The vessel may be narrowed, angulated, or
occluded depending upon the degree of invasion into the
adventitia.

FIGURE 11.48

Axial contrast-enhanced image shows a common hepatic
artery node (arrow). Although this not does not exceed 1
cm in short axis diameter, because it is larger than the adja-
cent nodes and is located along the lymphangitic path of
spread of cholangiocarcinoma, it was considered suspi-
cious for malignancy.

FIGURE 11.49

Lymphangitic spread in cholangiocarcinoma.Multiple con-
tiguous axial contrast-enhanced images of a patient with
hilar cholangiocarcinoma show multiple enlarged nodes
along the common hepatic artery and celiac axis, consis-
tent with N2 nodes.
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80%, negative predictive value of 84.4%, and sensi-
tivity and specificity of 53.3 and 95%, respectively,
yielding an overall accuracy of 83.6% (56)

Distant Metastases

Common sites of distant metastases are the liver, peri-
toneal implants, and distant nodal metastases. Small
hepatic and peritoneal metastases are a well-recognized
cause of nonresectability. Lesions larger than 1 cm are
readily identified on thin slice MSCT and can gener-
ally be confidently differentiated from benign lesions
such as cysts or hemangiomata. Hepatic metastases
generally present as hypoattenuating lesions in relation
to the contrast-enhanced hepatic parenchyma and are
best appreciated during the portal-venous phase of con-
trast enhancement. Subcentimeter hepatic metastases
remain a diagnostic dilemma since even state-of-the-art
MSCTmay not be able to accurately characterize these
lesions. Peritoneal implants usually present as soft tis-
sue infiltration or discrete nodularity against the nor-
mal low attenuation intraperitoneal fat (Figures
11.50–11.52). Again, subcentimeter peritoneal
implants are a common source of error in the imaging
analysis of resectability. In a recent study involving 32
patients who underwent laparotomy for hilar cholan-
giocarcinoma, MSCT predicted resectability in three
patients who were deemed inoperable at surgery (54).
Subcentimeter peritoneal disease and subcentimeter
hepatic metastases were responsible factors.

Differential Diagnosis

Several nonneoplastic and neoplastic conditions may
mimic extrahepatic cholangiocarcinoma on imaging
studies. In our opinion, inflammatory conditions of the
biliary tree can pose a significant diagnostic challenge.

FIGURE 11.50

Peritoneal carcinomatose. Axial contrast-enhanced image
in a patient withmetastatic hilar cholangiocarcinoma shows
infiltration and stranding of the omental fat in the left lower
quadrant, consistent with peritoneal carcinomatose (hori-
zontal arrow). Note a large enhancing soft tissue nodule in
the omentum along the midline (vertical arrow).

FIGURE 11.52

Pleural and diafragmatic metastases in a patient with exten-
sive peritoneal carcinomatose fromhilar cholangiocarcinoma.
Note nodular thickening of the undersurface of right hemidi-
aphragmandof the right pleura in theposterior sulcus (arrow).

FIGURE 11.51

Peritoneal carcinomatose from hilar cholangiocarcinoma.
Multiple axial contiguous contrast-enhanced images show
ascites and infiltration and stranding of the omental fat, con-
sistent with peritoneal carcinomatose (long arrow). Note a
large enhancing implant in the omentum (short arrows).
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Mirizzi’s syndrome is defined as compression of the
common hepatic duct due to inflammation associated
with an impacted stone in the cystic duct or neck of
the gallbladder. Figures 11.53 and 11.54 show the
imaging features of Mirizzi’s syndrome. In the setting
of inflammation, thickening and enhancement of the
bile duct wall is commonly seen and can be virtually
indistinguishable from biliary cancer. Careful attention
to clinical history and presentation, the presence of
cholelithiasis, and adjacent inflammatory changes may
help the radiologist make the appropriate distinction.

Likewise, neoplastic processes such as lymphoma
and plasmocytomamay occasionally involve the biliary
tree and need to be included in the differential diagno-
sis in the appropriate clinical setting. Diffuse homoge-
neous soft tissue thickening and infiltrationmay be seen
in patients with lymphoproliferative disorders in the bil-
iary tree.

Treatment Response and Recurrence

Similar to gallbladder cancer, CT is the imaging modal-
ity of choice to monitor patients with extrahepatic
cholangiocarcinoma after curative surgical resection.
Familiarity of the normal postoperative CT appearance
following partial hepatectomy with bilioenteric anas-
tomosis is essential for adequate interpretation of the
images. A nonenhancing fluid collection at the hepatic
resection margin is a normal finding following surgery.

This collection should progressively decrease in size on
serial follow-up examinations. No soft tissue nodule or
solid components should be present. Soft tissue infil-
tration and blurring is commonly noted at the site of
choledochojejunostomy or hepaticojejunostomy and
does not necessarily indicate recurrent disease. It usu-
ally becomes less prominent on serial examinations. In
our experience, postradiation fibrosis can be very dif-
ficult to differentiate from recurrent disease. The impor-
tance of serial imaging with similar technique (colli-
mation, reconstruction interval, field of view, etc.)
cannot be overemphasized, since posttreatment changes
such as scarring and postradiation fibrosis can mas-
querade underlying disease and decrease sensitivity of
CT for recurrence. Despite state-of-the-art CT tech-
nique, early diagnosis of recurrence in the setting of
prominent radiation fibrosis remains a diagnostic
dilemma. Findings that indicate recurrent disease on
imaging are progressive enhancement and irregular
thickening of the remaining bile duct wall, development
of a soft tissue mass within the residual ducts, and
obstruction of the choledochal jejunostomy or hepati-
cojejunostomywith development of biliary obstruction.

Vascular Information

Information regarding variant vascular anatomy and
involvement of the portal vein and hepatic artery is
extremely important for proper staging and surgical
planning of hepatobiliary malignancies. The presence
of variations of the vascular anatomy or vascular inva-

FIGURE 11.53

Mirizzi’s symdrome. Multiple axial contrast-enhanced
images show an ill-defined enhancing mass in the neck of
the gallbladder (arrows). The common hepatic duct obstruc-
tion has been relieved by a plastic stent (long black arrow).
There is gallbladder wall thickening and cholelithiasis. These
findings should alert the radiologist to the possibility of an
inflammatory condition mimicking cholangiocarcinoma.

FIGURE 11.54

Spot fluoroscopic image obtained during ERCP shows a
long smooth stricture of the common hepatic and common
bile duct. Multiple filling defects are seen within the gall-
bladder, compatible with gallstones.
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sion plays a major role in determining resectability.
Common vascular variants include replaced right
hepatic artery from the superior mesenteric artery
(SMA) (Figure 11.55), accessory right hepatic artery
and common hepatic artery replaced from the SMA,
and replaced left hepatic artery from the left gastric
artery (Figures 11.56 and 11.57). The overall incidence
of hepatic branches from the SMA is approximately
20%. Careful evaluation of the hepatic artery is criti-
cal. The presence of an accessory or replaced right
hepatic artery may change management of a patient
with unresectable biliary cancer due to encasement of
the common hepatic artery by tumor. Variation of the
portal venous anatomy is also equally important. In
patients with trifurcation of the main portal vein, the
right anterior portal vein arises from the left portal vein
(Figure 11.58). Resection of the left portal vein proxi-
mal to the origin of the right anterior portal vein in such
cases would compromise perfusion to the right liver.
MSCT is accurate for the preoperative vascular evalu-
ation of patients with hepatobiliary neoplasms. It
depicts hepatic arterial and venous anatomy with an
overall accuracy of 97%, sensitivity of 94%, and speci-
ficity of 100% (57), obviating the need for catheter
angiography before oncologic liver surgery.

The presence of vascular invasion has a major
impact on surgical planning. Encasement or occlusion
of the main portal vein or hepatic artery, or involve-
ment of the portal vein contralateral to the primary
tumor, constitutes criteria for irresectability in most
institutions. A cholangiocarcinoma in the left duct may
extend inferiorly along the hilar fissure and occlude the
main or the contralateral portal vein (Figure 11.59).
The imaging criteria commonly used in CT to deter-
mine vascular invasion include occlusion, irregular
luminal narrowing, and loss of the fat plane between
the tumor and the vessel wall with tumor encasingmore

than 180 degrees of vessel circumference (58). MSCT
has proven to be a reliable technique to predict vascu-
lar invasion in patients with hepatobiliary cancer with
reported sensitivity, specificity, positive predictive value,
negative predictive value, and overall accuracy of 92.3,
100, 100, 94.1, and 96.6% , respectively (56).

CONCLUSION

Gallbladder and biliary tract cancers are highly lethal
diseases. The prognosis is dismal and surgical resec-
tion remains the only chance for a cure. Cross-sectional
imaging with MSCT is a valuable technique in the pre-
operative evaluation of gallbladder and intra- and

FIGURE 11.55

Replaced right hepatic artery (RHA) from the superior
mesenteric artery (SMA). Three-dimensional volumetric
reconstruction shows the RHAarising from the SMA (arrow).

FIGURE 11.56

Replaced left hepatic artery (LHA) from the left gastric
artery (LGA). Multiple axial contrast-enhanced images
show the LHA (white arrow) arising from the LGA (black
arrow) within the gastrohepatic ligament.

FIGURE 11.57

Replaced LHA from the LGA. Coronal reformation illus-
trates the LHA (arrow) arising from the LGA and coursing
throgu the gastrohepatic ligament into the left liver.
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extrahepatic cholangiocarcinoma. MSCT is capable of
providing, in a single study, information on tumor loca-
tion and depth of hepatic invasion, extent into the bil-
iary tree, adjacent organ invasion, regional lym-
phadenopathy, and distant metastases. This
information constitutes the basis for proper staging and
effectively predicting resectability preoperatively. In our
institution, state-of-the-art MSCT is the imaging
modality of choice for the staging workup and in mon-
itoring treatment response in patients with gallbladder
and biliary tract cancers.
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mong the treatment options available
to patients with intrahepatic cholan-
giocarcinoma, hepatic resection or
liver transplantation offer the only

chances for cure (1, 2). Even so, the 5-year survival rates
for surgical resection range from 33.5 to 63% (3–5)
compared to 5-year survival rates for untreated tumors
of less than 5%. However, not all patients are suitable
surgical candidates due to size, location, and/or med-
ical comorbidities that render patients inoperable.
Image-guided percutaneous radiofrequency ablation
(also referred to as thermoablation) offers a newer and
minimally invasive therapeutic option for the manage-
ment of intrahepatic cholangiocarcinoma. A growing
body of clinical and laboratory evidence supports the
use of thermal ablative therapies, including radiofre-
quency ablation, to treat a variety of hepatic tumors.
While the largest body of evidence is in the use of
radiofrequency ablation to treat hepatocellular carci-
noma, the guiding principles that govern the clinical
application of radiofrequency ablation can be applied
to the treatment of peripheral cholangiocarcinoma.

RADIOFREQUENCY ABLATION TECHNIQUE

Liver tumor ablation is accomplished with radiofre-
quency by using radio waves to generate heat within tis-
sues. Most currently available radiofrequency generator

systems have incorporated circuitry that allows mea-
surement of generator output (measured in milliamper-
age and wattage) as well as local tissue impedance and
temperature measurements. Any one of these variables
can be used to monitor the effects of active radiofre-
quency ablation, and most commercially available
radiofrequency systems employ one ormore of these vari-
ables to guide treatment. Radiofrequency energy is
deposited within a tumor by means of radiofrequency
electrodes that are available in a variety of configurations
and are typically 14–16 gauge in size. Electrode designs
include expandable thermally active tines that are incre-
mentally deployed throughout the tumor during treat-
ment or straight electrodes that can be configured as a
single electrode embedded on one handle or as a clustered
arrangement spaced 5 mm apart, on a single handle. All
electrode designs share the common feature of electrical
insulation along all but the distal 1–3 cm of the electrode
or variable lengths of the active tines for the expandable
systems. Placement of the radiofrequency electrodes is
accomplished using imaging guidance, typically with
ultrasound or computed tomography. Magnetic reso-
nance–compatible radiofrequency equipment is not
widely available (6). Following verification that satisfac-
tory placement of the electrode within the tumor has
occurred, the electrode is connected to the appropriate
generator and radiofrequency energy is emitted through
the distal noninsulated portion of the electrode or tines
(Figures 12.1 and 12.2). As radiofrequency energy passes
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through tissue and attempts to reach electrical ground,
the oscillating radiowaves induce ionic agitation within
the tissues adjacent to the electrode that is converted to
heat, resulting in coagulative necrosis (7). Via this mech-
anism, temperatures of up to 90°C can be achieved
within a matter of minutes, and experimental studies
have shown that irreversible coagulative necrosis of tis-
sue can be achieved in as little as 6 minutes when tissue
temperatures are at least 55–60°C. Increasing tissue tem-
peratures to greater than 100°C does not necessarily
result in larger volumes of ablated tissue. Instead, tissue
charring and vaporization that result at these tempera-
tures often result in increased local tissue impedance that
acts to limit radiofrequency deposition, diffusion of heat,
and ultimately coagulative necrosis (8). An early limita-
tion of percutaneous radiofrequency ablation was the
limitation in size of the coagulated tissue to approxi-
mately 1.6 cmwith a single, straight electrode. Currently
available electrode designs and generator systems, how-
ever, can now generate diameters of coagulated tissue of
up to 5–7 cm. The availability of electrodes capable of
generating large volumes of necrosis, coupledwith treat-
ment protocols that include serial and overlapping abla-
tions to be performed,may facilitate treatment of tumors
up to 5 cm diameter.

Image-guided percutaneous radiofrequency abla-
tion is typically performed with ultrasound or com-
puted tomography (CT) guidance and with the use of
local anesthesia and intravenous procedural sedation.
Intravenous procedural sedation is achieved with a
combination of midazolam and short-acting narcotic
such as fentanyl. General anesthesia may be required
for patients with significant comorbidities in whom

local anesthesia with intravenous sedatives and narcotic
analgesia may be insufficient to maintain the comfort
levels necessary to perform the ablation. Continuous
cardiovascular and hemodynamic monitoring is
required for all radiofrequency ablations. Dispersive
grounding pads placed on the patient’s thigh are an
essential component of radiofrequency ablation equip-
ment, and these act to disperse the electrical energy
deposited within the body. It is essential that adhesive
contact with the skin be maintained throughout the
ablation in order to prevent skin burns.

Successful treatment requires that all identifiable
tumor as well as a margin of adjacent hepatic
parenchyma be included within the ablated tissue. Ide-
ally, a zone of ablation with a margin of 0.5–1.0 cm
around the tumor should be included with treatment as
a means to prevent local tumor recurrence. Lack of an
adequate ablative margin can result in peripheral tumor
growth, necessitating additional treatments. In order to
achieve adequate treatment with a sufficient size abla-
tive margin, overlapping ablations following electrode
repositioning within and around the tumor are often
necessary for most lesions 3–4 cm in size, even with cur-
rently available electrode designs that can larger vol-
umes of coagulated tissues.

FOLLOW-UP IMAGING

Computed Tomography

Follow-up imaging after radiofrequency ablation can be
performed using dynamic contrast-enhanced CT or
magnetic resonance imaging (MRI). The timing of post-

FIGURE 12.1

T1WI gadolinium-enhanced MRI obtained during the
arterial phase demonstrates an enhancing lesion within
segment IV of the liver (white arrow). The patient had a pre-
vious right hepatectomy for intrahepatic cholangiocarci-
noma. Subsequent biopsy of the segment IV lesion con-
firmed the diagnosis of intrahepatic cholangiocarcinoma.

FIGURE 12.2

Axial CT image demonstrating radiofrequency electrode
within the tumor (black arrow).

12BiliaryTract.qxd:02 Goshgarian  9/19/08  3:33 PM  Page 170



12 ∙ RADIOFREQUENCY ABLATION 171

procedure imaging varies by institution, but follow-up
imaging with CT or MRI at 1- to 3-month intervals is
useful for assessing treatment results as well as for the
detection of residual tumor (9–11). The follow-up imag-
ing schedule employed at our institution includes imag-
ing 1 month after the ablation to evaluate the results of
treatment and then repeat imaging at 3-month intervals
thereafter for continued surveillance imaging. Accurate
assessment of residual disease requires that high-qual-
ity imaging be obtained before and after radiofrequency
ablation. An important imaging characteristic of cholan-
giocarcinoma is the tendency of this tumor to demon-
strate delayed enhancement following administration of
intravenous contrast material, so it is imperative to
include delayed imaging when assessing treatment
results. When no residual tumor is identified on the 1-
month scan, repeat imaging is obtained at 3-month inter-
vals, relative to the time of treatment, for 1 year.

The postablation CT protocol used at the Massa-
chusetts General Hospital is a contrast-enhanced
dynamic scan of the abdomen and pelvis using a 16-slice
CT (Lightspeed, GE Healthcare, Madison, WI). Con-
trast material–enhanced images of the liver and
abdomen are obtained following 30- and 70-second
delays after the administration of contrast material. A
total of 110 cc of contrast material is injected through
an 18 gauge peripheral intravenous cannula at a rate of
5 cc/sec. Images are acquired at 5-mm slice thickness
using a pitch of 1.375 and table speed of 27.5. Coronal
reconstructions are also performed and may be helpful
to evaluate lesions treated near the hepatic dome.

Completely treated tumor should manifest as a
well-demarcated volume of low attenuation tissue that
lacks enhancement following the administration of intra-
venous contrast. The CT findings of residual disease
often appear as irregular, thickened soft tissue enhance-
ment at the periphery or possibly within the zone of
coagulated tissue. This is not to be confused with a thin
rim of benign enhancement frequently identified at the
margin of the coagulated tissue that is often seen imme-
diately after an ablation when contrast is used to assess
the immediate results of ablation. This can persist for
several months after an ablation and is believed to rep-
resent inflammatory or reactive tissue. When residual
disease is suspected, additional treatments are necessary
to extend the zone of ablation to incorporate the resid-
ual disease within an adequate volume of ablated tis-
sue. When follow-up imaging shows lack of irregular
or thickened enhancement by 6 months, this suggests
that tumor regrowth is unlikely to occur.

Magnetic Resonance Imaging

Magnetic resonance imaging is also useful to assess treat-
ment results following radiofrequency ablation of

peripheral cholangiocarcinoma (Figures 12.3 and 12.4).
The MR signal of treated tumors can manifest as areas
of high, low, or heterogeneous T1- and T2-weighted sig-
nal in the acute setting. The signal characteristics of the
treated tissue evolve over time, but typically show
decreased T2 signal characteristics following treatment
and lack of enhancement following administration of
Gd-DTPA. The changes in signal intensity likely reflect
areas of altered protein within coagulated tissue.

FIGURE 12.3

T1WI gadolinium-enhanced MRI obtained during the arte-
rial phase, 2 years after radiofrequency ablation of intra-
hepatic cholangiocarcinoma. The examination shows
absence peripheral or intratumoral enhancement on
delayed imaging, consistent with successfully treated tumor
(white arrow).

FIGURE 12.4

T1WI gadolinium-enhanced MRI obtained 120 seconds
following the administration of intravenous contrast, 2
years after radiofrequency ablation of intrahepatic cholan-
giocarcinoma. The examination shows no delayed periph-
eral or intratumoral enhancement on delayed imaging, con-
sistent with successfully treated tumor (white arrow).
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Untreated tumors show irregular, thickened enhance-
ment following intravenous administration of Gd-
DTPA, similar to the findings observed on contrast-
enhancedCT. The benign peripheral rim of enhancement
along themargin of the ablative zone that is observed on
CT can also be detected on MR imaging. This has been
shown to represent inflammatory changes secondary to
coagulative necrosis (12). As with follow-up CT imag-
ing, this is not to be confused with bulky or irregular
enhancement, which likely indicates residual disease.

Ultrasound

Gray-scale ultrasound is usually insufficiently sensitive
to evaluate the extent of coagulative necrosis on follow-
up imaging (9). Ultrasonographic blood pool agents
may have a role in the future to assess treatment results,
but these agents are not yet widely available.

COMPLICATIONS OF
RADIOFREQUENCY ABLATION

Hepatic abscess is a potential major complication asso-
ciated with radiofrequency ablation liver tumors and
has a reported prevalence of 0.3–2% (13–17). Air
within the zone of ablation from tissue vaporization is
frequently observed immediately after treatment and
should not be confused with an infectious process. This
usually resolves within 1 week. Persistent air within the
zone of ablation in the setting of leukocytosis and clin-
ical findings of infection should raise the suspicion of
an evolving hepatic abscess. When present, abscess can
be treated with percutaneous aspiration or drainage.
Surgical debridement is seldom necessary. The role of
intravenous antibiotics for treatment of liver tumors is
controversial, but should be considered in patients with
previous bilioenteric anastamoses.

Mild dilation of the bile ducts around the zone of
ablation can be detected on follow-up CT imaging in
up to 87% of treated tumors (18). Hemobilia has also
been described with radiofrequency ablation (19). This
finding, however, is usually inconsequential and seldom
results in cholangitis. Symptomatic bilomas can be
treated with percutaneous drainage or aspiration.

Vascular injury associated with percutaneous
radiofrequency ablation is a rare complication. Hepatic
infarction is a rare occurrence following radiofrequency
ablation of hepatic tumor, due primarily to the dual
blood supply to the liver from the hepatic artery and
portal vein. However, when a Pringle maneuver is per-
formed with intraoperative radiofrequency, prolonged
ischemic changes to the liver can be observed.

A variety of other complications following
radiofrequency of hepatic tumors have been described,

including bowel perforation, diaphragmatic and car-
diac injury, and bleeding(20). Fortunately, these are all
rare occurrences.

RESULTS

The largest clinical series specifically aimed at the use of
percutaneous radiofrequency ablation for the treatment
of peripheral cholangiocarcinoma is reported by Chiou
et al. (21), who used ultrasound guidance to perform
radiofrequency ablation as the primary treatment of 10
patients with 10 peripheral cholangiocarcinomas. Using
contrast-enhanced CT to assess treatment results, the
authors reported complete necrosis in all tumors with
diameters of 3.0 cm or less and 67% complete necrosis
of tumor 3.1–5.0 cmdiameter (21). These results are sim-
ilar to those reported for hepatocellular carcinoma of
similar size treated with radiofrequency ablation (22).
In additional to the series reported by Chiou et al., sev-
eral case reports have documented the utility for treat-
ment of primary intrahepatic (23) as well as recurrent
cholangiocarcinoma (24, 25)with local control of tumor
following radiofrequency ablation of up to 24 months.

FUTURE DIRECTIONS

Minimally invasive thermal ablative therapies, includ-
ing radiofrequency ablation, are likely to become an
integral tool in the multidisciplinary management of
patients with hepatic tumors. The role of radiofre-
quency ablation in the management of peripheral
cholangiocarcinoma shows promise and in time may
emerge as a primary treatment modality for this disease.
Its role in the management of recurrent peripheral
cholangiocarcinoma requires further study, and the use
of radiofrequency ablation as a bridge to transplanta-
tion has yet to be determined.
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s described throughout this book,
cholangiocarcinoma and gallbladder
cancer can present with a multitude of
imaging properties. From an inter-

ventional radiology point of view, biliary malignancy
can be subdivided into two categories: lesions primar-
ily contained within the biliary tree or lesions with a
focal, mass-like, intrahepatic component. The lesions
that tend to spread superficially throughout the biliary
tree have a diffuse arterial supply and are generally not
treated with chemoembolization techniques; however,
the lesions with a mass-like intrahepatic component fre-
quently have a dominant arterial supply and can be
treated with intraarterial techniques. The overall goal
of chemoembolization is to place a high concentration
of chemotherapeutic agent directly into the arterial sup-
ply of the malignancy with reduced/minimal toxicity to
adjacent normal hepatic parenchyma. Using current
catheter technology and fluoroscopic techniques, the
hepatic arterial supply to specific liver segments can be
successfully cannulated. Accessing the arterial supply
of a lesion and introducing pharmaceuticals from this
proximity can result in significantly higher concentra-
tions of agent within the tumor and potentially reduced
systemic side effects when compared to similar intra-
venous therapies (1–3). Hence, there exists the poten-
tial to increase the therapeutic ratio.

The blood supply to the liver is from a combina-
tion of the portal vein and the hepatic artery. Normal

liver parenchyma is frequently perfused with a 3:1 ratio
of portal venous to hepatic arterial supply. Studies eval-
uating the perfusion to hepatocellular carcinoma indi-
cate a significantly higher proportion of hepatic arter-
ial supply over the portal venous supply (3). Although
comparative studies have not been performed with
cholangiocarcinoma, it is well known that the bile ducts
are an “end-organ” vascular supply of the hepatic arte-
rial system. Therefore, an arterial approach to treat bile
duct malignancy is within reason.

Chemoembolization is a technique designed to
help gain “local control” of the malignancy. In gen-
eral, chemoembolization slows or stops growth of a
focal liver lesion. In some cases, the lesion will
decrease in size over the initial months of therapy. In
rare cases, the lesion can shrink enough to allow sur-
gical resection. Obviously, the majority of cases do not
result in a “cure,” and the patient should be prepared
for and advised as such. A successful chemoem-
bolization would include a procedure that slows the
radiographic growth of the tumor, reduces current
clinical symptoms associated with the offending
lesion, or delays the onset of disease-related liver fail-
ure. Chemoembolization has been shown to increase
survival in prospective randomized studies in hepa-
tocellular carcinoma and shown to be of benefit in
other intrahepatic malignancies (neuroendocrine, col-
orectal, ocular melanoma, and other hepatic metas-
tases) (4–7).
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TECHNIQUES OF CHEMOEMBOLIZATION

Chemoembolization is a technique designed to deliver
a chemotherapeutic or cytotoxic agent to a malignant
lesion. The embolic component of the procedure ide-
ally reduces the perfusion to the lesion with the intent
of both decreasing washout of the chemotherapeutic
agent and limiting the overall metabolic activity of the
treated tissue. There are several chemotherapeutic
agents available to be delivered via the arterial route.
In general, cisplatin, adriamycin, and mitomycin C rep-
resent a three-drug combination frequently used to treat
malignancies within the liver. Additional medications
that have been infused arterially include fluorouracil,
irinotecan, and ibuprofen. Other agents have been
developed that carry a β-emitting isotope (yttrium-90)
directly to the tumor in order to selectively irradiate
intrahepatic malignancies. Embolic agents include an
iodinated oil emulsion, gel foam particles, and a vari-
ety of polymer compounds (polyvinyl alcohol, poly-
acrylamide copolymers, gelatin, and hydrogels). Newer
embolic agents have recently been under development
that allow a “sustained release” of the chemothera-
peutic agent (1, 3).

The procedure is relatively straightforward for
those experienced in the techniques (2, 3, 8). In short,
arterial access is generally obtained via the common
femoral artery. Seldinger technique is used to exchange
the arterial access needle for a 4-5 Fr steerable catheter.
The catheter is used to select both the superior mesen-
teric artery and the celiac axis. Digital subtraction arte-
riograms are obtained of both vessels to evaluate the vis-
ceral vascular supply and the patency of the portal vein.

Figure 13.1 demonstrates an arterial phase of a
diagnostic visceral arteriogram. In this patient, the left
hepatic artery originates from a separate origin and the
right lobe of the liver is supplied via a branch of the celiac
axis. A metallic stent maintains patency of the common
bile duct in this patient. The mass-like tumor is identi-
fied by the blush of contrast present within the liver. For
a more selective treatment, a microcatheter (Figure 13.2)
can be advanced into the distal branches of the right
hepatic artery to deliver the chemoembolic agents.

The vascular supply to the liver is extremely vari-
able, and care must be taken to avoid delivery of the
chemoembolic agent to adjacent stomach, small, or large
bowel. Once an adequate map of the visceral vascula-
ture has been obtained, segmental and subsegmental
evaluation of the hepatic arterial supply to the malignant
lesion can be obtained. Frequently, cholangiocarcinoma
is located within the hilum of the liver, and there is
hepatic arterial supply from both left and right hepatic
arterial branches. In rare cases a single hepatic arterial
supply to the lesion can be identified. In cases with mul-
tiple sources of hepatic arterial supply, the treatment is

frequently divided into multiple settings. For instance,
with a hilar tumor with several arterial feeding vessels,
the right lobe hepatic artery may supply the majority of
the lesion. In that case, the right lobe would be
chemoembolized, with a majority of the chemoembolic
material going to the tumor. However, as “collateral
damage” the normal right lobe hepatic parenchyma is
also somewhat affected. The left lobe has been left
untreated and will continue to provide standard hepatic
function. Four to 6 weeks later, the left half of the liver
will be treated; allowing the right to function as the nor-
mal hepatic reserve.

The indication for regional therapy of malignant
disease is predicated upon liver-dominant disease. In
patients with extrahepatic disease, chemoembolization
of liver lesions can be performed assuming the hepatic
component of the malignancy is the dominant source
of clinical symptoms. Chemoembolization is frequently
performed in patients with hepatocellular carcinoma,
metastases from neuroendocrine tumors, and ocular
melanoma. Additional hepatic metastases that have
been treated include primary cancers from the pancreas,
colon, lung, breast, bladder, and other soft tissue sar-
comas. The goal of regional therapy is to control the
clinical symptoms and slow the progression of disease.
Rarely is regional therapy performed in an attempt to
cure a malignant disease.

FIGURE 13.1

Digital subtraction arteriogram of a patient with a biopsy-
proven mass-like cholangiocarcinoma in the right lobe of
the liver. The catheter is positioned just distal to the origin
of the splenic artery in the common hepatic artery from the
celiac axis. The right hepatic artery supplies the tumor
(enhancing blush). The tumor is located lateral to the exist-
ing metallic biliary stent. Subtraction artifact outlines the
right renal pelvis and collecting system.

13BiliaryTract.qxd:02 Goshgarian  9/19/08  3:42 PM  Page 176



13 ∙ CHEMOEMBOLIZATION 177

The contraindications to chemoembolization can
be divided into categories. First, contraindications to
the chemotherapeutic agent must be considered. Cis-
platin therapy includes a risk of renal failure, and adri-
amycin includes a risk of cardiac toxicity. Con-
traindications to the visceral arteriogram include
iodinated contrast reactions, uncorrectable coagu-
lopathy, inability to lie flat for the interventional pro-
cedure and recovery period for the arterial puncture.
Contraindications for the delivery of chemotherapy to
the liver (at risk for going into liver failure) include sig-
nificantly elevated bilirubin, hepatic tumor burden
greater than 50%, hepatic encephalopathy or jaun-
dice, portal vein occlusion without hepatopedal col-
lateral flow, or focal obstruction of intrahepatic bil-
iary tree (risk of abscess/sepsis).

The complications associated with chemoem-
bolization include access site complications (>5%,
infection, bleeding, hematoma, arteriovenous fistula,
pseudoaneurysm), catheterization complications (>1%,
vascular intimal injury-dissection, disruption, throm-
bosis, distal emboli), and complications related to
hepatic artery embolization (>5%, liver failure, abscess,
liver infarction). A common side effect following the
procedure is postembolization syndrome: a self-limited
constellation of symptoms (low-grade fever, elevated
white count, abdominal pain, nausea, and occasionally
vomiting). Rarely, contrast-induced nephropathy, life-

threatening liver failure, and hepatic abscess formation
can result in hospital readmissions following the pro-
cedure. The most common reason for hospital read-
mission following chemoembolization appears to be
dehydration (secondary to nausea and vomiting) or
pain control. There is a reported 1–4% 30-day mor-
tality rate associated with the procedure, most evident
in the populations with decreased liver function at the
beginning of therapy (2, 3).

SPECIFIC OUTCOMES OF
CHEMOEMBOLIZATION FOR

CHOLANGIOCARCINOMA

Clinical outcomes of chemoembolization techniques in
cholangiocarcinoma are limited. In reviewing the pub-
lished English literature, only one peer-reviewed arti-
cle and a few conference abstracts specifically evaluate
chemoembolization in patients with cholangiocarci-
noma. Most articles and abstracts describe using
chemoembolization in patients that have already pro-
gressed following standard chemotherapeutic and sur-
gical options. In evaluating the chemoembolization
data, one must keep in mind that the median survival
of this group of patients with standard therapeutic
treatment options is only 6–12 months (9–11).

Burger et al. reviewed 17 individual cases of unre-
sectable intrahepatic cholangiocarcinoma treated with
chemoembolization (12). The median survival follow-
ing chemoembolization was 23 months. Two of the 17
patients were able to undergo successful resection of the
tumor following the chemoembolization procedure.
They reported two minor and one major complication
associated with the procedure (including one death attrib-
uted to progression of disease). They concluded that
chemoembolization “was effective at prolonging survival
of patients with unresectable cholangiocarcinoma.”

Similarly, Graf et al. reviewed another institution’s
experience with chemoembolization of cholangiocarci-
noma (13). They reviewed the case history of 19
patients with biopsy-proven cholangiocarcinoma (n =
13) or poorly differentiated adenocarcinoma (n = 6,
presumed cholangiocarcinoma). These patients were
treated with 42 chemoembolization procedures with
three-drug chemotherapy (cisplatin, adriamycin, and
mitomycin C) and embolization with iodinated oil
emulsion and polyvinyl alcohol polymer. They reported
1- and 2-year survival of 53 and 35%, respectively. By
imaging criteria, they reported stabilization or regres-
sion in 60% of patients. One third of patients remain
free from progression at 1 year. They reported two com-
plications (pulmonary edema and hepatic lobe infarct)
during their study. They concluded that “chemoem-
bolization provided stabilization or regression of intra-

FIGURE 13.2

A microcatheter has been advanced into a distal branch of
the right hepatic artery supplying the tumor. The chemoem-
bolic mixture was delivered from this point with low risk
of nontarget embolization to adjacent unaffected liver,
stomach, and small bowel.
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hepatic cholangiocarcinoma in 9/15 (60%) with 1/3
remaining free of progression at 1 year.”

A third institution reviewed results of yttrium-90
therapy applied to eight patients with advanced cholan-
giocarcinoma (14). A total of 11 doses of the radioactive
treatment were utilized in the treatment course. They
reported median survivals of 616 and 204 days for
patients with Eastern Cooperative Oncology Group
(ECOG) performance status scores of 0 and 1, respec-
tively. They also reported regression or stable disease
(based upon 90-day cross-sectional imaging) in 81.8% of
the treated liver segments. The most common side effects
were fatigue (63%) and transient abdominal pain (50%).
They also concluded that yttrium-90 brachytherapy is a
viable therapeutic option in patients who are “not can-
didates for resection or have failed chemotherapy.”

Similarly, Amesur et al. reviewed the use of
chemoembolization with a specific embolic agent in
patients with several types of hepatic malignancies (15).
Eleven of the 43 patients treated carried the diagnosis
of cholangiocarcinoma. They reported a 20–41%
reduction in the size of an index lesion in 9 of the 11
patients with cholangiocarcinoma (depending upon the
size of the embolic agent and frequency of the proce-
dure). This group also concluded that chemoemboliza-
tion can be safely performed.

Finally, Rilling et al. reviewed the clinical course
of 10 patients with unresectable intrahepatic cholan-
giocarcinoma (16). A total of 28 treatments were
deemed technically successful. Of 5 patients with an ele-
vated tumor marker (CA19-9), 4 showed clinical
response with decreasing serum tumor markers. Mean
survival time from the initial chemoembolization treat-
ment was 15.7 months. They also concluded that
chemoembolization is “feasible and safe” in patients
with intrahepatic cholangiocarcinoma.

Three cases of biopsy-proven cholangiocarcinoma
have been treated with chemoembolization at the Dot-
ter Interventional Institute. One patient survived 4
weeks following the treatment and had succumbed to
overall progression of disease. The two other patients
are still alive after the chemoembolization procedure.
One has magnetic resonance evidence of progression of
disease 3–4 months after treatment. The other patient
has undergone a multidisciplinary treatment involving
both chemoembolization and radiation therapy. This
patient is alive 16 months after chemoembolization
(and several rounds of radiation therapy) with cross-
sectional imaging indicating stable disease.

CONCLUSIONS

From the limited data available for review, one can con-
clude that chemoembolization is a safe procedure to

perform in patients with mass-like intrahepatic cholan-
giocarcinoma when the standard guidelines of
chemoembolization for hepatocellular carcinoma are
followed. There are small studies that show some ben-
efit of chemoembolization in cholangiocarcinoma,
including stable or decreasing tumor burden (based
upon imaging criteria or serum tumor markers) as well
as increased median survival (15–23 months). When
compared to median survivals of 6–12 months in
patients with standard therapeutic options, the
chemoembolization techniques show promise. How-
ever, small sample size and variability in treatment para-
meters make generalizations to broader populations
difficult. Chemoembolization with or without addi-
tional combined therapies remains a viable alternative
treatment in patients who are not resection/transplant
candidates and have failed first-line chemotherapy.
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holangiocarcinoma (CCA) is a cancer
arising from the bile duct epithelium.
CCA can be divided into extrahepatic
and intrahepatic types based on the

site of origin. Extrahepatic cholangiocarcinoma (EHC)
arises from the left or right hepatic duct or more dis-
tally. Intrahepatic cholangiocarcinoma (IHC) or periph-
eral cholangiocarcinoma is variably defined as arising
from the second or more distal branches of the intra-
hepatic bile ducts or involving the intrahepatic bile
ducts not extending into the hepatic hilum (1–3).
Although IHC and EHC are often indistinguishable his-
tologically, they are distinct from one another in pre-
sentation, prognostic factors, and growth characteris-
tics (4, 5). IHC typically presents with pain and an
intrahepatic mass lesion, whereas EHC presents with
jaundice (6). This reviewwill focus on the surgical treat-
ment of IHC.Wewill briefly discuss diagnosis and stag-
ing as it pertains to surgical management. We will then
discuss emerging surgical considerations for treatment
with a focus on technical aspects unique to surgical
management of IHC.

IHC is the second most common primary hepatic
malignancy representing 5–15% of all tumors (4, 7).
There is marked geographic variability in incidence,
being highest in areas of the Far East (8). This is most
likely related to a high incidence of known predispos-
ing conditions in these areas. These conditions include
parasitic infestation (e.g., Clonorchis sinensis and

Opisthorchis viverrini), hepatolithiasis, and chole-
dochal cyst (1, 9). Other predisposing conditions
include primary sclerosing cholangitis (PSC), Caroli’s
disease, and exposure to the contrast medium thoro-
trast (1, 6, 10). Chronic inflammation and/or injury to
the bile duct epithelium are common to all these con-
ditions. The most common predisposing condition
associated with CCA in the Western Hemisphere is
PSC, with a reported incidence of 6–11% in cohort
studies and as high as 36% in patients undergoing liver
transplantation (6, 11). The incidence of IHC in the
United States and the United Kingdom has been rising
more recently (8, 12). The incidence of IHC in the
United States increased from 0.13 per 100,000 in 1973
to 0.67 per 100,000 in 1997, an annual percentage
change of 9% (8). This may be related to improved
awareness and diagnosis using immunohistochemistry.
Another factor may be related to increased immigra-
tion from high prevalence regions of the world (8, 13).

Patients with IHC typically present with abdom-
inal pain, fever/chills, jaundice, or a mass lesion in the
liver on imaging studies performed for other reasons
(4). The differential would include benign liver lesions,
hepatocellular carcinoma (HCC), and metastatic dis-
ease. A history of cirrhosis or hepatitis is less likely in
IHC than in the typical patient with HCC. There are
no specific blood tests or tumor markers diagnostic for
CCA. However, a CA 19-9 level greater than 100 U/ml
has been used to predict malignancy in patients with
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PSC with a sensitivity of 75–89% and a specificity of
80–86% (14). When applied to patients without a his-
tory of PSC the sensitivity is 53–68% and specificity up
to 87% (15, 16).

Typical imaging includes ultrasound (US), com-
puted tomography (CT), and or magnetic resonance
imaging (MRI). There are no specific imaging features
on US to differentiate IHC from other solid benign or
malignant lesions. Triphasic CT scan can show some
features suggestive of IHC. The tumors typically show
hyperattenuation on delayed intravenous contrast
images because of interstitial uptake of contrast
medium in the tumor (17, 18). The percentage of tumor
volume showing delayed uptake has been shown to cor-
relate with increased fibrous stroma, perineural inva-
sion, andworse prognosis (19). Other features that may
suggest IHC include capsular retraction, dilation, and
thickening of intrahepatic ducts. Capsular retraction
is not specific to IHC and can be seen in a variety of
malignant liver tumors (20).

CT and MRI are generally complimentary to one
another. IHC is hypointense relative to the normal liver
on T1-weighted MRI images and hyperintense on T2-
weighted images. The T2 hyperintensity is frequently
seen centrally and corresponds to fibrosis (18, 21). Sim-
ilarly to CT scan, peripheral enhancement of the tumor
is seen frequently on delayed images.

Positron emission tomography (PET) scans have
shown improved sensitivity in identifying disease for a
variety of malignancies. A recent study by Petrowsky
and associates found that integrated PET/CT and CT
were comparable in identifying primary disease in 61
patients with biliary cancer. PET/CT was significantly
more accurate in identifying distant metastatic disease.
Unfortunately, neither PET/CT nor CT was accurate
in identifying locoregional nodal disease with sensitiv-
ity of 12 and 24%, respectively (22). The benefit of PET

scan in detecting distant disease has been limited in the
preoperative assessment of IHC, which tends to
progress locoregionally.

Several staging and classification systems are cur-
rently used for IHC. The American Joint Committee on
Cancer (AJCC/ International Union Against Cancer
(UICC) TNM classification (Table 14.1) system is
widely used (23). The system was developed primarily
for hepatocellular cancer (HCC) but is applied to IHC
as well.

The Liver Cancer Study Group of Japan (LCSGJ)
has developed a classification system for IHC specifi-
cally based on macroscopic appearance (Figure 14.1):
mass forming (MF), periductal infiltrating (PI), and
intraductal growth (IG) (7). Tumors can show more
than one macroscopic appearance and are then
described with the predominant type followed by the
lesser type separated by a “+” (i.e., mass forming +
periductal infiltrating). The macroscopic appearance of
the disease reflects tumor cells with different biologic
behaviors. This biologic difference can be seen in the 1-
year overall survival (OS) of patients with IHC. MF
lesions have an 80% 1-year OS, PI tumors a 69% 1-
year OS, and MF + PI a 39% 1-year OS (p = 0.0072)
(24).

MF tumors are the most common, particularly in
Western series. They are localized rounded tumors with
distinct borders in noncirrhotic liver parenchyma. PI
tumors are diffusely infiltrating along the bile duct and
can involve the periductal connective tissue or adjacent
liver parenchyma. On imaging they typically show
peripheral biliary ductal dilatation with a small more
central mass. PI tumors can present similarly to a
Klatskin’s tumor, but the former is usually found at a
higher stage and is associated with a larger mass as the
tumor grows from the liver parenchyma into the hilum
of the liver. IG tumors show intraductal papillary

FIGURE 14.1

Macroscopic types of intrahepatic cholangiocarcinoma.
(a) Mass-forming tumors are localized rounded tumors
with distinct borders in noncirrhotic liver parenchyma.
(b) Periductal infiltrating tumors along the bile duct can
involve the periductal connective tissue or adjacent liver
parenchyma. (c) Intraductal growth tumors associated
with superficial mucosal spread and or tumor thrombus.
(d) Mass-forming and periductal infiltrating tumors.
(From Ref. 29.)
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growth associated with superficial mucosal spread and
or tumor thrombus. On imaging typically marked bil-
iary dilatation is seen. Precise delineation of the area
of involvement is often difficult secondary to mucin
production obscuring the primary tumor and the super-
ficial mucosal spread that cannot be visualized. IG
tumors are pathologically seen as papillary adenocar-
cinoma or well-differentiated tubular carcinomas.
These tumors have less frequent vascular, lymphatic, or
perineural invasion and hence better overall prognosis
than theMF or PI types. In addition, PI tumors are asso-
ciated with hepatolithiasis and thus more commonly
found in Eastern series (25).

As mentioned previously, the AJCC TNM stage
system is based on data from HCC. The criteria also
include microscopic findings that cannot be applied
preoperatively to staging.With these issues in mind, the
LCSGJ developed a TNM staging specifically for IHC
(Table 14.2). The survival curve based on this system

in 136 patients with MF type IHC is shown in Figure
14.2 (26).

TREATMENT

General Surgical Considerations

In the following section we will discuss emerging sur-
gical considerations for IHC. These will include the role
of staging laparoscopy, portal vein embolization (PVE),
and lymphadenectomy in surgical resection. In addi-
tion, extended hepatic resection with or without vas-
cular resection and the role of orthotopic liver resection
(OLT) will be addressed. Finally, we will discuss surgi-
cal and nonsurgical palliation.

Curative resection offers the best chance at long-
term survival. Whereas palliation with surgical bypass
was once the preferred surgical procedure even for
resectable disease, aggressive surgical resection is now
the standard. In addition, the surgical bypass for palli-
ation in unresectable cases has now largely been replaced

TABLE 14.1
AJCC/UICC TNM Classification for Liver Cancer

PRIMARY TUMOR (T)

TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
T1 Solitary tumor without vascular invasion
T2 Solitary tumor with vascular invasion or multi-

ple tumors none <5 cm
T3 Multiple tumors <5 cm or involving a major

branch of the portal or hepatic vein
T4 Tumor with direct invasion of adjacent organ

other than gallbladder or perforation of visceral
peritoneum

REGIONAL LYMPH NODES (N)

NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Regional lymph node metastasis

DISTANT METASTASIS (M)

MX Distant metastasis cannot be assessed
M0 No distant metastasis
M1 Distant metastasis

STAGE GROUPING

Stage I T1 N0 M0
Stage II T2 N0 M0
Stage IIIA T3 N0 M0
Stage IIIB T4 N0 M0
Stage IIIC Any T N1 M0
Stage IV Any T any N M1

TABLE 14.2
Liver Cancer Study Group of Japan Staging

Classification Factors

1. Solitary tumor
2. Tumor 2 cm or less
3. No invasion of portal vein, hepatic vein, or serous
membrane

TUMOR STAGE (T)

T1Meets all three factors
T2Meets two of three factors
T3Meets one of three factors
T4Meets none of the three factors

LYMPH NODES (N)

N0 No regional lymph node metastasis
N1 Regional lymph node metastasis

METASTASIS (M)

M0 No distant metastasis
M1 Distant metastasis

STAGING SYSTEM

Stage I T1 N0 M0
Stage II T2 N0 M0
Stage III T3 N0 M0
Stage IVA T4 N0 M0

or any T N1 M0
Stage IVB Any T Any N M1
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by biliary endoprosthesis. Table 14.3 shows the largest
reported series in the literature examining outcomewith
hepatectomy for IHC. The 5-year OS is 23–40% for
resected patients (1–3, 27–36). The OS for an R0 resec-
tion is 36–63% at 5 years (2, 3, 34). The postoperative
mortality rate is 0–8% in large series (2, 3, 27, 29, 30,
32, 35–37). The resection rate for patients explored for
curative intent is 50–87% (5, 29, 30, 33, 35).

The series described in the literature are all rela-
tively small, making conclusions difficult regarding
prognostic factors. In series with multivariate analysis,
the most frequently sited significant negative prognos-
tic factors are the following: positive margin, satellite
lesions, lymph nodemetastasis, lymphatic invasion, and
vascular invasion (1–3, 27, 29–33, 35, 36, 38). Of these
prognostic factors, lymphatic and microvascular inva-

sion cannot be readily determined preoperatively and
do not improve patient selection for resection. Lymph
node metastasis can also be difficult to determine pre-
operatively and will be discussed in a separate section.

Morimoto et al. found a positive surgical margin
had a relative risk (RR) of death of 2.7 on multivari-
ate analysis (p = 0.02) and a 3-year OS of 12% versus
56% when the margin was negative (2). Casavilla et
al. found a median OS of 7 months when the resection
margin was positive versus 38 months with a negative
margin (p = >0.0001) and resection margin was a sig-
nificant negative factor on multivariate analysis (39).
Lang et al. found a median OS of 46 months for a
microscopically negative margin versus 5 months for a
microscopically positive (R1) margin (p = <0.004) (40).

Satellite lesions are identifiable preoperatively and
appear to be a particularly poor prognostic factor. Oht-
suka et al. performed multivariate analysis on 36
patients with MF tumors undergoing resection and
found that satellite lesions increased the relative risk
of dying by a factor of 3.9 (p = 0.03). This risk was
exceeded only by a CA 19-9 level greater than 10,000
units/L in predicting death following resection (29).
Suzuki et al. examined 19 patients withMF tumor type
undergoing resection and found that satellite lesions
had the greatest impact on survival with a RR of dying
11.3 times greater than without satellite lesions with no
3-year survivors in this group (33). Uenishi et al. exam-
ined 28 patients with IHC undergoing resection and
found a 1-year OS of 14% when satellite lesions were
present (38). Shimada et al. examined 49 patients with
IHC undergoing resection and found the presence of

FIGURE 14.2

Survival by LCSGJ staging system. (From Ref. 26.)

TABLE 14.3
Outcomes After Resection for Intrahepatic Cholangiocarcinoma

POSTOPERATIVEMEDIAN MEDIAN 5-YR
MORTALITY SURVIVAL SURVIVAL 1-YR 3-YR 5-YR OS

STUDY YEAR PATIENTS (%) (MOS) R0 (MOS) OS (%) OS (%) OS (%) R0(%)

Jan et al. 1996 41 0 12 22 54 37 26 44
Casavilla et al. 1997 34 38 60 37 31 45
Chu et al. 1999 48 16 60 30 22
Valverde et al. 1999 30 3 28 86 22
Weimann et al. 2000 95 5 18 64 31 21
Inoue et al. 2000 52 18 63 36 36 55
Shimada et al. 2001 49 4 26 66
Okabayashi et al. 2001 60 5 20 21 68 35 29 39
Ohtsuka et al. 2002 48 8 26 62 38 23
Weber et al. 2001 33 3 46 83 55 31
Morimoto et al. 2003 49 4 68 44 32 41
Nakagawa 2005 46 6 66 38 26
Miwa et al. 2006 41 0 79 36 29 36
DeOliveira et al. 2007 44 4 28 80 4 63

R0, microscopically negative resection; OS, overall survival.
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satellite lesions a significant factor with a RR 3.7 times
greater of dying and no survival beyond 3 years in this
group (31). Okabayashi et al. reported on 60 patients
with MF IHC undergoing hepatic resection. Satellite
lesions were a significant predictor of decreased sur-
vival with a RR of 4.6 for death and no 3-year survivors
in the group identified preoperatively (32). Nakagawa
et al. examined 28 patients undergoing resection for
IHC and found a RR of dying 2.2 times for satellite
lesions and no 3-year survivors (35). Given the exist-
ing literature we believe that the presence of multiple
tumors (satellite lesions) would seem at least a relative
contraindication to surgery.

The resection of IHC follows the basic principles
of anatomic liver resection for malignant neoplasm and
is described in detail elsewhere (41). The understand-
ing of hepatic anatomy started in 1654 with Glisson’s
description of the liver capsule. This was followed by
Cantilie’s description of the division of the liver into
functional halves in 1897. Finally, Couinaud defined
the segmental anatomy of the liver in 1957 (42) (Fig-
ure 14.3). The anatomic division of the liver into right
and left halves is based on Cantilie’s line, which is an
imaginary line that extends from the gallbladder fossa
to the left of the vena cava. Anatomically this is defined
by the middle hepatic vein. Each half of the liver is then
divided into four other segments based on the venous
drainage, portal venous inflow, and arterial inflow, for
a total of eight segments. A thorough understanding of
the hepatic segmental anatomy increases the safety of
liver resection, and anatomic resection has been shown
to result in increased survival (43). The remainder of
this section will deal with several issues of resection spe-
cific to IHC and its clinicopathologic characteristics.

Staging Laparoscopy

Despite negative radiologic evaluation preoperatively,
the rate of patients found to be unresectable at laparo-
tomy remains high at 14–38% in several recent series
(29, 30, 35, 37). Because of the relatively high rate of
unresectability and the fact that survival of patients
with incomplete resection is the same as for patients
palliated conservatively, diagnostic laparoscopy has
been used by several institutions as part of the staging
of IHC. Washburn and associates performed diagnos-
tic laparoscopy on 46 patients with potentially
respectable biliary cancer. Five of 46 (11%) were found
to have unresectable disease on laparoscopy. Another
six patients were found on laparotomy to have unre-
sectable disease for an overall sensitivity of 45% for
laparoscopy (44). Weber and associates have adopted
a policy of diagnostic laparoscopy as a routine assess-
ment for IHC based on identifying that 27% of their
patients deemed potentially respectable were found

unresectable at laparoscopy for a sensitivity of 55%
(30). Goere and associates found that 36% of their
patients with IHC had unresectable disease on
laparoscopy, with a sensitivity of 67% (45). The
patients with unresectable disease that laparoscopy
missed were patients with vascular invasion andmetas-
tasis to distant lymph nodes. Intraoperative ultrasound
could increase the sensitivity in some of these patients
by identifying vascular invasion.

Portal Vein Embolization

Postoperative liver failure is a known complication of
extended hepatectomy. Portal vein embolization (PVE)
is designed to increase the proposed functional liver
remnant (FLR) prior to hepatectomy, thereby decreas-
ing the risk of postoperative liver failure. PVE was first
described byMakuuchi et al. in 1982 for the treatment
of hilar cholangiocarcinoma (46). Subsequently the
technique has been applied to a variety of malignan-
cies primary and metastatic (47).

The indication for PVE varies from Eastern and
Western reported series. The indication also varies with
the patients underlying liver function. Many Far East-
ern series consider PVE when the expected FLR is less
than 40% for healthy liver tissue (47–49). ManyWest-
ern authors believe that 25–30% FLR is the minimum
for safe hepatic resection (50–52). For patients with
mild liver dysfunction and a FLR of less than 50%, PVE
should be considered (47) . The liver dysfunction can
be related to cirrhosis, steatosis, or heavy chemother-
apy pretreatment. Because of the risk for liver failure,
patients with obstructive jaundice should undergo bil-
iary decompression prior to PVE. The presence of
cholestatic liver dysfunction may retard the degree of
expected liver regeneration following resection. Ideally

FIGURE 14.3

Segmental liver anatomy as described by Couinaud and
Bismuth. Renz, J.F. et al. Am J Transplant 2003, 3:1323-
1335
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PVE is performed when the bilirubin is less than 5
mg/dL. Radical surgery would typically be performed
3–4 weeks later when the FLR has hypertrophied and
the bilirubin is less than 2 mg/dl (53).

Nagino and associates described 240 consecutive
patients with biliary tract cancer undergoing PVE prior
to extended hepatectomy. Twenty percent of patients
had progressive disease following PVE and were not
offered resection. The perioperative mortality in the
patients with CCA was 4.5%, and this was similar to a
contemporary cohort undergoing hepatectomy for CCA
without PVE at 3.7%. The FLR increased significantly
from 33 to 43%. The 3- and 5-year OS rates in the
patients with CCA were 41.7 and 26.8%, respectively
(49). Abdalla et al. examined 42 patients undergoing
extended hepatectomy for hepatobiliary malignancies.
PVE was performed at the discretion of the surgeon
when the FLR was determined to be les than 25%. The
patients who did not undergo PVEwere predominantly
in the early study period and were younger with excel-
lent performance status. Eighteen patients underwent
PVE, and 24 did not. Median increase in FLR was 8%,
increasing the median FLR from 18 to 26% in patients
undergoing PVE. ThemedianOSwas similar in the PVE
group and the non-PVE group at 40 and 52 months (p
= 0.70) (50). PVE has shown efficacy in increasing FLR
in patients with hepatobiliary malignancies. With the
addition of PVE, the median OS after resection in
patients with a preoperatively determined postresection
FLR of less than 25% are comparable to patients on

adequate preoperative FLR. The use of PVE can offer
resection to those patients with a FLR that might pre-
clude resection and facilitate aggressive resection.

Lymph Node Dissection

The traditional nodal drainage pathway via the hepa-
toduodenal ligament for IHC has been described (54).
More recent studies have shown that the drainage path-
way can include transit via the lesser omentum to the
lesser curve of the stomach and even up to the pericar-
dial region of the stomach, particularly when the lesion
is located within the left lobe of the liver (31, 54).

The LCSGJ has defined the nodal drainage for pri-
mary liver cancer and is shown in Figure 14.4 (7). The
nodes are grouped as primary, secondary, and tertiary
drainage and differ for right and left lesions. Okami et
al. performed systematic lymphadenectomy to include
the hepatoduodenal ligament (right pathway) and the
cardiac portion of the stomach and along the lesser
curve of the stomach (left pathway) in 13 consecutive
patients with left lobe IHC. The “right” and “left”
nodal drainage pathways are shown in Figure 14.4.
Lymph nodes were examined by standard H&E as well
as molecular-based analysis by RT-PCR. Eight of 13
patients were node positive by H&E or RT-PCR. An
additional two patients who were initially identified as
negative by H&E were subsequently found to be pos-
itive by RT-PCR. Positive nodes were identified in the
right pathway in 38% of patients with H&E and 50%

FIGURE 14.4

“Right” and “left” nodal drainage pathways. Nozaki, Y et al. Cancer 1998, 83:1923-1929
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with RT-PCR. Positive nodes were found in the left
pathway in 31% of patients by H&E and 58% by RT-
PCR. Two of the eight patients with positive nodes had
disease only in the left-side pathway (55). Thus, in this
study the distribution of positive lymph nodes was
equally distributed between the traditional right-side
pathway via the hepatoduodenal ligament and the left-
side pathway via the lesser omentum.

The rate of positive lymph nodes foundwhen rou-
tine radical lymphadenectomy is performed is 31–59%
(2, 29, 31, 35, 38, 56, 57).Most series that includemul-
tivariate analysis show positive lymph nodes as a sig-
nificant poor predictor of survival (2, 3, 5, 31, 32, 34,
36, 37). A few long-term survivors following curative
resection with positive lymph nodes have been reported
(2, 29, 32, 33, 35). However, many studies have shown
no long-term survival with positive lymph nodes despite
curative resection and systematic lymph node dissection
(31, 32, 37, 54, 58). Nakagawa et al. performed exten-
sive lymphadenectomies including hepatoduodenal lig-
ament, posterior pancreatic, celiac nodes and lesser
curve of stomach, gastric and cardia nodes for left-sided
lesions in 28 patients with IHC. Positive lymph nodes
in this series were not significant on multivariate analy-
sis, and the 3-year OS for patients with no positive
nodes, one to two positive nodes, and three or more
nodes was 62, 50, and 0%, respectively (35). However,
Okabayashi et al. found no 5-year survivors with pos-
itive lymph nodes in their series of 60 patients under-
going curative resection (32). Morimoto et al. reported
that among 51 patients undergoing curative resection,
only one of 16 patients with positive lymph nodes was
alive at 5 years, and this patient had an IG tumor with
favorable prognosis (2). Shimada et al. compared the
survival of 41 patients undergoing systematic lymph
node dissection with 8 patients who did not and found

no difference in survival. Specifically, no patient with
positive lymph nodes survived to 3 years (31).

Given the frequency of nodal metastasis and the
poor survival of these patients, it would be advanta-
geous to identify those patients before subjecting them
to extensive resections. Sentinel lymph node biopsy has
been studied in an animal model and appears to be safe
and effective when injected into the liver parenchyma
(59). Lymphatic mapping of the liver has also been
shown to safe and effective in patients with colorectal
metastasis (60). Sentinel lymph node mapping may be
more efficacious in IHC than colorectal metastasis
because of the greater incidence of nodal metastasis
in IHC.

There is no consensus on the need for or extent
of lymph node dissection in IHC. Given the overall
poor outcome for patients with lymph node–positive
disease, the appropriateness of extensive surgery in
node-positive patients or the need for lymph node dis-
section as a standard treatment for IHC is questionable
at the present time.

Extended Resection

Because of their intrahepatic location, IHCs typically
reach a large size prior to presentation and as such often
invade contiguous structures or require extended hepa-
tectomy (40). Roayaie et al. performed hepatic resec-
tion on 16 patients with IHC, and 88% had tumors
within 1.5 cm of the vena cava (61). Extended hepate-
ctomy is defined as resection of greater than 4 Couin-
aud segments and is required for curative resection in
7–54% of IHCs in large series (1, 2, 29, 30, 32, 37).
Extended resection of contiguous vascular structures
and or extrahepatic ducts in conjunction with hepate-
ctomy is not uncommon. Extrahepatic bile duct resec-

TABLE 14.4
Incidence of Extended Resection in Hepatectomy for Intrahepatic Cholangiocarcinoma

EXTENDED
TOTAL RESECTIONS 1-YR 3-YR 5-YR MEDIAN POSTOPERATIVE

AUTHOR YEAR RESECTIONS N (%) OS (%) OS (%) OS (%) OS (MOS) MORTALITY (%)

Casavilla et al. 1997 34 15 (44) 60 37 31 6
Chu et al. 1997 39 8 (21) 57 24 16 12
Roayaie et al. 1998 16 11 (69) 86 64 21 43 12
Yamamoto 1999 83 27 (33) 23 2
Valverde et al. 1999 30 16 (53) 86 22 28 3
Inoue et al. 2000 52 23 (44) 63 36 36 18
Weber 2001 33 15 (45) 83 55 31 37 3
Ohtsuka et al. 2002 48 26 (54) 62 38 23 25 8
Morimoto et al. 2003 51 15 (29) 68 44 32 4
Lang et al. 2005 27 27 (100) 69 55 6

OS, overall survival.
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tion was combined with hepatic resection in 27–74%
of some large series (2, 29, 30, 33, 35, 37, 40). Vascu-
lar resection of the portal vein or IVC was included in
4–37% of these same series. Table 14.4 shows the inci-
dence of extended resection reported in several large
series and Table 14.5 the incidence of combined vas-
cular resection and hepatectomy.

Lang et al. examined 50 patients with locally
advanced IHC undergoing surgical exploration. These
patients were determined by preoperative evaluation to
require extended hepatectomy. A total of 27 (54%)
patients underwent attempted curative resection; 16
(59%) of these resections required hepatectomy com-
bined with vascular resection, diaphragmatic resection,
o, extrahepatic biliary tract resection. The periopera-
tive mortality of the entire group was 6%. The post-
operative morbidity was 45% in the standard resection
group and 56% in the combined resection group. A R0
resection was accomplished in 56% of the extended
resection group and 64% of the standard resection
group. The median OS after an R0 resection was 46
months for the entire group with a 3-year OS of 82%.
The median survival in the R1 group was 5 months
compared to 7months in the explored only group (40).

Yamamoto and associates examined 83 patients
with IHC undergoing resection. Fifty-six patients
underwent a standard hepatectomy with or without
extrahepatic bile duct resection. These were compared
to 27 patients undergoing extended hepatectomy or
standard hepatectomy combined with vascular resec-
tion and/or pancreatectomy. Perioperative mortality in
the extended surgery group was significantly higher at
7% compared to the standard resection with 0% mor-
tality (p = 0.04). The 1-year OS was also significantly
lower in the extended resection group at 22% com-
pared to 61% in the standard group (p = 0.001). The
difference in survival may be related to a significantly

higher rate of local recurrence and disseminated peri-
toneal recurrence. However, long-term survival was
seen in patients undergoing extended surgery, with 3 of
27 patients surviving greater than 5 years. Two of the
three patients had MF tumors and 1 an IG tumor. No
patient with PI or MF + PI tumors had long-term sur-
vival (57). Weber and associates performed hepatic
resection in 33 patients with IHC. Forty-six percent of
patients required extended hepatectomy, and an equal
number required resection of the extrahepatic biliary
tree. In the total patient group vascular invasion was
the only factor significantly associated with poor out-
come (p = 0.0007). The median OS with vascular inva-
sion was 15months compared to 61months when vas-
cular invasion was absent (30).

Many series examining combined vascular resec-
tion and hepatectomy combine hilar and intrahepatic
cholangiocarcinoma. Despite this limitation, these
series provide the best available evaluation of the role
of extended resections in IHC. Hemming et al.
described 22 patients who underwent combined hepatic
resection and resection of the inferior vena cava (IVC).
The patients had a variety of primary and metastatic

TABLE 14.5
Incidence of Vascular Resection Combined with Hepatectomy in Intrahepatic Cholangiocarcinoma

VASCULAR
TOTAL RESECTIONS 1-YR 3-YR 5-YR MEDIAN POSTOPERATIVE

AUTHOR YEAR RESECTIONS N (%) OS (%) OS (%) OS (%) OS (MOS) MORTALITY (%)

Nakagawa et al. 2005 46 4 (9) 66 38 26 21 6
Chu et al. 1997 39 57 24 16 12
Roayaie et al. 1998 16 2 (13) 86 64 21 43 12
Yamamoto 1999 83 21 (25) 23 2
Valverde et al. 1999 30 2 (7) 86 22 28 3
Inoue et al. 2000 52 63 36 36 18
Ohtsuka et al. 2002 48 12 (25) 62 38 23 25 8
Morimoto et al. 2003 51 2 (4) 68 44 32 4
Lang et al. 2005 27 11 (41) 69 55 6

OS, overall survival.

FIGURE 14.5

LCSGJ lymph node groups for right and left lobe tumors.
Group 1: first order of lymph node drainage; Group 2: sec-
ond order of lymph node drainage; Group 3: tertiary order
of lymph node drainage. (From Ref. 31.)
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liver tumors, of which five were CCA. The majority of
patients were able to be approached in the standard lat-
eral to medial approach to mobilizing the liver and
exposing the IVC. In seven patients an anterior
approach to the IVC was used. A variety of caval
clamping techniques were utilized depending on the
portion of the IVC involved with tumor (Figure 14.6).
Perioperative mortality was 9%. An R0 resection was
performed in 91% of cases. Actuarial 1-, 3-, and 5-year
OS was 85, 60, and 33%, respectively (62). Madariaga
et al. have published a series of combined hepatectomy
with IVC resection in nine patients. Three of the nine
patients had CCA. There was one perioperative death;
the second patient survived for 10months and the third
was still alive at 43 months. They concluded that
selected patients with advanced tumor stages can poten-
tially benefit from aggressive surgical resection includ-
ing cava resection. Warm ischemia time should be kept
within 60–90 minutes, and veno-venous bypass should
be available for patients that do not tolerate complete
hepatic vascular exclusion (63).

Several series have described the outcome after
combined vascular resection and hepatectomy for
patients with hilar CCA. Centrally located IHCs can
often present in a very similar manner to hilar CCA.
Nimura et al. examined 142 patients undergoing resec-
tion for hilar CCA. Ninety-nine patients had a standard
resection, and 43 patients had a standard resection com-
bined with a vascular resection. The survival at 3 and 5
years was significantly worse for the patients with a por-
tal vein resection at 18 and 6% compared to standard
resection at 37 and 27% respectively (p = <0.0001). The
survival of the patients with portal vein resection was
still significantly better than patients with no resection
(p < 0.003) (64). Miyazaki et al. examined 161 patients

who underwent resection for hilar CCA. Forty-three
patients underwent combined hepatectomy and vascu-
lar resection. In this study, patients undergoing portal
vein resection had similar operative morbidity andmor-
tality to patients not undergoing vascular resection.
However, patients undergoing hepatic artery resection
had a significantly higher postoperative mortality rate
than patients not undergoing vascular resection (p <
0.01). OS at 1, 3, and 5 years was significantly worse for
patients undergoing portal vein resection than thosewith
no vascular resection (p < 0.001). Five-year OS for por-
tal vein resectionwas 16% compared to 30% in patients
not undergoing vascular resection. Survival for hepatic
artery resectionwas particularly bad, with no 3-year sur-
vivors and only 11% alive at 1 year (65).

The above studies are all relatively small and so
specific conclusions about the appropriateness of
extended resections in IHC are difficult. What seems to
be most important to any resection is the need to obtain
a microscopically negative margin (R0 resection).
Patients with IHC and an incomplete resection seem
to fare as poorly as patients without resection.
Extended hepatectomy can be completed with accept-
able morbidity and mortality, and survival appears
comparable to standard hepatectomy if an R0 resection
is obtained. Regarding combining extrahepatic resec-
tion with hepatectomy, long-term survival appears pos-
sible in a small number of patients, but overall survival
of this population is significantly worse than for
patients with less extensive disease.

Orthotopic Liver Transplantation

Because of the large size and central location of most
IHCs, many patients are locally advanced and unre-

FIGURE 14.6

(a) Infrahepatic IVC occlusion. (b) Partial IVC occlusion. (c) Total vascular isolation of the liver. (From Ref. 62.)
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sectable at presentation. OLT has been proposed as a
potential option for curative resection. Many of the
transplantation series combine IHC and hilar CCA as
a single entity. Because these initial attempts were made
in patients with advanced disease the rates of recurrent
malignancy were high. The Cincinnati Transplant
Tumor Registry collected data from transplant centers
worldwide and identified 207 patients with CCA who
received liver transplant. Twenty-one percent were
found incidentally. There was a postoperative mortal-
ity rate of 10%. Median time to recurrence was 9.7
months. Interestingly, 47% of recurrences occurred in
the transplanted liver. There was also no difference in
recurrence rates between patients with known CCA
and those found incidentally. The OS at 1, 2, and 5
years were 72, 48, and 23%, respectively. They con-
clude that long-term survival was possible in a small
number of patients but there were no identifiable vari-
ables to predict these patients preoperatively (66). Sim-
ilarly, Ghali and colleagues identified 10 patients in
Canada who were found to have CCA incidentally. No
patient had greater than stage II disease, and none had
nodal metastasis. CCA recurred in 8 of 10 patients,
with a median time to recurrence of 26 months and a
3-year OS of 30% (67). Based on these findings CCA
has been considered a contraindication to liver trans-
plantation in Canada. The authors also noted that the
median time to recurrence was longer than most stud-
ies but probably reflected a lead time bias of the early
stage, and the overall survival at 3 years was still poor.
The Spanish experience with transplantation for both
hilar and IHC was reviewed. A total of 59 patients (36
hilar and 23 peripheral) underwent OLT. The 1-, 3-,
and 5-year OS in the IHC patients were 77, 65, and
42%, respectively. This survival was better than most
previous reports, but the authors recognized that the
survival was still below OLT survival rates for nonma-
lignant indications, and with a limited amount of
organs the indication could be questioned (68).

Based on the high recurrence rate after transplan-
tation, treatment programs incorporating neoadjuvant
chemoradiation prior to transplantation for hilar CCA
were developed. These studies have been limited to hilar
CCA because of the ability to deliver brachytherapy
directly to the tumor in the bile duct. The Mayo Clinic
transplant division developed a protocol utilizing exter-
nal beam radiation therapy (EBRT) plus bolus 5-FU,
followed by brachytherapy plus infusional 5-FU and
subsequent OLT in patients with hilar CCA. Inclusion
criteria required no evidence of nodal metastasis, intra-
hepatic metastasis or distant disease. Two to 6 weeks
following the transcatheter brachytherapy, patients
underwent an exploratory laparotomy to evaluate for
extrahepatic disease. The patients staged on laparo-
tomy had to be stage II or less to be placed on the

United Network for Organ Sharing (UNOS) list and
subsequently transplanted. Seventy-one patients pre-
senting with CCAwere eligible for the study and under-
went radiation. Thirty-eight patients were able to
undergo transplant (54%). No residual tumor was seen
in 16 of 38 patients in the explanted livers. One-, 3-,
and 5-year recurrence rates were 0, 5, and 12%, respec-
tively, with a mean time to recurrence of 40months. OS
at 1, 3, and 5 years were 92, 82, and 82%, respectively.
The author’s conclude that neoadjuvant therapy fol-
lowed by OLT appears to have greater efficacy than
resection for selected patients (69, 70). The University
of Nebraska utilized a similar protocol with a higher
dose of brachytherapy eliminating EBRT. Continuous
5-FU is started at the time of brachytherapy and con-
tinued until transplant. Seventeen patients were
enrolled in the trial, 11 of whom completed the
brachytherapy and went on to transplantation with-
out progressive disease. The median OS of the trans-
planted patients was 25 months. Five patients (45%)
were alive and without recurrence at 2.8–14.5 years
posttransplant (10).

These studies have shown that despite removing
the liver completely and performing OLT, a large num-
ber of patients will recur, with half of this recurrence
within the new liver. There appears to be an improve-
ment in recurrence prevention with the addition of
neoadjuvant chemoradiation in early-stage hilar CCA.
The survival in the Mayo Clinic series approaches that
seen with OLT for nonmalignant indications. Even with
these improvements, the majority of patients present-
ing with IHC will have advanced disease and not be
considered a candidate for current protocols. Perhaps
a better understanding of risk factors for recurrence
could lead to broader applicability and the use of liv-
ing related transplant could temper the ethical decision
of using the limited resource of cadaveric livers in this
population. The protocols from the Mayo Clinic and
University of Nebraska have also raised the question of
applying neoadjuvant chemoradiation to standard
hepatic resection. However, because of previous poor
results, transplantation for hilar CCA remains con-
traindicated outside a research protocol.

Palliative Procedures

The role of surgical palliation for biliary obstruction has
decreased with the improvement in endobiliary pros-
thesis. Many centers question the need for decompres-
sion in asymptomatic patients. Because surgical bypass
has not been demonstrated superior to stenting, pallia-
tion is accomplished conservatively when possible. Bil-
iary obstruction is much less common with IHC when
compared to hilar CCA and typically occurs as a late
event as the tumor encroaches on the hilum from the

14BiliaryTract.qxd:02 Goshgarian  9/19/08  3:44 PM  Page 190



14 ∙ SURGICAL MANAGEMENT OF INTRAHEPATIC BILIARY TRACT CANCER 191

liver parenchyma or by extrinsic compression from
bulky adenopathy. In addition, the survival after pallia-
tive surgery for IHChas been dismal, with 2- to 6-month
median survival in surgical series (5, 28, 29, 36). Jan et
al. examined 373 patients with IHC undergoing surgi-
cal procedures; 186 of these patients underwent nonre-
sectional surgical procedures with a postoperative mor-
tality of 11% and a median OS of 4 months (1).

When surgical bypass is necessary, the most com-
mon procedures employ a segment III or a right sectoral
(segment IV) hepatic duct bypass. In most instances, a
unilateral bypass may be performed as results appear
to be satisfactory even when there is no communication
between right and left biliary systems (71). Therefore
the segment III bypass is typically employed, as it is
technically easier and the location of the duct more con-
sistent (72).

There are two main techniques for bypassing to
segment III. The first was described by Longmire in
1948 and is shown in Figure 14.7 (73). This has been
since modified to include preoperative placement of a
catheter in the distal left bile duct to facilitate identifi-
cation and isolation of the duct as described by
Cameron et al. (74). The second technique was first
described by Soupault and Couinaud, where the duct
is accessed at the umbilical ligament in order to preserve
the hepatic parenchyma and is depicted in Figure 14.8
(75). The umbilical ligament exposure of the segment
III duct is most common and is exposed by making a
hepatotomy to the left of the umbilical fissure at its
base. A 3-cm section of duct is exposed and a 1- to 2-
cm incision is made in the duct and a Roux-en-Y loop
hepaticojejunostomy is performed (72, 76).

The right sectoral hepatic bypass is begun by expos-
ing the right portal pedicle by performing hepatotomies
at the base of the gallbladder fossa and the caudate
process. The overlying hepatic parenchyma is divided
with exposure of the sectoral branches. The anterior sec-
toral branch is typically used. A Roux-en-Y hepaticoje-

junostomy is then performed to the anterior sectoral
branch (72, 76). Suzuki et al. reported on 15 patients
undergoing intrahepatic cholangiojejunostomy for unre-
sectable biliary tumors; two of these had IHC (72). There
were no postoperative deaths, and themorbidity ratewas
13%. ThemedianOSwas 9months; 13.5months in the
IHC group. The rate of recurrent cholangitis was 44%
in patients survivingmore than 6months, and thesewere
treated with percutaneous transhepatic biliary drainage.
Jarnagin et al. examined 55 patients undergoing intra-
hepatic biliary-enteric bypass; 20 patientswith IHC (76).
The postoperative mortality was 11% and morbidity
45%. The median OS of the patients with CCA was 52
weeks. Readmission was required in 47% of patients;
35% for recurrent cholangitis.

Biliary obstruction can often be palliated by per-
cutaneous transhepatic cholangiography (PTHC) or
endoscopic placement of an endobiliary prosthesis.

FIGURE 14.7

Longmire bypass to segment III. Lau, WY Journal of the Hong Kong medical association 1987, 39(1):11-17.

FIGURE 14.8

Exposure of segment III bile duct at base of umbilical lig-
ament for anastomosis. (From Ref. 72.)
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When this fails or is not possible, surgical bypass can
be considered. This can have durable patency and effec-
tive palliation, but not without significant morbidity
and mortality associated. In addition, recurrent biliary
sepsis can be seen in 35–44% of patients.

ADJUVANT THERAPY

There are no trials comparing adjuvant chemotherapy,
radiation, or chemoradiation versus resection only. The
surgical series that include patients receiving adjuvant
therapy do not delineate the indications, and the regi-
mens are variable. The University of Pittsburgh group
found no difference in survival between patients receiv-
ing adjuvant therapy with a median OS of 7.2 months
versus 18.3 months median survival for those not
receiving adjuvant therapy (39). The John Hopkins
University group found no significant difference in sur-
vival between patients receiving adjuvant therapy and
those who did not. There was no difference in the over-
all group undergoing resection or when the subgroups
of patients who had R0 or R1/R2 resections were ana-
lyzed separately (3).

Jan et al. examined 373 patients with IHC who
underwent a variety of both curative and palliative pro-
cedures in which chemotherapy with 5-FU–based reg-
imens and external beam radiation therapy (EBRT)
were given for positive margin or recurrence. They
showed a significant improvement in OSwith a median
survival of 11 months in patients receiving chemother-
apy and 5 months in the group not receiving
chemotherapy (p = 0.0001). The lack of chemotherapy
remained a significant factor on multivariate analysis
(1). The OS of the patients not receiving chemother-
apy in this study is not representative of patients under-
going curative resection in other studies, and so the
applicability of these findings to the adjuvant setting is
questionable. Roayaie et al. reported on 26 patients
with IHC undergoing exploration, 16 of whom under-
went attempted curative resection. Patients with posi-
tive margins received 5-FU–based chemotherapy and
EBRT. The five patients with positive margins all
recurred intrahepatically, but the median DFS in this
group was 18 months compared to 31 months in the
negative margin group. The median OS of the margin
positive group was 43 months compared to 7 months
for the unresected group. There was no difference in OS
for patients receiving chemotherapy and radiation com-
pared to those who did not (61). The authors suggested
that the lack of difference in survival between those
receiving chemotherapy and radiation and those who
did not implied a benefit to adjuvant therapy.

Currently there is no level 1 evidence to support
postsurgical adjuvant therapy (77–79). More recently

combination therapy, including addition of cisplatin,
epirubicin, and or gemcitabine to standard 5-FU regi-
mens, has been used in unresectable cases, and response
rates up to 40% have been achieved (80–82). Unfortu-
nately, median survival is still approximately 9 months
with chemotherapy (83). This has been increased in
some series up to 13.3 months when radiation is com-
bined with hepatic intra-arterial chemotherapy, with
the suggestion that improved survival is directly corre-
lated to increasing doses of EBRT (83, 84). The
improved response of combination chemotherapy and
possibly the use of intensity-modulated radiation ther-
apy, allowing increased dose tolerance, will offer oppor-
tunities for further trials.

CONCLUSIONS

The surgical management of IHC remains complex.
Resection often requires extended surgery to include
extended hepatectomy, resection of the bile duct, and/or
vascular resection. The morbidity and mortality is sig-
nificantly increased with extended resection. However,
long-term survival is possible if a microscopically neg-
ative resection can be performed. Currently the role of
lymphadenectomy in resection of IHC is of question-
able benefit. There have been intriguing results in using
neoadjuvant chemoradiation in patients with cholan-
giocarcinoma undergoing transplantation. The role of
neoadjuvant chemoradiation in resection of IHCwould
be an area for future exploration.
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ile duct cancer is a rare clinical entity
with an incidence of 2000– 3000 new
cases per year (1). The most common
type of bile duct cancer is cholangio-

carcinoma which arises from the epithelial lining of the
biliary tree. In general, it can be subdivided into 4 sub-
categories according to the origin of the tumor in the
billiary tree (2). These are intrahepatic cholangiocar-
cinoma, gallbladder carcinoma, hilar cholangiocarci-
noma, and periampullary (distal) cholangiocarcinoma.
In this chapter we will focus on the surgical technique
for the treatment of hilar cholangiocarcinoma.

Prognosis of untreated hilar cholangiocarcinoma
(HC) is poor, with the median survival of 6–12months,
with a 1- and 2-year survival rate of 15 and 0%, respec-
tively (3–5). Aggressive surgical resection remains the
only chance for long-term survival (6–9). Resectability
of HC depends, in part, on the tumor’s anatomic loca-
tion, extent of involvement, and stage. However, HC
often presents with advanced disease, precluding cura-
tive surgical intervention. Less than 30% of patients
with HC are suitable candidates for surgical resection
(8, 10, 11). Surgical resection for HC, however, is highly
complex and often involves major biliary tract recon-
struction with or without hepatic resection (more than
two segments). Perioperative complications are not
uncommon; therefore, an understanding of the patho-
logic and anatomic characteristics of the tumor preop-
eratively is paramount. Treating HC with chemother-

apy or radiation therapy alone has had limited success
in prolonging survival (12, 13). In combination, these
treatment modalities may palliate pain and improve bil-
iary decompression (14, 15). Multimodality therapy
following a curative resection may improve local con-
trol (16). The role of combination chemoradiatherapy
followed by liver transplantation (Mayo Clinic proto-
col) for a highly selected group of patients with HC has
shown some promising results and should be validated
prospectively (17).

PATHOLOGIC CHARACTERISTICS

Subtype of HC and Mode of Spread

SclerosingHC (70%) is the most common subtype (18).
These tumors spread both longitudinally and radially.
Cholangiography usually underestimates the longitu-
dinal extent of tumor spread both proximally and dis-
tally (Figure 15.1). Sclerosing HC also spreads directly
through the wall of the bile duct into adjacent struc-
tures (19).

Desmoplastic reaction, a characteristic of scleros-
ing HC, frequently causes adherence of the primary
tumor to adjacent hilar structures. The hepatic artery
and portal veins are at risk of tumor encasement and
invasion (Figure 15.2A). Therefore, any fibrosis near the
hilus must be treated as malignancy, unless histopatho-

195

Surgical Management
of Extrahepatic Biliary
Tract Cancer

Swee H. Teh
Susan L. Orloff

15

B

15BiliaryTract.qxd:02 Goshgarian  9/23/08  3:41 PM  Page 195



III ∙ THERAPEUTIC APPROACHES196

logic examination confirms otherwise. Hepatic
parenchyma involvement can occur either by direct
tumor invasion into hepatic segment IVb or by longitu-
dinal spread along the bile ducts directly into the cau-
date lobe biliary pedicle (Figure 15.3). The nodular and
papillary HC subtype tends to growth intraluminally
with late radial extension (20). Current imaging modal-
ities including ultrasound, helical computed tomogra-
phy (CT) scan, magnetic resonance cholangiopancre-
atography (MRCP), or endoscopic ultrasound (EUS) can
underestimate the extensiveness of local disease.

Staging (TNM)

It is imperative to perform a complete staging by imag-
ing studies to rule out distance or regional disease that
may preclude patients from amajor resection. The cur-
rent TNM staging system (Table 15.1) for HC is sub-
optimal (21). This is based on histopathologic criteria,
which can only be used accurately following resection,
and its application preoperatively is limited.

Atrophy–Hypertrophy Complex

Hepatic lobar atrophy can be the result of reduced
lobar inflow secondary to ipsilateral lobar portal vein
occlusion or thrombosis and less commonly the
involvement of the hepatic artery. This often results in
the contralateral hepatic lobar hypertrophy (Figures

FIGURE 15.1

This patient’s endoscopic retrograde cholangiopancreatog-
raphy (ERCP) showed what appeared to be a potentially
resectable cholangiocarcinoma with findings consistent
with a stricture in the common hepatic duct at the hilum
near the bifurcation of the left and right ducts. On explo-
ration of this patient the tumor extended both proximally
into the right duct and distally toward the pancreas. The
tumor was of the sclerosing type and wasmuchmore exten-
sive than the ERCP had portrayed. The patient had a gas-
trohepatic node positive for tumor in addition to a separate
lesion in the left intrahepatic ductal system, rendering him
unresectable.

FIGURE 15.2

(A) This patient’s MRI/MRA shows encasement and nar-
rowing of the right portal vein (long arrow); left and main
portal veins are patent. RPV, right portal vein. (B) Atrophy
of the right lobe of the liver (arrows) secondary to central
cholangiocarcinoma involving the central right hepatic duct
and extending to the ductal confluence. There is relative
hypertrophy of the left lobe of the liver due to the long-
standing right-sided biliary and vascular obstruction. GB,
gallbladder.
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15.2B and 15.4). This may be an indication of a more
advanced disease andmay therefore translate into unre-
sectability or need for major vascular reconstruction
during the resection. Chronic lobar biliary obstruction
can also result in lobar atrophy but typically with less
contralateral hepatic lobar hypertrophy. This atro-
phy–hypertrophy complex can be seen on CT or mag-
netic resonance imaging (MRI).

ANATOMIC CHARACTERISTICS

Cholangiographic Extension

The Bismuth-Corlette classification (Table 15.2)
allows cholangiographic assessment of the longitudi-
nal extension of tumor along the bile duct and pro-
vides vital information of the status of proximal bile
duct involvement (2). Any involvement of bile duct
proximal to lobar biliary pedicle dictates the need for
hepatic resection. This extension is best visualized via
percutaneous transhepatic cholangiography (PTC)
(Figure 15.5). Endoscopic retrograde cholangiography
(ERC) may not provide adequate visualization in the
patient with a more proximal tumor. In order to best
delineate the extent of biliary tract involvement with
tumor, it is often most helpful to perform both a PTC
and and ERC.

Vascular Involvement

Prior to the sophisticated current imaging techniques,
such as CT angiogram with dual phase liver or
MRI/magnetic resonance angiography (MRA), the
gold standard for assessing vascular involvement by the

FIGURE 15.3

Patient with unresectable cholangiocarcinoma. Contrast-
enhanced CT scan demonstrates diffuse ductal dilatation
involving the intrahepatic ducts. In this specific image,
there is thickening of the left hepatic duct (LHD, long
arrow) due to tumor which extends from the common
hepatic duct into the hilum and extends into the left hepatic
duct greater than the right. There is extension of the tumor
into segment IV and to a small degree into the caudate lobe
(short arrow).

TABLE 15.1
TNM Staging for Hilar Cholangiocarcinoma

TNM DEFINITION

Primary tumor (T)
TX: Primary tumor cannot be assessed
T0: No evidence of primary tumor
Tis: Carcinoma in situ
T1: Tumor confined to the bile duct histologically
T2: Tumor invades beyond the wall of the bile duct
T3: Tumor invades the liver, gallbladder, pancreas,

and/or unilateral branches of the portal vein
(right or left) or hepatic artery (right or left)

T4: Tumor invades any of the following: main por-
tal vein or its branches bilaterally, common
hepatic artery, or other adjacent structures,
such as the colon, stomach, duodenum, or
abdominal wall

Regional lymph nodes (N)
NX: Regional lymph nodes cannot be assessed
N0: No regional lymph node metastasis
N1: Regional lymph node metastasis (hilar, chole-

cystic, pericholedochal nodes)
N2: Regional lymph node metastasis ( peripancre-

atic, periduodenal, periportal, celiac, and supe-
rior mesenteric nodes)

Distant metastasis (M)
MX: Distant metastasis cannot be assessed
M0: No distant metastasis
M1: Distant metastasis

AJCC STAGE GROUPINGS

Stage 0
Tis, N0, M0

Stage IA
T1, N0, M0

Stage IB
T2, N0, M0

Stage IIA
T3, N0, M0

Stage IIB
T1, N1, M0
T2, N1, M0
T3, N1, M0

Stage III
T4, any N, M0

Stage IV
Any T, any N, M1

Source: Ref. 21.
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tumor, which would include encasement and/or throm-
bosis, was a visceral angiogram. The CT angiogram
allows better spatial resolution, as well as smaller-cal-
iber vessel visualization, than does the MRI/MRA. In
addition, CT imaging is less sensitive to small move-
ments from the patient (requires less breath holding),
hence it is easier to obtain a clear and optimal exam.
The choice of CT angiogram versus MRI/MRA
depends somewhat upon the individual center’s sophis-
tication with each of these imaging techniques as well
as the staff radiologists’ abilitity to accurately interpret
the studies.

SURGERY

The goal of the operation is to achieve an R0 resection
while preserving an adequate hepatic remnant with
intact inflow (hepatic artery and portal vein) and out-
flow (hepatic vein) and restoration of enterohepatic cir-
culation. The current contraindications for biliary and
hepatic resection for HC are as shown in Table 15.3.

Essential Components of Resection for HC

1. Cholecystectomy
2. Resection of extrahepatic bile duct from the hilus

to the pancreas
3. Regional lymphadenectomy (hilar, cystic, peri-

coledochal, portal, hepatic artery, and posterior
pancreaticoduodenal lymph nodes)

4. Hepatic lobar resection (only Bismuth-Corlette
Type I, and potentially Type II, do not require
hepatic resection)

5. Caudate lobe resection (required inBismuth-Corlette
Type III and if grossly involved in Type I and II)

6. Roux-en-Y hepaticojejunostomy
7. ±Vascular resection/reconstruction

Preoperative Planning

Disease Factors

Once the diagnosis is made and regional and distant
metastasis has been ruled out, the surgeon needs to con-
ceptualize the extent of the disease and therefore the
extent of the resection. This is based on preoperative
pathologic and anatomic characteristics of the tumor
mentioned above. If extended hepatic resection is
required to achieve an R0 resection, one may consider

FIGURE 15.4

Axial magnetic resonance cholangiopancreatography
images of a patient with hilar cholangiocarcinoma. The bile
ducts appear white. The left liver is shrunken; its medial
extent is indicated by the white arrows. The bile ducts in
the left liver are dilated and crowded (white arrowheads),
with little interposed liver tissue. The tumor is indicated
by the black arrow. (From Ref. 8.)

FIGURE 15.5

Cholangiogram of a patient with cholangiocarcinoma. RA
denotes the right anterior ductal system, RP the right pos-
terior ductal system, L the left ductal system, and G the gall-
bladder. The broad, open arrow points to part of the duct
that is narrowed by the tumor; the broad solid arrow to the
track of the percutaneous needle used to inject contrast
material; the arrowhead to the cystic duct; the curved arrow
to the common hepatic duct.
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preoperative portal vein embolization if the planned
hepatic remnant is deemed to be less than 25–30% of
the total liver volume (29).

Patient Factors

Resection with curative intent for HC often means a
major operation with significant perioperative mortal-
ity rate ranging from 5 to 17% and morbidity rate of
30–76% (6–11). Therefore, only patients with The
Eastern Cooperative Oncology Group (ECOG) per-
formance status of 0, 1, or 2 are candidates for surgery.
Many people would say only 0 and 1 patients are can-
didates for major hepatectomy. Patients with perfor-
mance status less than 50% of normal and who have
significant medical comorbidities should not be con-
sidered for resection.

Billiary Stenting

Almost all HC patients present with obstructive jaun-
dice. Patients with a bilirubin level of 10–20 mg/dl
or above inevitably have underlying hepatic dysfunc-

tion and are at significant risk of infection either
directly related to the biliary tract or from distant
sources. The coagulation profile is often abnormally
elevated. We advocate preoperative decompression of
the biliary tree to improve the cholestatic environment
(22–24). This may reverse the hepatic dysfunction and
improve postoperative hepatic regeneration and func-
tion. If portal vein embolization is considered, the
planned hepatic remnant may be further augmented
when the cholestasis is decreased by drainage with a
biliary stent. Preoperative biliary stenting has been
shown to increase the risk of postoperative infection,
and therefore, preoperative broad-spectrum antibi-
otics are indicated (25).Overall, preoperative drainage
may reduce the incidence of postoperative hyper-
bilirubinemia and hepatic insufficiency in patients who
require extended hepatic resection. The use of a Wall
stent for decompression is not advised, as this type of
metal stent is indicated only in patients who are
deemed unresectable. Of note, preoperative biliary
instrumentation may cause enlarged reactive peripor-
tal lymph nodes that mimic metastatic disease. There-
fore, complete cross-sectional imaging is recom-
mended to evaluate the potential resectability before
any biliary instrumentation.

TABLE 15.2
The Bismuth-Corlette Classification

Type I: Tumors below the confluence of left and right
hepatic duct
Type II: Tumors at the confluence of the hepatic ducts
Type IIIa: Tumors at the confluence and extends into
the right hepatic duct
Type IIIb: Tumors at the confluence and extends into
the left hepatic duct
Type IV: Tumors at the confluence and extends to the
right and left hepatic ducts or multicentric

TABLE 15.3
Contraindications for Resection for Hilar

Cholangiocarcinoma

A. Advanced hilar disease
1. Bile duct

a. Bilateral extension of tumor into segmental
bile ducts (cannot get R0 resection)

b. Unilateral lobar hepatic bile duct tumor
extension with contralateral lobar hepatic
artery or lobar portal vein invasion.

c. Unilateral lobar hepatic bile duct tumor
extension with contralateral lobar atrophy

2. Portal vein
a. Tumor invasions proximal to PV bifurcation
b. Tumor extension to bilateral secondary portal

vein branches
3. Hepatic artery

a. Tumor extension to bilateral secondary
hepatic artery branches

B. Inadequate remnant liver volume
1. Less than 30% of the whole liver volume

(despite PV embolization)
2. Hepatic cirrhosis

C. Metastasis
1. Regional lymph node disease (N2)
2. Peritoneal disease
3. Distance metastasis
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OPERATIVE TECHNIQUE

Laparoscopy

The first goal of the operation conduct is to assess
resectability. Despite modern imaging modalities, only
about 30–50% of patients submitted to surgery for
curative intent have tumor that is resectable with neg-
ative margins (8). Fifteen to 25% of patients may have
unrecognized peritoneal and regional (N2) disease. The
remainder may have advanced hilar disease that pre-
cludes resection. Routine and systemic diagnostic
laparoscopic exploration for peritoneal and regional
lymph nodes (N2) may avoid unnecessary laparotomy.
However, advanced hepatic hilar disease cannot be
accurately accessed via laparoscopy.

Laparotomy

Exposure, Mobilization, and Assessment

A bilateral subcostal incision (chevron) allows wide
exposure. If liver resection is included in the operation,

a midline extension should be performed in most cases
to facilitate control of the inferior vena cava–hepatic
vein junction. All the congenital perihepatic adhesions,
which include flaciform ligament, ligamentum teres,
coronary ligament, triangular ligaments, and the gas-
trohepatic ligament, are divided (if liver resection is not
planned, the coronary ligament and triangular liga-
ments do not have to be taken down.) This is followed
by assessment of the hepatic hilus (m). The goals are
to assess the ductal extension into the contralateral bile
duct pedicle and vascular involvement. This is achieved
by having full control of the portal hepatis by incising
the pars flaccida and gaining access into the foramen of
Winslow. The primary HC is then palpated at the con-
fluence of the bile ducts and traced toward the left and
right hepatic ducts. This tactile information will pro-
vide the surgeon with a sense of tumor extension. The
hilar plate is lowered by incising the fibrofatty tissue
at the base of segment 4. This allows access to the left
bile duct and is a critical move for assessment of tumor
extension (8). Sclerosing HC is often associated with
periportal fibrosis and ductal thickening; therefore, in

FIGURE 15.6

(A) Dissection to expose structures at the hilus of the liver. The ligamentum teres is elevated, and the liver is turned upward.
Dissection at the base of the quadrate lobe (scissors) lowers the hilar plate. The bridge of the liver tissue connecting seg-
ments III and IV is still intact (arrows). The common bile duct is divided immediately above the duodenum, and its lower
end has been separated from the underlying portal vein and hepatic artery and elevated together with associated connec-
tive tissue and lymph nodes. (B) The bridge of liver tissue at the base of the umbilical fissure has been divided (arrows).
This is readily accomplished by dividing it with diathermy. The gallbladder has been mobilized together with the common
bile duct. The biliary confluence and left hepatic duct together with the tumor have been lowered from beneath the quadrate
lobe, which is facilitated by lowering the hilar plate.
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this type of tumor, one may underestimate the actual
proximal extent of tumor. However, if the patient has
had longstanding obstruction and or cholangitis, the
hilum can be very fibrotic due to the inflammatory reac-
tion, rather than tumor involvement. It is therefore crit-
ical to perform intraoperative biopsies of the suspicious
tissue for histologic evaluation in order to appropriately
assess resectability. In addition, the left hepatic duct is
longer, more extrahepatic, and has more angulation
compared to the right hepatic duct, leading to a more
challenging assessment of the right ductal extension.
The hilar plate is lowered to assess the ductal extension
(Figure 15.6A). Excising the bridge of liver tissue
between segments III and IVa will allow better expo-
sure of the base of the umbilical fissure and, therefore,
the left hepatic pedicles (Figure 15.6B). The gallblad-
der is taken down, still allowing the cystic duct to
remain attached to the common hepatic duct. Mobi-
lization of the ductal system allows identification of the
hepatic artery and portal vein, which then allows
assessment of tumor involvement (Figure 15.7). Lack
of vascular involvement by the tumor allows biliary and
hepatic resection to proceed as appropriate.

In selected cases, vascular reconstruction may be
indicated only if there is no regional disease (N2),
because proven nodal involvement may preclude poten-
tially curative resection. Reconstruction of portal vein
almost always requires autologous venous graft despite
full mobilization of the main portal vein. Reconstruc-
tion of the left portal vein can sometimes be done with
primary end-to-end anastomosis due to the angulation
and the extrahepatic length of the left portal vein. Once
the tumor is deemed resectable, the retrohepatic infe-
rior vena cava is mobilized off of the posterior aspect
of the liver to the degree that is needed to obtain ade-
quate resection margins of the tumor, and the respec-
tive hepatic veins are dissected and controlled (this is
not needed unless parenchymal resection is required to
encompass the tumor).

Dissection of Bile Duct, Hepatic Artery,
and Portal Vein

Kocherization of the duodenum is performed in order
to obtain the posterior pancreaticoduodenal lymph
node as part of the regional lymphadenectomy. The
most distal bile duct is then transected, and negative
distal bile margin is confirmed on frozen section. The
dissection of porta hepatis lymph nodes should be left
intact with the bile duct. Therefore, dissection is per-
formed close to the adventitia of the hepatic artery and
portal vein. Ideally, one starts on the anterior wall of
these vascular structures and works circumferentially.
If vascular encasement of tumor is suspected, frozen
sections of the fibrous tissue surrounding the vascula-
ture should be sent to for histologic evaluation to deter-
mine the degree (or not) of tumor involvement. The
lobar bile duct above the tumor draining the planned
hepatic remnant is then transected, leaving behind ade-
quate length for hepaticojejunostomy. A negative prox-
imal bile duct margin must be confirmed by frozen sec-
tion histology. The vascular inflow and outflow to and
from the hepatic lobe to be removed is then divided.
The respective hepatic artery should be doubly ligated
with suture. The respective portal vein and hepatic
vein(s) can be ligated and divided and then oversewn
with prolene-type vascular suture. Use of the endo-GI
vascular load stapler is another very effective way to
ligate and divide the appropriate portal vein and
hepatic vein branch(es) (tributary(ies)).

Hepatic Parenchyma Transection

The hepatic parenchyma is then transected by the pre-
ferred method of the surgeon. Each method has its
advantages and disadvantages. Regardless, bile ducts
or blood vessels more than 2–3 mm in size should be
ligated with suture, clips, staple device, or suture. Of

FIGURE 15.7

The entire extrahepatic biliary apparatus is elevated together
with associated portal connective tissue and nodes to allow
dissection anterior to the bifurcation of the portal vein and
elevation of the tumor, which is now completely mobilized.
The hepatic artery and portal vein are skeletonized.
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note, en bloc hepatic lobar and caudate resection
should be performed in many HCs to achieve adequate
tumor clearance. This form of hepatic resection
addresses the longitudinal extension of HC along the
intrahepatic ducts and radially into the hepatic
parenchyma and, therefore, increases the ability to
achieve a tumor-free margin (3, 5, 6, 11, 20). If intra-
operatively there is a suspicion for gross tumor involve-
ment at the hepatic transection margin, the transection
plan should be extended to achieve an R0 resection.
The margin of resection should never risk damage to
the major hepatic vasculature. In addtion, the inflow
and outflow vascular structures to the remnant liver
must be carefully protected.

Reconstruction

A 60-cm (±20 cm) Roux-en-Y limb is then brought up
to the portal hepatis to allow a tension-free hepatico-
jejunostomy to restore enterohepatic circulation (Fig-
ure 15.8).

OUTCOMES

The overall perioperative morbidity rate ranges from
30 to 60%, and the mortality rate ranges from 5 to
17% (6–11, 26–28). Major morbidities include hyper-
bilirubinemia, bleeding, bile leaks, anastomosis break-
down, infection, and hepatic insufficiency. As the oper-
ative technique has evolved, incorporating vascular
resection into the surgical management of HC is becom-
ing more prevalent. Overall, approximately 50% of
patients who are deemed intraoperatively to have
tumor infiltration into the vasculature have histologic
evidence of tumor invasion beyond the adventitia. In
selected patients and centers, portal vein resection alone
seems to offer a survival benefit when the tumor
involves the portal vein, without increasing operative
risk (9). In contrast, there is no survival benefit in
patients who have undergone hepatic artery resection
(26). In the face of a significantly higher adverse peri-
operative outcome, the practice of hepatic artery resec-
tion in the management of HC is, therefore, currently
unjustified.

The independent prognostic factors for long-term
survival include resection with negative margins (R0)
and an early pathologic stage by histologic evaluation
(6–11). The recent trend of advocating a more aggres-
sive surgical intervention that incorporates partial
hepatic resection has increased the number of patients
with negative surgical margins. This has been translated
into a parallel increase in the 5-year survival rate to
approximately 25–50% (7, 11, 26). Adjuvant chemora-
diatherapy may improve local control. However, the

disease recurrence is not uncommon despite an R0
resection. Approximately, one third of patients will
have the local tumor recurrence and two thirds will
have distance recurrence. The next major improvement
in survival in patients with HC is not likely to be
derived from advancements through more aggressive
and sophisticated surgical techniques. Rather, research
in this area should be focused on chemoprevention and
early disease detection in patients who are at risk. The
development of next-generation adjuvant chemoradio-
therapy will be paramount in improving the outcomes
of patients with hilar cholangiocarcinoma.
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n the United States, gallbladder cancer
is a relatively rare disease, with an
incidence of 1.2 cases per 100,000,
and 2418 new cases reported to the

National Cancer Data Base in 2004 (1). It is estimated
that approximately 4600 new cases will be diagnosed
in 2007, with over 1600 deaths (2). However, it is the
most common of the biliary tract cancers, and the sixth
most common gastrointestinal tumor. Approximately
1–2% of all gallbladder specimens contain carcinoma
(3). Within the U.S. population, Hispanics, Native
Americans, and Asian-Pacific Islanders experience sig-
nificantly higher rates of gallbladder cancer compared
to Caucasians (3). Worldwide, the highest rates of gall-
bladder cancer occur in the Native American popula-
tions of North, Central, and South America. The next
highest rates are found in Eastern European countries,
northern India, and Japan (4). Incidence peaks at age
50–60 years. Unlike other biliary cancers, women are
affected two to three times more often than men (3).

ETIOLOGY

Personal history of gallstone disease is the most com-
mon risk factor for development of gallbladder cancer
and is present in 75–92% of cases (4). The epidemio-
logic patterns described for gallbladder cancer directly
mirror the incidence of cholelithiasis worldwide.

Patients with large stones (>3 cm) are at 10 times the
risk of cancer development than those with small stones
(<1 cm). Obesity and multiparity, known risk factors
for cholelithiasis, are also strongly associated with gall-
bladder cancer. In Japan, where males and females are
affected at similar rates, many cases of gallbladder can-
cer are associated with anomalous pancreaticobiliary
junction, which leads to reflux of pancreatic enzymes
into the biliary tree and gallbladder with subsequent
inflammation (4). Gallbladder cancer is also associated
with chronic cholecystitis, porcelain gallbladder, as
diagnosed by plain film (cancer rates of 10–25%), and
chronic infection with Salmonella typhi and Heli-
cobacter pylori (4). Other associated conditions may
include cholecystoenteric fistulas, exposure to chemi-
cal carcinogens, inflammatory bowel disease, andMir-
rizi syndrome (4).

PATHOLOGY

The gallbladder wall is composed of five histologic lay-
ers: (a) mucosa composed of tall columnar epithelium,
(b) lamina propria, (c) muscle layer with loosely orga-
nized longitudinal and circular fibers, (d) subserosa
containing connective tissue, nerves, and lymphatics,
and (e) serosa, except where the gallbladder is embed-
ded in the liver. Mucus is normally secreted only by
tubuloalveolar glands in the infundibulum and neck of
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the gland. Adenocarcinoma represents 90% of all gall-
bladder malignancies. Histologically, these are divided
into papillary and tubular subtypes, based upon the
pattern of growth. Papillary tumors tend to grow intra-
luminally and spread intraductally, with a somewhat
more favorable prognosis. Both types contain mucin-
producing, signet-ring cells (5). Most cases of gall-
bladder cancer arise from areas of metaplasia, which
is seen in about 50%of chronic cholecystitis specimens.
Pathologic specimens of cancer typically contain areas
of metaplasia in an intestinal or gastric pattern, dys-
plasia, and carcinoma-in-situ in addition to invasive
carcinoma, suggesting a stepwise progression to malig-
nancy, which is estimated to occur over 10 years after
the development of dysplasia. Approximately 3% of
gallbladder adenocarcinomas arise from large adeno-
mas that undergo malignant transformation (6).Muta-
tions and abnormal expression of multiple genes,
including tumor suppressor gene p53, cell cycle regu-
lator cyclin E, apoptosis regulator Bcl-2, and ras onco-
genes, have all been associated with the development of
gallbladder cancer (5).

In general, gallbladder cancers are aggressive and
tend to spread locally and via the lymphatics early in
the disease process. Invasion of liver segments IVb and
V occurs by direct extension; metastases to all liver
lobes can occur via draining veins. In the lymphatic sys-
tem, tumor cells typically spread first via the hepato-
duodenal ligament to the cystic, pericholedochal, and
hilar nodes (7). Second echelon nodes include retropan-
creatic nodes (right-sided drainage), celiac nodes (left-
sided drainage), and superior mesenteric nodes (central
drainage via the mesentery) (8).Tumor cells often
metastasize first to peritoneal surfaces; the most com-
mon site of extra-abdominal metastasis is the lung.

Adenosquamous/squamous cell carcinoma of the
gallbladder accounts for 1–10% of cases of gallbladder
cancer. Compared to adenocarcinoma, this tumor is
associated with more direct liver invasion and less
lymph node metastasis, but is similar in terms of prog-
nosis and treatment (9). Primary gallbladder carcinoid
is very rare, representing 1% of carcinoid tumors, and
can be difficult to distinguish from adenocarcinoma his-
tologically (10). The most commonmetastatic lesion to
the gallbladder (50–60% of cases) is malignant
melanoma.While less than 5%ofmalignant melanoma
patients present with symptomatic gallbladder disease,
15% have gallbladder involvement at autopsy (11).

STAGING

The AJCC staging system is utilized for gallbladder car-
cinoma. The T stage is based upon depth of invasion.
The staging system was last updated in 2002 and

reflected changes based upon disease resectability, omit-
ting depth of liver invasion to distinguish T3 from T4
tumors (Table 16.1).

CLINICAL PRESENTATION
AND EVALUATION

Gallbladder cancer is typically diagnosed in one of two
scenarios, as demonstrated by a bimodal pattern of pre-
senting stage (Table 16.2). Most cancers are diagnosed
either incidentally, during routine pathologic examina-
tion of gallbladders removed for benign indications, or
in advanced stages, after more troubling symptoms

TABLE 16.1
American Joint Commission on Cancer Staging

System for Gallbladder Carcinoma

PRIMARY TUMOR (T)

TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma in situ
T1a Tumor invades lamina propria
T1b Tumor invades muscle layer
T2 Tumor invades perimuscular connective tissue
T3 Tumor perforates serosa and/or directly invades

the liver and/or one other adjacent organ or
structure

T4 Tumor invades main portal vein or hepatic
artery or invades multiple extrahepatic organs or
structures

REGIONAL LYMPH NODES (N)

NX Lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Regional lymph node metastasis

DISTANT METASTASIS (M)

MX Distant metastasis cannot be assessed
M0 No distant metastasis
M1 Distant metastasis

STAGES

Stage 0 Tis N0 M0
Stage IA T1 N0 M0
Stage IB T2 N0 M0
Stage IIA T3 N0 M0
Stage IIB T1–T3 N1 M0
Stage III T4 Any N M0
Stage IV Any T Any N M1

Source: Adapted from Ref. 16.
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have appeared. Less than 10% of gallbladder cancers
are diagnosed prior to an operative intervention. In the
early stages of gallbladder cancer, symptoms mimic
those of cholecystitis and include right upper quadrant
pain, nausea, vomiting, and anorexia. In advanced
stages, jaundice and weight loss may also occur, and
physical exam may reveal a palpable distended gall-
bladder with hepatomegaly.

To date, no laboratory studies have been found
to consistently correlate with the presence of gallblad-
der carcinoma. Liver function tests may reveal an
obstructive pattern (elevated bilirubin and alkaline
phosphatase) when the tumor mass interferes with nor-
mal biliary drainage. In one study analyzing blood sam-
ples from patients with known gallbladder cancer, car-
bohydrate antigen 19-9 (CA 19-9) >20 units/ml was
found to have a sensitivity and specificity of 79% in dis-
tinguishing carcinoma from benign gallbladder disease.
Carcinoembryonic antigen (CEA) >4 ng/ml yielded a
sensitivity of 50% and specificity of 93% in the same
study. Utilization of CA 19-9 and CEA in combination
did not improve diagnostic accuracy (12). Recently, a
similar study demonstrated cancer antigen 125 (CA
125) >11 units/ml to differentiate gallbladder cancer
from both benign disease and normal controls with
64% sensitivity and 90% specificity (13).

Routine radiographic studies have proven to be
largely unreliable in the diagnosis of early gallbladder
cancer. Themost common imagingmodality to evaluate
cholelithiasis symptoms continues to be right upper
quadrant ultrasound.While thismodality provides accu-
rate diagnoses of acute cholecystitis and cholelithiasis, it
is difficult to differentiate these benign processes from
early malignant disease. Early cancers are associated
with some characteristic ultrasound findings: irregularly
shaped hypo- or isoechogenic intraluminal masses with
or without entrapped gallstones (40–65% of tumors),
irregular wall thickening >1 cm diameter, less echogenic
than that seen with chronic cholecystitis (20–30% of
tumors), or intraluminal polyps >10 mm in diameter
(15–25% of tumors). Polyps can represent both malig-

nant and benign disease processes (cholesterol polyp,
adenomyomatosis) and are therefore nondiagnostic for
cancer. In all, routine right upper quadrant ultrasound
has a sensitivity of only about 30% in diagnosing early
gallbladder cancer. Routine abdominal computed topog-
raphy (CT) and magnetic resonance imaging (MRI)
reveal similar findings and provide similar sensitivities
to ultrasound in the diagnosis of early disease. Ultra-
sound with color Doppler capabilities, which demon-
strates high blood flow in malignant lesions, may help
to improve the diagnostic sensitivity of ultrasound, but
is not yet widely used. Likewise, fluorodeoxyglucose
positron emission tomography (FDG-PET) demon-
strates increased uptake in malignant versus benign
lesions. However, false-negative results are generated by
lesions <0.5–1 cm in diameter, and benign processes such
as adenomyomatosis and xanthogranulomatous chole-
cystitis may generate false positives. More studies are
needed to validate the utility of these modalities in diag-
nosing early gallbladder cancer (14).

Advanced gallbladder cancer is diagnosed easily
by standard imaging modalities, and radiographic stag-
ing is paramount in determining the appropriate treat-
ment course. Right upper quadrant ultrasound has a
sensitivity of 85% in diagnosing locally invasive can-
cer, which appears as an irregular hypo- to isoechogenic
mass obscuring the gallbladder–liver border. Ultra-
sound may also reveal lymphadenopathy, invasion of
the hepatic pedicle, invasion of extrahepatic structures,
and peritoneal metastases, but with sensitivity of only
30–40%, necessitating further radiographic evaluation
when these findings are not visualized. Helical (thin-
cut) CT with contrast is superior to ultrasonography
at determining depth of hepatic invasion and involve-
ment of the hepatic portal structures, with sensitivities
of 86 and 93%, respectively. Finally, a few limited stud-
ies evaluating FDG-PET suggest that this modality may
be helpful in assessing peritoneal and distant metas-
tases; its role in determining lymph node involvement
has not been assessed (14).

SURGICAL THERAPY

The goal of surgical therapy in gallbladder cancer is
complete, microscopic margin-negative resection (R0)
of the tumor mass. This point bears emphasis as in a
20-year series at one North American medical center,
no patient survived 5 years after R1 resection, and
incomplete (R2) resection confers no survival advan-
tage as documented in multiple studies (7). Selection
of the appropriate operation is dictated by the stage of
disease and timing of diagnosis.

A large proportion of gallbladder cancers are diag-
nosed incidentally at pathologic examination following

TABLE 16.2
Gallbladder Cancer Stage at Diagnosis

STAGE % OF TOTAL DIAGNOSES

0 4.5
I 20.2
II 24.2
III 3.8
IV 31.1
Unknown 16.1

Source: Adapted from Ref. 1.
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a cholecystectomy that has been performed for benign
indications. In this situation, a large number of tumors
(81% in one recent series) are Stage I or II (15). For
tumors confined to the mucosa (Tis, T1a), if the cystic
duct margin is free of tumor, no further surgical inter-
vention is required and 5-year survival approaches
100%. In a Japanese retrospective review, no survival
advantage was conferred to patients undergoing more
radical resection following the initial cholecystectomy
for this stage of cancer (7). In this group, survival is sig-
nificantly decreased in patients who demonstrate recur-
rence of disease at the incision site and in whom bile
spillage occurs. Incision site recurrence likely occurs
both by spillage of cancer cells during removal of the
specimen through the wound and because of the
predilection of cancer cells for healing wounds, rich in
growth factors (7, 8). In patients with unsuspected gall-
bladder cancer, port site recurrence has been reported
in 10–29% of cases of laparoscopic cholecystectomy;
wound recurrence has been reported in 0–31% of cases
of open cholecystectomy. Several retrospective reviews
have compared laparoscopic and open approaches,
with mixed results in terms of both incision-site recur-
rence and survival (8). However, a single prospective
trial demonstrated no difference in incision-site recur-
rence or survival between the two approaches (7). Bile
spillage, which occurs in 14–44% of routine laparo-
scopic cholecystectomies, has been associated with
poorer survival in early-stage gallbladder cancer in mul-
tiple trials and likely contributes to incision-site recur-
rences in both types of procedures (7, 8). In all patients
undergoing laparoscopic cholecystectomy, the poten-
tial presence of gallbladder cancer, though remote,
should be considered. Several surgical techniques could
be employed to reduce the intraperitoneal or incision-
site spread of any potential malignancy: securing tro-
cars to the abdominal wall, preventing gas and fluid
leakage through the incision sites, careful handling of
the specimen to avoid bile spillage, placing the speci-
men in an isolating bag prior to removal, minimizing
trauma to the abdominal wall, and closing the peri-
toneum (7).

In some situations, gallbladder cancer is diagnosed
intraoperatively, either by frozen section examination
or by gross appearance of tumor, even when it was not
suspected preoperatively. In such instances, precautions
to limit intraperitoneal spread of cancer cells should
be undertaken and conversion to open cholecystectomy
strongly considered. Furthermore, R0 resection of the
tumor should be attempted at the initial operation. In
circumstances where the operating surgeon has limited
experience with oncologic resection of the gallbladder,
the operation should be terminated. Two recent retro-
spective reviews found that patients experience no
worse outcomes when the initial operation is termi-

nated and complete resection performed during a sec-
ond (staged) procedure. In one study, 39 patients under-
went surgery with curative intention—6 initially and
33 during a staged procedure—with no difference in
survival (15). Likewise, neither the surgical approach
(laparoscopic versus open) nor the time to second oper-
ation had any effect on survival (8). Again, these results
support referral to a hepatobiliary surgeon for staged
resection when the initial surgeon is inexperienced in
such procedures (15).

For the remainder of patients in whom gallblad-
der cancer is diagnosed preoperatively, extent of resec-
tion is dependent upon the depth of tumor invasion and
stage of disease. When malignancy is suspected, an
open procedure should be performed, preceded by a
diagnostic laparoscopy to rule out occult metastatic
disease to the liver and peritoneum (7). In two prospec-
tive series, this procedure prevented nontherapeutic
laparotomy in 33–55% of patients with metastatic dis-
ease and was more sensitive than abdominal CT in
detecting peritoneal metastases (16). If the laparoscopy
is negative, attempt at curative resection is undertaken.
Staged resections, following previous laparoscopic
cholecystectomy, may be accompanied by resection of
port-site tissue; the advantage of this procedure has not
been studied (7).The role of lymphadenectomy in cura-
tive resections for advanced gallbladder cancer should
be emphasized. Overall, the most important predictor
of survival is lymph node involvement, suggesting that
all curative operations must include lymphadenectomy
to achieve accurate pathologic staging and to maximize
the therapeutic benefit. In one series, R0 resection was
possible in 45% of patients with Stage III disease; 15%
of node-positive patients were surgically cured, com-
pared to 81% with node-negative disease. This again
emphasizes the importance of lymph node status as a
prognostic factor as well as the fact that, although rare,
some patients with nodal metastases can be salvaged
by radical surgery. (7). Five-year survival rates as high
as 31% have been reported for node-positive disease
following resection with lymphadenectomy (15).
Despite the potential benefits of lymphadenectomy,
most studies have found especially dismal prognosis for
disease involving nodes beyond the hepatoduodenal
ligament (8).

The treatment of Stage IA disease, with tumors
extending into the muscle layer (T1b), remains contro-
versial. These tumors are associated with relatively high
rates of lymph node involvement (16–20%), local inva-
sion (13–28%), and recurrence after simple cholecys-
tectomy (50–60%), suggesting that cholecystectomy
alone is not sufficient treatment (8). Extended chole-
cystectomy consists of wedge resection or complete
resection (central hepatectomy) of liver segments IVb
and V (those adjacent to the gallbladder) and removal
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of the nodes in the hepatoduodenal ligament (cystic,
pericholedochal, hilar). In some centers, additional
nodes anterior and posterior to the pancreatic head,
and those surrounding the hepatic artery up to its ori-
gin at the celiac axis, are also resected (8). In Stage I dis-
ease, resection of the extrahepatic bile duct confers no
survival advantage and should be performed only to
facilitate removal of the hepatoduodenal nodes (8, 15).
A few retrospective reviews have failed to demonstrate
any survival difference in patients undergoing simple
versus extended cholecystectomy for this stage of dis-
ease (7). To date, no prospective evidence exists to guide
treatment decisions, and surgical therapy for T1b
tumors tends to be center-dependent. Stage IB disease,
with tumor invasion of the perimuscular connective tis-
sue (T2), is associated with even higher rates of lymph
node involvement and recurrence, and several studies
have demonstrated significantly improved survival after
extended versus simple cholecystectomy (8). In a recent
retrospective review of 410 patients atMemorial Sloan-
Kettering, 5-year survival was 61 and 19% following
radical resection and simple cholecystectomy, respec-
tively, for T2 tumors (17). The survival advantage con-
ferred by extensive resection is explained by the
predilection of this tumor to spread via the lymphat-
ics; one series documented positive nodes in 46% of
patients with T2 tumors (15).

For Stage II disease (tumor invasion into the liver,
T3, in most cases), extended resection results in
improved outcomes when compared to simple chole-
cystectomy alone. In recent series, 5-year survival fol-
lowing extended resections has ranged from 49 to 59%,
compared to 0% in patients undergoing simple chole-
cystectomy (8, 15). The extent of hepatic resection is
controversial. Most authors suggest at least central
hepatectomy (full resection of segments IVb and V).
Others suggest central trisegmentectomy (resection of
segments IV, V, and VIII) with or without caudate resec-
tion, or extended right hepatectomy (resection of seg-
ments IV, V, VI, VII, and VIII) (8). As with Stage I dis-
ease, lymphadenectomy of the hepatoduodenal
ligament, at a minimum, should be performed. Some
groups employ extended lymphadenectomy, removing
celiac, superior mesenteric, and para-aortic lymph
nodes as well, though there are inadequate data to eval-
uate any therapeutic benefit to this practice (8). Extra-
hepatic bile duct resection for Stage II disease has not
been shown to improve survival (8, 15). Gross involve-
ment of the hepatoduodenal ligament usually renders a
tumor noncurable due to the high likelihood of micro-
scopic invasion of the periductal soft tissues and/or vas-
cular structures. Bile duct involvement significantly
reduces the incidence of R0 resection due to perineural
invasion within the hepatoduodenal ligament, resulting
in a positive connective tissue margin; in one series,

<30% of resections of these tumors could be resected
with tumor-free margins. In two Japanese studies of
“advanced gallbladder cancer,” which included T3 and
T4 tumor involvement, hepatoduodenal ligament
involvement was found to occur in 54–60%of patients,
even though relatively few (18%) had jaundice. These
data suggest that routine extrahepatic bile duct resec-
tion for Stage II disease may improve staging, but not
survival (8).

Curative surgical therapy for Stage III disease,
with T4 tumors involving the main portal vein, hepatic
artery, or multiple extrahepatic structures, is rarely pos-
sible. Portal vein resection and reconstruction must be
performed in most cases as part of an R0 resection;
while this has been achieved, it is associated with a sig-
nificantly increased operative mortality rate (8). In a
retrospective review from one North American center,
extended resection of Stage III disease conferred no sur-
vival advantage. However, the operations performed
were limited to extended liver resections with lym-
phadenectomy, with or without extrahepatic bile duct
resections (i.e., no portal vein reconstructions or pan-
creaticoduodenectomies occurred) (15). Japanese sur-
geons have approached advanced disease more aggres-
sively. One small retrospective review concluded that
portal vein resection did not improve survival in
patients with T4 tumors (8). In Japan, hepatopancre-
aticoduodenectomy has been performed to achieve R0
resections of tumors involving the distal bile duct, pan-
creatic head, or duodenum, with mixed results. In the
largest series of 24 patients, median survival was 12
months, and 20%of patients survived 2 years, but these
operations were associated with profound morbidity
and a 12% mortality rate. Hepatic failure contributed
to most instances of morbidity and mortality (8). In
general, aggressive operations for Stage III gallbladder
cancer should be attempted only when R0 operations
can be achieved, in patients with optimal preoperative
health status. Stage IV disease, with distant hematoge-
nous or lymphatic metastases, peritoneal seeding, or
gross involvement of major vascular structures (celiac
or superior mesenteric arteries, vena cava, and aorta),
is an absolute contraindication to resection.

NONOPERATIVE THERAPY

Because of the relative rarity of gallbladder cancer, trials
assessing the activity of chemoradiotherapy regimens
against this tumor have been limited. To date, no
chemotherapy or chemoradiotherapy regimen has been
shown to improve survival in patients with gallbladder
cancer, and surgical resection remains the only option for
cure (5). In the 1980s and 1990s, 5-fluorouracil (5-FU)
served as the basis of several trials, alone and in combi-
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nationwith other agents, with response rates of 12–30%
and average response duration of 3–6months. (18)More
recently, response rates of 36–60% have been reported
with gemcitabine in trials of patients with both gall-
bladder and other biliary tract cancers (18). Gemcitabine
used in combination with cisplatin and capecitabine, an
oral 5-FU analogue, have demonstrated even higher
response rates (53–64%) (18). Because gallbladder can-
cer often spreads and recurs locally, several trials have
also examined the role of radiation, typically with 5-FU
as a chemotherapeutic sensitizer. In one study, 5-FU and
radiation administered preoperatively did allow several
patients with initially unresectable tumors to undergo
resection, but in the end conferred no survival advantage
over patients undergoing surgical resection primarily (no
datawas provided comparing these patients to thosewith
initially unresectable tumors not undergoing resection).
In two small studies, adjuvant use of 5-FUwith radiation
was found to confer a survival advantage over patients
who underwent surgical resection alone; however, the
sample sizes were too small to determine statistical sig-
nificance (18). Future studieswill likely elucidate the sur-
vival advantage (if any) of newer chemoradiotherapy reg-
imens, clarify the different responses of gallbladder versus
other biliary tumors, and focus onmolecular tumor char-
acteristics as therapeutic targets (5).

PROGNOSIS

The prognosis for patients diagnosed with gallbladder
cancer remains poor (Table 16.3). An observational
study of 724 patients performed in 1994 revealed a
median survival of 3 months, with 5-year survival of
5%. However, more aggressive surgical therapy has
recently yielded better results, with 5-year survival rates
in the range of 35% following aggressive resections
(15). Further advances in both hepatobiliary surgery
and molecular chemotherapy will hopefully translate
into improved outcomes for this aggressive malignancy.
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TABLE 16.3
Gallbladder Cancer Survival by Stage

STAGE 1-YEAR 2-YEAR 3-YEAR 4-YEAR 5-YEAR

0 87 81 81 81 81
IA 77 66 59 54 50
IB 65 45 36 32 29
IIA 37 19 11 9 7
IIB 42 21 13 10 9
III 17 6 4 3 3
IV 11 4 2 2 2

Source: Adapted from Ref. 19.
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iliary cancers arise from the epithelial
lining of the gall bladder or extrahep-
atic or intrahepatic bile ducts. The
annual incidence of these tumors is

estimated at 7800 cases in the United States (1). The
majority of these patients present with advanced dis-
ease, which precludes surgical resection, the only poten-
tially curative therapy (2–4). Furthermore, the risk of
systemic recurrence in patients who undergo complete
resection remains high (5). Therefore, improvements in
the outcome of biliary tumors are dependent on the
development of more effective systemic therapy.

In the past four decades, several chemotherapeu-
tic agents ranging from fluoropyrimidines to targeted
drugs have been evaluated in clinical trials in biliary
cancers (Table 17.1). Unfortunately, the impact of avail-
able systemic therapy remains at best modest, and
therefore there is no effective standard of care in biliary
tumors. The challenges that face clinical trials in this
disease are many. First, biliary tumors are relatively
resistant to conventional cytotoxic drugs and generally
have an aggressive biologic behavior. Second, the low
incidence of the disease limits the ability to conduct
prospective, multiarm randomized trials. The rarity of
biliary cancers also contributes to the lack of interest in
the pharmaceutical industry and cooperative groups to
support trials in these cancers. Therefore, treatment rec-
ommendations for early and advanced-stage disease are
based on relatively small phase II trials. Third, the

majority of clinical trials have included patients with
tumors in the gallbladder and intra- and extrahepatic
cholangiocarcinoma despite the differences between
these cancers with respect to clinical behavior and mol-
ecular pathology. With the advent of targeted agents,
the differences in the molecular pathology of biliary
tumors will necessitate a more selective approach to the
design of clinical trials in this disease. Fourth, the eval-
uation of response to therapy in biliary tumors by con-
ventional cross-sectional imaging is complicated by the
infiltrative nature of the disease and the frequent peri-
toneal metastases. Therefore, the primary endpoints
used in several trials have been progression-free survival
or overall survival. The evaluation of these endpoints
in phase II trials is complicated by selection bias and
the inclusion of patients with different baseline char-
acteristics with respect to stage of disease (locally
advanced and metastatic) and prior treatment. Finally,
the administration of effective systemic therapy to
patients with biliary tumors is frequently complicated
by liver dysfunction as a result of biliary obstruction.

SINGLE-AGENT CHEMOTHERAPY

Several classes of cytotoxic agents have demonstrated
modest single-agent activity in biliary cancers. The
objective response rates for 5-FU in phase II trials were
in the range of 10–13% (6, 7). Mitomycin C was eval-
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uated in two phase II trials with response rates of 10
and 47% (8, 9). Gemcitabine has demonstrated a
response rate and stable disease in 0–16% and
21–54%, respectively (10, 11). A recently reported
multi-institutional phase II trial of single-agent gemc-
itabine in 40 patients revealed a response rate, median
progression-free survival, and overall survival of 17%,
2.3 months, and 9.4 months, respectively (12). DX-
8951f is a topoisomerase-1 inhibitor that in a phase II
trial of 42 patients with biliary cancer demonstrated
modest activity with a partial response rate and survival
of 4.9% and 7.8 months, respectively (13). No activ-
ity has been documented for taxane group of drugs in
this disease (14, 15). Given the widespread use of gem-
citabine in patients with pancreatic cancer, it is now also
given to patients with advanced biliary cancers. Unlike
in pancreatic cancer, the efficacy of gemcitabine in bil-
iary cancers has not been tested in randomized trials.

COMBINATION CHEMOTHERAPY

Based on the low response rates of single agents, sev-
eral trials evaluated combination chemotherapy regi-
mens in biliary tumors.

Fluoropyrimidine-Based Chemotherapy

The response rate of 5-FU and either streptozotocin or
MeCCNU was 10% (7). Efficacy of platinum and 5-FU

combinations was reported in a series of small phase II
trials. The response rates for cisplatin/5-FU in 25
patients (16), carboplatin/5-FU in 14 patients (17), and
epirubicin/cisplatin/5-FU in 14 patients (18) were 24,
21, and 33%, respectively. Lim et.al. evaluated 5-FU and
oxaliplatin (FOLFOX) in 21 patients with advanced bil-
iary tumors (19). The observed response rate was 14%.
The median progression-free survival and overall sur-
vival were 6.6 and 8.7 months, respectively. Similar
results were observed in 21 patients with advanced bil-
iary cancer treated with oxaliplatin and capecitabine
(20). The overall response rate was 19%. Irinotecan and
infusional 5-FU (FOLFIRI) regimen was evaluated in 30
patients with biliary tumors (21). The response rate was
10%, which was similar to the activity of single-agent
5-FU but with the added toxicities of irinotecan.

Gemcitabine-Based Chemotherapy

The combination of gemcitabine and platinum drugs
was based on preclinical data suggesting synergism in
a variety of human cancer cell lines. Furthermore, the
regimen was clinically well tolerated and revealed
promising activity in phase II trials in non–small-cell
lung cancer and pancreatic cancer. Goldstein et al.
reported on 50 patients with advanced biliary tumors
treated with fixed-dose-rate gemcitabine and cisplatin.
The response rate and one-year survival were 22 and
30%, respectively (22). Gemcitabine and oxaliplatin
were evaluated in 31 patients with biliary tumors. The

TABLE 17.1
Results of Selected Systemic Therapy Trials in Biliary Cancer

AGENT NO. OF CASES RESPONSE RATE SURVIVAL (MONTHS) REF.

5-FU 30 10% 5 7
23 13% 4 6

Gemcitabine 11 0 N/A 10
19 16% 6.5 11
40 17% 7.6 12

DX-8951f 42 4.9% 7 13
Cisplatin/ 5-FU 25 24% N/A 17
Cisplatin/5-FU/Epirubicin 14 33% N/A 18
Oxaliplatin/ 5-FU 21 14% 8.7 19
Oxaliplatin/ Capecitabine 21 19% N/A 20
Gemcitabine/ Cisplatin 50 22% 7 22

86 24% N/A 24
Gemcitabine/5-FU 9 33% 9 26
Gemcitabine/Oxaliplatin/5-FU 38 45% 10 28
Gemcitabine/Capecitabine 34 11% 7.8 27
Gemcitabine/Irinotecan 13 18% 9.5 30
Erlotinib 42 8% 7.5 62
Lapatinib 19 0 N/A 46
Sorafenib 36 6% 6 61
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response rate and median overall survival were 26%
and 10.4 months, respectively (23). Walle et.al. reported
a randomized multi-institutional phase II trial of gem-
citabine versus gemcitabine and cisplatin in 86 patients
with advanced biliary cancer (24). The results indicated
a superior response rate (24 vs. 15%) and progression-
free survival (8.0 vs. 5.5 months) in favor of the com-
bination. Lethargy and thrombocytopenia were higher
in the combination arm. The trial was not powered for
a statistical comparison of both arms. However, the
results of this trial are similar to the reported results in
pancreatic cancer where combination therapy resulted
in an improvement in disease control (response rate),
increased toxicity, but without a statistically significant
improvement of overall survival (25).

Gemcitabine and fluoropyrimidine combinations
have also been evaluated in biliary tumors. DeGusmao
et al. reported a response rate of 33% in 9 patients
treated with gemcitabine and 5-FU (26). The response
rate and median time to progression for gemcitabine and
capecitabine in 34 patients with advanced biliary cancer
were 11% and 2.6 months, respectively (27). Wagner
et al. reported the results of gemcitabine, oxaliplatin, and
5-FU in 38 patients (28). The median and one-year sur-
vival were 10 months and 45%, respectively.

Disappointing results have been recently reported
with the combination of gemcitabine with pemetrexed
or irinotecan. Pemetrexed is a multitargeted antifolate.
The North Central Cancer Therapy Group reported on
58 patients treated with gemcitabine and pemetrexed
(29). The median time to progression and survival were
3.8 and 6.3 months, respectively. Stieler et al. evaluated
gemcitabine and irinotecan in 13 patients with biliary
tumor (30). The response rate and median survival were
18% and 9.5 months, respectively.

Conclusion

Information on combination therapy for advanced bil-
iary cancers is based on multiple pilot trials with a rel-
atively small number of patients. These series had very
heterogeneous groups of patients, and results are there-
fore difficult to interpret. Nevertheless, one may con-
clude that combination chemotherapy did not produce
major responses or prolongations in progression or
overall survival. The decision whether to treat a patient
with a single drug such as gemcitabine or a combina-
tion based on a fluoropyrimidine or gemcitabine will
largely depend on the ability of the patient to tolerate
a combination. Patients with a good performance sta-
tus, well-preserved organ function, including that of the
liver, and who are motivated may be good candidates
for combination therapy. Otherwise the standard of
care at this time is to use a single agent such as gemc-
itabine for the palliation of patients with advanced bil-

iary cancer. Given the low incidence of this cancer and
the molecular heterogeneity, patients should be invited
to participate in national or even international collab-
orative studies to test novel agents.

TARGETED THERAPIES

The prognosis of patients with bile duct tumors has
remained poor because of the systemic nature of dis-
ease and lack of effective drug therapies. The role of
cytotoxic therapy remains controversial because of the
minimal impact on the disease and the toxicities asso-
ciated with such therapies. Researchers therefore focus
on new therapeutic strategies to develop more effec-
tive treatments for this disease. Advances in the under-
standing of the molecular mechanisms of cancer have
identified dysregulated pathways in malignant cells,
including those of the biliary cancer. These include
abnormalities of proliferative signaling pathways,
apoptosis, invasion, and angiogenesis. In general, two
overlapping strategies were adopted in clinical devel-
opment of targeted drugs for biliary cancer: (a) devel-
opment of targeted agents to inhibit tumor growth and
metastasis, and (b) strategies to sensitize tumor cells to
conventional cytotoxic chemotherapy.

Targeting the ErbB Receptor

The ErbB tyrosine kinase receptor family includes the
epidermal growth factor receptor (EGFR), HER2/neu
(ErbB2), ErbB3, and ErbB4 (31,32). The ErbB recep-
tors at the cell surface share a common structure com-
posed of an extracellular ligand-binding domain, trans-
membrane segment, and an intracellular tyrosine kinase
domain. In normal tissues, the ErbB receptors are acti-
vated by a variety of receptor specific ligands (32). After
ligand binding the receptors form homo- or het-
erodimeric complexes activating the cytoplasmic tyro-
sine kinase domain, resulting in phosphorylation and
activation of downstream signaling pathways leading
to the modulation of gene transcription (31,33).

Mechanisms involved in the activation of the ErbB
receptors in cancer cells include (a) receptor overex-
pression (34,35), (b) mutant receptors resulting in lig-
and-independent activation (35), (c) autocrine activa-
tion by overproduction of ligand (36), or (d)
ligand-independent activation through other receptor
systems such as the urokinase plasminogen receptor
(37). Activation of the ErbB receptors is involved in
malignant transformation and tumor growth through
the inhibition of apoptosis, cellular proliferation, pro-
motion of angiogenesis, and metastasis (38).

EGFR and HER2/neu are believed to be dysregu-
lated in human biliary cancers. The frequency of EGFR
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overexpression by immunohistochemistry (IHC) ranges
from 21 to 100% (39–41). Seventy-seven percent of bile
duct tumors with overexpression of EGFR by IHC had
amplification of EGFR by FISH (42). The overexpres-
sion of transforming growth factor (TGF)-α, a ligand
of EGFR, and inhibition of proliferation of cholangio-
carcinoma cell lines by EGFR inhibitors supported an
important role for EGFR signaling in bile duct cancer.
Based on these findings, trials evaluating targeted
agents against the ErbB receptors have been initiated.

Philip et al. reported on 42 patients with bile duct
cancer treated with erlotinib, which is a potent selec-
tive tyrosine kinase inhibitor of the EGFR (43). The pri-
mary endpoint was progression-free survival at 6
months. Fifty-seven percent of patients had received
prior chemotherapy. The progression-free survival at
6 months was 17%, and the study achieved its primary
endpoint. The overall response rate and median over-
all survival were 51% and 7.5 months, respectively.
Erlotinib was well tolerated, and the most common
toxicity was skin rash. Lapatinib is a dual receptor
tyrosine kinase inhibitor of the EGFR and Her2neu
receptors (44). In a phase II trial of lapatinib in 19
patients with bile duct cancer, no responses were
observed and the median progression-free survival was
1.8 months (45).

Cetuximab is a chimeric monoclonal antibody
against the extracellular domain EGFR (46). In col-
orectal cancer, patients resistant to irinotecan
responded to cetuximab and irinotecan, suggesting that
cetuximab can modulate chemoresistance to irinotecan
(47). Paule et al. reported a retrospective series of nine
patients in whom cetuximab was added to gemcitabine
and oxaliplatin after progression on first-line
chemotherapy with the same regimen (48). Results
showed a partial response in three patients and stable
disease in three. The median survival from initiation
of cetuximab was 10 months. The results of this study,
though limited by the retrospective nature and the small
number of patients, raise an interesting question of
potentation of chemotherapy effect with cetuximab.

Targeting the Cyclooxegynase-2
(COX-2) Pathway

The COX-2 enzyme is known to be overexpressed in
bile duct cancers (49,50). Preclinical evidence suggests
that COX-2 has a central role in carcinogenesis (51),
proliferation (49), and angiogenesis (52,53). COX-2
activity has antiapoptotic effects leading to chemore-
sistance (53). Preliminary results of a trial of irinotecan,
capecitabine, and celecoxib in 12 patients with bile duct
cancer were encouraging (54). The response rate and
median overall survival were 25% and 17 months,
respectively.

Targeting Angiogenesis and raf Pathways

Sorafenib is a multi-targeted tyrosine kinase inhibitor
of the c-Raf/b-Raf, vascular endothelial receptor
(VEGFR) 2/3 and platelet-derived growth factor
(PDGFR) (55). Activating mutations of ras (56, 57) and
Raf (58, 59) are present in bile duct cancer. El-Khoueiry
et al. reported on a phase II study conducted by the
Southwest Oncology Group in 36 patients with
advanced bile duct cancer treated with sorafenib (60).
The response rate and median progression-free survival
were 6% and 2 months, respectively. Although
sorafenib was well tolerated, the antitumor activity was
somewhat disappointing.

Summary

There are early attempts to test targeted agents in
advanced biliary cancers. Results so far have shown
very modest activity if any. None of the patients were
selected on the basis of prevalent molecular abnormal-
ity in the tumor. Future studies with better selection are
likely to demonstrate benefits to a number of agents
tested.

ONGOING CLINICAL TRIALS

Targeting ErbB Receptor

Encouraged by the results of the activity of erlotinib in
bile duct cancer, two trials are evaluating the benefit
of combining erlotinib with either bevacizumab a mon-
oclonal antibody against VEGF or docetaxel. Cetux-
imab is being evaluated in a randomized phase II trial
of gemcitabine oxaliplatin versus gemcitabine oxali-
platin and cetuximab. Trastuzumab, a monoclonal anti-
body against HER2neu, is being evaluated in a phase
II trial of patients with FISH-positive amplification of
the HER2neu gene.

Cytotoxic Agents

Taxoprexin, a conjugate of paclitaxel with DHA
(docosahexaenoic acid), has been shown to achieve
higher tumor levels with no increase in systemic toxic-
ity. Taxoprexin is currently being evaluated in a phase
II trial in bile duct cancer. A phase III trial is compar-
ing gemcitabine and gemcitabine cisplatin in advanced
bile duct cancer.

Other Targeted Agents

AZD6244 is a selective MEK inhibitor. MEK has a cen-
tral role in the EGFR/Ras/Raf signaling pathway. A

17BiliaryTract.qxd:02 Goshgarian  9/23/08  2:43 PM  Page 214



17 ∙ SYSTEMIC THERAPY FOR BILIARY TRACT CANCER 215

phase II trial is currently evaluating the activity of
AZD6244 in bile duct cancer. The proteasomes are
involved in the degradation of proteins and, as such,
regulate cell cycle and apoptosis. The pro-apoptotic
effects of proteasome inhibition are attributed to inhi-
bition of the NF-κB signaling pathway. Bortezomib, a
proteosome inhibitor, is currently being evaluated as a
single agent in bile duct cancer. Triapine is an inhibitor
of the ribonuclotide reductase. Preclinical data indicate
that triapine, an inhibitor of ribonucleotide reductase,
can increase the intracellular uptake and activity of
gemcitabine. Triapine in combination with gemcitabine
is currently in a clinical trial in a number of solid
tumors, including bile duct cancer.

CONCLUSION

There is no standard systemic therapy regimen in bil-
iary tumors. Gemcitabine and fluoropyrimidines are the
most commonly used agents, with most trials demon-
strating a response rate of approximately 10% and
overall survival of 6–9 months. Combination
chemotherapy might improve response rates and at best
have a modest impact on the disease, but at the cost of
higher toxicity. Patients with good performance status
and normal organ function being treated off clinical tri-
als could be considered for combination chemotherapy.
Among the targeted agents, erlotinib has shown
promising activity. Ongoing trials are focused on iden-
tifying novel agents with activity against bile duct caner
or on building on the observed activity of agents like
erlotinib and gemcitabine. Given the small number of
patients with this disease and the lack of a standard
drug therapy, it is important to enroll patients with
newly diagnosed disease into clinical trials.
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arcinomas of the gallbladder and bil-
iary system are rare, with an estimated
9250 cases occurring in the United
States in 2007 (1). Because the major-

ity of patients with biliary cancers present with unre-
sectable or metastatic disease, the overall 5-year sur-
vival rate is less than 10% (2, 3). Surgery is the only
potentially curative treatment for patients with biliary
carcinoma; however, only a minority of patients are
candidates at presentation (4–6). In resected patients,
outcome is closely associated with the pathologic find-
ings of depth of tumor penetration and nodal metas-
tases. Even for patients resected for cure, the progno-
sis remains poor, with high local failure rates with
associated morbidity and mortality (7, 8). Given these
poor outcomes, further therapy should be considered
in management. However, the role of radiation therapy
and chemotherapy in patients with cholangiocarcinoma
is poorly defined given the rarity of this malignancy and
physician’s therapeutic nihilism.

LOCAL TUMOR CONTROL
FOLLOWING RESECTION

Patients with primary carcinoma of the gallbladder and
bile duct cancer are rarely cured with any treatment
modality other than surgical resection. However, most
patients will present with locally advanced or metasta-

tic disease, with resectability rates ranging from 10 to
35%. Therefore, most patients with gallbladder and bil-
iary carcinomas are approached with palliative intent,
including the establishment and ongoing management
of biliary drainage. Overall survival in all patients is
poor, ranging from 2 to 3 months in patients receiving
medical management alone, 6 to 12 months for those
undergoing surgical palliation, and 12 to 22months for
resected patients. Overall 5-year survival remains dis-
mal at less than 10% (9).

Of patients undergoing “curative” resection for
biliary cancers, approximately 50% will experience
local-regional recurrence, leading to death from biliary
obstruction, sepsis, and liver failure (10). Reports
describing patterns of failure following surgery for bil-
iary cancers are limited. Available data suggest that
local-regional recurrence is common and ultimately
leads to death, usually from complications of biliary
obstruction and liver failure. Literature review indicates
local recurrence occurs in up to 86% of patients fol-
lowing cholecystectomy alone for gallbladder cancer.
In long-term survivors following surgery, local recur-
rence rates remain high, even beyond 5 years (10-12).
A likely explanation for this is because occult nodal
involvement is common and localized invasion of the
liver is not recognized and resected. This high incidence
of residual microscopic disease has been reported in
autopsy series (13). Even in patients treated with chole-
cystectomy with accompanying liver resection, local-
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regional recurrence has been reported to be as high as
75% (11). A large contemporary experience from
Memorial Sloan-Kettering Cancer Center showed that
in patients undergoing extended resection for gallblad-
der cancer, 31% of relapsing patients had some com-
ponent of local-regional recurrence in follow-up (14).
Similarly, the rate of local-regional recurrence in
patients undergoing extended resection for hilar
cholangiocarcinoma in this series was 58% (14).
Korean investigators described 83 patients undergoing
curative radical resection for extrahepatic bile duct
tumors. Most patients had uninvolved nodes at resec-
tion. Despite uninvolved margins, over 50% experi-
enced local-regional tumor relapse (15). In patients
with distal common bile duct cancers undergoing rad-
ical resection alone, reported local recurrence rates have
ranged from 35 to 74% (16, 17). This high incidence
of local-regional failure may be overlooked once
patients develop metastatic disease, likely underesti-
mating the true incidence of local failure in many series,
given not all patients undergo thorough posttreatment
imaging or autopsy. In addition, the role persistent
local-regional disease plays in the subsequent develop-
ment of distant metastases remains uncertain. Given
patterns of failure in biliary tract malignancies andmor-
bidity and mortality associated with such, the use of
radiation therapy is rational.

TOLERANCE OF THE HEPATOBILIARY TREE,
LIVER, AND SURROUNDING STRUCTURES

TO RADIATION THERAPY

When considering the use of radiotherapy in the treat-
ment of different malignancies, normal tissue tolerance
of surrounding organs and structuresmust be considered.
Tolerance depends upon multiple factors, including vol-
ume of tissue irradiated, dose delivered per fraction, the
use of concurrent chemotherapy, and other coexisting
medical conditions. Potential dose-limiting organs adja-
cent to the hepatobiliary tree include liver, adjacent bile
ducts, kidneys, small bowel, stomach, distal esophagus,
and spinal cord. The risk of radiation-related complica-
tions has been estimated based upon dose per fraction,
treatment volume, and the cumulative radiation dose
(23). These data were derived empirically and not based
on formal dose escalation studies. The tolerance dose
defined as TD 5/5 represents the radiation dose that
would result in a 5% risk of severe complications within
5 years following irradiation, while the TD 50/5 repre-
sents the radiation dose thatwould result in a 50%prob-
ability of developing severe complications with 5 years
after treatment. Table 18.1 summarizes radiation toler-
ance of key organs in the abdomen (24).

There is general agreement that whole liver toler-
ance is approximately 30 Gy.Whole liver doses beyond
this result in an increasing incidence of radiation-
induced liver disease (RILD), which is characterized by
hepatomegaly, ascites, and elevated liver function tests,
generally occurring 2weeks to 4months following radi-
ation completion. This condition may lead to progres-
sive liver failure and death. The pathogenesis of RILD
is thought to be secondary to small vessel veno-occlu-
sive disease. Until recently, relatively few data existed
regarding partial liver irradiation. Early estimates
gauged the TD 5/5 and TD 50/5 for treatment of one
third of the hepatic volume at 50 and 55 Gy, respec-
tively. However, with the advent of three-dimensional
planning and computer-aided volumetric analysis, the
TD 5/5 and TD 50/5 have been estimated to be as high
as 90 Gy and beyond depending on the volume irradi-
ated. Additionally, recent literature suggests that TD
5/5 and TD 50/5 for two thirds of the liver volume
range from 43 to 52 Gy and 61 to 75 Gy, respectively
(25).With the administration of concurrent chemother-
apy, these numbers may be less. Bile duct tolerance is
thought to be approximately 60 Gy using conventional
fractionation, including intrahepatic ducts, when
treated to small volume. Reported complications
include biliary fibrosis (9).

When kidneys are included in radiation treatment
fields, a minimum of two thirds of one functional kid-
ney should be excluded to reduce the risk of irreversible
renal complications. Unilateral renal irradiation results
in minimal-long term clinical sequelae, assuming base-
line renal function in the contralateral kidney is nor-
mal (26). Strictly speaking, the dose to the “spared”
kidney is often limited to 14–18Gy using standard dose
fractionation (1.8–2 Gy) to avoid irreversible damage,

TABLE18.1
Normal Tissue Tolerance to External Irradiation

(with Fractionated Dose of 1.8 Gy/day)

STRUCTURE TD 5/5a (GY) TD 50/5a (GY)

Whole liver 30 40
Partial liver See text See text
Bile duct 60 —
Duodenum 50 60
Small bowel 50 60
Esophagus 60 75
Stomach 50 55
Kidney 23 28
Spinal cord 50 60

a TD 5/5 represents the radiation dose that results in a
5% severe complication rate within 5 years following irradia-
tion. TD 50/5 represents the radiation dose that results in a 50%
severe complication rate within 5 years following irradiation.
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which is lower than the estimated TD 5/5. Tolerance of
the spinal cord, small intestine, and stomach is approx-
imately 45–50 Gy using standard dose fractionation.

The increasing use of brachytherapy (the tempo-
rary or permanent insertion of radioactive sources into
a tumor and/or peritumoral tissues) and intraoperative
radiotherapy (IORT) has also allowed better under-
standing of upper abdominal organ tolerance. IORT
delivers a single large dose of radiotherapy in the oper-
ating room, allowing the extent of tumor and sur-
rounding normal tissues to be directly visualized and
direct normal tissue shielding. Figures 18.1 and 18.2
demonstrate the use of IORT with an iridium-192
source via a HAM applicator in the operating suite.
Low-energy photons (e.g., Ir-192) or electrons are typ-
ically used for IORT, allowing rapid dose fall-off with
increasing distance, resulting in minimal dose to the
surrounding normal critical structures. Intraluminal
transcatheter brachytherapy allows the delivery of
radioactive sources such as Ir-192 to the tumor through
a percutaneous transhepatic biliary drainage (PTBD)
tube under fluoroscopic guidance or through catheters
placed in the tumor bed during surgery. Figure 18.5
(page 228) depicts the placement of intraluminal Ir-192
seeds via a PTBD tube. In contrast to high-energy pho-
tons used for external beam radiation therapy (EBRT),
IORT and brachytherapy allow administration of
higher radiation doses without exceeding normal tis-
sue tolerance by direct normal tissue shielding and
rapid dose fall-off with distance. Dosewise, the inci-
dence of complications from IORT is minimized if the
dose is 20 Gy or less in a single fraction (27). Addi-
tionally, limiting the transcatheter brachytherapy dose
to 20–30 Gy when combined with EBRT of 45–50 Gy
in 25–28 fractions is associated with acceptable com-
plication levels.

ANATOMY AND ROUTE OF SPREAD
WITH REGARD TO RADIATION

THERAPY PLANNING

Carcinoma of the gallbladder and bile duct spreads
local-regionally by direct extension as well as lymphatic
infiltration. Study of patterns of spread facilitates
design of radiation fields. Local invasion of tumor into
surrounding tissue and liver by gallbladder cancer is
aided by the gallbladder’s thin wall as well as contin-

FIGURE 18.1

Treatment of biliary tract tumor using Harrison-Anderson-
Mick (HAM) applicator and Ir-192 source. Applicator is held
flush against tumor bed by suturing to adjacent tissues (note
guide tubes on left, which connect to source housing).

FIGURE 18.2

(A) HAM applicator used to guide Ir-192 source during
IORT. (B) Source housing for Ir-192 source. This device
allows computer-assisted remote-controlled treatment
delivery of the radioactive source into the guide tubes dur-
ing IORT. Using this high-activity radiation source, treat-
ment can be completed within 30 minutes.

A

B
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uum of perimuscular connective tissue with interlobu-
lar connective tissue of the liver (28). Hepatic infil-
tration has been reported in 60–70% of patients on col-
lective review and autopsy series. Lymphatic spread by
gallbladder cancer is also common. Regional nodal
involvement has been reported in 40–80% of patients
(2, 29). For patients with T2 lesions, the incidence of
nodal metastases ranges from 40 to 62% (14, 30–32).
When disease invades the covering serosa or adjacent
organs, nodal metastases rates rise to 70–80% (31, 32).
The primary draining nodal groups are along the cys-
tic and common bile ducts. Retrograde spread to hilar
nodes can occur, particularly in more advanced disease.
(33). Secondary spread occurs to the pancreaticoduo-
denal nodes and later to the periaortic nodes. Similarly,
bile duct carcinomas frequently invade adjacent struc-
tures by direct extension as well as by lymphatic inva-
sion. Regional nodal metastases or adjacent organ
involvement are found in up to 50% of patients (34).
The incidence of a nodal involvement is believed to be
higher in intrahepatic cholangiocarcinomas compared
to extrahepatic biliary tumors. Common sites of nodal
spread from proximal biliary tumors include hepato-
duodenal ligament, left gastric, portal, pericholedochal,
and peripancreatic lymph nodes. More distally, tumors
are more likely to involve the pancreaticoduodenal,
hepatoduodenal and common hepatic artery lymph
nodes (35).

TREATMENT OF GALLBLADDER AND BILE
DUCT TUMOR WITH RADIOTHERAPY:

RADIATION DOSE RESPONSE

The optimal radiation dose in the adjuvant and “defin-
itive” treatment of biliary malignancies is unknown.
Published studies describing dose response are gener-
ally nonrandomized and single institutional experi-
ences, subject to selection bias, with higher perfor-
mance patients often receiving higher doses (36, 37).
Mahe et al. reported on patients receiving external
radiotherapy for bile duct carcinoma in the curative and
palliative setting. Patients receiving doses of ≥40 Gy
experienced median survivals of 22 months compared
to 10 months in patients receiving ≤35 Gy (36). Mittal
et al. found that patients receiving radiation doses of
≥45 Gy had improved median survival compared to
those receiving <45Gy (11 vs. 4.4months) (38). Results
of these and other reports are likely confounded by
varying disease stages and patient performance status
with respect to dose selection.

Researchers from Thomas Jefferson University
Hospital evaluated patients who were treated with
combined EBRT and Ir-192 brachytherapy. Patients
were retrospectively stratified as receiving total radia-

tion dose ≤55 or >55 Gy. Median and 2-year survival
rates were 6 and 24 months and 0 and 48%, respec-
tively. Median survival tended to increase with increas-
ing dose, with median survivals of 4.5, 9, 18, 25, and
24 months for patients receiving <45, 45–54, 55–65,
66–70, and >70Gy, respectively (39). In contrast, inves-
tigators from the University of Amsterdam showed no
obvious benefit of doses >55 Gy when compared to
patients receiving <55 Gy (40). Similarly, investigators
from M.D. Anderson Cancer Center found no signifi-
cant differences in local control or survival using doses
of 30, 36–50.4, or 54–85 Gy (41).

The optimal radiotherapy dosage in the treatment
of biliary cancers remains unknown.

OPERABLE DISEASE

Postoperative Radiotherapy:
Extrahepatic Bile Duct

The use of adjuvant radiotherapy in resected extrahep-
atic cholangiocarcinoma remains controversial. Pat-
terns of failure data suggest that local-regional failure
following resection is common and therefore the use of
adjuvant radiation therapy is rational. Varying single
institution series have examined the role of adjuvant
radiotherapy following resection and are discussed here.

Kopelson et al. described 13 patients undergoing
resection with curative intent. Three patients receiving
radiation therapy following surgery had a longer
median survival (32 months) compared with the entire
cohort (13 months) (10). An EORTC (European Orga-
nization for Research and Treatment of Cancer) series
retrospectively reviewed 112 patients with Klatskin
tumors (tumors at the bifurcation of common hepatic
duct) treated at seven centers and found a statistically
improved survival in patients receiving resection and
postoperative radiotherapy versus those with resection
only (median survival 19 vs. 8.3 months; 3-year sur-
vival 31% vs. 10%) (42). Japanese investigators
reported on 39 patients treated with adjuvant radiation
therapy following resection of hilar cholangiocarci-
noma (mean total dose 74 Gy). Some patients were
treated with EBRT only to a mean dose of 37.5 Gy. No
patients received chemotherapy. Three-year survival in
patients receiving radiation therapy was 41% versus
33% in patients receiving surgery alone (p = NS). In
patients with pathologic stage III–IVa disease, radiation
therapy appeared to result in improved survival (3-year
survival 50% vs. 0%, p = 0.04), although patient num-
bers were small (43). Another Japanese series described
59 patients receiving postoperative radiotherapy fol-
lowing resection using EBRT (16–80 Gy), brachyther-
apy (40–80 Gy), or both (48–80 Gy). No patients
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received concurrent chemotherapy. One- and 5-year
survivals were 73 and 18%, respectively, with median
survival of 21.5 months (44).

Investigators from Johns Hopkins Hospital
reported the outcome results of 96 patients with proxi-
mal cholangiocarcinoma treated surgically (41% cura-
tive resection, 14% noncurative resection, 45% pallia-
tive stenting). Sixty-six percent of patients received
postoperative radiation therapy. Patients undergoing
gross total resection or major debulking surgery had
improved survival versus those receiving stenting alone.
The 1-, 3-, 5-, and 10-year survivals in the resection
group were 66, 21, 8, and 4%, respectively, compared
to 27, 6, 0, and 0%, respectively, in the stenting-alone
group. Improved 2-year survival was observed in stented
patients undergoing radiation therapy versus patients
treated with stent only (10% vs. 0%). Additionally, 5-
year survival in resected patients receiving adjuvant RT
was 16% versus 0% with resection alone (NS), with all
5-year survivors in the resection group receiving adju-
vant radiotherapy (45). Amore recent series from Johns
Hopkins Hospital analyzed the clinical course of 34
patients with distal common bile duct cancer receiving
adjuvant chemoradiotherapy following pancreatico-
duodenectomy. Median and 5-year survivals were 37
months and 35%, respectively. Compared to a histo-
logicallymore favorable group of patients from the same
institution undergoing pancreaticoduodenectomy alone,
survival was significantly improved (median survival 37
months vs. 22months, p <0.05) (46). Investigators from
Duke University treated 33 patients with resected extra-
hepatic cholangiocarcinomawith adjuvant radiotherapy
to a median dose of 50.4 Gy. Patients received concur-
rent 5-fluorouracil based therapy. Three and five-year
survivals were 35% and 23%, respectively. Five-year
actuarial local control was 82%,with 5-yearmetastases
free survival of 27% (105).

In a study from the University of Amsterdam, 112
patients underwent resection for hilar cholangiocarci-
noma. In patients surviving the postoperative period, 20
had no additional treatment, 30 EBRTonly, and 41 com-
bined EBRT and brachytherapy. Patients receiving adju-
vant radiotherapy had an improved median survival
compared to no additional treatment (24 vs. 8 months).
The authors concluded that radiotherapy following resec-
tion of hilar cholangiocarcinoma improved survival,
although there was no obvious benefit of intraluminal
brachytherapy (47). Korean investigators reported on 60
patients with resected biliary cancers receiving a median
dose of 45 Gy EBRT, with a minority of patients receiv-
ing concurrent chemotherapy. Median survival was 19
months; however, despite adjuvant therapy, local-
regional failure still occurred in 48 patients (48). Other
Korean investigators reported on 84 patients receiving
postoperative EBRT (40–45Gy),most ofwhom received

concurrent chemotherapy administration. Five-year sur-
vival was 31%. The authors concluded that long-term
survival can be achieved in patients undergoing resection
and postoperative chemoradiation (49).

In contrast to previous observations, a report from
Pitt et al. at Johns Hopkins described a prospective,
nonrandomized study of patients with perihilar cholan-
giocarcinoma. Fifty nonmetastatic patients underwent
resection or palliative decompression. The decision to
deliver adjuvant RT was based on patient preference.
In treated patients, mean radiation dose following cura-
tive resection was 54 and 51 Gy in palliative patients.
Radiotherapy was delivered as EBRT only or EBRT
plus Ir-192 implant. In patients undergoing curative
resection, no difference in median survival was seen
whether or not patients received RT (20months in both
groups). Additionally, no significant difference in
median survival was seen with the addition of radiation
in patients undergoing palliative surgery (8 vs. 12.5
months). The authors concluded that postoperative
radiotherapy does not improve survival (50). Limita-
tions of this study (and other studies) include small sam-
ple size, lack of concurrent chemotherapy administra-
tion, possible group imbalance with regard to extent
of resection (R0 vs. R1 vs. R2) and adverse histologic
features, and variable RT techniques. Given this sig-
nificant heterogeneity among studies, the efficacy of
postoperative RT is inconclusive. A summary of post-
operative RT studies is compiled in Table 18.2.

SEER analyses regarding the benefit of adjuvant
radiotherapy for extrahepatic cholangiocarcinoma are
somewhat equivocal (21, 22). Analyses from popula-
tion-based datasets have shownmixed evidence of a sur-
vival benefit from the addition of radiotherapy to sur-
gical intervention (Figure 18.3). Specifically,
examination of the survival outcomes in local-regional
extrahepatic cholangiocarcinoma patients receiving
surgery and radiotherapy demonstrates an early survival
benefit, with 1- and 2-year survival for patients receiv-
ing adjuvant radiotherapy statistically superior to those
receiving surgery alone. However, by 5 years or more
postdiagnosis, survival outcomes for the adjuvant radio-
therapy cohort are equivalent or worse than surgery
alone. The interpretation of these findings, as with any
SEER analysis, are limited by the lack of specificity and
inherent limitations regarding radiotherapy data extrac-
tion from registry data; nonetheless, no institutional
series is as robust. Consequently, the suggestion of even
an early survival benefit makes the implementation of
adjuvant radiation therapy reasonable for local-regional
extrahepatic bile duct tumors. Population-based registry
analysis lends credence to the evidence from institutional
series and patterns of failure analyses which cumula-
tively suggest a beneficent effect of first-line adjuvant
radiotherapy in selected biliary tract cancer patients.
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Postoperative Radiotherapy: Gallbladder

Given patterns of failure data and poor prognosis in
resected gallbladder cancer, consideration of adjuvant
treatments is appropriate. It is estimated that only 20%
of patients receive radiotherapy or chemotherapy fol-
lowing resection, and fewer than 10% of all present-
ing patients undergo surgery, radiotherapy, and
chemotherapy (6). Therefore, reports describing the use
of adjuvant chemoradiotherapy in the setting of
resected gallbladder carcinoma are limited. Recent
series have suggested that local- regional control and
possibly ultimate outcome can be improved with the
use of adjuvant therapy.

Duke University investigators reported on 22
patients with primary and nonmetastatic gallbladder
carcinoma treated with external radiation therapy fol-
lowing attempted curative resection. Patients appeared
to benefit from an extended resection versus simple
cholecystectomy. Estimated 5-year survival for the
entire cohort was 37%, which compares favorably to
reported surgery-alone results for locally advanced dis-
ease (51). Mayo Clinic investigators reported on 21
patients who underwent resection followed by adju-
vant chemoradiotherapy with 5- fluorouracil (5-FU).
They reported a 5-year survival rate of 33%, with a

5-year survival of 64% in patients undergoing mar-
gin negative resection followed by adjuvant chemora-
diotherapy in a cohort consisting primarily of Stage
III/IV patients (52). Treadwell et al. reviewed 41 cases
of gallbladder cancer with 26 patients undergoing
surgery alone and 15 patients treated with adjuvant
radiation or chemotherapy. Adjuvantly treated
patients experienced improved short-term survival;
however, this benefit disappeared after 2-year follow-
up (53). Institutional datsets are limited by the rarity
of biliary tumor presentation. Thus, population-based
datasets may shed some light on the potential benefit
of adjuvant radiotherapy. The SEER (Survey of Epi-
demiology and End Results) dataset from the National
Institutes of Health (NIH) has been mined repeatedly.
One large National Cancer Database collective report
has suggested that patients undergoing trimodality
therapy may have a superior survival when compared
to patients undergoing surgery alone (6). A study of
the SEER database of over 3000 patients diagnosed
with gallbladder cancer between 1992 and 2002
showed that patients receiving adjuvant radiation ther-
apy had more advanced disease stage than those
treated with surgery alone. Despite this, median sur-
vival was significantly improved (14 months vs. 8
months, p < 0.001) in patients receiving radiation ther-

TABLE18.2
Outcomes Following Surgery for Extrahepatic Bile Duct Cancers

with or Without Postoperative Radiotherapy (RT)

MEDIAN 3-YEAR LOCAL
RT DOSE SURVIVAL SURVIVAL CONTROL

AUTHOR (REF.) N RT (GY) (MONTHS) (%) (%)

Kopelson (10) 13 Yes 38–72.25 12.7a — —
Gerhards (47) 71 Yes 42/46b 24 36 (est) —

20 No — 8 10 (est) —
Cameron (45) 63 Yes 50–80c — 21 —

33 No — — 0 —
Pitt (50) 23 Yes 51/54d 20e — —

27 No — 20e — —
Hughesg (46) 34 Yes 40–54 37 35f 82

30 No — 22 27f —
Sagawa (43) 39 Yes 37/38b 23 41f —

30 No — 20 33f —
Kamada (44) 59 Yes 16–80c 22 31 —
Oh (48) 60 Yes 40–55 19 25(est) 52
Kim (49) 84 Yes 40–45 — 38 (est) 53
Nelsong (105) 33 Yes 10.8–54 29 50 82

a 31.9 months for patients treated with a curative intent.
b Mean EBRT dose with /without Ir-192 treatment.
c EBRT, Ir-192, or both.
d Mean dose.
e Patients treated with a curative intent.
f 5-Year survival.
g Concurrent chemotherapy in most.
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apy. In patients with involved lymph nodes, this ben-
efit was even greater (16 vs. 5 months, p < 0.001) and
persisted despite the use of radical surgery (54). In
another SEER-derived analysis, Wang et al. derived a
risk model for estimation of the potential survival ben-
efit for addition of radiotherapy postresection in his-
toric gallbladder carcinoma cohorts (19) and gener-
ated a comparative nomogram (Figure 18.4) and
online risk prediction tool using said data (19, 20).

Conceivably, such tools might afford identification of
specific patient populations whose benefit from radio-
therapy postoperatively for gallbladder carcinoma
patients. A summary of institutional postoperative RT
studies is shown in Table 18.3. These data suggest that
an approach of radical resection followed by EBRT
with radiosensitizing chemotherapy in patients with
locally advanced, nonmetastatic gallbladder cancer
may improve ultimate outcomes.

FIGURE 18.3

Kaplan-Meier plot of overall sur-
vival for locoregional extrahepatic
cholangiocarcinoma from the
SEER dataset (1973–1998) by
treatment cohort (S, surgery alone;
RT, RT alone; S+RT, adjuvant
radiotherapy; No TX, no
local/regional therapy reported).
While early survival is improved,
no advantage is observed for those
surviving more than 24 months.
Bottom shows survival partitioned
by time span from diagnosis (0–24
months, left; >24 months, right).

TABLE 18.3
Outcomes Following Surgery for Gallbladder Cancers with Postoperative Radiotherapy (RT)

MEDIAN 5-YEAR LOCAL
RT DOSE SURVIVAL SURVIVAL CONTROL

AUTHOR N (GY) (MONTHS) (%) (%)

Czito (51) 22 39.6–60 23 37%a 59%b

Kresl (52) 21 50.4–60.8 31 33% 73%
Treadwell (53) 15 10–45 — 47c —

a 46% in 18 patients receiving concurrent chemotherapy.
b 71% in 18 patients receiving concurrent chemotherapy.
c 1-year survival rates.
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Preoperative Radiotherapy

Despitemultimodality treatmentwith surgery, radiation,
and chemotherapy, the risk of local-regional recurrence
in cholangiocarcinomas remains high. This fact, along
with a low percentage of potentially resectable patients,
has led to investigation of novel treatment approaches
in efforts to improve local control and survival. One

such approach is delivering therapy neoadjuvantly.
Although no randomized trial data exist on the use of
preoperative versus postoperative radiation therapy in
biliary tract malignancies, the former offers potential
advantages. By postponing surgical resection until com-
pletion of chemoradiation, patients with disease that is
rapidly progressive may avoid an unnecessary surgical

procedure. Preoperative therapy may facilitate
tumor downstaging and potentially convert
unresectable tumors to resectable, facilitating
resection with curative intent. Theoretically,
preoperative therapy may reduce tumor seed-
ing and dissemination at the time of resection,
as well as allowing tumor irradiation with an
intact vasculature. This may improve the ther-
apeutic effect of both chemotherapy and radio-
therapy via improved drug delivery and
enhanced tumor oxygenation, which renders
cells more sensitive to RT. Additionally, the
morbidity and delayed recovery time associated
with surgery may preclude the timely delivery
of postoperative therapy in a high percentage
of patients (55, 56).

The role of preoperative versus postoper-
ative therapy has been evaluated in other gas-
trointestinal cancers. A large, randomizedGer-
man trial in rectal cancer showed patients
receiving neoadjuvant chemoradiation experi-
enced significantly improved local control and
less toxicity compared to patients receiving
postoperative therapy (57). Duke University
investigators reported on 12 patients whowere
treated neoadjuvantly, primarily because of
borderline or unresectable disease as deter-
mined by imaging or exploratory laparotomy.
Patients received amedian dose of 50.4Gywith
concurrent fluoropyrimidine-based chemother-
apy. Three of 12 patient experienced patholgoic
complete response while the remaining nine
showed varying degrees of histologic response;
11 of 12 (91%) achieved R0 resection. At
pathologic analysis, no patients treated neoad-
juvantly had lymph node metastases. Despite
the clinical impression that neoadjuvantly
treated patients had primarily borderline or
unresectable disease, five-year survival was
53%. Median survival was 4.1 years, compar-
ing favorably to adjuvantly treated patients
over the same time period. Only one patient
experienced local failure. Additionally, rates of
grade 2/3 surgical morbidity were similar to
patients treated in the adjuvant setting the over
the same time period. (105) A report from
M.D. Anderson Cancer Center described 9

FIGURE 18.4

Nomograms for comparing the expected survival with and without adju-
vant RT for cancer of the gallbladder.For an individual patient, first use
nomogram A to calculate the expected survival without adjuvant RT,
and then use nomogram B to calculate the expected survival with adju-
vant RT. To use the nomogram, first draw a vertical line up to the top
“Points” row to assign points for each variable. Then, add up the total
points and drop a vertical line from the “Total Points” row to obtain
the 12-month overall survival, 24-month overall survival, and median
overall survival (in months). The difference between the two estimates
is the expected net survival gain from adjuvant RT. (19,20)
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patients (5 hilar and 4 distal common duct cholangio-
carcinoma) treated with preoperative chemoradiother-
apy. Patients received continuous infusion 5-FU at 300
mg/m2/day concurrent with EBRT. Three of 9 patients
experienced a pathologic complete response and the
remaining 6 varying degrees of histologic response. The
rate of margin negative resection was 100% for the pre-
operative chemoradiation group, compared with 54%
for patients receiving surgery alone (p < 0.01). Patients
receiving preoperative treatment did not experience any
treatment-related complications (58). Gerhards et al.
described 21 patients with proximal cholangiocarci-
noma undergoing low-dose preoperative irradiation
(10.5 Gy delivered over three fractions). No patients
receiving preoperative treatment developed implantation
metastases versus a 20% rate of implant metastases
development in similar patients undergoing surgery only
(59). Chilean investigators described 14 patients under-
going cholecystectomy revealing transmural gall blad-
der cancer. Patients then received 45Gy EBRTwith con-
tinuous 5-FU followed by repeat resection. Seven
patients had residual disease. At a median follow-up of
44 months, 5 (36%) are still alive (60). Japanese inves-
tigators reported on 9 patients receiving preoperative
radiation therapy with intraluminal brachytherapy
(40–94Gy).No patients received concurrent chemother-
apy. One- and 5- year survival rates were 33 and 11%,
respectively, and median survival 8.4 months (44).

NONOPERABLE DISEASE

Unresectable Disease

Because the majority of patients with cholangiocarci-
noma present with unresectable disease, palliative
radiotherapy is an important consideration. For
patients with unresectable disease, palliative irradiation
following biliary bypass has been shown to prolong
survival. A Mayo Clinic report analyzed the outcome
of 103 patients with unresectable cholangiocarcinoma.
Three-year survival of the entire group was 9%. Mul-
tivariate analysis suggested a significant survival ben-
efit for patients receiving additional palliative therapy,
including radiotherapy. No details were given (61).
Grove et al. noted a survival advantage for locally
advanced patients who received radiation therapy ver-
sus those who did not (median survival 12.2 vs. 2.2
months) (62). Veeze-Kuijpers et al. reported on 42
patients with unresectable EHBD carcinoma who
received EBRT with or without an Ir-192 implant
boost. These patients had a 14% 2-year survival and
10-month median survival. Patients undergoing subto-
tal resection followed by radiation experienced a longer

median survival than those receiving radiation alone
(15 vs. 8 months) (63). Crane et al. reported on 52
patients with unresectable cholangiocarcinoma treated
with radiation doses ranging from 30 to 85 Gy.
Twenty–seven (52%) patients ultimately developed
radiographic disease progression, with 20 (74%) of
these experiencing local recurrence. The first site of dis-
ease progression was local in 72% of cases. Median
survival for all patients was 10 months, with 1- and 2-
year survival rates of 44% and 13%, respectively.
Increasing radiation dose and use of concurrent
chemotherapy did not impact any outcome parameters
(41). Ghafoori et al. fromDuke University reported on
37 patients receiving external beam radiation therapy,
with or without brachytherapy, in patients with locally
advanced extrahepatic cholangiocarcinoma. Two-year
survival was 22% and two-year local control rate 61%.
Two patients lived beyond five years without evidence
of recurrence. The investigators concluded that most
patients had local control of disease at the time of
death. (106) Brunner et al. reported on 25 patients with
locally advanced or recurrent biliary malignancies.
With shrinking field techniques, patients received a
median of EBRT dose of 51 Gy. Four patients with
Klatskin tumors underwent brachytherapy, and 24
patients received concurrent chemotherapy. Median
survival in all patients was 16.5 months versus 9.3
months in patients undergoing stenting alone (64). As
mentioned above, limitations of these studies include
small sample size, lack of concurrent chemotherapy
administration in some patients, possible group imbal-
ance with regard to extent of disease and adverse his-
tologic features, and variable RT techniques. Given this
significant heterogeneity among studies, no definitive
conclusions as to the benefit, or lack thereof, of “defin-
itive” RT can be reasonably drawn. A summary of
studies describing outcomes in patients with unre-
sectable disease is shown in Table 18.4.

Intraluminal Transcatheter Brachytherapy

Despite the addition of EBRT, most patients with gall-
bladder and bile duct cancer expire of disease-related
local progression and obstruction of the biliary tree.
This fact suggests that conventional doses of EBRT are
insufficient to reliably eradicate all disease. Radiother-
apymodalities such as intraluminal brachytherapy have
been used alone or in conjunction with EBRT in the
treatment of gallbladder and biliary carcinomas.
Brachytherapy is the temporary or permanent insertion
of radioactive sources into a tumor and/or peritumoral
tissues. This permits focal dose escalation of the tumor
and peritumoral tissues, resulting in higher effective
doses of radiation therapy with sparing of surround-
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ing normal tissues. This dose escalation should result
in improved local control. Although a number of iso-
topes are available for brachytherapy, Ir-192 is the most
widely used source in clinical practice given its high spe-
cific activity, short half-life, and ease in shielding.

Advantages of intraluminal brachytherapy
include administration of high radiation doses with
rapid dose fall-off over a short distance from the
radioactive source, sparing adjacent normal tissues and
localizing dose to the tumor and peritumoral tissues.
Usually, brachytherapy treatments are delivered
through a percutaneous transhepatic biliary drainage
(PTBD) tube under fluoroscopic guidance or through
catheters placed in the tumor bed during surgery. Typ-
ical doses delivered with intraluminal therapy range
from 20 to 30 Gy prescribed to 0.5–1 cm from the Ir-
192 source within the duct (low-dose rate). This treat-
ment is often combined with a course of EBRT
(45–50.4 Gy in 25–28 fractions).

Since the original report by Fletcher and cowork-
ers describing the use of intraluminal brachytherapy
with Ir-192, multiple studies have demonstrated the fea-
sibility of using brachytherapy alone or in combination
with EBRT for treating gallbladder and bile duct can-
cers (36, 37, 63, 65–72). Although there are no ran-
domized trials comparing combined EBRT plus
brachytherapy with either modality alone, some inves-
tigators have suggested improved survival among
patients treated with combination treatment. Com-
bined EBRT and intraluminal brachytherapy can also
provide durable palliation (73–75). Occasional reports
have described long-term survival in unresectable
patients with the use of EBRT and transcatheter

brachytherapy boost. Foo et al. reported the Mayo
Clinic experience of 24 patients with unresectable
extrahepatic biliary cancer treated to a median EBRT
dose of 50.4 Gy in 28 fractions andmedian brachyther-
apy boost of 20 Gy delivered at 1-cm radius. Median
and 5-year survival for all patients was 12.8 months
and 14%, respectively. At publication, three patients
were still alive at 10, 6.9, and 8.2 years after diagno-
sis. It was recommended that Ir-192 catheter
brachytherapy boost be limited to 20–30 Gy when
combined with EBRT 45–50 Gy in 25–28 fractions
(65). A small prospective study from the Czech Repub-
lic randomized 42 patients with cholangiocarcinoma
with percutaneous stent to Ir-192 brachytherapy (mean
dose 30 Gy) and EBRT (mean dose 50 Gy) or stent
placement only. Significant improvement in survival
(median 9.8 vs. 12.8 months, p < 0.05) was seen in
patients receiving radiation therapy. Additionally, rein-
tervention was required in only one patient treated with
radiation therapy versus five patients treated with stent-
ing alone. The authors concluded that intraluminal
brachytherapy can significantly prolong survival in
patients with unresectable disease treated with stent
placement (76). Japanese investigators described 93
patients with unresectable extrahepatic bile duct car-
cinoma (including patients withmetastatic disease) who
received EBRT and Ir-192 boost. EBRT was delivered
at 2 Gy per fraction to a total dose of 50 Gy followed
by intraluminal boost to a mean dose of 39 Gy (range
20–50 Gy). Median survival for all patients was 12
months with 1- and 5-year survivals of 50 and 4%,
respectively. Four patients survived longer than 5 years.
Local regional failure rate was 44% and usually asso-

TABLE 18.4
Results of Radiotherapy (RT) for Unresectable Biliary Cancers

MEDIAN 3-YEAR LOCAL
RT DOSE SURVIVAL SURVIVAL CONTROL

AUTHOR N RT (GY) (MONTHS) (%) (%)

Farley (61) 103 Yesa — — 9 —
Grove (62) 19 Yes 12.6–64.0 12.2 10b —

9 No — 2.2 — —
Veeze-Kuijpers (63) 42 Yes 30–65 10 14b —
Cranef (41) 52 Yes 30–85 Gy 10 13b 41c
Brunnerf (64) 25 Yes 30.4–55.8d 16.5 — —

39 No — 9.3 — —
Kamada (44) 54 Yes 70–135 12.4 13 —
Ghafoorif (106) 37 Yes 25-81 14 22b 61e

a In some patients but details not given.
b 2-year survival rates.
c 1-year local control
d EBRT-only doses.
e 2-year local control
f Concurrent chemotherapy in most
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ciated with distant metastases. No dose-response rela-
tionship to survival was observed (77). Other Japan-
ese investigators reported on 54 patients with unre-
sectable extrahepatic biliary cancers treated with
primary radiation therapy (40–50 Gy EBRT) with
intraluminal brachytherapy (≥25 Gy). No patients
received concurrent chemotherapy. One- and 5- year
survival rates were 56 and 6%, respectively with a
median survival of 12.4 months (44).

Buskirk and coworkers reported the results of
patients with subtotally or unresected disease treated
with external beam radiation therapy with or without
implant or IORT (intraoperative radiation therapy).
Patients who received Ir-192 implant or IORT in addi-
tion to EBRT experienced survival longer than 18
months. Additionally, patients who received Ir-192
boost or IORT experienced lower rates of local failure
than those who received EBRT alone (±5-FU
chemotherapy) (73). Fields et al. reported on 20
patients treated with curative intent; those who received
an Ir-192 implant in addition to EBRT exhibited an
improved survival when compared to those patients
who received EBRT alone (median survival 15 vs. 7
months) (70). Montemaggi and coworkers likewise
concluded that the addition of intraluminal RT after
biliary drainage prolongs survival (72). In contrast, Ital-
ian investigators analyzed the outcome of 22 patients
with unresectable/residual extrahepatic biliary tumors
receiving external beam radiation therapy, concurrent
with 5-FUwith or without intraluminal brachytherapy.
In their series, brachytherapy had no significant impact
on survival (78). Similarly, a study from M.D. Ander-
son Cancer Center also showed no benefit from the
addition of brachytherapy (41).

In addition to potentially enhancing survival, the
combination of EBRT and intraluminal brachytherapy
may extend stent patency for patients with locally
advanced biliary carcinoma. Eschelman et al. described
amean stent patency of 19.5months andmean survival
of 23 months for 11 patients with cholangiocarcinoma
treated with EBRTwith brachytherapy. This compared
favorably to the surgical literature using stenting alone
for malignant biliary obstruction (mean stent patency
5–10 months) (74). In a previously described Japanese
series, 88 patients underwent metallic stenting followed
by EBRT/Ir-192 brachytherapy for unresectable disease.
Forty-nine percent of patients developed reobstruction
at amean duration of 11.6months following treatment.
In half of these patients, the cause was deemed to be
tumor recurrence. Cumulative biliary patency rates at
1- and 3-years were 52 and 29%, respectively. In 20
patients undergoing autopsy, 17 showed no evidence of
tumor-related obstruction. Nonmalignant causes of
obstruction included debris, stones, and bleeding (77).
External beam radiation therapy may also extend stent

patency. Japanese investigators reported on 51 patients
with unresectable (10 metastatic) hilar cholangiocarci-
noma. Median survival in patients receiving stent plus
EBRT (22–50 Gy) was significantly improved versus
those receiving metallic expandable metal stent alone
or PTBD (13 vs. 7.6 vs. 4.2 months). One-year survival
was 57% in patients receiving radiation therapy alone
versus 0% in patient undergoing stenting. Importantly,
average performance scores were significantly higher in
patients receiving radiation therapy, and only one
patient receiving radiation therapy developed stent
obstruction, with a significant improvement in mean
stent patency noted following initial stenting with the
addition of radiation therapy (10 months vs. 4 months,
p = 0.0002). These authors concluded that EBRT com-
bined with endoscopic stenting can increase the length
and quality of survival and provide a definite palliative
benefit in patients with unresectable hilar cholangio-
carcinoma (79).

The most commonly used technique for intralu-
minal treatment of biliary cancer is low-dose-rate
(LDR) brachytherapy. This technique typically deliv-
ers doses of 0.4–0.6 Gy/hr at 0.5–1.0 cm depth using
Ir-192 sources. Prior to loading of the active sources,
the PTBD catheter is typically changed over a wire for
a larger 10 French Ford stent, which is more conducive
to loading/accommodating an Ir-192 implant. Dummy
sources are first inserted to aid in the treatment plan-
ning. After dummy source removal, active sources are
loaded and accuracy of their placement is confirmed by
orthogonal films. Dose calculations are performed and
sources remain in place for duration sufficient to deliver
the prescribed dose. A dose of 20–30 Gy is usually pre-
scribed to 0.5-cm depth, delivered over approximately
30–50 hours. Following unloading of the implant, the
Ford stent is again changed out over a wire for a PTBD
catheter and the patient is typically discharged home
the same day. Figure 18.5 depicts the placement of
intraluminal Ir-192 seeds via PTBD tube.

In contrast to LDR brachytherapy, high-dose-rate
(HDR) brachytherapy uses a high activity source,
allowing rapid dose delivery (approximately 0.2
Gy/min) compared to LDR techniques. University of
Miami investigators reported a phase I/II dose escala-
tion trial utilizing HDR brachytherapy. Eighteen
patients with unresectable or subtotally resected extra-
hepatic biliary duct carcinoma received 45 Gy EBRT
with concurrent 5-FU chemotherapy and HDR
brachytherapy, using either one, two, or three weekly
fractions of 7 Gy delivered at 1-cm depth. Median and
2-year survivals were 12.2 months and 28%, respec-
tively. Three patients survived longer than 5 years.
Improved response was seen with increasing doses in
the three groups (median survival 9 months vs. 12
months vs. 20 months). The authors concluded that
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HDR brachytherapy of 21 Gy in three divided weekly
treatments with 45 Gy EBRT with 5-FU–based
chemotherapy is well tolerated (80). At the University
of Heidelberg, 30 patients undergoing palliative resec-
tion or with locally advanced tumors received HDR
therapy using Ir-192. Most patients received weekly
fraction sizes of 5–10 Gy, to a total dose of 20–45 Gy,
along with EBRT to doses of 30–45 Gy. Median sur-
vival for the entire group was 10 months, with a 3-year

survival rate of 8%. Seven patients developed duode-
nal ulceration; however, there was only one case of such
in patients receiving 20 Gy in 4 fractions. The authors
concluded that a treatment schedule of 40 Gy EBRT
along with 20 Gy (5 Gy × 4) by HDR brachytherapy
was appropriate for treatment of cholangiocarcinoma
(75). Shin et al. analyzed 31 patients with inoperable
bile duct carcinoma. Seventeen patients received EBRT
alone and 14 EBRT in combination with HDR
brachytherapy boost. Median EBRT was 50.4 Gy
(range 36–55 Gy). The brachytherapy dose was 15 Gy
prescribed to 1.5-cm depth, delivered in 5-Gy fractions
over 3 days. Median time to tumor recurrence was
improved in patients receiving HDR treatment (5
months vs. 9 months) as was 2-year survival (0% vs.
21%).(81). The role of HDR brachytherapy in biliary
cancers remains under investigation.

Given the caveats of patient selection (i.e., better-
prognosis patients receiving brachytherapy) and other
uncontrolled factors, retrospective data suggest improved
survival for locally advanced patients receiving intralu-
minal brachytherapy. The addition of intraluminal radio-
therapy to EBRT may be beneficial, likely due to the
increased delivery of radiation dose to the primary tumor
along the bile ducts, where the largest volume of gross
disease exists. Table 18.5 summarizes the outcome of
selected studies utilizing intraluminal therapy.

Intraoperative Radiotherapy

IORT is the delivery of a single high-dose irradiation
treatment to the target at the time of operation while
minimizing exposure of the surrounding normal tissues,
achieving high effective doses. The most commonly
used radiation techniques for IORT include electron
beam as well as HDR Ir-192 therapy. IORT, in a gen-
eral sense, has theoretical advantages over intraluminal
brachytherapy. Small bowel, stomach, duodenum, and

TABLE 18.5
Outcome of External Beam Radiotherapy Plus Intraluminal Brachytherapy for Biliary Cancers

MEDIAN 5-YEAR LOCAL
SURVIVAL SURVIVAL CONTROL

AUTHOR N BRACHYTHERAPY (MONTHS) (%) (%)

Foo (65) 24 Yes 12.8 14 67
Fields (70) 8 Yes 15 ___ ___

12 No 7 ___ ___
Montemaggi (72) 12 Yes 14 ___ ___
Eschelman (74) 11 Yes ___ 22.6a ___
Fritz (75) 30 Yes ___ 8 ___
Takamura (77) 93 Yes 11.9 4 56

a 2-year survival rate with noncurative resection.

FIGURE 18.5

Placement of intraluminal Ir-192 seeds via a percutaneous
transhepatic biliary drainage catheter. Varying pencil marks
(left side of image) are used to identify radioactive seeds
within the catheter. In contrast to the high-activity Ir-192
sources used in IORT, this low-activity source is usually left
in place for 24–48 hours in order to deliver the prescribed
dose of radiation.
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other normal structures can be directly shielded or dis-
placed during the procedure, thus sparing these tissues.
Additionally, tumor or tumor-bearing tissues outside
the biliary system can be treated if clinically indicated.
Typical IORT doses range from 10 to 20 Gy given as a
single fraction. This is generally delivered preceding or
following a course of EBRT of 45–50.4 Gy over 25–28
fractions.

The potential role of IORT in the treatment of bile
duct cancer was first reported by Japanese physicians.
Iwasaki et al. reported on the use of IORT alone or in
conjunction with EBRT in 20 patients with biliary can-
cers. They described a 2-year survival rate of 17% in
patients receiving IORT combined with noncurative
resection, compared to 9% after noncurative resection
alone (27). Deziel and coworkers reviewed the Rush-
Presbyterian experience in nine patients with unre-
sectable or partially resected proximal biliary tract can-
cer. These patients had a median survival of 13 months
with the use of IORT, with or without EBRT. These sur-
vival figures were comparable to 13 contemporaneous
patients treated with EBRT with or without Ir-192
brachytherapy at their institution (82). Busse et al.
reported similar results for 15 (12 primary, 3 recurrent)
patients treated with IORT with or without EBRT.
Median survival of 12 patients with primary disease
was 14 months, with disease control in the porta
hepatis achieved in 5 of 10 evaluable patients (83).
Monson et al. described similar results from the Mayo
Clinic with IORT for unresectable cholangiocarcinoma.
Thirteen patients experienced amedian survival of 16.5
months (84). Todoroki et al. reported on 63 patients

with locally advanced cholangiocarcinoma. Following
extended resection, 42 patients received adjuvant RT
(12 IORT alone, 22 IORT plus EBRT, 8 EBRT only).
Almost all (41/42) patients had microscopic or macro-
scopic residual disease. Patients receiving adjuvant
radiotherapy for microscopic residual experienced
improved 5-year survival (34%) versus resection alone
(14%). Local-regional control rates were also signifi-
cantly improved in patients receiving adjuvant RT ver-
sus resection alone (79% vs. 31%). The best survival
rates were seen in patients who underwent IORT and
EBRT (5-year survival 39%) (85). The results of IORT
studies are also summarized in Table 18.6.

Radiosensitization with Chemotherapy

The role of chemotherapy alone or in combination with
radiation therapy for gallbladder and bile duct carci-
nomas is unclear. The use of 5-FU–based chemother-
apy in combination with radiation is extrapolated from
the survival benefit demonstrated in other gastroin-
testinal malignancies, including pancreatic cancer
(86–88).Multiple studies have reported the use of vary-
ing combinations of chemotherapy concurrent with RT,
with or without surgery. However, the number of
patients receiving such treatment is too small to draw
definitive conclusions. With these caveats, preliminary
results are encouraging.

In an early study, Kopelson et al. reported the fea-
sibility and potential benefit of chemotherapy in addi-
tion to radiation (10). Minsky and coworkers reported

TABLE 18.6
Outcome of External Beam Radiotherapy Plus Intraoperative Radiotherapy for Biliary Cancers

MEDIAN 5-YEAR LOCAL
SURVIVAL SURVIVAL CONTROL

AUTHOR N BOOST (MONTHS) (%) (%)

Buskirk (66) 17 I/Ba ___ 30–43b 67–70c
17 No ___ 12 47

Iwasaki (27) 20 I 17d ___ ___
41 No 9d ___ ___

Deziel (82) 9 I 14 ___ 50
Busse (83) 12 I 14 ___ 50
Monson (84) 13 I 16.5 ___ 50
Takamura (77) 93 I 11.9 4 56
Todorokie (85) 28 I 32 34 80

19 No 10 14 31

a I/B, some patients received IORT(I) while others received brachytherapy (B).
b 18-month survival rate: 30% brachytherapy, 43% IORT.
c 67% with IORT and 70% with brachytherapy.
d Mean survival.
e Includes 5 pts patients receiving EBRT alone; all pts patients underwent R1 resection; 5-year survival in patients receiving

IORT with EBRT was 39%.
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an aggressive combined modality treatment for biliary
carcinoma in 12 patients using EBRT, brachytherapy
boost, and concurrent 5-FU/mitomycin-C chemother-
apy with or without a curative resection (68). Five
patients underwent surgical decompression, and the
remaining seven had a biopsy or subtotal resection of
the tumor. Median survival for all patients was 17
months and 4-year survival 36%. Four patients had
no evidence of disease at 16, 30, 40, and 64 months,
respectively. Alden and colleagues described a similar
aggressive approach in 19 patients with extrahepatic
biliary duct cancer using EBRT, brachytherapy, and
chemotherapy (5-FU alone or in combination with
doxorubicin or mitomycin-C) (39). They observed a
2-year survival rate of 30%. Foo et al. reporting the
Mayo Clinic experience in the treatment of extrahep-
atic bile duct carcinoma showed a nonstatistical
improvement in survival in patients receiving concur-
rent 5-FU–based chemotherapy versus EBRT alone
(65). Reports from the University of Michigan Med-
ical Center at Ann Arbor described 22 patients with
hepatobiliary cancers treated with concurrent intra-
hepatic arterial fluorodeoxyuridine and twice-daily
(hyperfractionated) 3D-CRT to either 48 or 66 Gy
(depending on the volume of liver irradiated) at
1.5–1.65 Gy per fraction. Median survival of all
patients was 16 months with an actuarial 4-year sur-
vival of 20%. Overall freedom from hepatic progres-
sion at more than 2 years was about 50% (89–92).
Crane et al. from M.D. Anderson Cancer Center
showed no significant survival impact with the addi-
tion of 5-FU–based chemotherapy. However, based on
the lack of significant added toxicity from chemother-
apy in these studies and proven benefit in other gas-
trointestinal malignancies, these investigators judged
that combined chemoradiation is indicated for biliary
tract disease (41). A summary of selected studies in
unresectable disease is listed in Table 18.7.

Intrahepatic Cholangiocarcinoma

Intrahepatic cholangiocarcinoma is a rare malignancy,
estimated to account for 1% of all hepatic tumors (93).
Literature review reveals no significant survival differ-
ence between intrahepatic and extrahepatic bile duct
cancer, stage for stage, and the treatment philosophy
is very similar. Altaee et al. reported a similar median
survival of 12 months for 42 patients with intrahep-
atic cholangiocarcinoma and 70 patients with perihilar
biliary cancers (94). Literature review suggests median
survival for all patients undergoing radical resection for
intrahepatic cholangiocarcinoma ranges from 5 to 26
months (98). Although limited data are available, recur-
rence in the liver remnant following resection occurs
in 38–70% of patients. Local-regional lymph nodes are
also a common site of failure (93). In one series of 123
patients with intrahepatic cholangiocarcinoma, 56
underwent curative resection. Recurrence was observed
in 46 patients, primarily occurring in the liver, lymph
nodes, and intraductal sites (95).

Ben-Josef et al. treated 46 patients with intrahep-
atic cholangiocarcinomas with high-dose conformal
external radiation combined with hepatic arterial flox-
uridine.Median survival was 13.3 months, which com-
pared favorably to historical controls. Increasing radi-
ation dose was associated with improved prognosis,
with patients receiving ≥75 Gy experiencing signifi-
cantly improved survival versus those receiving lower
doses. These results appear promising, notably in the
setting of biliary carcinomas with a significant intra-
hepatic ductal component (96). Chen et al. reviewed 20
patients with intrahepatic cholangiocarcinoma who
underwent curative or palliative surgery followed by
intraluminal brachytherapy and chemotherapy.Median
survival for all patients was 20.5 months, with four
patients living more than 3 years and one patient alive
at 5 years. This seemingly improved survival was
judged to be due to early diagnosis in most patients

TABLE 18.7
Concurrent Chemoradiotherapy for Biliary Carcinomas

MEDIAN SURVIVAL

AUTHOR (REF.) N CHEMOTHERAPY (MONTHS) SURVIVAL (%)

Minsky (68) 12 5-FU + mitomycin-Ca 17 36e
Alden (39) 19 5-FUb — 30c
Kopelson (10) 13 5-FU 12.7 —
Deodato (78) 22 5-FU 23d 41c

a 5-FU, 5-fluorouracil.
b 5-FU alone or in combination with doxorubicin or mitomycin-C.
c 2-year survival rate.
d One patient did not receive 5-FU.
e 4-year survival rate.
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(97). Analysis of the SEER database of nearly 4000
patients showed that only 17% of patients with intra-
hepatic cholangiocarcinoma received radiation therapy,
either alone or in combination with surgery. Median
overall survival was 11, 6, 7, and 3 months for patients
undergoing surgery with adjuvant radiation therapy,
surgery alone, radiation therapy alone or no treatment.
Survival was significantly improved in patients receiv-
ing surgery and adjuvant radiation therapy versus
surgery alone, as well as with radiation therapy alone
versus no treatment. The authors concluded that adju-
vant and definitive radiation therapy prolongs survival
in patients with intrahepatic cholangiocarcinoma (107).
Because reports of radiation delivered either adjuvantly
or in a “definitive” fashion for intrahepatic cholangio-
carcinomas are limited, definitive conclusions about its
role are difficult.

Radiotherapy with Hepatic Transplant

Because of the poor prognosis associated with cholan-
giocarcinoma, investigators have pursued novel treat-
ment approaches to improve outcomes. One strategy
has been to combine chemoradiotherapy with liver
transplantation. At the University of Pittsburgh, 61
patients with biopsy proven cholangiocarcinoma
received a median “preoperative” radiation dose of
49.5 Gy (range 5.4–85), including four patients who
received brachytherapy. Concurrent chemotherapy was
administered in 30 patients. Five-year survival for the
entire cohort was 24%. Patients undergoing complete
resection had a 54%5-year survival. Seventeen patients
with uninvolved lymph nodes undergoing orthotopic
liver transplantation experienced a 5-year survival of
65%. This compared favorably to a 22% 4-year sur-
vival in a prior report from this group. The authors con-
cluded that complete surgical resection in combination
with combined modality therapy, with or without
transplantation, can be curative in the majority of
patients with biliary carcinoma (99, 100). A report
from the Mayo Clinic described 56 patients undergo-
ing neoadjuvant EBRT, brachytherapy, and 5-FU–based
chemotherapy for early-stage perihilar cholangiocarci-
noma. Patients received 45 Gy EBRT delivered in 30
fractions over 3 weeks (2 fractions per day) along with
concurrent intravenous 5-FU. Patients then received a
transluminal boost of 20–30 Gy with Ir-192 with con-
current 5-FU. Eligible patients then went on to undergo
liver transplantation. Twenty-eight patients underwent
transplantation, with seven (25%) showing pathologic
complete response. Five-year survival for all patients
was 54%. In patients undergoing transplantation, 5-
year survival was 82%. The authors concluded that
neoadjuvant chemoradiotherapy with transplantation

achieved excellent results for patients with localized,
node negative hilar cholangiocarcinoma (101). A fol-
low-up study from this group reported on 71 patients
undergoing neoadjuvant chemoradiotherapy. Of these,
61 subsequently underwent operative staging, and 38
of these underwent transplantation. Sixteen of 38
(42%) patients showed no evidence of residual tumor,
with a 5-year recurrence rate of 12%. Survival for all
patients enrolled was 58% at 5 years, 66% for patients
undergoing operative staging, and 82% for patients
undergoing transplantation (102). These results suggest
that cholangiocarcinoma (compared to pancreatic can-
cer) may be a relatively radiosensitive disease. Treat-
ment strategies of chemoradiation with liver trans-
plantation appear encouraging and are under active
investigation.

Charged-Particle Radiotherapy

Charged particles such as protons and helium ions have
also been used in the treatment of gallbladder and bil-
iary cancers. In contrast to photons, the energy-depo-
sition patterns from charged particles are highly local-
ized. This is due to a disproportionate absorption of the
majority of their energy at the end of their track range,
the so-called Bragg peak. The dose unit of charged par-
ticles is the Gray equivalent (GyE). Figure 18.6 demon-
strates the energy deposition patterns of 15 MV pho-
tons, 9 MeV electrons, 30 MeV neutrons, 160 MeV
protons, and Ir-192 seeds.

Schoenthaler and coworkers at the University of
California at San Francisco reviewed their experience
of 129 patients with extrahepatic bile duct carcinoma.
Sixty-two patients were treated with surgery alone, and
of these, 24% underwent gross total resection. The
remaining surgery-only patients underwent debulking,

FIGURE 18.6

Relative dose deposition as a function of depth for varying
radiation sources, including Ir-192 seeds, 9MeV electrons,
30 MeV neutrons, 15 MV photons, and 160 MeV protons.
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biopsy, or decompression alone. Sixty-seven patients
received adjuvant radiotherapy, 45 with conventional
EBRT and 22 with charged particles using helium
and/or neon. Patients who underwent gross total resec-
tion or received greater than 45 Gy (E) after any surgi-
cal procedure were defined as treated with “curative
intent.” Fifty patients were treated with curative intent
in the surgery-alone group, 35 in the surgery-plus-con-
ventional-RT group, and 18 in the surgery-plus-charged
particle group. Five patients in the conventional RT
group also received Ir-192 brachytherapy. Improved
survival was seen in patients undergoing gross total
resection versus those undergoing debulking or decom-
pression only. Patients with microscopic residual dis-
ease experienced an improvedmedian survival with the
addition of adjuvant irradiation, more so after charged
particle therapy (p = 0.0005), but also with conven-
tional RT (p = 0.01). Patients with gross residual dis-
ease had a less marked but still statistically significant
improved survival after irradiation (p = 0.05 for con-
ventional RT and p = 0.04 for charged-particle RT).
Median survival with surgery alone, surgery plus con-
ventional RT, and surgery plus charged particle therapy
was 6.5, 11, and 14months for the entire group, respec-
tively, and 16, 16, and 23 months for patients treated
with curative intent, respectively (p = 0.008) (103).

Metastases to the Hepatobiliary System

The treatment of hepatobiliary metastases from other
primary cancers by irradiation is generally used for
symptomatic relief of pain and obstructive symptoms.
Generally, biliary stent placement (either endoscopically
or percutaneously) is performed when possible. Radia-
tion therapy is often used adjunctively in attempts to
eradicate disease causing obstruction. Approximately
two thirds of symptomatic patients experience relief of
pain and obstructive symptoms, including pruritus and
jaundice, though most patients also require stenting.
EBRT doses ranging from 30 Gy in 10 fractions to 60
Gy in 30–33 fractions have been used. The most com-
monly used palliative RT dose to the whole liver is 21
Gy in 7 fractions. Small portions of the liver or extra-
hepatic biliary tract can be palliatively irradiated to a
much higher dose as inmany cases; however, dosesmust
be individualized and normal tissue tolerance respected.

OTHER RARE MALIGNANCIES OF
GALLBLADDER AND BILIARY SYSTEM

Rare malignancies of the gallbladder and bile duct such
as anaplastic carcinoma, squamous cell carcinoma, and
adenocanthoma are generally treated in a similar fash-
ion as adenocarcinoma, though data are lacking. Pri-

mary biliary sarcoma is exceedingly rare, and the prog-
nosis is poor in spite of treatment.

Lymphoma of the gallbladder and bile duct is rare
and is generally treated with a combined modality
approach with chemotherapy and low-dose irradiation.
Typical radiation doses range from 25 to 40 Gy (at
1.8–2 Gy/fraction, 5 days/wk), usually given in series
with chemotherapy, depending upon stage and histol-
ogy of disease.

TOXICITIES AND COMPLICATIONS

Potential acute toxicities of EBRT and chemother-
apy include nausea, vomiting, anorexia, dehydration,
skin irritation, distal esophagitis, gastritis, duodenitis,
fatigue, weight loss, asymptomatic elevation in liver
function tests (usually alkaline phosphatase), and mild
immunosuppression. In a series of 81 patients with
extrahepatic cholangiocarcinoma receiving combined
chemotherapy and radiation therapy, the incidence of
acute nausea, fatigue, and diarrhea was 41, 31, and
16%, respectively. Five patients with hilar carcinoma
developed late complications (ulcer formation, gastri-
tis, liver veno-occlusive disease) at a median onset of 6
months (104).

Most acute symptoms resolve following treatment
completion. Late-treatment–related complications of
RT for biliary carcinomas include gastrointestinal
bleeding (especially duodenal), biliary fibrosis and duct
stricture, cholangitis, hepatitis, and small bowel
obstruction. Complications related to radiotherapymay
be difficult to define precisely as many patients do not
survive long enough to exhibit such effects. Signs and
symptoms suggesting treatment-related complication
may be nonspecific and potentially related to tumor
progression (i.e., gastrointestinal bleeding, biliary fibro-
sis and stricture, cholangitis, and hepatitis); addition-
ally, many patients have undergone numerous thera-
peutic interventions that carry similar complications.

Nevertheless, when EBRT doses of >55 Gy are
used in the treatment of gallbladder and biliary carci-
noma, as many as 30–50% of patients will develop
complications such as duodenal hemorrhage, ulcera-
tion, and obstruction (9). Care must always be taken
to respect dose tolerance of surrounding normal struc-
tures (see Table 18.1). When treating with EBRT doses
of 45–50 Gy at 1.8–2.0 Gy per fraction combined with
the brachytherapy boost, gastrointestinal complica-
tions including bleeding and ulceration have been
reported (37, 66, 73, 104). Therefore, LDR brachyther-
apy doses should be limited to 20–30 Gy or less when
combined with “curative” EBRT doses of 45–50.4 Gy.
In addition, it is important to ensure that implant
sources not pass beyond the ampulla, reducing the risk
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of resultant bleeding.When treating biliary carcinomas
with IORT, doses in excess of 20 Gy have been associ-
ated with significant complications, including hepatic
artery injury, and should generally be avoided. As
above, efforts should be made to shield nontarget tis-
sues from the treatment field by mobilization and
shielding devices.

TREATMENT RECOMMENDATIONS

Based on patterns of failure in patients with resected
biliary cancers, and the previously discussed data,
EBRT concurrent with 5-FU–based chemotherapy
should be considered in the pre- or postoperative set-
ting. A similar approach is adopted in patients with
locally advanced disease. Locally advanced patients
treated neoadjuvantly are restaged following treat-
ment and reevaluated for resection. Computed tomog-
raphy–based treatment planning and multiple field
techniques are used. Customized field shaping is

achieved using a computerized blocking system (mul-
tileaf collimation) to shield nontarget tissues. High-
energy (>–6 MV) photons are used to treat all fields.
Figure 18.7 demonstrates a dose-volume histogram
(DVH) generated through three-dimensional plan-
ning. The DVH displays the volume of tumor and sur-
rounding normal tissues/organs receiving a specified
radiation dose level.

Recent innovations in radiation planning and
delivery have been achieved through the use of com-
puter-aided beam orientation and optimization,
referred to as intensity-modulated radiotherapy
(IMRT). This permits optimized dose distribution
within the defined target as well as decreased normal
tissue irradiation with a decrease in treatment-related
side effects and should be considered in the treatment
of these patients. Additionally, the use of ”four-dimen-
sional” treatment planning should be employed. These
techniques account for the variable of organ/tumor
motion using externally or internally placed fiducial
markers which track the tumor during respiration and

FIGURE 18.7

Dose volume histogram
(DVH) for patient treated pre-
operatively for biliary cancer.
GTV, gross tumor volume.
Each curve displays the vol-
ume of tumor or normal organ
receiving a specified radiation
dose.
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permit precise treatment delivery. In the preoperative
or postoperative setting, doses generally ranging from
45 to 54 Gy are delivered at 1.8 Gy/fraction, 5 days
per week using multiple fields. Final dose is selected
individually for each case, depending on factors such as
extent of resection, volume of normal tissues irradiated,
etc. For patients with locally advanced/unresectable dis-
ease, “definitive” chemoradiation is utilized. Typically,
patients receive EBRT to a dose of 50.4–54 Gy at 1.8
Gy per day, 5 days per week. As in potentially resectable
patients, concurrent 5-FU–based chemotherapy is deliv-
ered. Selected patients with a good performance status
may receive additional dose by Ir-192 implant (typically
20–30 Gy delivered at approximately 10 Gy/day, pre-
scribed to 0.5 cm from the source).

CONCLUSIONS AND FUTURE DIRECTIONS

Gallbladder and bile duct cancers carry a poor prog-
nosis. Innovative treatment strategies are mandatory to
improve upon these poor results. Surgery, when feasi-
ble, remains the only curative treatment modality.Most
patients undergoing resection are found to have adverse
pathologic prognostic factors (lymphovascular inva-
sion, involved lymph nodes, involvedmargins, etc.) and
are often referred for adjuvant irradiation. RT (with
or without chemotherapy) decreases the risk of local-
regional recurrence and may improve survival. Given
the rarity of malignancy, no randomized data exist
proving a survival advantage. Patients receiving con-
current chemoradiation appear to have an improved
survival compared to those receiving radiotherapy
alone, possibly due to radiosensitization effect by
chemotherapy. An aggressive multimodality approach
should be considered in appropriate patients who are
potentially resectable by combining surgery and EBRT
with concurrent chemotherapy. Intraoperative radio-
therapy and/or brachytherapy with Ir-192 may be use-
ful for selected patients. For unresectable cancers, com-
bined modality therapy with EBRT and chemotherapy
is advised, followed by restaging and consideration of
resection and IORT in select patients. Intraluminal
brachytherapy may allow further dose escalation in
patients not suitable for resection.

Despite these efforts, the majority of patients with
biliary cancers will succumb to their disease. The inte-
gration of novel therapeutic strategies in this disease is
indicated, including combined modality therapy with
hepatic transplant as well as use of potential radiosen-
sitizers such as epidermal growth factor receptor (EGFR)
antagonist, receptor tyrosine kinase inhibitors, and vas-
cular endothelial growth factor inhibitors. When com-
binedwith traditional chemotherapeutic agents and pre-
cision radiation techniques such as IMRT and four

dimensional treatment delivery, these strategies may
improve local control and survival in these patients.
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ancers of the biliary tract have histor-
ically been treated with unsatisfactory
results both from a disease-control
standpoint as well as from a toxicity

vantage. While those patients with early disease have
been treated with surgery alone, patients presenting
with more advanced or unresectable disease have a
much inferior prognosis. The use of adjuvant radiation
therapy has been shown to provide a local control ben-
efit compared to surgery alone and has also shown a
potential survival benefit, but radiation therapy has his-
torically had a limited role in the treatment of these can-
cers (1–3). This is due, to at least some extent, to the
proximity of organs at risk (OAR) and the appropri-
ate required dosing constraints. The liver and kidneys,
in particular, have known low whole-organ tolerances
to radiation, limiting both the postoperative and defin-
itive radiation dose that can be safely given.

Efforts at dose escalation have used intraoperative
radiotherapy and intraluminal brachytherapy, either
alone or in combination with external beam radiation
therapy. Using a combination of techniques, definitive
doses as high as 135 Gy have been safely delivered in
patients with extrahepatic biliary cancer. As a compo-
nent of combined modality treatment, doses of >55 Gy
have been associated with improved survival over doses
<55 Gy (4). In this series, 2-year survival was 48% for
the higher-dose group versus 0% for those in the lower-
dose group (4). However, other series have shown no

significant dose response in patients treated with radi-
cal radiotherapy (5, 6).

THREE-DIMENSIONAL CONFORMAL
RADIATION THERAPY (3D-CRT)

Using computed tomography (CT) simulation allows
improved delineation of both target structures as well as
OAR. Gross tumor volume (GTV) is defined as the radi-
ographically or clinically evident extent of disease. The
clinical target volume (CTV) encompasses the GTV as
well as areas of potential microscopic disease. For intra-
hepatic cholangiocarcinoma, the three most common
areas of lymphatic positivity are the hepatoduodenal,
commonhepatic, and para-aortic lymphnode groups (7).
A separate series of patients with hilar cholangiocarci-
noma found pericholedochal, periportal, and common
hepatic lymphnode stationsmost frequently involved (8).
Finally, a planning target volume (PTV) is generated by
adding margin to the CTV to account for set-up uncer-
tainty; improvements in both intra- and interfraction
motion management may allow for a reduction in this
requirement and are discussed more later in this chapter.

With the advent of 3D-CRT and the knowledge
that death from disease is generally related to persistence
of local disease, interest in dose escalation has increased
(9). In a series from Michigan, total doses of 48 or 66
Gywere chosen based on fraction of normal liver receiv-
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ing 50% of the prescribed dose. With median follow-
up of 54 months, encouraging intrahepatic control of
50% was observed. There was no late hepatic dysfunc-
tion seen in any long-term survivor (10).

Using normal tissue complication probability
(NTCP)modeling to predict radiation-induced liver dis-
ease (RILD), it was predicted that small volumes of liver
could tolerate much higher radiation doses than previ-
ously thought (11). Phase I investigation included 27
patients with hepatobiliary cancer treated with split-
course twice-daily radiotherapy to 28.5–90 Gy (median
61.5 Gy) along with hepatic artery floxuridine. Median
tumor size for the patients with hepatobiliary cancer was
10 × 10 × 8 cm. The response rate for these patients was
45%,withmedian time to progression of 3months. For
all patients, there was a significant delay in median time
to progression for those patients treated to >70 Gy (22
months) versus <70Gy (9months). Progression-free and
overall survival favored patients treated to higher radi-
ation doses, independent of tumor volume. There was
only one case of reversible grade 3 RILD (2).

A subsequent phase II trial including 46 cholan-
giocarcinoma patients substantiated the earlier experi-
ence (12). Treatments were designed to limit the pre-
dicted risk of RILD to 10–15%, generally sparing at
least 10% of the normal liver. Patients received split-
course twice-daily radiation treatment given with con-
current hepatic artery floxuridine; isocenter doses rang-
ing from 40 to 90 Gy (median 60.75 Gy) were
successfully delivered. Using this fractionation, the dose
constraints to the duodenum/stomach and spinal cord
were 68 and 37.5 Gy, respectively. In the event of >50%
of one kidney receiving ≥20 Gy, <10% of the other kid-
ney could be treated to >18 Gy. Of the 46 cholangio-
carcinoma patients, 33 were evaluable for response. Of
these, 12 (36%) showed complete or partial response
to treatment and another 20 (61%) showed stable dis-
ease. Only one showed disease progression. Median
survival for cholangiocarcinoma patients was 13.3
months, with an improvement in survival for increas-
ing dose from 60 to 90Gy. For the whole group,
patients in the highest dose range (>75 Gy) had median
survival of 23.9months versus 14.9months for patients
treated to lower doses. Patients treated for primary
hepatobiliary tumors showed less extrahepatic pro-
gression overall, with 48.5% free of extrahepatic pro-
gression at 3 years. Grade 3/4 toxicity was observed in
30% of patients, with one death from RILD (12).

INTENSITY-MODULATED
RADIATION THERAPY (IMRT)

With very sharp dose fall-off at the edge of target vol-
umes, IMRT offers a potential advantage over other

methods of radiation delivery for treatment of biliary
tract tumors. Biliary tract tumors are situated in the
midst of OAR, such as in the liver, stomach, spinal cord,
small bowel, and kidneys, each of which can limit the
feasibility of safely delivering tumoricidal radiation
doses. With a tendency for local (intrahepatic) failure,
interest in both IMRT and further dose escalation is high
(13, 14). As yet, there are very few published reports on
the use of IMRT in biliary tract malignancies.

Fuller et al. published a report of 10 patients with
gallbladder tumors treated to a median of 59 Gy. Ultra-
sound image guidance was used, allowing for CTV to
PTV expansions of 10–15 mm for the initial treatment
volumes and 6–10 mm for the boost volumes. Median
dose to the initial PTV was 50 Gy with a median boost
dose of 14 Gy.Mean dose to liver, left kidney, right kid-
ney, and spinal cord were 28.8, 8.9, 14.3, and 10.6 Gy,
respectively. The authors compared the delivered
IMRT plan to a plan generated using larger volume
margins thought required in the absence of image guid-
ance; the decreased margins gave a significant reduc-
tion in mean dose to the liver, spinal cord, and right
kidney. Grade 3 or higher toxicity was observed in one
patient. Survival estimates for 1 and 2 years were 76
and 39%, respectively (15).

A somewhat larger series from the University of
Chicago included mainly patients with pancreatic
tumors but did include several patients with biliary tract
tumors. A total of 25 patients were treated, each using
IMRT with seven to nine fields. In six cases, a com-
parison four-field non-IMRT plan was generated.
Median prescribed dose in postoperative cases was 50.4
Gy with a median definitive radiotherapy dose of 59.4
Gy. Comparison of the four-field and IMRT plans
showed a significant reduction in mean dose to the
small bowel and the right kidney for the IMRT plan;
the reduction in volume above a threshold dose was sig-
nificant for the liver and both kidneys. Grade 3 and 4
acute gastrointestinal toxicities were observed in four
and two patients, respectively. There was only one
instance of late-grade 3/4 toxicity. Median survival for
cholangiocarcinoma patients was 9.3 months, with
33% 1-year survival. Median metastasis-free survival
was 5.7 months (13).

Shown in Figure 19.1 are representative samples
of field arrangements for a patient treated with IMRT
for locally recurrent adenocarcinoma of the gallblad-
der. This patient was initially found at cholecystectomy
to have a 1.5-cm poorly differentiated adenocarcinoma
with extension into pericystic adipose tissue and angi-
olymphatic invasion. There were no positive lymph
nodes in this resection. The patient received no adju-
vant treatment but was followed with serial imaging.
Seventeen months after surgery the patient developed
abdominal pain and jaundice and was found to have a
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2.9-cm mass of locally recurrent
adenocarcinoma. This was not
thought to be amenable to surgical
resection so the patient was
treated with concurrent
capecitabine and IMRT to 50.4
Gy using daily image guidance.
Targeted structures were the resid-
ual mass, as defined by both PET
and CT imaging with a modified
2.5-cmmargin, the celiac axis, and
the porta hepatis. Together these
structures comprised the PTV.
Standard target and organ-at-risk
constraints are shown in Table
19.1. This patient also is being
considered for an 18-Gy single-
fraction image-guided boost.
Overall, the body of work explor-
ing the use of IMRT in biliary
tract cancers is quite small. Still,
there is strong interest as reflected
by a recent survey, and there is a
growing body of experience with
IMRT in various other intra-
abdominal sites. Multiple series
have shown potential advantage
for IMRT in reduction of dose to
critical OAR (13, 15–17). While it
is unlikely that a randomized com-
parison of radiation techniques
will ever be completed, there are
strong potential advantages for
IMRT which warrant further
investigation.

FIGURE 19.1

(A) Sample axial image with isodose
distributions. (B) Dose-volume his-
togram for patient treated with IMRT.
(C) Representive imaging from treat-
ment session using kv-kv matching
prior to treatment delivery. The gratic-
ule is shown in green on digitally
reconstructed radiographs (DRR) from
CT simulation and shown in red on kV
images obtained just before treatment
delivery. The top frame in each series
shows the overlay of the two images,
indicating an appropriate anatomic
match.
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TABLE 19.1
Standard Target and Organ-at-Risk Constraints

ORGAN/TARGET VOLUME CONSTRAINT

GTV 100% 50.4 Gy minimum
PTV 100% 50.4 Gy minimum
Small bowel 100% 45 Gy maximum

75% 48 Gy maximum
50% 50 Gy maximum
25% 55 Gy maximum

R kidney 50% 18 Gy maximum
25% 20 Gy maximum

L kdney 50% 10 Gy maximum
25% 15 Gy maximum

Liver 50% 30 Gy maximum
25% 35 Gy maximum

Spinal cord + 0.5 cm 100% 43 Gy maximum
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he definitive treatment for hepatobil-
iary malignancies is primarily surgical.
However, a majority of patients with
hepatobiliary malignancies are not

suitable for surgical intervention (1–8), either because of
comorbid conditions or because of tumor involvement
with critical structures such as vasculature or the pres-
ence of distant disease at the time of the patient’s diag-
nosis. Therefore, radiation therapy assumes an impor-
tant role in the treatment of hepatobiliary malignancies.

In the treatment of malignant disease with radia-
tion, a distinction is made based on the method of deliv-
ery. When radiation is delivered in the form of an exter-
nal beam that is generated from a device located some
distance away from the target, it is referred to as
”teletherapy” (from the Greek root tele-, meaning dis-
tant). A linear accelerator is generally used to deliver
teletherapy radiation. In contrast, when radiation is
delivered from sources placed inside of or close to the
tumor within the patient’s body, it is referred to as
brachytherapy (from the Greek root brachy-, meaning
short). Examples of brachytherapy include the use of
intracavitary (placed within a body cavity like the
vagina), intraluminal (placed within an organ lumen
like the bile duct), interstitial (placed within tumor tis-
sue), and surface radioactive implants (e.g., skin sur-
face molds). While brachytherapy techniques are gen-
erally used to treat discrete, localized tumors and
high-risk areas, brachytherapy can also be employed

for more diffuse tumors by the systemic administra-
tion of radioactive substances. Examples of this latter
type of brachytherapy include the use of radioactive
strontium for the palliation of metastatic bony disease
and the use of radioactive microparticles that can pref-
erentially home in on metastatic tumors in the liver.

Both teletherapy and brachytherapy have their
own relative advantages and disadvantages, and the
decision to use one or the other (or both) in the treat-
ment of a patient is determined by the clinical judgment
of the radiation oncologist. One advantage that
brachytherapy offers over teletherapy is that when
radioactive sources are placed very close to or within a
tumor, the radiation produced attenuates rapidly as the
distance from the source increases. This phenomenon
is described by the ”inverse square law,” which simply
states that the intensity of radiation is inversely pro-
portional to the square of the distance from the source
of the radiation. Brachytherapy can also utilize types of
radiation that have short-distance tissue penetration
that would not reach the target site if the radiation were
originating from outside of the patient. Together, these
properties of brachytherapy allow for the delivery of
higher doses of radiation to a tumor while the radiation
exposure of the surrounding normal tissues remains
minimal, thereby minimizing the morbidity of radiation
therapy. However, brachytherapy has limitations and
drawbacks as well: there is some degree of procedural
trauma risk associated with brachytherapy, and it is
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generally not suitable for treating large volumes such
as bulky tumors or regional lymphatic networks.

In treating hepatobiliary malignancies, the ability
of brachytherapy to deliver high doses of radiation to
discrete tumor areas is invaluable because the liver is
extremely sensitive to radiation. While the whole liver
can tolerate about 30–35 Gy (9–14), doses in excess of
60–70 Gy are generally required to definitively treat
these tumors (15). Hence, external beam radiation ther-
apy (EBRT) is often used in conjunction with
brachytherapy, rather than as a stand-alone therapy in
the treatment of hepatobiliary malignancies. When used
in conjunction with brachytherapy, EBRT doses typi-
cally range from 45 to 50 Gy, and the brachytherapy
doses from about 15 to 25 Gy (measured at 1 cm from
the source) (7, 16–30). As brachytherapy is inherently
limited to the treatment of tumors of a limited size,
brachytherapy is not commonly employed as a stand-
alone therapy in the definitive treatment of hepatobil-
iary malignancies. More commonly, brachytherapy is
used after surgical resection, with or without EBRT. In
palliative therapy, however, brachytherapy can be
employed as a stand-alone treatment. When brachyther-
apy was first used over 100 years ago, radioactive
(“hot”) sources were implanted directly into tumors and
left in place for several days to deliver continuous radi-
ation at a low dose rate (LDR). This subjected the
patient’s families and caregivers to radiation hazards.
Brachytherapy is therefore commonly given today using
high dose rate (HDR) remote afterloading techniques.
In HDR brachytherapy, hollow applicators are first
placed within or close to tumors and then connected by
means transfer tubes to a high-intensity radioactive
source that is housed in a shielded container. The
radioactive source is remotely transferred from the HDR
machine into the patient and delivers the treatment
within a few minutes. This eliminates the radiation expo-
sure hazards to the caregivers and also allows for
brachytherapy to be given on an outpatient basis.

INTRALUMINAL BILIARY BRACHYTHERAPY

Patients with obstructing biliary tumors often require
the placement of intraluminal catheters to drain bile
and relieve their jaundice. Once placed, these catheters
can also be used to deliver brachytherapy to the tumor
(19, 31–36). This approach allows for the delivery of
brachytherapy in a relatively fast, simple, and accu-
rate manner.

Methods

The placement of a transhepatic biliary catheter is per-
formed by an interventional radiologist and entails

placing a needle percutaneously, and then transhepati-
cally, into a dilated bile duct. The location and extent
of the cancer is then characterized by a transhepatic
cholangiography (THC). Once the obstruction has been
identified, a thin guidewire is passed through the nee-
dle, past the obstructing tumor, and into the duodenum.
A small catheter is then advanced over the guidewire
into the duodenum. If the catheter cannot be passed
through the obstructing tumor initially, then it may be
left in place to drain bile externally via the proximal
end of the catheter; after 2–4 days of such decompres-
sion, it is often easy to pass the catheter into the duo-
denum due to decreased tissue edema. Passing a
catheter through an obstruction can also be facilitated
by reducing the obstruction with a course of intralu-
minal brachytherapy (37, 38). Catheters placed in this
manner allow for both internal and external drainage
of bile via the distal and proximal ends of the catheter
(37, 39–41).

To deliver brachytherapy through the catheter, a
“Tuohy” sidearm adaptor is first fixed to the external
end of the catheter. This adaptor simultaneously accom-
modates external biliary drainage and delivery of
brachytherapy. A blind-ended afterloading nylon
catheter, with a stainless steel wire inside it to prevent
kinking, is then inserted into the larger-diameter
drainage catheter and is advanced to the desired posi-
tion under fluoroscopy. An orthogonal radiograph or
computed tomography (CT) scan is obtained to con-
firm placement and is used for radiation dosimetry cal-
culations. During the actual delivery of brachytherapy,
the catheter is connected to the HDR machine (in HDR
brachytherapy), or the iridium sources are inserted into
the tube (in LDR brachytherapy). Once the prescribed
dose of radiation has been administered, the source is
removed and the drainage catheter is flushed. A per-
manent indwelling biliary stent is kept in place to pre-
vent stricture and fibrosis of the bile duct. Doses for
LDR (at 1 cm from the source) have been about 20–30
Gy as a boost and 40–50 Gy as sole modality given over
1–3 days. HDR doses (at 1 cm from the source) of
15–20 Gy in three to four fractions are generally given
as a boost; 30–40 Gy in five to eight fractions, given
twice a day, can be used as a sole modality. After the
procedure, patients should be given antibiotics to
reduce the risk of infection.

It is important to note that the biliary drainage
catheter must have a sufficient diameter to allow for
placement of a brachytherapy catheter inside it. LDR
sources have usually required a 8-10 Fr catheter; HDR
sources require a 8-14 Fr catheter, depending on the
type of HDR source and catheter used. The Varisource®

machine has a narrow source; the Gamma-Med® and
Nucletron® machines have a wider-diameter source.
Further, soft drainage catheters, which are more com-
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fortable for patients than hard drainage catheters,
require larger diameters because they have higher inter-
nal friction. Hence, it is good practice to insert the after-
loading catheter into the drainage catheter and ensure
easy passage before the performing the procedure.

The catheters for brachytherapy can also be
placed transnasally using an endoscopic technique at
the time of ERCP (42–56). This approach allows for
internal drainage of bile after sphincterotomy and
placement of stents and avoids the complications asso-
ciated with puncturing the liver as in the transhepatic
approach described above. This approach requires a
longer catheter and is not used often, because the HDR
source may encounter difficulty in negotiating sharp
curves.

Results

Published results on the use of intraluminal brachyther-
apy suggest that this treatment technique can prolong
the relief from obstruction and prolong survival as well.
Wheeler et al. published a series demonstrating that sur-
gical drainage improved survival (median survival 9
months vs. 3 months) and that the addition of radia-
tion further improved this survival advantage (32, 36).
Fletcher, Karani, and Nunnerley have also shown the
increased survival benefits of biliary drainage combined
with intraluminal brachytherapy (41, 57, 58).

When combined with surgical resection, postop-
erative intraluminal brachytherapy can also increase
survival when compared to surgery alone, as reported
by Gonzalez et al. (44) and Verbeek et al. (27). Median
survival for surgery alone was 8.25 months; with post-
operative brachytherapy the median survival increased
to 19 months. One-, 2-, and 3-year survival rates for
surgery alone were 36, 18, and 10%, respectively; with
the addition of postoperative brachytherapy, these rates
increased to 85, 42, and 31%, respectively (p = 0.0005).
Surgical resection with postoperative brachytherapy
was also shown to be superior to biliary drainage with
brachytherapy, this latter group having a median sur-
vival of 12.3 months and 1-, 2-, and 3-year survivals
of 46,15, and 12%, respectively.

For patients not suited for surgical resection and
patients with positive margins, intraluminal brachyther-
apy combined with external beam radiation has been
reported by Kadama et al. to increase survival (29).

Not all published reports on the use of adjuvant
brachytherapy have shown such clear support for the
use of postoperative radiation. Cameron et al. reported
noting a significant increase in survival for patients
undergoing palliative stenting with radiation, but they
did not note such benefits for patients undergoing sur-
gical resection with postoperative radiation (16). Pitt et
al. found no survival benefit with adjuvant radiation

(24). Kraybill et al. did note a trend of increased sur-
vival for those patients who received adjuvant postop-
erative radiation; however, this trend was not found to
be statistically significant (28). Vallis et al. similarly
noted a trend supporting adjuvant radiation, but this
observation did not fulfill the requirements for statis-
tical significance. Montemaggi et al. reported that using
both external beam radiation and intraluminal
brachytherapy improved locoregional control, but the
survival rates did not show a statistically significant
improvement (49, 50).

INTERSTITIAL BRACHYTHERAPY

In addition to the intraluminal approach described
above, brachytherapy can also be administered inter-
stitially. This is typically done intraoperatively by the
placement of permanent radioactive 125I seeds or tem-
porary HDR delivered via needles or catheters. These
approaches offer the advantage of direct visualization
of the site to which the radiation will be delivered, thus
increasing the likelihood that the prescribed radiation
dose is delivered to its intended target.

Methods

Small, localized, unresectable liver tumors can be
implanted with permanent 125I seeds. The activity and
number of seeds to be used is typically determined by
using a nomograph, such as the Memorial Sloan-Ket-
tering nomograph (61). The target volume is first
defined, and then interstitial needles are inserted into the
target area evenly spaced about 1 cm apart. Intraoper-
ative ultrasound can be used when placing the needles
to localize the tumor and avoid puncturing large blood
vessels. If and when bleeding occurs, simple pressure can
often stop the bleeding. When all of the interstitial nee-
dles are placed, a “Mick” applicator is attached to the
end of each needle; this device deposits the 125I seeds in
the target volume, spaced approximately 1 cm apart
along the needle track. The needles are removed after
depositing the seeds. Follow-up CT scans are performed
for dosimetry and to verify the position of the seeds in
relation to surrounding structures. Doses of 140–160 Gy
are usually prescribed with 125I seeds.

Alternatively, if the tumor has been resected with
close margins (usually adjacent to large vessels), the 125I
seeds can be affixed to two-dimensional substrate and
used as a surface implant to deliver brachytherapy to
the tumor bed. The radioactive seeds are placed 1 cm
apart on a gelfoam sheet trimmed to the dimension of
the tumor bed and covered with vicryl mesh or surgi-
cel to prevent seed displacement. This gelfoam implant
is then sutured directly onto the tumor bed. Whenever
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possible, omental pedicle flaps should be used to cover
the implanted area to reduce the radiation dose to the
surrounding bowel.

Unresectable liver tumors can also be implanted
using intraoperative techniques and ultrasound guid-
ance during laparotomy to place interstitial needles or
catheters to deliver doses of about 20–30 Gy HDR
brachytherapy in a single fraction to the periphery of
the tumor (62). Alternatively, after surgical resection,
tumor beds with close surgical margins can be irradi-
ated with HDR brachytherapy using surface applica-
tors to deliver 10–20 Gy to the tumor bed.

Results

Nag et al. reported their results using permanent 125I
interstitial implants in a relatively large retrospective
study of 64 patients with intrahepatic malignancies that
were either unresectable or were incompletely resected.
In this study, 58 patients had hepatic metastases from
colorectal carcinoma, 4 patients had intrahepatic
cholangiocarcinoma, and 2 patients had hepatic metas-
tases from noncolorectal cancers. Plans were designed
for a minimum peripheral dose of 160 Gy. The 1-, 3-,
and 5-year actuarial control rates for liver disease in
these patients were 44, 22, and 22%, respectively, and
the median time to liver recurrence was 9 months (95%
CI, 6–12 months). The overall liver recurrence rate was
75%, and these were isolated recurrences in 55% of the
patients. Overall, control rates of liver disease corre-
lated to the number of liver metastases: patients with
solitary metastases had a 38% 5-year control of liver
disease; patients with three or fewer metastases had a
32% 5-year control of liver disease; and patients with
four or more metastases had an 8% 5-year control of
liver disease. Median times to liver recurrence in these
subgroups were 17 months (95% CI 3–31), 12 months
(95% CI 2–22), and 6 months (95% CI 5–7), respec-
tively. Analysis of the number of implants, implant vol-
ume, and MPD failed to show any significant correla-
tion to the control of liver disease. The 1-, 3-, and
5-year survival rates for all patients in this study were
73, 23, and 5%, respectively, and the median survival
time was 20 months (95% CI 16–24). The overall 5-
year survival rate with no liver metastases was 3%.
Overall survival was found to correlate inversely to the
size of the implant volume (p = 0.049); patients with
implant volumes of ≤20 cc, 21–64 cc, and ≥65 cc had
median survival times of 25 months (95% CI 20–30),
14 months (95% CI 5–23), and 7 months (95% CI
1–13), respectively. Complications in this study were
reported in only 6 patients (9%). There were 2 deaths
(3%) within the 30-day postoperative period; one
patient developed a small-bowel fistula distant from the
implanted area and died of multiorgan failure, and the

second patient died of aspiration pneumonia. Other
complications included a small-bowel obstruction, a
small-bowel perforation, a liver abscess, and a wound
abscess related to seed implantation.

Thomas et al. reported their experience with intra-
operative HDR brachytherapy in patients with hepatic
metastases from colorectal carcinoma (62). In this
study, 22 patients with unresectable disease underwent
HDR brachytherapy during laparotomy. As measured
by CT or magnetic resonance imaging (MRI) scans,
local control at 26 months was 25% and median time
to progression was 8 months. No acute or chronic radi-
ation toxicity was noted in this study.

RADIOEMBOLIZATION (90Y
MICROSPHERES)

Radioembolization of liver cancers takes advantage of
the unique vascular system of the liver. In normal liver
tissue, approximately 70–80% of the organ’s blood
flow is supplied by the portal vein, and the hepatic
artery accounts for the rest. This contrasts with both
hepatocellular carcinoma (HCC) and metastatic
tumors in the liver, in which the hepatic artery supplies
approximately 80–100% of the blood flow (63–65).
This difference in perfusion is exploited by the tech-
nique known as radioembolization, whereby radioac-
tive microspheres embedded with a β-emitting isotope,
90Y, are used to both embolize and irradiate tumors in
the liver by delivering the microspheres through the
hepatic artery to selectively target malignant disease.
Since this is a new and upcoming modality, an inde-
pendent group of international experts from the fields
of interventional radiology, radiation oncology, nuclear
medicine, medical oncology, and surgical oncology
involved with 90Y microsphere therapy, the Radioem-
bolization Brachytherapy Oncology Consortium
(REBOC), has recently issued clinical guidelines for 90Y
microsphere brachytherapy (66).

The use of radioactive vascular-borne micropar-
ticles in the treatment of cancer dates back to the 1940s.
In the early years, primarily 63Zn, 198Au, or radioactive
carbon microparticles were used (67–69). Nowadays,
use of 90Y microspheres is favored; these are available
in two forms: 90Y-bound resin microspheres (SIR-
Spheres, Sirtex Medical, Australia) and 90Y-imbedded
glass microspheres (TheraSpheres, MDS Nordion,
Canada). 90Y is an ideal isotope because it has a short
half-life (approximately 2.5 days) and produces radi-
ation as it decays to stable zirconium. Both of the com-
mercially available microspheres contain 90Y, which is
produced either by bombarding 89Y in the microspheres
with neutrons in a nuclear reactor or using free 90Y to
bind to the microsphere. The ”hot” radioactive micros-
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pheres are delivered to the facility where the treatment
is to be performed either on the day of the procedure
(resin) or days earlier (glass). Resin microspheres gained
premarket approval from the U.S. Food and Drug
Administration (FDA) in 2002 for the treatment, with
concurrent fluorodeoxyuridine chemotherapy, of
hepatic metastases from colorectal adenocarcinoma.
Glass microspheres have been approved under human-
itarian device exemption for the treatment of unre-
sectable HCC. Table 20.1 outlines the characteristics of
each type of microsphere.

Methods

Guidelines regarding the use of 90Y microspheres have
recently been published by the Radioembolization
Brachytherapy Oncology Consortium (REBOC) and
are summarized here (66). Because this multidiscipli-
nary technology has been developed by and involves
the skill sets of the fields of radiation oncology, inter-
ventional radiology, and nuclear medicine, it is strongly
recommended that a multidisciplinary team be estab-
lished that includes individuals with the expertise
needed to safely and successfully conduct radioem-
bolization procedures. The team should be able to
assume the overall medical management of a cancer
patient, perform vascular catheterization, perform and
interpret radiologic scans, assume responsibility for the
delivery of the 90Y microspheres and be an authorized
user, and monitor radiation safety. Typically, institu-
tions have achieved this by combining personnel from
various disciplines, including: interventional radiology,
radiation oncology, nuclear medicine, medical physics,

hepatology, surgical oncology, medical oncology, and
radiation safety.

Patients should always be evaluated for surgical
resection before being considered for 90Y microsphere
radioembolization. In addition, the patient’s hepatic
disease should represent the bulk of their disease, and
they should have a life expectancy of at least 3 months.
Relative contraindications include limited hepatic
reserve, irreversible hyperbilirubinemia (>2 mg/mL),
compromised portal vein (unless selective radioem-
bolization can be performed), and previous radiation
to the liver. It is unclear whether capecitabine
chemotherapy represents a contraindication to the use
of 90Y microspheres. Goin et al. have published a risk
stratification analysis for the use of 90Y glass micros-
pheres in 121 patients with unresectable HCC that
divided patients into low- and high-risk groups for 3-
month survival (70). Seven risk variables were identi-
fied as associated with 3-month mortality and were
classified as either liver reserve risk factors or non–liver
reserve risk factors. The five liver reserve risk factors
included: bulky disease (tumor volume ≥70%, or
tumors too numerous to count), infiltrative disease
(indistinct tumor/liver interface, exhibiting high degree
of vascular infiltration on contrast CT), serum transam-
inase levels greater than five times the normal limit,
bilirubin levels ≥2 mg/dL, and tumor volume ≥50%
with serum albumin levels <3 g/dL. The two non–liver
reserve risk factors included: lung dose >30 Gy and a
diagnosis of non-HCC disease. Patients included in the
low-risk group according to this schema had improved
survival compared with that of patients at high risk
(median survival 466 days vs. 108 days).

Prior to treatment with 90Y microspheres, several
important studies and procedures should be performed.
To evaluate hepatic and renal function, the standard
serum laboratory values should be obtained. A three-
phase contrast CT and/or a gadolinium-enhanced MRI
scan should be performed to evaluate portal vein
patency and the hepatic and extrahepatic disease bur-
den. A PET scan may also be useful in measuring
hepatic and extrahepatic disease burden. Arteriograms
of the aorta, superior mesenteric, celiac, and right and
left hepatic arteries should be performed to evaluate the
patient for any anatomic variations in vasculature and
to document the perfusion characteristics of the areas
of interest. For these studies, percutaneous catheteri-
zation is generally preferred over the use of indwelling
arterial catheter devices. In order to reduce the risk of
unwanted reflux of microspheres into the gastroin-
testinal tract, it is also recommended that the gastro-
duodenal artery and right gastric artery be embolized.
As revascularization can occur in a short period of time,
repeat arteriograms should be performed immediately
before the actual administration of 90Y microspheres to

TABLE 20.1
Properties of Resin and Glass Y90 Microspheres

PARAMETER RESIN GLASS

Trade Name SIR-Spheres® TheraSpheres®

Manufacturer Sirtex Medical MDS Nordion
Lane Cove, Kanata, Canada
Australia

Diameter 20–60 microns* 20–30 microns**
Specific Gravity 1.6 g/dl 3.6 g/dl
Activity per 50 Bq 2500 Bq
Particle

Number of 40–80 million 1.2 million
microspheres
per 3 GBq vial

Material Resin with Glass with
bound yttrium yttrium in matrix

*SirSpheres, Package insert, Sirtex Medical, Inc., Lane
Cove, Australia

**TheraSphere, Package insert, MDS Nordion, Kanata,
Canada
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make sure that revascularization has occurred. A
99mTc macro-aggregated albumin (MAA) scan should
be performed to evaluate the extent of any extrahepatic
shunting; results suggesting radiation exposure to the
lungs or gastrointestinal tract ≥30 Gy represent a con-
traindication to radioembolization with microspheres.
When the MAA scan is performed, catheter position
and flow rates that are used should be representative of
the anticipated catheter position and flow rates of the
90Y infusion. Scintigraphy should be performed within
1 hour of MAA administration to prevent false-positive
extrahepatic activity due to free technetium. Once the
results of these studies are reviewed and approved by
the treating team and there is consensus regarding the
planning tumor volume, proposed activity, and optimal
catheter placement, treatment with 90Y microspheres
may safely proceed.

Whole liver or uni-lobar administrations are both
acceptable approaches for 90Y microspheres, and the
decision between the two depends on the location and
characteristics of each patient’s disease. Treating the
entire liver in one session is called whole liver delivery,
and treating a single lobe is called lobar delivery. Some-
times the entire liver will be treated one lobe at a time,
which is referred to as sequential delivery. In sequen-
tial treatments, a 30- to 45-day interval between treat-
ments is generally observed (71–73). The dosage, num-
ber of microspheres, and volumes to be infused will
vary for each individual patient and will differ depend-
ing on the types of microspheres being used (Table
20.1). Resin microspheres are received in bulk, and the
individual medical centers extract the desired activity
from a 3-GBq source vial that arrives on the day of
treatment. This process differs from that for glass
microspheres, which arrive a few days prior to the pro-
cedure and all of which (i.e., the entire contents of the
vial containing the spheres) are delivered to the tumor.

When choosing an activity, the significant physi-
cal differences between the two spheres must be con-
sidered:

1. Activity per microsphere: Glass microspheres con-
tain 2500 Bq/sphere; thus only 1–2 million spheres
are delivered for the typical patient. This number
of glass spheres is not sufficient to cause signifi-
cant embolization in the main hepatic arteries.
Resin microspheres contain approximately 50
Bq/sphere; thus an average treatment contains
40–60 million spheres, a number that can cause
embolic effects in the arteries.

2. Embolic effect on dose delivery: The total num-
ber of glass spheres in the vial is not sufficient to
cause significant embolization in the main hepatic
arteries; hence, the entire prescribed dose of glass
microsphere is completely infused. In contrast,

because of reduced antegrade hepatic arterial flow,
the prescribed activity of resin spheres cannot
always be infused. When delivery of resin spheres
is stopped earlier than planned, the residual activ-
ity in the delivery vial is measured and deducted
from the activity present at the beginning of the
procedure to obtain the amount infused.

Because the microspheres are designed to embolize
the hepatic arterial vasculature, it is important to mon-
itor the rate of anterograde flow in the vasculature that
is being embolized so that microsphere administration
can be stopped before vascular stasis occurs, thereby
preventing reflux of the microspheres into unintended
vasculature. For this reason, termination of micros-
phere infusion before the intended activity has been
delivered is acceptable when reduced anterograde blood
flow is noticed during the procedure. A Bremsstrahlung
scan should be obtained within 24 hours after the deliv-
ery of microspheres has concluded to confirm and eval-
uate the distribution of the 90Y microspheres. Radio-
logic studies performed after microsphere treatment to
assess response must be interpreted with care, as liver
edema, congestion, and micro-infarctions will decrease
attenuation on CT scan; these changes are reversible
and can be erroneously mistaken for tumor response.
PET scans may be able to demonstrate decreased meta-
bolic activity suggesting tumor response, even though
this may be discordant with findings by CT (72). When
the tumor marker carcinoembryonic antigen (CEA) has
been used to track tumor response after treatment with
microspheres, a nadir has been observed at about 12
weeks posttreatment; this maximal response time has
been noted by CT scan as well (71).

Results

More than 3000 patients have been treated with 90Y
microspheres in over 80 medical centers worldwide, but
at this time no large-scale prospective clinical studies
have been conducted. Nevertheless, substantial evi-
dence has been published demonstrating the safety and
efficacy of 90Y microspheres in the treatment of primary
and metastatic liver cancers.

Considerable experience using 90Y microspheres
for HCC has been published demonstrating their effi-
cacy. One report by Carr studied the use of 90Y glass
microspheres in 65 patients with biopsy-proven unre-
sectable HCC and made comparisons to historical con-
trols (74). In this report, 42 patients (64.6%) had a sub-
stantial decrease in tumor vascularity in response to
therapy, and 25 patients (38.4%) had a partial response
by CT scan. Median survival for Okuda stage I patients
(n = 42) and Okuda stage II patients (n = 23) was 649
days and 302 days, respectively. Historical controls for
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these two groups are estimated to be 244 and 64 days,
respectively. Clinical toxicities included nine episodes
of abdominal pain and two episodes of acute chole-
cystitis requiring cholecystectomy. The main lab toxi-
city was elevated bilirubin, which increased by more
than 200% in 25 patients (30.5%) during 6 months of
therapy, but 18 of these patients had only transient ele-
vation. A prominent finding was prolonged and pro-
found (>70%) lymphopenia in more than 75% of the
patients, but these were regarded to lack clinical sig-
nificance.

In another study by Dancey et al., 20 patients with
HCC receiving 90Y microspheres were evaluated for
treatment efficacy (75). The median dose delivered was
104 Gy (range 46–145 Gy), and response rate was
20%. Nine patients were Okuda stage I, and 11 were
Okuda stage II. The median duration of response was
127 weeks, and the median survival was 54 weeks.
Every patient in the study experienced at least one
adverse event, and the most common were elevations
in liver enzymes and bilirubin and upper gastrointesti-
nal tract ulceration. Multivariate analysis suggested
that a dose of >104 Gy (p = 0.06), tumor-to-liver activ-
ity uptake ratio of >2 (p = 0.06), and Okuda stage I (p
= 0.07) were associated with longer survival.

In a report by Geschwind et al. of 80 patients with
HCC receiving 90Y microspheres delivering liver doses
ranging from 47 to 270 Gy, 54 patients with Okuda
stage I and 26 patients with Okuda stage II had median
survival durations and 1-year survival rates of 628 days
and 63%, and 384 days and 51%, respectively (p =
0.02). One patient died of liver failure judged as possi-
bly related to the treatment (76).

Kim et al. have published a case report describ-
ing use of 90Y microsphere treatment as a bridge to
transplantation in a patient with end-stage liver disease
secondary to hepatitis C and HCC (77). This patient
was not initially a candidate for transplantation
because the size of his tumor exceeded the Milan crite-
ria. After two treatments with 90Y microspheres, the
patient’s tumor shrank; his AFP returned to the nor-
mal range, and he subsequently received a liver trans-
plant. He was tumor-free with normal AFP levels 2
years posttransplant. Kulik et al. also published a case
report in which a patient with an unresectable T3 HCC
was downstaged to T2 disease after being treated with
90Y microspheres. The patient received a liver trans-
plant 42 days after treatment; pathology showed com-
plete necrosis of the target tumor (78).

Kulik et al. also reported using 90Y microspheres
in 35 patients with unresectable UNOS stage T3 HCC
with the specific intent of downstaging to enable resec-
tion, radiofrequency ablation (RFA), or liver trans-
plantation (79). Overall, 19 patients (56%) were suc-
cessfully downstaged from T3 to T2 following

treatment, and 11 patients (32%) were downstaged to
target lesions measuring 3.0 cm or less. Also, 23
patients (66%) were downstaged to either T2 status,
lesion <3.0 cm (RFA candidate), or resection. A total of
17 patients (50%) had an objective tumor response by
World Health Organization (WHO) criteria, and 8
patients (23%) were successfully downstaged and sub-
sequently underwent liver transplant. One, 2-, and 3-
year survival was 84, 54, and 27%, respectively;
median survival for the entire cohort was 800 days.

The acute and late side effects of using 90Y micros-
pheres in HCC have been well characterized in the lit-
erature (11, 70, 80–84). Commonly, patients experi-
ence a mild postembolization syndrome on the day of
and up to 3 days posttreatment, and symptoms include
fatigue, nausea, and abdominal pain. Damage to non-
target organs can also include gastrointestinal ulcers,
pancreatitis, and radiation pneumonitis, but observing
the recommended preventative pretreatment guidelines
can minimize this risk. One potential serious late side
effect is radiation-induced liver disease (RILD), also
known as radiation hepatitis. Fatal radiation pneu-
monitis is not common, and observing the radiation
dose limit of <30 Gy to the lungs can prevent this com-
plication (85).

In addition to treating HCC, 90Y microspheres
have been used to treat metastatic disease in the liver.
Kennedy et al. published a retrospective study from
seven centers in the united States that examined the use
of microspheres in patients with chemorefractory
metastatic colorectal cancer with liver-predominant dis-
ease (71). In this study, more than two thirds of the
patients responded to treatment despite a significant
history of previous chemotherapy treatments. In
patients who responded to the microspheres, median
survival was 10.5 months compared to 4.5 months for
nonresponders. There were no cases of grade 4 or 5 tox-
icity, veno-occlusive disease, or RILD. The most com-
mon side effects were fatigue, brief nausea, and tran-
sient elevation of liver enzymes. Maximal response
occurred at 12 weeks as measured by CT scan and the
nadir of the tumor maker CEA.

Prospective clinical trials have also shown promis-
ing results for the use of 90Y microspheres. One such
study, published by Gray et al. (86), was a phase III trial
studying the use of resin 90Y microspheres in
chemotherapy-naive colorectal cancer patients with
metastases to the liver. Patients were randomized to
hepatic artery infusion of FUDR alone or FUDR plus
a single whole liver treatment of microspheres. Each
arm of the study included 32 patients, and partial or
complete tumor response rates were higher for the
patients receiving the microspheres (44% vs. 17.6%;
p = 0.01). The median time to progression in the liver
was longer for the patients receiving microspheres (15.9
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months vs. 9.7 months, p = 0.04), and survival was also
improved for the patients receiving microspheres (5-
year survival: 3.5% vs. 0%). Quality of life and toxic-
ity was found to be similar for the two groups.

The use of 90Y microspheres for neuroendocrine
primary tumors in the liver has been examined retro-
spectively by 10 institutions, and the results have been
reported by Kennedy et al. (87). A total of 148 patients
were treated with 185 separate procedures. The median
age was 58 years (26–95 years) at treatment with
median performance status of ECOG (0). There were
no acute or delayed toxicity of common toxicity crite-
ria (CTC) 3.0 grade 3 in 67% of patients, with fatigue
(6.5%) being the most common side effect. Imaging
response was stable in 22.7%, partial response in
60.5%, complete in 2.7%, and progressive disease in
4.9%. No radiation liver failure occurred. The median
survival was 70 months. The authors reviewed pub-
lished experiences with local therapy in the liver,
including surgery, embolization, and radiation (sys-
temic and external beam), and concluded that 90Y
microspheres compared very favorably to these other
treatments. They also found that microsphere therapy
to the whole liver or lobe with single or multiple frac-
tions was safe and produced high response rates, even
with extensive tumor replacement of normal liver
and/or heavy pretreatment.

CONCLUSIONS

Brachytherapy is a very useful modality in the treatment
of unresectable liver tumors. Solitary or a limited num-
ber of localized tumors can be treated with interstitial
permanent 125I seeds, HDR brachytherapy, or intralu-
minal 192Ir to the unresected tumor or to the tumor bed
after surgical resection. Diffuse liver tumors can be pal-
liated with 90Y glass or resin microspheres. The role of
these therapies must be investigated further in con-
trolled clinical trials to integrate and quantify the ben-
efit when combined with other therapies.
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ocal and regional recurrences are the
most common pattern of relapse in
biliary tract and gallbladder cancers,
providing a rationale to use radiation

therapy (RT) in the management of these cancers to
reduce the risk of local-regional recurrence or as defin-
itive therapy either on its own or with concurrent or
sequential chemotherapy. However, challenges in defin-
ing the target volume required to be irradiated and in
delivering radiation therapy safely have hampered the
routine use. Also, randomized trials investigating the
role of radiation therapy in these uncommon cancers
have not feasible. Furthermore, the low whole liver tol-
erance to radiation and proximity of biliary tract
tumors to the stomach and small bowel has made deliv-
ery of radiation therapy to these cancers challenging.
Dose-limiting toxicities that have traditionally limited
the role of radiation therapy in this setting are sum-
marized below.

Emerging techniques in imaging and in high-pre-
cision radiation therapy make it possible for radiation
therapy to be used more effectively in biliary track and
gallbladder cancers, with improved target definition
and improved quality of radiation planning and deliv-
ery. Image-guided radiation therapy (IGRT) (including
both imaging at the time of radiation planning and
delivery) and stereotactic body radiation therapy
(SBRT), the topics of this chapter, are two developing
technologies in radiation oncology that should lead to

improvements in the use of radiation for biliary tract
and gallbladder cancer.

POTENTIAL RADIATION
THERAPY TOXICITIE

Liver Toxicity

There is a 5% risk of radiation-induced liver toxicity
following uniform whole liver radiation of 28 and 32
Gy in 2 Gy per fraction for liver metastases and primary
liver cancer, respectively (1). While these doses exhaust
the liver radiation tolerance, they are far lower than
doses required for sustained tumor control or cure in
solid tumors. The most common liver toxicity observed
in North America is radiation-induced liver disease
(RILD), a clinical syndrome of anicteric hepatomegaly,
ascites and elevated liver enzymes (particularly serum
alkaline phosphatase) occurring 2 weeks to 3 months
following external beam radiation. Treatment for RILD
consists of supportive measures. Diuretics and steroids
are often used, although there is no evidence that they
change the natural history of RILD. Most cases resolve
with conservative treatment, but some cases lead to irre-
versible liver failure and occasionally death. RILD has
been observed 1.5 and 2.5 months following SBRT (45
and 30 Gy in three fractions of 15 and 10 Gy, respec-
tively) (2). Although whole liver radiation therapy is
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not expected to be associated with sustained control
of tumors, high tumoricidal doses of radiation therapy
can be delivered safely if they are directed focally to
liver tumors. For example, doses up to 90 Gy in 1.5-Gy
fractions delivered twice daily can be delivered safely
to less than 25% of the liver using highly conformal
radiation therapy (3). The University of Michigan
group summarized the partial liver tolerance for RILD
and concluded that the mean liver dose was strongly
associated with probability of developing RILD. The
mean liver doses associated with a 5 and 50% risk of
RILD was 32 and 40 Gy, respectively, in 1.5 Gy per
fraction, for patients with primary liver cancer (includ-
ing patients with intrahepatic cholangiocarcinoma) (1).

Also relevant to the treatment of hepato-biliary
tumors is reactivation of viral hepatitis and precipita-
tion of underlying liver disease observed following radi-
ation therapy for hepatocellular carcinoma (4).

In liver cancer SBRT series, where high doses of
radiation therapy are delivered in few fractions, several
different criteria have been used to avoid liver toxicity.
It has been recommended that at least 700 cm3 of unin-
volved liver receive less than a cumulative dose of 15
Gy in three fractions (5). Herfarth et al. recommended
that no more than 50% of the liver receive more than
15 Gy in three fractions (or 7 Gy in one fraction), and
doses to 30% do not exceed 21 Gy in three fractions
(or 12 Gy in one fraction) (6). Hoyer reported a single
incident of early post-SBRT hepatic failure following
administration of 45 Gy in three fractions (7). It was
noted that in this particular case, over 60% of the nor-
mal liver was exposed to more than 10 Gy, with a mean
total liver dose of 14.4 Gy, in one fraction.

Following SBRT, there is the potential for differ-
ent hepatobiliary toxicities to occur, including biliary
sclerosis and hepatic subcapsular injury. A subcapsu-
lar bleed was observed 2 weeks following SBRT in a
patient with two anterior tumors, both treated with
high-dose SBRT (2). In one report from Japan, when
the dose per fraction was greater than 4 Gy, late bil-
iary toxicity was observed 29 and 38 months following
irradiation (8).

Nonhepatic Toxicities

Although small volumes of the liver can be irradiated
to very high doses safely, very high doses to small vol-
umes of luminal gastrointestinal (GI) tissues can cause
serious toxicity such as a bleed, fistula, stenosis, or
obstruction. In their early report on SBRT, Blomgren
reported a case of hemorrhagic gastritis; dose exposure
to the gastric wall was 14 Gy in two fractions (9). Her-
farth et al. restricted single doses to stomach and small
bowel to maximally 12 Gy in a phase I–II trial assess-
ing safety and efficacy of single dose liver SBRT. While

no data were provided on actual stomach and bowel
dose exposure, no related toxicities were observed (10).
Following liver SBRT, Hoyer et al. observed three cases
of colonic and duodenal perforation following focal
dose exposure to 30 Gy or higher in three fractions (7).

Acute and late GI toxicity has also been observed
following pancreatic cancer SBRT. The majority of
patients treated in Denmark with 15 Gy in three frac-
tions for unresectable pancreatic cancer developed pro-
nounced acute GI toxicity despite the use of prophy-
lactic proton pump inhibitors (11). Four of 22 patients
(18%) developed late gastritis, GI ulceration and/or
perforation, highlighting the caution that needs to be
used when high doses are delivered to tumors adjacent
to the stomach, duodenum, and small bowel. Interest-
ingly, another study of SBRT for pancreas cancer
reported on 15 patients treated with 15–25 Gy single-
fraction SRS, with a small volume of duodenum receiv-
ing up to 22.5 Gy without development of substantial
GI toxicity (12).

More patients are required to be treated with
SBRT to have better confidence in the tolerances of the
luminal GI structures to high doses per fraction of RT,
but these tissues needs to be carefully considered in all
RT planning for biliary tract and gallbladder cancers.

IMAGE-GUIDED RADIATION
THERAPY (IGRT)

Imaging for Radiation Planning

At the time of simulation, decisions are made regard-
ing the most appropriate patient positioning, immobi-
lization, and the type of imaging required to define
appropriate radiation target volumes. A computed
tomography (CT) scan is generally used to create a
model of the patients upon which a radiation plan can
be created. This simulation CT scan may also serve as
the reference image dataset for image-guided setup
throughout the course of radiation delivery.

CT scanning parameters, including the use of
intravenous (IV) contrast media, the phase of IV con-
trast, CT slice thickness, and whether other imaging
modalities (magnetic resonance imaging [MRI],
positron emission tomography [PET]) are required at
the time of radiation therapy planning, need to be
defined.

While MRI is used in select institutions for staging
of liver malignancies, its use for radiation therapy target
volume delineation is not well established. While image
quality may depend on the degree of liver respiratory
motion and bowel peristalsis, MRI can aid in detecting
extent of hepatic invasion of gallbladder cancer (13,14).
Cholangiocarcinoma typically appears hypointense com-
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pared with normal liver on T1-weighted and moderately
hyperintense in T2-weighted sequences (15). Tumors
may show heterogeneous contrast enhancement, with
peripheral enhancement in early arterial studies, and late
central fill-in, and contrast media retention in delayed
gadolinium-enhanced image studies (Figure 21.1). The
value of functional MRI sequences assessing liver and
tumor perfusion and the utility of diffusion weighted
imaging to differentiate between normal liver and tumor
for target volume delineation will need to be assessed in
clinical studies. Magnetic resonance cholangiopancre-
atography (MRCP) can depict tumor extent as an occlu-
sion of bile ducts above and below a stricture.

PET may be useful for both detection and local-
ization of cholangiocarcinoma. However, its use for
gallbladder and cholangiocarcinoma has been pre-
dominantly studied to assess nodal staging of disease

(16–19). No general recommendation can be made at
this point in time regarding the usefulness of PET to
establish tumor extent for target volume delineation.
Figure 21.2 depicts a radiation simulation FDG-PET
study of a patient with biopsy-confirmed cholangio-
carcinoma. The FDG uptake area was used to aid in
target volume delineation. A follow-up PET scan, 5
months following conventionally fractionated IMRT,
documented widely disseminated disease in the liver not
detected earlier, indicating the potential limitations of
metabolic radiolabeled glucose imaging.

FIGURE 21.1

Intrahepatic cholangiocarcinoma in a patient with a con-
traindication to IV CT contrast. A dynamic MR displayed
the tumor. The fused images with overlaying liver volumes
allowed the gross tumor volume (GTV) to be contoured on
the planning CT dataset.

FIGURE 21.2

Integration of CT-PET imaging for IMRT radiation therapy
planning for a cholangiocarcinoma. The upper two figures
display CT-PET fusion and PET imaging; the lower right fig-
ure represents the contrast enhanced simulation CT. The
lower left figure is a 3D reconstruction of the ITV derived
from 4DCT and PET uptake information, as well as organs
at risk (liver, kidneys, spinal cord).

FIGURE 21.3

Typical CT simulation imaging and the respective impact on target and organ-at-risk delineation. The left figure depicts a stan-
dard free-breathing CT with waving artifacts appreciated on the outlines of both liver and right kidney. The middle figure
represents a maximum intensity projection (MIP) reconstruction of a 4DCT acquired immediately following the free-breath-
ing simulation study. Here the outlines of the organs are smooth; this study best renders the motion envelope of the organs
during a cycle of respiration—organs are likely represented larger than their true anatomy. The right figure depicts an inspi-
ration breath hold scan during contrast administration. Note the significant caudal displacement of liver and kidney.
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Breathing Motion Management

Organ motion due to breathing can be substantial, with
up to 3–5 cm of motion possible in the gallbladder, liver,
and biliary tract. Strategies to compensate for breath-
ing motion include the use of abdominal pressure, vol-
untary shallow breathing, voluntary deep inspiration,
voluntary breath holds at variable phases of the respi-
ratory cycle, active breathing control (ABC), gated
radiotherapy, and real-time tumor tracking.

Organ motion in the upper abdomen second to
breathing can introduce imaging artifacts, typically
waving artifacts changing organ shapes (Figure 21.3).
Such aliasing may have an impact on the accurate
assessment of tumor extent and normal tissue defini-
tion. Thus, target and organ at-risk definition based
on free-breathing simulation imaging can lead to incor-
rect estimates of tumor control probability and nor-
mal tissue complication probabilities, unless significant
planning target volume safety margins are used. One
generally employed method to account for breathing-
related organ motion is to eliminate it, for example,
with a breath-hold scan. Diagnostic breath hold scans
are often obtained in the inhale position, which may
not correspond to the treatment-delivery situation dur-
ing which patients continue to breathe (Figure 21.3).
A protocol of respiratory organ motion assessment for
radiation therapy simulation may include a free-breath-
ing CT as well as scans acquired during inhale and
exhale. Planning on the inhale or exhale dataset with
asymmetric margins to account for breathing and plan-
ning using the mean tumor position are options to
account for breathing motion (20).

Although voluntary breath holds may be benefi-
cial for some patients, there is potential for leaking

air and patient error. ABC refers to organ immobi-
lization with breath holds that are controlled, trig-
gered, and monitored by a caregiver. In 60–80% of
patients with liver cancer, ABC can be used success-
fully, with excellent reproducibility of the liver posi-
tion during breath hold relative to the vertebral bod-
ies within the time period of one radiation fraction
(intrafraction reproducibility, standard deviation [s])
of the liver relative to the vertebral bodies: 1.5–2.5 mm
(21,22). However, with ABC, from day to day the posi-
tion of the immobilized liver varies relative to the
bones (interfraction reproducibility, s 3.4–4.4 mm),
providing rationale for daily imaging of the internal
soft tissue anatomy with image guidance when ABC
is used to immobilize the liver.

Today, the utilization of four-dimensional CT
(4DCT) is increasing. Here, multiple images are
acquired over one slice location during the respiratory
cycle and reconstructed or sorted into multiple CT
datasets representing different phases of the breathing
cycle (23,24). Thus, the full range of respiration-depen-
dent motion of an organ or the target can be assessed
and an according internal target volume (ITV) repre-
senting the motion envelope of the target can be devel-
oped (Figure 21.4). Challenges to the acquisition of
4DCT imaging for planning of hepatobiliary tumors
include the relatively slow acquisition process that may
make timing of an optimal contrast phase difficult and
the fact that the required image dose setting to achieve
sufficient soft tissue contrast may exceed the tube heat
tolerance of the respective CT scanner, potentially
resulting in qualitatively inferior CT data.

Gated radiotherapy, with the beam triggered to be
on only during a predetermined phase of the respira-

FIGURE 21.4

Target volume generation for SBRT planning of a small hepatocellular carcinoma. Free-breathing and 4DCT reconstructedMIP
scan allow one to define the motion envelop (ITV). The PTV was created by adding symmetric margins of 5 mm over the ITV.
A MinIP ITV represents the motion overlap area of the target during respiration, the area that always contains components of
the target during a respiratory cycle. A differential (higher) dose can be prescribed to this target volume during SBRT plan-
ning.
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tory cycle, most often refers to the use of an external
surrogate for tumor position (as opposed to direct
tumor imaging) to gate the radiation. This can be used
to reduce the volume of normal tissue irradiated. Sim-
ilar to breath hold, changes in baseline organ position
can occur from day to day, and thus image guidance is
important to avoid geographic misses.

Tumor tracking is another approach to reduce
adverse effects of organ motion. An elegant real-time
tumor tracking system consisting of fluoroscopic x-ray
tubes in the treatment room allowing visualization of
radio-opaque markers in tumors was first described by
Shirato et al. The linear accelerator is turned on only
when the marker is located within the planned treat-
ment region (25). As an alternative to turning the radi-
ation beam off when the tumor moves outside treat-
ment region, multileaf collimators, the couch position
or the entire accelerator on a robotic arm may move
with the tumor to ensure adequate tumor coverage
(e.g., CyberKnife image-guided radiosurgery system,
Accuray, Sunnyvale, CA).

There are advantages to gating, breath hold, and
tracking in exhalation phase of the respiratory breath-
ing cycle versus inhalation. These include the fact that
exhale tends to be more reproducible, and is longer
than inhalation, so that treatment during exhalation
reduces duty time.

Imaging for Radiation Delivery Guidance

Image-Guided Radiation
Therapy (IGRT) Rationale

Historically, surrogates for the target have been used
in guiding the placement of treatment fields. For
example, skin marks and in-room laser beams are still
used to initially set up patients prior to radiation
delivery. This does not work very well for upper
abdominal cancer localization, as the internal organs
including the biliary system can move day to day as
a function of respiration, as described above, and fill-
ing of hollow organs such as bowel and stomach.
Potential fluctuations in the degree of ascites, if pre-
sent, will also affect the liver and, thus, target loca-
tion, relative to the surface of the patient. The use of
bony anatomy with electronic portal imaging is
another common practice in radiation therapy. How-
ever, the bones are also not well correlated with the
liver position. Options for locating internal anatomy
include the use of implanted radio-opaque fiducial
markers as surrogates for the target, biliary stents that
may be present in biliary tract tumors, and/or soft tis-
sues adjacent to the tumor or the tumor itself. Inserted
fiducial markers may also be used to measure organ
motion and or track/gate the beam.

IGRT Strategies

Two primary correction strategies that may be used to
reduce setup errors using image guidance are an online
approach and an offline approach. The online
approach refers to the use of imaging daily immediately
prior to the delivery of the respective radiation frac-
tion with comparison with a reference imaging study
and correction for offsets in position greater than a pre-
defined threshold. An offline approach refers to either
an acquisition of image data with analysis after the
patient was treated, analogous to a review of weekly
port films, combined with subsequent setup corrections
for the next radiation fraction, or the collection of
imaging data with high frequency at the beginning of
therapy (e.g., first five fractions), followed by an offline
analysis to determine the patients systematic (mean off-
set) and random (standard deviation, s) setup errors.
A correction in position is made to consider the sys-
tematic error, with possible replanning based on the ini-
tial setup data.

Online correction strategies reduce both system-
atic and random setup errors, with a greater error
reduction compared to the offline approach, generally
at the expense of more time and cost. While online cor-
rection strategies are mandatory for hypofractionated
regimens such as SBRT, the optimal frequency of online
image guidance for conventionally fractionated treat-
ment courses is subject to discussion. Recently pub-
lished data analyzing scheduling of image guidance for
head and neck cancer indicate that daily schedules pro-
vide the largest benefit to optimal treatment setup (26),
a finding that likely can be extrapolated to the treat-
ment of gallbladder and hepatobiliary cancer.

Goals for IGRT

A goal of all radiotherapy treatments is that radiation
be delivered to the target volumes as planned. Imaging
at the time of radiation treatments with repositioning
the patient relative to the treatment beams (i.e., IGRT)
increases the confidence with which this occurs. IGRT
improves setup accuracy and allows for reduction of
PTV margins required to be used without sacrificing
local tumor control. Any reduction in PTV margins
consequently affords reducing the volume of normal tis-
sue irradiated. Thus, image guidance can facilitate safe
dose escalation, lead to reductions in normal tissue
complication probabilities, and, hence, potentially
increase the overall therapeutic ratio.

Since image-guidance technologies provide confi-
dence in the dose placement, the actual delivered doses
can be verified and documented, effectively reducing
variability in dose delivery across a population. By these
virtues, IGRT, if appropriately employed, should
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improve interpretation of future clinical trials and our
understanding of dose-tumor control and dose–normal
tissue toxicity relationships.

IGRT Technologies

2D IMAGE GUIDANCE Orthogonal MV portal
films and, more recently, images from electronic portal
imaging devices (EPIDs) have traditionally been used for
image guidance and may be appropriate for targets in
close relationship with the bony anatomy. These images
can be used not only to guide therapy, but also to verify
shape and orientation of the treatment fields.
Unfortunately, many tumors are not well visualized with
megavoltage (MV) imaging and are not in direct
continuity with bones, and some soft tissues can move
considerably relative to the bones. If radio-opaque
fiducial markers are inserted in or near the tumor, the
fiducial markers themselves may be used for guidance.
Other alternatives for guidance include using surrogates
that are in close proximity to the tumor, for example,
the diaphragm as a surrogate for liver tumors (27).
Using the diaphragm as a surrogate for liver cancers
immobilized with breath hold, the accuracy of liver
positioning was investigated by obtaining volumetric
imaging following orthogonal MV IGRT. In 72
fractions of liver SBRT following orthogonal MV
imaging using the diaphragm for superior-inferior
positioning and the vertebral bodies for medial lateral
and anterior posterior positioning, kV cone beam CT
was obtained to verify the liver position. The whole liver
was within 5 mm in all directions in the great majority
of patients. Population random setup errors (s) in liver
position were 2.7 mm (superior inferior), 2.3 mm
(medial lateral), and 3.0 mm (anterior posterior), and
systematic errors (S) were all less than 2 mm (28). In
biliary tract tumors, internal or external biliary stents
may also be used as surrogates for the tumor.

Due to the low contrast of MV radiographs and
the doses delivered with repeat MV imaging, orthogo-
nal kV radiographs and kV fluoroscopy were developed
for image guidance of tumors and/or fiducial markers,
either immediately prior to each radiation fraction (29)
or throughout radiation delivery (25). Kilo-voltage x-
ray tubes may be ceiling or wall mounted or attached
to the linear accelerator. Real-time kV fluoroscopy is
used in a tumor-tracking approach developed by Shi-
rato et al. (25), where tumors that move due to breath-
ing are exposed to radiation only when the markers are
located within a predefined volume. Alternative
approaches involve tracking the tumor with moving
collimators to chase the tumor or dynamically con-
trolling the couch or the accelerator movement to fol-
low the markers (30).

3D VOLUMETRIC IMAGE GUIDANCE

Technological advances allowing volumetric imaging
in the RT treatment room allow image guidance
immediately prior to treatment using the tumor
directly or the outlines of the organ harboring the
tumor (in the case of cholangiocarcinoma, the liver),
rather than bony anatomy. Volumetric image guidance
can also utilize implanted fiducial markers. Advantages
of volumetric imaging systems include visualizion of
adjacent normal organs for more accurate avoidance
of critical structures.

Volumetric image guidance is afforded by diag-
nostic grade CT imaging using an in-room linear accel-
erator-linked CT unit, MVCT as afforded on a helical
tomotherapy unit, or kV cone-beam CT (CBCT) avail-
able on conventional C-arm linear accelerators. Should
systematic changes from the simulation setup be
assessed during IGRT imaging, both diagnostic CT and
MVCT could be used as the basis for adaptive radia-
tion treatment adjustments based on accurate render-
ing of tissue densities. The utility and resulting dosi-
metric accuracy of adaptive planning for abdominal
targets based on CBCT datasets is not established for
clinical use at this time.

The placement of a diagnostic CT scanner in the
treatment room is realized with a known geometric
relationship to the linear accelerator. While conceptu-
ally not necessarily required, all installed systems place
the CT scanner in close proximity to the linear accel-
erator, allowing a shared couch for both the imaging
and treatment device. For image guidance, the table top
is rotated from the treatment position to the imaging
position, in a typical arrangement by 180 degrees. The
CT scanner gantry is translated on rails during acqui-
sition; no active couch motion is required.

Advantages of in-room CT include that state of
the art diagnostic quality CT can be used for optimal
image quality and robustness. Ideally, the exact para-
meters of the simulation CT are replicated; resulting
in imaging that fully matches the simulation imaging
quality. Since imaging and treatment isocenter are not
coincident, quality assurance measures have to be
developed and tested on an established schedule.
Because the table with the patient is rotated or moved
between two devices, organ motion or setup changes
between imaging and delivery are at least theoretical
concerns. In-room CT has been used to monitor volu-
metric change and for guidance in upper abdominal
malignancies (31).

Helical MVCT scans can be obtained using a heli-
cal tomotherapy treatment unit (TomoTherapy, Madi-
son, WI), which allows the MV treatment beam to rotate
around the patient while the couch moves through the
bore. Single slice or volumetric MV images of the irra-
diated region can be constructed. While soft tissue con-
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trast cannot match the quality achieved with in-room
CT imaging, and the matrix of image reconstruction is
reduced to 256 × 256, the resulting images are suitable
for abdominal image-guidance (32). However, the util-
ity of MVCT for image guidance of small SBRT liver
lesions may be limited, as small lesion may not be dis-
criminated from the surrounding normal liver tissue
owing to a lack of sufficient soft tissue contrast (33).

Cone-beam CT (CBCT) refers to tomographic
reconstruction from a series of 2D radiographs
obtained in a single rotation of source and detector
about the patient. Kilo-voltage CBCT systems integrate
a kV tube and a flat panel detector mounted on a lin-
ear accelerator. The same axis of rotation is shared
between the kV imaging and MV treatment beams, and
the central axis of the kV beam is oriented perpendic-
ular to (Elekta Synergy and Varian OBI) or parallel to
(Siemens Artiste) the treatment MV beam. Hundreds
of projections are acquired over a 30- to 240-second
interval, while the volumetric reconstruction proceeds
in parallel. Doses delivered to obtain kV cone beam CT
scans typically range from 0.5 to 2 cGy, which is sub-
stantially less than the dose from MV orthogonal
images. Routine clinical experience in the use of CBCT
for cholangiocarcinoma is limited. Feasibility and
acceptable soft-tissue definition of organs in the upper
abdomen for IGRT have been reported by McBain (34)
and Hawkins (28). Breathing motion and motion of the
GI contents during imaging can introduce artifacts to

the CBCT scans, and the use of oral contrast can
improve conspicuity of tissues. Using kV and MV
CBCT without IV contrast, the tumor itself is not vis-
ible, and surrogates for IGRT such as the whole liver
have been used for image guidance.

Kilo-voltage CBCT scans can be acquired in
breath hold when patients are to be treated in breath
hold (28,35). Breath-hold CBCT is associated with
fewer artifacts than CBCTs acquired during free breath-
ing and allows direct liver-to-liver image registration
and positioning. Examples of a liver image acquired
with the Elekta CBCT system is shown in Figure 21.5.
Breath-hold CBCT is not yet routinely available on
commercial systems.

While also not yet routinely available, respiratory-
sorted CBCT scans (referring to volumetric imaging
acquired at different phases of the respiratory cycle, or
4D CBCT) allow the changes in tumor and normal posi-
tion due to breathing to be measured (36) (Figure 21.6).

CBCT systems can also produce kV fluoroscopic
images from any gantry position, and they have the
potential for real-time (i.e., concurrent with the MV
radiotherapy treatment) fluoroscopic tumor monitor-
ing and tracking, capabilities that are under current
clinical investigation.

CBCT using the MV beam (MV-CBCT) requires
less modification to a conventional linear accelerator
compared to kV CBCT. The MV beam itself is used to
construct a CBCT, in a similar manner as kV CBCT
scans are obtained, with a single rotation around the
patient. MV-CBCT image guidance has been particularly
useful for IGRT of paraspinal tumors with orthopedic
hardware in place that can cause artifacts on kV CT
scans. A similar advantage should exist for metallic bil-
iary stents that may be used in biliary tract cancers.

More advanced IGRT technologies are rapidly
being developed, including a ring-gantry system that

FIGURE 21.5

Registration of vertebral bodies from kV cone beam CT
acquired at the time of radiation treatment to the CT
acquired at the time of radiation planning in a patient
imaged and treated with repeat exhale breath holds to
immobilize the liver. Despite good alignment of the verte-
bral bodies, the liver position has changed between the two
imaging sessions, providing rationale for image guidance
to account for day-to-day positional variability. The liver
itself can be used for image guidance and positioning.

FIGURE 21.6

kV cone beam CT reconstructions from imaging acquiring
in a patient treated during shallow breathing. The first panel
(A) demonstrates the reconstruction of all projections
obtained during free breathing, creating an image of a
”blurred” liver. The second and third panels show respira-
tory sorted reconstructions made from projections only
obtained during exhale (B) and inhale (C). Vertebral bod-
ies from each reconstruction are aligned.
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offers CBCT imaging along with a tilting treatment
head for tumor tracking using kV fluoroscopy (37) and
development of MR-guided RT systems.

ULTRASOUND-BASED IMAGE GUIDANCE

Ultrasound is a nonionizing modality also useful for
image guidance for upper abdominal tumors including
gallbladder cancer and cholangiocarcinoma (38,39).
Initially developed to provide for image guidance for
prostate cancer external beam radiation, the feasibility
of using a 2D ultrasound system for abdominal tumor
image guidance has been tested and validated in
comparison with CT imaging (39). Intrahepatic tumor
location and nonobese body habit of the patients was
found to facilitate ultrasound-based image guidance.
The accuracy of ultrasound image guidance as
validated by CT-CT comparison does suggest
meaningful improvement in target setup. Clinical
experience in a series of 10 patients treated for
gallbladder cancer by IMRT suggested the feasibility
of using daily ultrasound-based image guidance and
documented favorable outcomes (38). Ultrasound-
based IGRT afforded PTV volume reduction of 41.4%
for initial target volume treated to 45 Gy, and 62.2%
for boost target treated to mean total doses of 59 Gy,
respectively, compared to more conventional PTV
definitions. This PTV margin reduction also enabled
statistically significant organ-at-risk dose sparing, with
the reduction of the mean liver dose (28.8 Gy vs. 39.6
Gy) being most relevant in the context of this
publication. It is unclear if similar feasibility can be
confirmed for 3D ultrasound guidance systems as
organ motion during image acquisition will cause
aliasing of the resulting 3D reconstructed ultrasound
image data set. Similar to breath-hold CBCT,
acquisition of 3D ultrasound data during breath hold
should be feasible and may aid in overcoming such
obstacles.

STEREOTACTIC BODY
RADIOTHERAPY (SBRT)

Definition

The advances in imaging described in the first section
of this chapter—to better define biliary and gallbladder
cancers, assess their motion and improve accuracy and
precision of radiation delivery with image-guided radi-
ation therapy (IGRT)—along with advances in confor-
mal radiation planning facilitate the delivery of high
radiation doses that conform tightly around the target
volume and fall off steeply around the target volume.
This makes it possible for very potent doses of radia-
tion to be delivered to small target volumes safely.

Although high-dose radiation may be delivered in a sin-
gle fraction— referred to as extracranial stereotactic
radiosurgery (SRS)—more often high precision radia-
tion is delivered in more than one fraction, leading to
the concept of SBRT.

SBRT refers to the use of a limited number of high-
dose fractions delivered very conformally to targets
with high accuracy, using biologic doses of radiation
far higher than those used in standard fractionation.
The term ”stereotactic” refers to the use of a reference
coordinate system (i.e., stereotactic frame/body immo-
bilization system with integrated or attached localizer
system) to aid in localizing the tumor. As the fraction-
by-fraction positions of biliary and gallbladder cancers
are not well correlated with the bones or an external
reference system, as discussed above, daily online
image-guided targeting of the tumor or adjacent soft
tissues is required for precise localization.

SBRT as a valid treatment concept has found
broad adaptation, as evidenced by an ASTRO consen-
sus document on SBRT (40) and the development of a
specialized Medicare billing code for SBRT in the
United States. While SBRT is today defined in the
United States as comprising treatments between one
and five fractions of high radiation doses, SBRT is
clearly an evolving technology, and definitions may
change with time. In the peer-reviewed literature,
extracranial hypofractionated stereotactic treatment
concepts delivered in 6–10 fractions are also commonly
reported as SBRT.

In SBRT, multiple static or dynamic beams in a
variety of beam arrangements, with or without seg-
ments or intensity modulation, or dynamic conformal
arc arrangements including serial and helical tomother-
apy can be used to produce a dose distribution in which
isodose lines tightly conform to the target volume.
Although most reports on SBRT refer to MV photon
irradiation, protons may be used. Inhomogeneity
within the target volume is typically accepted; signifi-
cant dose inhomogeneities approaching or even exceed-
ing maximal doses of 150% of the dose prescribed to
the periphery of a target are encouraged to increase the
chance of tumor ablation (33,41). Doses are generally
prescribed to an isodose line covering the planning tar-
get volume with very steep dose gradients outside the
target volume.

Rationale for SBRT

For biliary tract and gallbladder cancer, local recurrence
remains the predominant pattern of disease recurrence
following surgery and conventional radiation therapy,
providing a rationale to study innovations that may
improve local control, hopefully improving overall sur-
vival. Local recurrences are often associated with sub-
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stantial morbidity, chronic requirement for stents, and
their associated morbidities. Escalated dose with stan-
dard fractionation is associated with very long treat-
ment times, and thus SBRT has the potential to deliver
very high biologic equivalent doses in a far shorter time.

SBRT per se is a noninvasive, outpatient inter-
vention, generally completed within 1–2 weeks. While
the placement of radio-opaque fiducial markers, or
prior tumor staining by intra-arterial tumoremboliza-
tion (with or without a chemoembolization compo-
nent, TACE), constitutes moderately invasive proce-
dures, such internal markers can serve as surrogates
to determine treatment tumor location during image
guidance (Figure 21.7). The short radiation treatment
time and high dose per fraction in SBRT may have
potential radiobiologic therapeutic advantages com-
pared with conventional fractionation, owing to the
ability to overcome tumor radiation resistance consti-
tuted by tumor hypoxia, tumor repopulation, and
repair. Furthermore, the shorter SBRT treatment times

are more convenient for patients and may have
resource utilization advantages.

Advancements outside of radiation oncology also
provide rationale for SBRT. Ablative therapies such as
photo-dynamic therapy for peri-hilar tumors, radiofre-
quency ablation (RFA), and transarterial chemoem-
bolization are used to treat focal primary liver tumors
including cholangiocarcinoma in ablative intent
(42–44). Furthermore, improvements in systemic ther-
apy more likely to control micro-metastases provide
rationale for improving local therapies, such as SBRT,
to reduce macroscopic foci of tumor burden.

SBRT Radiation Planning

Because of steeper dose gradients and ablative dose pre-
scription with SBRT, the consequences of error in tumor
delineation, and errors introduced by dosimetry and
geometric uncertainties may be more deleterious. Thus,
all aspects of treatment planning that are important in
conformal radiation planning are even more crucial in
SBRT, especially for tumors in close proximity to crit-
ical normal tissues, where any systematic error could
lead to permanent serious toxicity if the normal tissue
planned to be spared from the high-dose region of the
radiation dose distribution is irradiated to the high
doses planned for the tumor.

Sometimes, noncoplanar beams or arcs are used if
required to reduce the dose to normal tissues. One strat-

FIGURE 21.7

Use of lipiodol tumor staining for SBRT image guidance.
The upper figure (simulation CT) documents tumor lipiodol
retention. Themiddle and lower figures document kV CBCT
image guidance; the lipiodol stain is well visualized and can
be used to optimize target setup for treatment.

FIGURE 21.8

SBRT plan for intrahepatic cholangiocarcinoma planning
target volume (PTV), treated with 45 Gy in six fractions over
2 weeks.
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egy to obtain very steep dose gradients at the edge of
the PTV is to close the aperture of the beams to coin-
cide or be within the PTV outline, not leaving a gap
for penumbra as usually done for conformal radiation
therapy. Resultant high doses/hotspots occur in the cen-
ter of the PTV, ideally depositing the highest dose to the
center of a hypoxic target volume, although the clini-
cal benefit of such a strategy is unproven (Figure 21.8).
The use of segments within the beams can adjust the
dose distribution to ensure that the hot spot is within
the tumor, while reducing the overall integral dose to
the liver and other normal tissues. Alternatively, using
4DCT data as the basis for dose planning, doses can
be prescribed to the periphery of a PTV derived from
the ITV, with differential dose prescription to a mini-
mum intensity projection (MinIP) derived target vol-
ume, representing the motion overlap area always con-
taining tumor during the respiratory cycle (Figure
21.2). Thus, defined dose heterogeneity to central parts
of the ITV can be achieved (Figure 21.9).

Typical prescription doses for SBRT range from
the delivery of 5 Gy for 10 fractions to 20 Gy for 3 frac-
tions. One to 5 fractions are most often used, with a
dose per fraction usually greater than 6 Gy. The feature
common to most of the SBRT fractionation schemes is
that they are biologically potent. Multiple fraction reg-
imens have some theoretical radiobiologic advantages
over single fraction SBRT. While proximity of the tar-
get to normal tissues that function serially (e.g., small
bowel) may require fractionated delivery to minimize
the risk of toxicity, randomized data to support multi-
fraction regimens over single treatments are not avail-
able. Also, there exists a lack of clinical data to pro-
vide guidance for optimal prescription doses and dose

scheduling for each clinical scenario. In clinical use,
most regimens are delivery in 48- to 72-hour increments
(i.e., every other day, or twice weekly).

Clinical Experience with SBRT

Although there is little published experience in
SBRT for biliary tract cancers, there is a growing liter-
ature of SBRT for liver metastases and hepatocellular
carcinoma. The liver cancer SBRT series have some-
times included cholangiocarcinoma patients. These
clinical series are summarized here.

Blomgren et al. from the Karolinska Institute in
Sweden provided the first reported outcomes follow-
ing SBRT for liver cancers. Twenty to 45 Gy in one to
four fractions were used to treat 29 liver tumors in 23
patients (8 patients with hepatocellular carcinoma, one
with intrahepatic cholangiocarcinoma, and 14 with
metastases) (2). Radiographic responses were observed
in 29 and 43% of evaluable patients with primary and
metastatic liver cancer, respectively. Complete responses
occurred quickly for small tumors, but the time to max-
imal response was prolonged for larger tumors. Using
this approach, the mean liver dose generally ranged
from 1 to 8 Gy, with a maximum of 18 Gy delivered in
three fractions for one patient. Several serious toxicities
were seen following hepatocellular carcinoma SBRT,
including one sudden death 2 days after 30 Gy in one
fraction to a large tumor, two cases of radiation induced
liver disease (RILD) 1.5 and 2.5 months following
SBRT (45 and 30 Gy in three fractions, respectively),
and one subcapsular bleed 2 weeks following SBRT.

At the Princess Margaret Hospital in Toronto, a
phase I study of a six-fraction regimen of SBRT in 41

FIGURE 21.9

Differential SBRT dose prescription based on ITV/MinIP ITV target volume delineation derived from 4DCT simulation imag-
ing. Doses were prescribed so that 95% of the PTV received a dose of 50 Gy in five fractions; the small motion overlap area
(MinIP ITV) was prescribed to receive 130% of the prescribed dose. Thus a potentially hypoxic core of the target volume
receives a higher dose than the periphery of the PTV.
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patients with unresectable intrahepatic cholangiocar-
cinoma (10 patients) or hepatocellular carcinoma (31
patients) was completed (45). An individualized treat-
ment approach was used in this study in which the pre-
scribed tumor dose was dependent on volume of liver
irradiated. The median dose delivered was 32.5 Gy in
six fractions with a range from 28 to 48 Gy. The
cholangiocarcinoma patients were refractory to prior
chemotherapy and/or not suitable for chemotherapy.
Their median volume was 172 cm3, with a range from
10 to 465 cm3, respectively. At least 800 cm3 of unin-
volved liver was required, and the mean liver doses
were less than 22 Gy in six fractions. The maximal per-
mitted dose to 0.5 cm3 of the esophagus, stomach, duo-
denum, or other bowel was 30 Gy. IGRT was used for
target positioning prior to delivery of each radiation
fraction (27, 28). No radiation-induced liver disease
(RILD) or treatment-related grade 4/5 toxicity was seen
within 3 months following SBRT. Two patients (5%)
with cholangiocarcioma developed transient biliary
obstruction following the first few fractions, leading to
a policy of pretreatment steroids for subsequent
patients with central tumors, with no further biliary
obstruction observed. Seven patients (five hepatocel-
lular carcinoma, two cholangiocarcinoma) developed
a decline in liver function from Child-Pugh class A to
B within 3 months following SBRT. Both cholangio-
carcinoma patients had rapid tumor progression that
likely contributed to the decline in liver function.
Another cholangiocarcinoma developed a small bowel
obstruction 17 months after SBRT requiring bypass
surgery, at which time extrahepatic progressive disease
was detected. Local control of the irradiated tumor was
common, but hepatic and extrahepatic recurrences out-
side the irradiated fields occurred, providing rationale
for combining SBRT with systemic therapies. The
median survival of cholangiocarcinoma patients
treated with this SBRT approach was 15.0 months
(95% CI 6.5–29.0) (45). Typical response to SBRT is
documented in Figure 21.10.

Other series of SBRT for liver metastases and
hepatocellular carcinoma have shown the safety of dif-

ferent SBRT fractionations. Herfarth et al. used single
fraction SRS to treat 60 liver tumors in 37 patients (4
primary and 56 metastases). The median tumor size
was 10 cm3 (1–132 cm3), with an upper maximum
diameter of 6 cm. The single dose was safely escalated
from 14 to 26 Gy, and a maximal tolerated dose was
not found (6, 10). With a median follow-up of 5.7
months, there was no major toxicity. Ninety-eight per-
cent of all tumors were locally controlled after 6 weeks,
with complete and partial responses seen in 4 and 28
patients, respectively. Actuarial local tumor control was
81% 18 months after therapy. Normal tissue con-
straints restricted dose exposure of no more than 30
and 50% of the liver to less than 12 and 7 Gy, respec-
tively, and maximal doses to esophagus and stomach of
14 and 12 Gy, respectively.

Wulf et al. from the University of Wurzburg used
SBRT delivered in three fractions (30 Gy total) to treat
23 patients with solitary liver tumors. No grade 3 tox-
icity was observed. Crude local control was 76 and
61% at 1 and 2 years, respectively (46).

Schefter et al. reported on a multi-institutional
trial of three fraction SBRT for liver cancer (5). Twenty-
five tumors in 18 patients with a variety of diagnoses
(16 metastases, 2 hepatocellular carcinomas) were
treated with 36–60 Gy, in three fractions delivered
within 14 days. At least 700 cm3 of uninvolved liver
had to receive less than 15 Gy in three fractions. Most
patients were given prophylactic antiemetic therapy
with or without dexamethasone. The average tumor
volume was 17.8 cm3 (3–98 cm3). No dose-limiting tox-
icity was seen. A tumor equivalent uniform dose (EUD)
of more than 54 Gy in three fractions was associated
with improved local control compared to an EUD of
less than 54 Gy in 3 fractions (47).

CONCLUSIONS

Advances in imaging and in image guidance of radia-
tion therapy allow radiation therapy to be delivered
conformally to biliary tract and gallbladder cancers

FIGURE 21.10

Intrahepatic cholangiocarcinoma treated with 33
Gy in six fractions over 2 weeks. CT scan at 4
months following SBRT shows a decrease in atten-
uation in high-dose liver volume surrounding the
tumor and reduction in density of tumor. At 25
months post-SBRT the tumor is more cystic with lit-
tle enhancement. The liver irradiated to high doses
has contracted.
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with more accuracy and precision than previously pos-
sible, allowing dose escalation and reduced doses to
normal tissues. IGRT increases awareness of geomet-
ric change occurring during radiation therapy and pro-
vides the ability to confirm that the dose is delivered
as planned.

However, IGRT is particularly challenging in the
upper abdomen, and quality of imaging and efficiency
continue to rapidly improve. There is not one ideal
IGRT technology or strategy most suitable for all bil-
iary tract and gallbladder cancers. Nonetheless, IGRT
brings with it the opportunity to investigate adaptive
radiation therapy and facilitates hypo-fractionation and
SBRT. Future efforts in IGRT are needed to efficiently
archive, analyze, and correlate large volumes of imag-
ing data with clinical, biologic, and outcome data.

SBRT is an exciting clinically applicable emerging
technology of radiation oncology that brings together
many of the technological advancements that have
occurred recently in radiation oncology. SBRT requires
utilization of high-quality imaging for target definition,
immobilization, high-precision planning, and delivery
under daily image guidance. Using these technological
advancements, potent radiobiologic doses can be deliv-
ered in convenient fractionation schemes, generally
ranging from one to five fractions. Preliminary data
suggest that SBRT can be delivered safely to liver can-
cers with a high likelihood of local control and an
acceptable safety profile. However, clinical experience
in SBRT for biliary tract tumors is limited. Outcomes
are expected to be improved further if SBRT can be
safely combined with other systemic and regional ther-
apies. Serious acute and early delayed toxicities have
been reported in the early SBRT experience, including
radiation-induced liver injury and GI bleeding. How-
ever, late sequelae from of SBRT may not manifest until
many years following therapy. As experience in SBRT
in biliary tract cancer SBRT increases, the efficacy and
safety of SBRT should become better defined. Optimal
fractionation, potential, and limitations of image guid-
ance and appropriate application of SBRT in biliary
tract and potentially also gallbladder cancers are not
well established at this time. It is recommended that
SBRT be used for the treatment of biliary and gall-
bladder cancers only in the context of clinical trials,
as published experience in this site are limited.
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ile is an important vehicle for absorp-
tion of nutrients and the excretion of
products of normal metabolism and
toxic substances. If biliary excretion is

impaired, retention of bile salts and other bile con-
stituents such as bilirubin and cholesterol occurs
(cholestasis). The reflux of these constituents into the
systemic circulation and the decreased amount of bile
salts reaching the intestine are associated with a wide
spectrum of clinical manifestations such as jaundice,
pruritus, malabsorption, hypocoagulation, immuno-
logic changes, and renal dysfunction (1-3).

Malignancies of the biliary and pancreatic systems
are common causes of biliary obstruction. Together
they are among the 10 most common cancers in North
America and Europe (4). For instance, it is estimated
that more than 31,000 new cases of pancreatic cancer
occurred in the United States in 2004 (4, 5). The most
common causes of malignant biliary obstruction are
tumors originating from of the head of the pancreas or
the ampulla of Vater, and they obstruct the biliary sys-
tem at its most distal portion where the common bile
duct traverses the head of the pancreas and enters the
duodenum. However, primary cancers of the liver and
the biliary system as well as tumors from outside the
gastrointestinal tract can also obstruct the biliary sys-
tem at more proximal locations.

There are various approaches to the management
of patients with distal malignant biliary obstruction,

and optimal management often requires the combined
involvement of a wide variety of specialists, including
gastroenterologists, radiologists, surgeons, and/or med-
ical and radiation oncologists. While a number of meth-
ods for palliation of biliary obstruction exist, cure of
primary pancreaticobiliary cancers can only be
achieved if surgical resection is performed at early
stages of disease. Unfortunately, the natural history of
pancreatic and biliary malignancies is such that they
usually become clinically apparent only when the dis-
ease is either widespread or has locally invaded vascu-
lar structures, precluding curative surgical procedures
(6, 7). Following staging, the majority of patients are
determined to be not curable or are found not suitable
candidates to undergo a surgical curative procedure;
hence, palliative treatment of the biliary obstruction is
indicated. While re-establishment of the normal bile
flow has no impact on survival (8), it has been shown
to prevent complications related to the biliary obstruc-
tion and to improve quality of life (9–11).

As histologic confirmation of malignancy result-
ing in biliary obstruction is not always feasible, a pre-
sumptive diagnosis and empirical management of bil-
iary and pancreatic malignancies commonly relies upon
imaging study results. There is no ideal diagnostic pro-
cedure for the evaluation of these malignancies, but
advances in radiologic imaging over the last few
decades have permitted better visualization of the bil-
iary and pancreatic systems and consequently often led
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to the avoidance of unnecessary surgical procedures.
Transabdominal ultrasound is often used as the initial
method to differentiate obstructive jaundice from other
forms of cholestasis, as it is inexpensive and noninva-
sive, and its sensitivity and specificity are excellent in
the presence of jaundice (12). Helical computed tomog-
raphy (CT) is the single most useful imaging test
because not only can it adequately visualize most local
organs of interest, but it can also assess the existence
of distant metastatic disease. Newer generation CT
scanners can also provide even more highly detailed,
tridimensional images. Endoscopy ultrasound (EUS)
offers the advantage of being able to detect small
lesions, lymph nodes, and regional vascular invasion
often not detectable by other modalities while allowing
for tissue sampling during the same procedure (8,
13–15). In the majority of cases, the combination of
these imaging modalities is sufficient to make an accu-
rate diagnosis and appropriately stage a tumor. More
invasive diagnostic procedures such as diagnostic
laparoscopy, which was indicated in the past to exclude
peritoneal and liver metastases, is no longer indicated
for staging of disease considered resectable by conven-
tional imaging (16–18).

MANAGEMENT

Pain

Abdominal discomfort is present in approximately
75% of patients with pancreatic cancer at diagnosis and
over 90% in advanced stages. Pain is more commonly
seen in tumor involving the body and tail of the pan-
creas due to its proximity to the celiac plexus. Usually
this pain is described as dull, constant, in the epigas-
tric region, and with radiation to the back. Associated
symptoms such as nausea, vomiting, postprandial full-
ness, and sitiofobia can also be encountered. In con-
trast, tumors of the head, which account for the major-
ity of the cases, are usually asymptomatic until
involvement of adjacent organs or dilation of the bil-
iary system occurs (19). Assessment of the possible
sources of pain is important as specific treatment
options exist. When duodenal obstruction is present,
endoscopic stenting or gastric bypass surgery should be
utilized to ameliorate the discomfort and the obstruc-
tive symptoms and improve quality of life (20).

The standard approach to pain management is
based on the World Health Organization (WHO) three-
step ladder, beginning with nonopioid analgesics (e.g.,
nonsteroidal anti-inflammatory drugs [NSAIDs] or
acetaminophen), followed by weak opioids, and finally,
strong opioids as necessary (21, 22). However, malig-
nant pain can be difficult to control or refractory to

treatment in many patients. Under these circumstances,
alternative strategies such as patient controlled anes-
thesia, radiation therapy, and celiac plexus neurolysis
(CPN) have to be considered (23). Although the terms
“celiac plexus” and “splanchnic nerves” are often used
interchangeably, these are anatomically distinct struc-
tures. The splanchnic nerves are located above the
diaphragm (retro-crural) and are typically anterior to
the 12th thoracic vertebra. The celiac plexus, however,
is situated below the diaphragm (antecrural), sur-
rounding the basis of the celiac trunk. This plexus is
composed of a dense network of sympathetic and
parasympathetic fibers and is the target of CPN, a
chemical splanchnicectomy of the celiac plexus, which
aims to preferentially ablate the sympathetic afferent
nerve fibers that transmit pain from intra-abdominal
viscera. Different approaches (retrocrural, anterocrural,
and neurolysis of the splanchnic nerves) and methods
(surgical, percutaneous, and endoscopic) of CPN have
been applied (24–28). Due to rare cases of paraplegia
with percutaneous fluoroscopy-guided CPN, EUS and
CT-guided “anterior” approaches have become the pre-
ferred techniques for CPN. CPN is achieved with injec-
tion of absolute alcohol, but mixture with bupivacaine
0.25% is often utilized to decrease the immediate dis-
comfort due to subsequent tissue necrosis. Analgesic
responses are moderate (>50%) with a wide range of
duration of effect (27, 29). However, these observations
are based on uncontrolled and retrospective analysis
subject to bias and confounding. Moreover, the stud-
ies are small, have heterogeneous patient populations,
and have not used standardized scales for assessments
of pain. No prospective controlled trials have been done
comparing conventional opiates to neurolytic regimens
for controlling pain secondary to pancreaticobiliary
malignancy.

Duodenal Obstruction

Obstruction of the stomach or duodenum due to bilio-
pancreatic malignancies is a late event that results in
nausea, vomiting, malnutrition, and progressive dete-
rioration in patients’ quality of life. Surgical palliation
is an available option, but the morbidity and mortality
related to the procedures are high, and, unfortunately,
control of symptoms is achieved in about only half of
the patients treated (30, 31). Endoscopically placed self-
expandable metallic stents (SEMS) is an alternative
strategy which has also been used to palliate obstruc-
tive symptoms. However, recurrent stenosis of the stent
either because of progressive tumor ingrowth or over-
growth has been a problem (32–34). Most studies have
included only a small number of patients, but overall,
recurrent stenosis rates range between 8 and 46% at
intervals of 2–21 weeks (32–34). Although no large,
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controlled trials have been performed, published data
suggest that SEMS are a safe and effective nonsurgical
alternative treatment for inoperable cases (34–40).

Biliary Obstruction

Patients with bilio-pancreatic cancer and no evidence
of metastatic disease or local vascular invasion should
be considered for curative surgical resection. Unfortu-
nately these patients account for only 10–20% of all
cases (7). In addition, many elderly patients are not
referred for consideration of surgery as they are judged
unfit for operation due to advanced age or unrelated
comorbidities. Despite an extensive preoperative
workup, 11–53% of patients with pancreatic cancer
thought to be surgical candidates are found to be unre-
sectable at the time of laparotomy, and the prospect for
patients with cholangiocarcinoma and gallbladder can-
cer is worse. Thus, for most patients with malignant
pancreaticobiliary obstruction, palliative therapy
directed at their primary symptom will be indicated.
Many will experience symptomatic biliary obstruction
that requires either a surgical bypass or placement of a
biliary stent (41).

SURGERY

Historically, surgical procedures were used for the pal-
liation of obstructive jaundice until effective, less inva-
sive techniques became more widely available (42).
Thirty-day mortality after surgical palliation for pan-
creatic cancer and cholangiocarcinoma may occur in
up to one third of cases; with the risk being even more
pronounced in individuals either above 60 years of age
or with metastatic disease (43). Except for underdevel-
oped countries where endoscopic and radiologic exper-
tise is not readily available, as well as for patients with
concomitant gastric outlet obstruction, surgical pallia-
tive techniques are now rarely used in the management
of obstructive jaundice; they have been replaced by per-
cutaneous and endoscopic insertion of stents (44, 45).

Although endoscopic stenting is the most common
management strategy for the palliation of biliary
obstructions, the need for repetitive reinterventions
often raises the question of surgery as a valid alterna-
tive. Three prospective randomized trials have com-
pared open surgery with endoscopic stenting (46–48).
Smith and colleagues randomized 203 patients to 10-
French (Fr) Amsterdam plastic stent or biliary bypass
(choledocoduodenostomy and choledocojejunostomy).
Patients who underwent stent placement had fewer pro-
cedure-related and major complication rates as well as
shorter hospital stays than the surgical group. Shepherd
and Andersen conducted smaller studies that showed

similar results (46, 48). While overall survival did not
differ between treatments, these studies demonstrated
that endoscopic stenting had a lower rate of short-term
complication than surgical treatment. Although
patients in the endoscopy group had more obstructions
and needed more reinterventions, the total number of
days in-hospital was higher in the surgical group. A
meta-anaylsis performed with these three studies con-
firmed a higher likelihood of intervention in the stent
group (49).

While performed more than 10 years ago, before
the advent of newer technologies for stents (SEMS) and
less invasive surgical procedures, these studies suggest
that palliation of pancreaticobiliary malignancy with
endoscopic stents is as effective as and less costly than
surgery. A recent single-center retrospective cost analy-
sis in the United States also revealed a striking differ-
ence between endoscopic palliation and surgery despite
the need for repetitive interventions and readmissions
in the endoscopic group (50). However, surgical bypass
remains an acceptable strategy in patients with unre-
sectable disease at the time of laparotomy and for those
requiring concomitant gastrointestinal bypass and/or
celiac nerve block for management of chronic pain (18,
41). Whether prophylactic gastrointestinal bypass
should be offered to patients with malignant obstruc-
tive jaundice is unknown (51–53). Recent studies have
shown that gastrojejunostomy in addition to biliary
bypass may decrease the incidence of late gastric out-
let obstruction without higher morbidity or mortality
for the initial surgery (41, 54). The impact of emerg-
ing minimally invasive surgical techniques will have in
the management of these patients is still unknown and
randomized clinical trials as well as cost-effectiveness
analyses are needed (55).

PERCUTANEOUS APPROACH

A variety of nonoperative methods to relieve distal bil-
iary malignant obstruction exist. Percutaneous drainage
was the preferred palliative method in patients with
malignant obstruction until several years ago. When
compared to endoscopic placement of plastic stents, the
percutaneous approach permits insertion of plastic
drains with larger diameters. The consequent benefit of
a longer stent patency represented a significant advan-
tage over the plastic stents inserted by endoscopic ret-
rograde cholangiopancreatography (ERCP), which was
limited by the size of the accessory channel of duo-
denoscopes. Percutaneous insertion of stents appeared
to be as effective as biliary bypass and still had some
inherent advantages. Bornman et al. found the overall
survival to be similar in both surgical and percutaneous
groups, and indeed percutaneous drainage was associ-
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ated with a lower procedure-related complication and
30-day mortality rate (56).

This procedure entails sterile catheterization of
a peripheral biliary radical after percutaneous punc-
ture. The technique has evolved over the years, and
currently insertion of an indwelling catheter without
external drainage is possible. The disadvantages of
external biliary drainage included the risk of sponta-
neous catheter dislodgment, inflammation and pain
around the puncture site, leak of ascitic fluid and bile
around the catheter, and loss of fluid and electrolytes
(57). In addition, the amount of resources utilized is
higher. Unlike endoscopic insertion, which is routinely
done as a single outpatient procedure, percutaneous
stenting is a two-step procedure and requires follow-
up interventions.

The advent of SEMS and larger size accessory
channels in duodenoscopes has changed the prior man-
agement of pancreaticobiliary malignancy. Speer and
colleagues conducted a prospective randomized study
comparing percutaneous and endoscopic drainage in
patients with malignant biliary obstruction (58). While
overall survival was not different between both arms,
30-day mortality both by intention-to-treat and per-
protocol analysis was significant lower in the
endoscopy group and justified the early termination of
the study. The authors found that complications asso-
ciated with the percutaneous procedure accounted for
the difference in mortality and that endoscopic inser-
tion of a stent was safer and more likely to succeed (58).
A collection of published series done by Coene et al.
supports the superiority of an endoscopic versus a per-
cutaneous approach with regards to early complication,
30-day mortality and successful drainage (59). How-
ever, a recent RCT showed that patients undergoing
percutaneous drainage had longer survival than those
in the endoscopy group, which conflicts with results
from trials performed 2 decades ago (60). The authors
argued that advances in radiologic techniques have led
to a reduction in complication rates and that the results
from ”old” studies do not reflect current practice.
However, this study included not only patients with
unresectable distal biliary obstruction but also subjects
with more proximal obstruction including hilar tumors.
This difference in inclusion criteria could explain the
low success rate of plastic stent insertion by endoscopy
(58%), which in turn accounted for the suboptimal effi-
cacy observed in this group.

Thus, the predominance of evidence in the litera-
ture advocates the use of endoscopy as first-line ther-
apy (59). Nevertheless, the percutaneous approach
remains a preferred option for management of hilar
tumors, patients undergoing palliative brachytherapy,
and distal malignant biliary obstruction not successfully
treated by ERCP (61).

ENDOSCOPIC PALLIATION

A number of endoprostheses are commercially available
under different brand names that can be separated in
two main categories: (a) plastic polyethylene (PE) stents
(Figure 22.1) (b) and self-expandable metal stents
(SEMS) (Figure 22.2), which can be either uncovered (U-
SEMS) or covered (C-SEMS). All three stent types have
been shown to be effective in the relief of obstruction
and re-establishing patency of the biliary tree, but they
differ in several aspects, including physical characteris-
tics, price, and average duration of patency (62–64).

Plastic Endoprosthesis

Endoscopic placement of plastic biliary stents were
first described by Soehendra and Reynders-Frederix as
an alternative to choledocoduodenostomy in high-risk
and inoperable cancer patients (65). Plastic stents have
several inherent advantages in patients with malignant
biliary obstruction. First they are inexpensive com-
pared to metal stents and surgical bypass, are easy to
insert, and can be removed if necessary. The main dis-
advantage to plastic stents is their duration of patency,
which can be shorter than the patient’s life expectancy
(66, 67). Because stent dysfunction occurs on average
after 3–4 months and a significant proportion of
patients survive beyond this period of time, stent
exchange is needed in approximately 30–60% (47,
64). Consequently, patients are at risk of experienc-
ing recurrent jaundice and or cholangitis due to stent
obstruction and may require a repeated procedure and
stent replacement (68).

FIGURE 22.1

Plastic polyethylene (PE) biliary stent mounted on a rapid
exchange (RX) system. (With permission of Boston Scien-
tific®)
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Plastic stents become obstructed by biofilm, a
sludge-like material, which has no similarities with the
sludge implicated in the pathogenesis of gallbladder
stones. In contrast to gallbladder sludge, stent sludge
is comprised primarily of protein, bilirubin, and crys-
tals and has almost no cholesterol within it (69). The
protein found in the obstructed stent is of unknown ori-
gin, but it has been postulated to arise from bacterial
products, given that stents perfused with sterile bile do
not to accumulate sludge (70). When bacteria reflux up
the endoprosthesis (as the stent bridges the papilla and
is exposed to the duodenal environment), bacterial
enzymes such as β-glucoronidases degrade bilirubin
glucoronides and liberate glucuronic acid and bilirubi-
nate, which is then precipitated into a bacterial glyco-
calyx. The bacteria themselves attach to the stent sur-
face and multiply within the formed glycocalyx,
subsequently forming a biofilm. This biofilm permits
the bacteria to adhere firmly to the stent despite the
shearing forces created by the bile flow. Continuous
deposition of bacterial degradation products and
growth of bacterial colonies can eventually lead to com-
plete occlusion of the stent (69, 71).

A large variety of plastic biliary stents are avail-
able with internal diameters ranging from 5 to 11.5
French (Fr) gauge with lengths varying from 5 to 15 cm.

Straight plastic stents with flaps in both extremities and
side holes are the most common type of stent used. The
presence of flaps minimizes the risk of stent migration
which is even less likely to occur in pigtail stents due
to their physical characteristic that allow greater
anchoring inside the CBD and duodenum. Animal stud-
ies suggest that straight stents may provide better bile
drainage than pigtail stents (72, 73). When compared
to pigtail stents of equivalent diameters in either nor-
mal or dilated common bile duct, straight stents demon-
strated a greater bile flow rate, which may decrease the
risk of bile stasis, consequent biofilm formation (72),
and subsequent stent clogging. Understanding the
mechanisms involved in the occlusion has motivated
studies aiming to improve the patency of these stents.
The following measures have been evaluated in differ-
ent clinical studies:

1. Size of internal stent diameter. Rodkiewicz et al.
have shown that bile flow in a rigid tube behaves
like a Newtonian fluid and the flow is thus lami-
nar under physiologic conditions (74). The flow
of bile through a stent is directly proportional to
the internal diameter and the difference in pres-
sure across the stent and inversely proportional to
the viscosity of the fluid and the length of the stent
(Q = π.D4.∆P/ 128.n.L , where D is the internal
diameter, P is the pressure across the stent, n is
the viscosity of the fluid, and L the length of the
stent). Therefore, at least under physiologic con-
ditions, stents with larger internal diameters
should improve the laminar flow and decrease the
chance of stent clogging. The calculated flow
capacity for an 11.5 Fr stent is 270 and 520%
greater than a 10 and 8 Fr stent, respectively.
Although flow capacity in 8, 10, and 11.5 Fr stents
are much above the daily bile production, this may
not be applicable to ”real life” conditions such as
biliary obstruction. In this scenario, not only are
the amount to be drained (retained bile above the
obstruction) and the viscosity of bile greater than
normal, but the presence of stones and debris can
also disrupt the pattern of flow seen under phys-
iologic conditions. Thus, the bile flow rate can be
markedly reduced to a point that a small-caliber
stent has no safety margin of spare flow capacity.

The hypothesis that increments in internal
diameter of biliary stents improve patency rates
was investigated in four nonrandomized retro-
spective studies—two comparing 10 Fr to 7 Fr and
8.5 Fr stents (75, 76) and two comparing 10 Fr
to 11.5 Fr stents (77, 78). These studies have sup-
ported the current practice of inserting 10 Fr stents
in the management of malignant biliary obstruc-
tion. In the absence of prospective evaluations of

FIGURE 22.2

Uncovered (left) and covered (right) self-expandable metal
stent (SEMS). (With permission of Boston Scientific®)
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different sizes of plastic stents, retrospective stud-
ies suggest that 10 Fr and 11.5 Fr plastic stents are
equally effective in providing drainage in patients
with malignant obstruction. However, it remains
unclear if 10 Fr stents are superior to 7 Fr or 8 Fr
stents.

2. Presence of side holes. Side holes located at both
extremities of PE stents are designed to permit bile
drainage into the stent in case the cephalad ori-
fice becomes occluded or abuts against the bile
duct wall. However, in vitro studies suggested that
side holes can also accelerate sludge formation
presumably because of turbulence of the bile flow
stream generated by the noncontiguous surface at
the orifice (59). Coene and colleagues performed
an in vitro and a pilot clinical study with plastic
stents of different designs and materials. The in
vitro analysis revealed that presence of side holes
significantly increased the amount of sludge irre-
spective of the type of plastic material used (59).
This finding was subsequently tested in 40
patients with distal biliary malignant obstruction.
PE stents with and without side holes were
inserted in a total of 40 patients and removed for
analysis after 2 months. Although all stents were
patent on eye examination at removal, a quanti-
tative sludge analysis demonstrated that stents
without side holes had a significantly lower
amount of sludge that was distributed along the
entire inner surface; in contrast, sludge accumu-
lation was greatest at the rims of the side holes
(59, 70). There has been only one RCT compar-
ing stents of similar material with and without side
holes (79). Sung et al. randomized 70 individuals
with benign and malignant biliary obstruction to
receive 10 Fr PE stents with versus without side
holes. The number of stents found to be occluded,
the median time to occlusion, and the amount of
sludge within the stents were similar in both
groups (79). These findings suggest that once col-
onization of bacteria into the inner surface of the
stent occurs, adhesion is perpetuated regardless of
the presence of side holes.

3. Modification of stent surface. In addition to PE,
other polymers such as Teflon, hydrophilic-coated
polyurethane (HCP), and double layer stent (DLS)
have been investigated. These materials have been
shown in vitro to have a lower coefficient of fric-
tion. Consequently, they reduce bacterial adhesion
and biofilm formation, hopefully leading to pro-
longed stent patency. Teflon stents are commer-
cially available as Teflon Tannenbaum (TT) and
differ from PE stents in the material itself and the
absence of side holes. Therefore trials comparing
PE and TT stents evaluate the effect of two inde-

pendent parameters which, at least in vitro, are
known to influence the patency of plastic stents
(80–84). However, the randomized controlled tri-
als comparing Teflon to PE stents have not demon-
strated superior effectiveness of Teflon stents as
observed in the original case series by Binmoller
and colleagues (85). HCP stents have the same
design as the conventional PE stents, but the outer
hydrophilic layer has an ultrasmooth surface,
which greatly reduces bacterial colonization in
vitro (86). Like the Teflon stents, HCP stents have
not demonstrated superiority over PE stents
despite promising in vitro results (87). DLS stents
are constructed without side holes and consist of
three layers. The inner layer is made of smoothed
Teflon, which results in a flatter surface and pre-
vents bacterial adhesion. The middle layer is made
of stainless steel and not only provides elasticity
but also helps to bond the inner to the outer layer.
The outer layer is made of a polyamide elastomer
that gives sufficient stiffness to the stent to with-
stand the pressure from a strictured bile duct. The
only RCT comparing PE to DLS revealed that
patients who received DLS instead of PE stents
were more likely to have a patent stent at time of
death. The mean time to occlusion was shorter,
and the proportion of patients with stent occlu-
sion was higher in the PE group (88). However,
the DLS stent is not currently available in the
United States or Canada.

4. Position of the stent. Although the biliary tract
does not normally harbor microorganisms, tran-
sient incursions of bacteria into the biliary tree can
occur in healthy individuals (89). Therefore, place-
ment of the distal end of the stent above the sphinc-
ter of Oddi (inside-stent approach) was postulated
to preserve the mechanical barrier to microbes,
decrease the likelihood of duodenal reflux and bac-
terial contamination of the stent and consequently
prolong the patency of stents. Pedersen and col-
leagues compared the patency of straight PE stents
placed above and across the sphincter of Oddi (90).
Median survival of stents and the proportion of
stents exchanged were not significantly different.
However, the causes of stent dysfunction were dif-
ferent between the two groups. Occlusion was the
reason for most dysfunctions seen in patients with
stents inserted by the conventional approach, while
stent migration accounted for most cases of dys-
function in patients with stents placed above the
sphincter of Oddi. The results suggest that an
improvement in stent effectiveness might be
achieved if stent migration could be avoided in
patients with stents inserted above the sphincter
of Oddi. However, the observed high rate of stent
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dysfunction due to migration and associated com-
plications speaks in favor the use of the conven-
tional placement technique.

5. Administration of choleretic agents and/or antibi-
otics. A variety of agents have been shown in vitro
to interfere with the mechanism of stent clogging
(47). The earliest report was on the use of aspirin
to reduce mucin secretion and doxycycline to
inhibit bacterial colonization, an important process
in the initial step of stent occlusion (91). Although
the amount of sludge was significantly lower in
both treatment groups after 2 months from the ini-
tial insertion, this interval was not sufficient to doc-
ument differences in occlusion rate if there is a true
difference. Libby et al. demonstrated that
ciprofloxacin significantly reduced bacterial adher-
ence to PE both in vitro and in an animal model
(92). Hydrophobic bile salts such as deoxycholic
and taurodeoxycholic acid are the strongest known
inhibitors of bacterial adhesion to stent material,
and could reduce bacterial adhesion on plastic 100-
to 1000-fold (79). However, their cytopathic effects
and the associated gastrointestinal side effects
make them more poorly tolerated than the
hydrophilic bile acids such as UDCA, which have
little effect on bacterial adherence.

The results of randomized controlled trials
evaluating antibiotics and hydrophilic bile salts
have been controversial (Table 22.1). Five studies
evaluating the role of antibiotics either alone, with
ursodeoxycholic acid (UDCA), or with a
choleretic agent (Rowachol) failed to demonstrate

any advantage over placebo or UDCA alone
(93–97).

In summary, randomized controlled trials com-
paring different plastic stent materials (PE, TT, and
polyurethane), designs (with and without side holes)
and adjuvant therapies have failed to demonstrate sig-
nificant difference in terms of patency, and the choice
of stent used should be based on operator experience
with the device (Table 22.2).

Self-Expandable Metal Stents

The problems associated with PE stent dysfunction
were at least partially overcome with the advent of
SEMS (Figure 22.3). Once fully deployed, SEMS
reaches an internal diameter approximately three
times that of PE stents and is less likely to be clogged
by bile plugs and biofilm (62). Instead, SEMS become
obstructed by tumor ingrowth and overgrowth, which
occurs on average 8–9 months after placement (62,
98, 99). The lower obstruction rate of SEMS is advan-
tageous since the median patency is not only longer
than PE stents, but also exceeds the average median
survival time of patients with malignant biliary
obstruction. The extended patency of SEMS is asso-
ciated with several benefits, including (1) a better
quality of life for patients not only because of avoid-
ance of additional procedures but also due to
increased symptom-free period (9–11), (b) improved
survival (100), and (c) lower costs because of avoid-
ance of repeated ERCP.
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TABLE 22.1
Prospective Studies Evaluating the Effect of Oral Antibiotics and

Choleretic Agents on Patency of Plastic Stents

COMPARISON STENT PATENCY SURVIVAL N REF.

Cyclic antibiotic and UDCA (median, weeks) 26 ND 70 94
No intervention (median, weeks) 28

Norfloxacin + UDCA (median, weeks) 49* 67*
No intervention (median, weeks) 6 18 20 108

Ciprofloxacin (median, weeks) 11.6 ND 58 97
No intervention (median, weeks) 11.9

Ciprofloxacin and Rowachol (median, weeks) 23 ND 40 96
No intervention (median, weeks) 21

Norfloxacin and UDCA (median, days) 149 ND 62 93
No intervention (median, days) 100

Ofloxacin and UDCA (median, days) 95 ND 52 95
UDCA (median, days) 101

UDCA, ursodeoxycholic acid; NS, not statistically significant.
*p < 0.005.
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The insertion of expandable stents has been
applied to strictures of the biliary tree as in blood ves-
sels (101). Self-expandable metal stents are braided in
the form a tubular mesh from surgical grade steel alloy.
The elastic properties of the material allow the stent to
adopt different configurations according to the site and
intensity of force applied. SEMS are delivered into the
bile duct while constrained by a sheath, allowing its
insertion as a small-circumference delivery system. As
the constraining sheath is progressively retracted from
its more distal end, the intrinsic expansile forces of the
stent make it regain its original configuration. After the
sheath is completely withdrawn, the end result is an

expanded stent which accommodates the shape of nor-
mal (if the diameter of the bile duct is smaller than the
maximal stent diameter) and strictured bile duct by
maintaining constant radial pressure against its wall
(Figure 22.3). Since its first use in patients with biliary
malignancies, a variety of SEMS types have been
released. SEMS differ in regard to the type of delivery
system, structural composition, design, length, and
diameter (Table 22.3), and all achieve a much larger
internal diameter and longer patency rate compared to
the plastic stents.

Five RCT have clearly shown U-SEMS survive
longer than plastic stents (Table 22.4) (62, 98,
102–104). The Wallstent Study Group multicenter trial
is the largest comparative study to date, but was pub-
lished in abstract form only. The study included 163
patients with either a hilar (n = 48) or common duct
(n = 115) malignant obstruction who were randomly
assigned to placement of either a 10–11.5 Fr plastic
stent or a Wallstent®. Details regarding initial stent
placement and timing were not included. Of note, 30%
of all patients previously had had an initial plastic stent
placed and were returning for stent replacement.
Although the number of patients who developed stent
occlusion before death or at the last follow-up was
equal for both groups, median time to obstruction was
shorter with plastic stents than SEMS. The 30-day mor-
tality rate did not differ between groups (102). Similar
results were obtained by the other RCTs. However, a
retrospective study involving 156 patients with unre-
sectable malignant extrahepatic obstruction (72%) and
intrahepatic or hilar obstruction (28%) found that
SEMS not only offered a longer stent patency than plas-

TABLE 22.2
Prospective Studies Comparing Different Plastic Technologies in Patients

with Malignant Biliary Obstruction

COMPARISON STENT PATENCY SURVIVAL N REF.

PE with SH (median, weeks) 7.8 NS 70 79
PE without SH (median, weeks) 7.9

TT (median, days) 83 NS 84 84
PE (median, days) 80

TT (median, days) 96 NS 57 83
PE (median, days) 76

TT (median, days) 181 NS 134 47
PE (median, days) 133

HcPU (median, days) 103 NS 83 87
PE (median, days) 68

TT (occlusion, %) 67 NS 106 81
PE (occlusion, %) 73

PE, polyethylene; TT, Teflon Tannenbaum; HcPU, polyurethane; SH, side hole; NS, not statistically significant.

FIGURE 22.3

Endoscopic (left) and fluoroscopic (right) view of a SEMS
after deployment. (With permission of Boston Scientific®)
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tic stents, but also was associated with a significant sur-
vival advantage. It is unclear if the better patient com-
pliance in the SEMS group was the reason for the
improved patient survival. (100).

More recently, C-SEMS have been introduced as
an attempt to prevent tumor ingrowth and stent-
induced biliary epithelial hyperplasia. While both
SEMS are built in a similar manner and achieve the
same diameter when fully deployed, C-SEMS differs
from its uncovered counterpart in that there is a
Permalume membrane positioned over the alloy mesh.
This property confers a theoretical advantage of pro-
longing patency by decreasing obstruction from tumor
ingrowth. Initial poorly controlled studies comparing
uncovered to covered SEMS not only failed to demon-
strate any benefit of covered SEMS, but also suggested
a higher rate of stent-related complications such as
migration, cholecystitis, and pancreatitis (105, 106). To
date one RCT comparing covered to uncovered SEMS
has been performed (107). Isayama et al. randomized

112 patients with unresectable distal biliary malignant
obstruction to receive a covered polyurethane (n = 57)
or an uncovered polyurethane diamond stent (n = 55).
All patients underwent stricture dilation and subse-
quent drainage with nasobiliary or plastic drainage
before insertion of the metal stent. Percutaneous inser-
tion after unsuccessful endoscopic deployment was uti-
lized in 12/57 (21%) and 9/55 (16.3%) of patients with
covered and uncovered SEMS, respectively. Stent occlu-
sion, which was significantly different between groups,
occurred in 14% of patients in the covered group and
38% in the uncovered group at a mean follow-up of
304 and 166 days, respectively. The patency duration
of C-SEMS was superior to the uncovered, but no dif-
ference in patient survival was noted. The study also
demonstrated a higher incidence of complications in the
covered (4.8% of cholecystitis and 8.7% of pancreati-
tis) versus the uncovered group (no cholecystitis and
1.8% pancreatitis), although not formally compared
statistically. The authors concluded that covered dia-

TABLE 22.4
Comparison of SEMS and Plastic Stents

STENT TECHNOLOGY STENT PATENCY SURVIVAL N REF.

SEMS (median, days) 273* ND 105 62
PE (median, days) 126

SEMS (occlusion, %) 22* ND 62 98
PE (occlusion, %) 46

SEMS (occlusion, %) 60* ND 20 109a

PE (occlusion, %) 18

SEMS (median, days) 272* ND 101 110b

PE (median, days) 92

SEMS (median, months) 4.8* ND 67 111
PE (median, months) 3.2

12/62 patients had percutaneous insertion of stents.
a Included patients with hilar tumors.
b Stents inserted percutaneously.
NS, not statistically significant.
*p < 0.05.

TABLE 22.3
Self-Expandable Metal Stents (SEMS)

DELIVERY DEPLOYED DEPLOYED

FEATURES NAME SYSTEM (F) METAL AND DESIGN LENGTH (CM) DIAMETER (MM)

Wallstent 7.5 Steel wire mesh 4, 6, 8 8
4.2, 6.8, 8 10

Spiral Z-stent 8.5 Stainless steel, open wire mesh 5.7, 7.5 10
Za stent 8.5 Nitinol open wire mesh 4, 6, 8 10
Memotherm 7.5 Nitinol mesh 4, 6, 8, 10 8, 10
Diamond Ultraflex 9.25 Open wire nitinol mesh 4, 6, 8 10
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mond stents were superior to uncovered ones in pre-
venting tumor ingrowth but carried a higher risk of
complications not previously observed with U-SEMS.

SUMMARY

Tumors are a common cause of biliary obstruction.
Unfortunately, most of these malignancies are not cur-
able at the time of diagnosis, but improvements in
endoscopic technology and the advent of biliary endo-
prosthesis have permitted delivery of effective meth-
ods of palliation using less invasive techniques at lower
costs. Although palliation of malignant biliary obstruc-
tion can be successfully achieved with any one of the
existing surgical, radiologic, or endoscopic techniques
available, endoscopic palliation is the preferred
approach to manage nonsurgical candidates. This
approach is not only associated with a lower compli-
cation and mortality rate, but also more cost-effective
than competing alternatives. A wide variety of biliary
stents are currently available, and numerous studies
have validated their efficacy. Among them, SEMS is cer-
tainly the most effective and probably the most cost-
effective, depending on patient survival. Endoscopic
insertion of biliary stents will remain the method of
choice for palliation of obstruction for the next few
years. New approaches using Natural Orifice Translu-
minal Endoscopy Surgery (NOTES) are currently under
investigation, and their role in management of malig-
nant biliary obstruction is still unclear. A significant
amount of uncertainty remains, and more studies are
needed before a formal algorithm can be substantiated.
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he history of biliary tract cancers
reaches back more than three cen-
turies. In 1777, Viennese surgeon
Maxmilian de Stoll made the first

report of cancer of the gallbladder (1, 2) in his text,
Rationis medendi in nosocomio practico vindobo-
nensi (Figures 23.1 and 23.2). In 1840, Charles Louise
Maxime Durand-Fardel made the first credited report
of cholangiocarcinoma (Figure 23.3) (3). Then, as
now, the disease was insidious and deadly. In the inter-
vening centuries, great technological progress has
been made, with resultant benefits primarily in sur-
gical practice. Additionally, the imaging, chemother-
apeutic, radiotherapeutic, genomic, and epidemio-
logic tools available to the clinician scientist of today
would have exceeded the dreams of Stoll and Durand-
Fardel.

Nonetheless, while technical and technological
advances provide pride to modern clinicians (and jus-
tify creation of textbooks), they are poor solace to the
tens of thousands of patients killed by biliary tract can-
cers annually. Can we be proud of the progress made
when single-digit 5-year survival is the norm? Is can-
cer of the biliary tract destined to remain an orphan,
too rare for large-scale interest, just a question on a
board examination for most practitioners? What must
change if we are to combat the nihilistic prognosis this
diagnosis entails? How many case reports and institu-
tional series are enough?

Thus, it is evident that in the modern era several
key tasks must be undertaken to advance the status of
the field. While the typical section on “Future Direc-
tions” focuses on the latest basic science discoveries,
technological advances just over the horizon, or silver
bullet therapeutic agent, in most cases there can be no
such easy answers. Rather, it is imperative that, as
researchers and clinician, we must instead focus on the
incremental gains that cumulatively grind away at
seemingly intractable illnesses one study at a time. If we
hope within the next decades to outpace the last two
centuries of gains, which is neither a high bar nor a
small task, there are a few new collective efforts that
the authors of this text feel are the key to optimizing
outcomes and minimizing delay in the advance against
biliary tract cancers. While some individuals and
research groups are modernizing the biliary tract
research enterprise, the following goals must be stressed
as collective responsibilities:

1. Large-scale collaborative dataset development and
risk-cohort identification.

2. Identification of specific epidemiologic risk factors
and development of preventive trials.

3. Compilation of multisite retrospective data for
pretherapy risk stratification.

4. Translational investigation of targets derived from
basic research.

5. Aggressive enrollment in clinical trials.
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LARGE-SCALE COLLABORATIVE DATASET
DEVELOPMENT AND RISK-COHORT

IDENTIFICATION

Collaborative data sharing represents a key principle in
combating rare cancers and should be extended to
include not just large-scale population based registries
(4) or federal programs (5, 6), but also institutional and
international datasets (7). Despite a number of epi-
demiologic publications, until recently, reliable open-
access population-based datasets have been largely
unavailable. The numerical rarity of biliary tract can-
cers in most countries means that in order to identify
large-scale risk factors and cohorts at risk, robust epi-
demiologic biliary tract cancer datasets will be required.
“Unlocking” datasets to allow low-cost public access
is a first step to building collaborative studies with
enough statistical power to generate meaningful
testable hypotheses. Currently open-access datasets,
such as the United States National Cancer Institute’s
Survey of Epidemiology- End Results (SEER) (4), and
the International Agency for Research on Cancer’s Can-

cer Incidence on Five Continents (CIC) (7), represent
some of the best meaningful steps in this direction.
However, SEER and CIC have inherent limitations in
terms of the structure and nature of data collected. Con-
sequently, there is great need to offer, at minimal or no
cost, access to other, more developed datasets from
other countries. Additionally, determining how to pro-
vide reduced cost methods to link datasets (such as the
SEER-Medicare linked dataset [8], which provides
markedly more detail that SEER alone, but is compar-
atively and often prohibitively expensive) would sub-
stantially increase interaction. While these datasets take
great time and cost to collect, and dissemination of data
necessitates a relinquishing of central control, even
modest costs are enough to deter researchers from
developing countries, or even the impoverished gradu-
ate student, from choosing a rare cancer such as the
gallbladder or bile duct neoplasms as a research inter-
est. Similarly, collective efforts should support data col-
lection and sharing with/from developing nations (Fig-
ure 23.4). There are already examples of this approach,
such as the multinational case-control data from Mex-
ico and Bolivia presented by Strom et al. (9, 10) Fur-
ther, by allowing access to disparate data, identification

FIGURE 23.1

Frontcover of the first edition of Rationis medendi in noso-
comio practico vindobonensi, byMaximillian de Stoll, which
contains the first credited description of gallbladder cancer.
(Courtesy of the P.I. NixonMedical Historical Library at the
University of Texas Health Science Center–San Antonio,
San Antonio, TX)

FIGURE 23.2

Title page of Rationis medendi in nosocomio practico vin-
dobonensi, by Maximillian de Stoll. (Courtesy of the P.I.
NixonMedical Historical Library at the University of Texas
Health Science Center–San Antonio, San Antonio, TX)
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of new epidemiologic features
and confirmation of previous
hypotheses may be readily
undertaken. For instance, when
the same researchers are able to
present data from both Danish
(11) and U.S datasets (12), or
U.S. and Bolivian data compara-
tively (13), we glimpse what the
future might hold. By opening
and compiling datasets, collected
but otherwise untouched data
may be fully implemented (Fig-
ure 23.5).

However, to stop such
efforts at population-level
research would be shortsighted.
How many more small series ret-
rospective publications will
change the paradigm of biliary
disease? If a continued reliance
on single institution datasets for
clinical hypotheses is main-
tained, we can only proceed as

fast as the accrual and resources of the largest cancer
centers or those centers in regions with enclaves of high
incidence afford. However, by sharing and linking data,
it might be possible to gradually accrue from a smat-
tering of cases a large enough dataset to generate legit-
imate testable hypotheses for clinical trials. Such efforts
are not without risk. By sharing data, each individual’s
control over his or her data is reduced, and academic
credit (in the form of publications) must be shared.
Thus, it might be proposed that some avenue be created

FIGURE 23.3

First page of Cancer de la vesicule biliaire et du canal chole-
doque, the first modern description of cholangiocarcinoma,
by Maxime Durand-Fardel. (Courtesy of Bibliothèque
interuniversitaire de Médecine [BIUM], Paris)

FIGURE 23.4

Collaborative data sharing and cross national database
construction.

FIGURE 23.5

Conceptual schematic of a desired translational research loop in biliary tract cancer.
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to collate and archive published data from retrospec-
tive clinical series already presented within the litera-
ture. Such efforts are not unknown. For instance, the
Meta-Analyses of Chemotherapy in Head and Neck
Cancer (MACH-NC) (14) group has presented cumu-
lative data, many from published trials, which together
afford much greater statistical power than extant tri-
als could generate individually. While retrospective
dataare, by nature, subject to limitations not evident
in compilations of high-quality trial data such as
MACH-NC, nonetheless an attempt to create a large
clinical composite dataset could be a first window into
defining the right questions for clinical trial develop-
ment.

IDENTIFICATION OF SPECIFIC
EPIDEMIOLOGIC RISK FACTORS AND

DEVELOPMENT OF PREVENTIVE TRIALS

These proposed large-scale epidemiologic and clinical
datasets would, among other features, also allow risk
stratification of specific cohorts. With regard to epi-
demiologic datasets, this would be envisioned as spe-
cific demographic, environmental, or genetic features
associated with risk of mortality from biliary tract can-
cers. For instance, specific immigrant populations in the
United States have demonstrated a higher risk of biliary
tract cancers than the standard population (15, 16). Ide-
ally, such populations might be enrolled in specific
screening protocols or low-risk population-based
prospective trials, such as micronutrient supplementa-
tion (17) or daily aspirin (18). By selecting populations
with the greatest potential to evidence gain, greater
gains might be made than by casting too wide a net.
Again, support of researchers in developing nations
would be a crucial step to undertaking such efforts and
in the long-term may be more cost-effective than
attempting to undertake similar studies in low-inci-
dence but wealthier Western nations (19).

COMPILATION OF MULTISITE
RETROSPECTIVE DATA FOR PRETHERAPY

RISK STRATIFICATION

For clinical series, this would entail exploration of spe-
cific subgroups within clinical populations. For instance,
even today it is difficult to say with any conviction which
groups might benefit most from external beam radio-
therapy for microscopically positive margin disease. At
present, SEER data is one of the few easily accessed
resources large enough to afford the opportunity to
model complex risk interaction (20). However, if suffi-
ciently large composite datasets could be created, it

might conceivably be possible to determine whether
investigatory trials would even be logically feasible.

TRANSLATIONAL INVESTIGATION
OF TARGETS DERIVED FROM

BASIC AND DLINICAL STUDIES

Of the proposed future directions listed herein, this is the
area with perhaps more momentum at present. As basic
research into the mechanistic processes involved in the
development and progression of biliary tract cancers
advances, not only does our fundamental knowledge
advance, but potential therapeutic targets are also dis-
covered. As with most cancers, there is some degree of
overlap between specific molecular pathways/targets
and those pathways/targets successfully explored in
other organ sites. The recent phase II trial by Philip et al.
demonstrating the activity of erlotinib in biliary tract
cancers (21), and the data from Paule et al. regarding
cetuximab plus gemcitabine-oxaliplatin in patients with
refractory advanced intrahepatic cholangiocarcinoma
(22) are not only significant and laudable as clinical tri-
als, but also as the application of previously demon-
strated in vitro evidence of epidermal growth factor
receptor as a modulator of activity in biliary tract cell
lines (23–27). Extant in vitro literature suggests that sev-
eral existing agents, such as imatinib mesylate (28) or
celecoxib (29–31), could also show efficacy against bil-
iary malignancies, as could readily developable poten-

FIGURE 23.6

Results of analysis of TOPO IIa, a DNAmicroarray-derived
postential chemotherapeutic target, by Washiro et al. (33):
“Patient survival of advanced gallbladder carcinoma after
surgical resection according to immunohistochemical label-
ing indices of TOPO IIα expression, excluding patients with
R2-resection. Survival among patients with a high TOPO
IIα labeling index (n = 14) was significantly worse than
among patients with a low TOPO IIα labeling index (n =
18; p < 0.05).”
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tial molecular targeted agents. Realistically, it is likely
that few industry sponsors would seek development of
agents specifically for gallbladder and bile duct cancer
alone; however, it is reasonable that exploration of
approved or pipeline drugs with identified potential
could represent a means of developing great leaps for-
ward in a modicum of time. While the “home-run drug”
which redefines the prognosis of disease is exceedingly
infrequent, such phenomena are known to occur (32).

In addition to deriving protocols from basic science
data, data from clinical series should be mined for poten-
tial targets through cross-correlation of pathologic and
genomic markers with clinical data. The price of
genomic microarray methods is now within reach for
institutions in most industrialized nations. Excellent
examples of the approach include recent studies by
Washiro et al. (33) (Figure 23.6) and Li et al. (34) (Fig-
ure 23.7), who utilized microarray screening of tissue

samples from gallbladder cancer patients to derive not
only potential histologic markers of survival and
chemotherapy response, but also potential future bio-
logic targets for clinical trials. Ideally, such efforts would
result in a positive feedback loop, where clinical and
basic data might be used to serial refine and expand
usable hypotheses for clinical trials, which would then
serve as a means of model validation (Figure 23.3).

AGGRESSIVE ENROLLMENT
IN CLINICAL TRIALS

The final step is committed support for multi-institu-
tional trials. This is perhaps the most difficult step, as
opening and enrolling patients in trials is often time-con-
suming. As a field, we must become devoted to devel-
oping and accruing patients to novel clinical trials. How-

FIGURE 23.7

Results of analysis of prognostic
clinical and tissuemicroarray fea-
tures of gallbladder carcinoma by
Li et al. (34): “By log-rank tests,
OS of patients with gallbladder
carcinoma were significantly
associated with the status of vas-
cular invasion (a), T stage (b),
AJCC stage (c), and expression
levels of p27Kip1 (d), Skp2 (e),
cyclin E (f), Cks1 (g), and Ki-67
(h) the combination of Skp2 and
Ki-67 (j) effectively classify three
prognostically different groups of
patients with gallbladder carci-
noma.”
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ever, in an era of limited resources, even cooperative
groups may be leery of devoting substantial resources to
a “rare” cancer. Nonetheless, without the efforts of com-
mitted researchers, retrospective and preclinical data will
pave a road to nowhere. Already useful results are being
demonstrated in phase I or II trials for multiagent
chemotherapy regimens; the impetus must be on the
research and clinical community to develop a “highway”
for patient enrollment in similar studies, but also to
develop robust phase III trials (35) for identified risk-
cohorts. A recent search of the NIH clinical trial clear-
inghouse revealed 90 open trials for “gallbladder can-
cer”(36), with 47 for “cholangiocarcinoma”(37) and 87
open for “bile duct cancer”(38). Consequently, it is not
difficult to find an open trial, but rather difficult to con-
vince caregivers to take on the extra time and effort to
enroll patients. Thus, we must steel our resolve and,
besides enrolling patients ourselves, educate and advo-
cate our colleagues to do the same. Though there is a
loss of control in “handing over” patients in our care
to a trial, the alternative in many cases is to subject
patients to therapeutic courses whose benefits remain
empirical, rather than demonstrated.

CONCLUSION

While significant progress has been made in a piecemeal
fashion regarding biliary tract neoplasms, a concerted
focus by interested physicians and scientists could
potentially speed innovation and improve clinical out-
comes. By developing collaborative efforts to pool
resources and maximize participation by disparate
research groups, it is possible that those afflicted with
this morbid and deadly disease in the future might have
greater hope than those diagnosed today.
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Bismuth and Corlette Classifica-

tion System, 156, 199
BK5.erbB2 mouse model, 25–29

COX-2 inhibitors and, 30
Bortezomib, 215
Brachytherapy, 190, 220,

225–228, 241–248
with EBRT, 226–228, 242
for ECC, 230
HDR, 227–228, 242
interstitial, 243–244
intraluminal transcatheter,

225–228, 242–243
LDR, 227, 242
PTBD for, 226
with RT, 225

BrdU. See Bromodeoxyuridine
Breathing motion management,

254–255
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Bremsstrahlung scan, 246
Bromodeoxyuridine (BrdU), 26
BSEP. See Bile salt excretory

pump

CA. See Cancer antigen
CA15-3, 68
CA19-9, 67–68, 150, 154,

181–182, 207
CA27.29, 68
Cadherin-catenin complex, 42
Cancer antigen (CA), 66
Cancer de la vesicule biliaire et

du canal choledoque
(Durand-Fardel), 281

Cancer Incidence on Five Conti-
nents, 3, 280

Capecitabine, 214, 245
Carboplatin, 212
Carcinoembryonic antigen

(CEA), 66, 67–68, 150, 207
Carcinoma in situ (CIS), 38
Caroli’s disease, 11, 55, 181
Cathepsin, 69
CBCT. See Cone-beam CT
CBD. See Common bile duct
CC. See Cholangiocarcinoma
CCA. See Cholangiocarcinoma
CDH1, 41
CEA. See Carcinoembryonic anti-

gen
Celecoxib, 214
Celiac artery stenosis, 100
Celiac plexus neurolysis (CPN),

266
Cetuximab, 214
Charged-particle radiotherapy,

231–232
cHCC-ICC. See Combined HCC-

ICC
Chemoembolization, 175–178

bilirubin and, 177
complications with, 177
for HCC, 176
hepatic parenchyma and, 176
for ICC, 178

Chemotherapy, 154
for CC, 211–213
for ECC, 230
for ICC, 192
RT and, 229–230

Cholangiocarcinoma (CC, CCA),
3–12. See also Extrahepatic
cholangiocarcinoma; Hilar

cholangiocarcinoma; Intra-
hepatic cholangiocarcinoma

age and, 4, 10
asbestos and, 12
biomarkers for, 65–74
from chemicals, 25, 55
chemotherapy for, 211–213
cholangitis and, 11
classification of, 49–51
COX-2 and, EGFR and, 24–25
CT for, 91

for staging, 91–92
differential diagnosis for,

51–53, 127–128
ethnicity and, 10
exophytic hilar, 120
genetics and, 10–11
growth factors and, 19–31
histopathology of, 49–61
inflammatory bowel disease

and, 11
intraductal, 50

MRI for, 116–117, 125–126
LOH in, 59
LT for, 99–107
mass forming, 49–50
MF, 49–50

MRI for, 110–115, 125
microsatellite instability in, 59
mixed, 50
MRC for, 93–94
MRI for, 94
nonoperable, 225
obesity and, 11, 55
pathogenesis of, 49–61
periductal-infiltrating, 50
PI, 50

MRI for, 115–116, 125
prevention of, 12
proteomic analysis for, 70–71
PSC and, 181
risk factors for, 10–11, 53–56
RT for, 220
spontaneous, 25
staging of, 53, 77–83

US for, 90–91
systematic therapy for,

211–215
TNM and, 53, 54
tobacco and, 11
ulcerative colitis and, 11
US for, 88–91

Cholangiocytes, 65
cytokeratins and, 66

glycoproteins and, 66–67
Cholangiography, 95
Cholangiojejunostomy, 191
Cholangitis, 11
Cholecystectomy, 198

for gallstones, 5–6, 7
for GBC, 5–6, 207–209

prevention of, 9
Cholecystitis

acute, 146–147
chronic, 8, 40, 205
xanthogranulomatous, 8

Choledochal cysts, 11, 181
ICC and, 150

Cholelithiasis
GBC and, 6, 7, 147
ICC and, 150

Cholestasis, 265
Cholesterol, 265

polyps, 148
Chronic cholecystitis, 8

age and, 40
GBC and, 205

Chronic diarrhea, 8
Chronic nonalcoholic liver dis-

ease, 11
Chronic pancreatitis, 11

ICC and, 150
Cirrhosis, 181
CIS. See Carcinoma in situ
Cisplatin, 176, 192

5-FU and, 212
renal failure from, 177

Claudin-4, 52
Clinical staging (cTNM), 77
Clinical target volume (CTV),

237
Clonorchis sinensis, 11, 44, 54,

181
c-Met, 21–22
CMu. See Mucosal carcinoma
Collision tumors, 51
Colorectal carcinoma, 151
Combined HCC-ICC (cHCC-

ICC), 150, 151–152
Common bile duct (CBD), 109
Common toxicity criteria (CTC),

248
Computed tomography (CT), 86,

91–92, 141–165, 182, 207,
266

for CC, 91
for staging, 91–92

CTec, 136
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for GBC, 91
for IGRT, 252
MDCT, 86
MSCT, 141
MVCT, 256
PET-CT, 95
RFA and, 170–171

Cone-beam CT (CBCT),
257–258

Congenital hepatic fibrosis, 150
COX-2. See Cyclooxygenase-2
COX-2 inhibitor, 29

BK5.erbB2 mouse model and,
30

for GBC, 30
cPLA2, 26
CPN. See Celiac plexus neurolysis
C-reactive protein (CRP), 135
CRP. See C-reactive protein
CS-706, 29
C-SEMS, 273
CT. See Computed tomography
CTC. See Common toxicity criteria
CTec. See Enhanced-contrast

computed tomography
cTNM. See Clinical staging
CTV. See Clinical target volume
Cyclin, 69
Cyclin D1, 41, 69
Cyclin E, 41, 69
Cyclooxygenase, 7
Cyclooxygenase-2 (COX-2), 23,

41
BK5.erbB2 mouse model and,

26
EGFR and, 24–25
GBC and, 23–24
targeting therapy and, 214

CYP. See Cytochrome P450
Cytochrome P450 (CYP), 59–60
Cytokeratins, 52, 53

cholangiocytes and, 66

Desmoplastic stroma, 50–51
DHA. See Docosahexaenoic acid
Diabetes, 11
Diarrhea, 8
Digitally reconstructed radio-

graphs (DRR), 239
Dioxins, 55
DLS. See Double layer stent
Docetaxel, 214
Docosahexaenoic acid (DHA),

214

Dose-volume histogram (DVH),
233

Double layer stent (DLS), 270
Doxorubicin, 230
DRR. See Digitally reconstructed

radiographs
Duodenum

kocherization of, 201
obstruction of, 266–267

Durand-Fardel, Charles Louise
Maxime, 279, 281

DVH. See Dose-volume histo-
gram

DX-8951f, 212
Dysplasia, GBC and, 37–38
Dysplasia-carcinoma sequence, in

GBC, 39
genetics and, 43

Eastern Cooperative Oncology
Group (ECOG), 178

Eastern European women, 3
EBRT. See External beam radia-

tion therapy
ECC. See Extrahepatic cholan-

giocarcinoma
ECOG. See Eastern Cooperative

Oncology Group
EGF. See Epidermal growth fac-

tor
EGFR. See Epidermal growth

factor receptor
EHC. See Extrahepatic cholan-

giocarcinoma
Electronic portal imaging devices

(EPIDs), 256
Endoscopic retrograde cholan-

giography (ERC), 197
Endoscopic retrograde cholan-

giopancreatography
(ERCP), 68, 93, 109,
267–268

Endoscopic ultrasound (EUS),
88, 196

Enhanced-contrast computed
tomography (CTec), 136

Epidermal growth factor (EGF),
20

Epidermal growth factor receptor
(EGFR), 19, 56

BK5.erbB2 mouse model and,
26

COX-2 and, in CC, 24–25
IHC and, 213–214

lymph nodes and, 21
EPIDs. See Electronic portal

imaging devices
Epiregulin, 20
Epirubicin, 192

with cisplatin and 5-FU, 212
Epithelioid hemangioendothe-

liomas, 52
Epstein-Barr virus, 51
Equivalent uniform dose (EUD),

261
ErbB, 19–21

targeted therapy and, 213–214
ErbB2, BK5.erbB2 mouse model

and, 26
ERBB-2, 41
ERC. See Endoscopic retrograde

cholangiography
ERCP. See Endoscopic retrograde

cholangiopancreatography
Erk phosphorylation, 24
Erlotinib, 214
Ethnicity

CC and, 10
GBC and, 6

EUD. See Equivalent uniform
dose

EUS. See Endoscopic ultrasound
Exophytic hilar cholangiocarci-

noma, 120
Extended hepatectomy, for ICC,

187–189
External beam radiation therapy

(EBRT), 190, 192, 219
with 5-FU, 225
brachytherapy with, 226–228,

242
for ECC, 230
IORT and, 226

Extrahepatic cholangiocarcinoma
(ECC, EHC), 52–53,
155–164

brachytherapy for, 230
chemotherapy for, 230
clinical presentation of, 156
differential diagnosis of,

162–163
EBRT for, 230
epidemiology of, 156
imaging of, 156
jaundice and, 181
liver and, 162
MRI for, 125–128
nodal disease and, 161–162
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PI, 157–161
recurrence of, 163
resection for, 195–202
RT for, 220–221
staging of, 81
treatment response for, 163

Familial adenomatosis polyposis
(FAP), 82, 150

FAP. See Familial adenomatosis
polyposis

Farnesoid X receptor (FXR), 61
FDG-PET. See Fluorodeoxyglu-

cose positron emission
tomography

(18F)FDOPA-PET, 136
Fecundity

gallstones and, 7
GBC and, 7

FHIT, 40, 42
Fibropolycystic liver disease, 55
Fine-needle aspiration (FNA), 85

US and, 87–88
FISH, 214
5-fluorouracil (5-FU), 190, 192,

209–212, 230
carboplatin and, 212
cisplatin and, 212

epirubicin with, 212
EBRT with, 225
platinum with, 212

5-FU. See 5-fluorouracil
FLR. See Functional liver remnant
Fluorodeoxyglucose positron

emission tomography (FDG-
PET), 95, 132–136, 207

for GBC, 137–138
IGRT and, 253

Fluorodeoxyuridine, 230
Fluoropyrimidine, 215

gemcitabine and, 213
FLV. See Future liver volume
FNA. See Fine-needle aspiration
FOLFIRI. See Irinotecan with 5-

FU
FOLFOX. See Oxaliplatin with 5-

FU
Formalin-fixed paraffin-embedded

(FFPE), 69
4DCT. See Four-dimensional CT
Four-dimensional CT (4DCT),

254
FRAP. See Mammalian target of

rapamycin

Functional imaging, 131–138
Functional liver remnant (FLR),

185–186
Future liver volume (FLV), 154

G protein-coupled receptors
(GPCRs), 23

Galectin 3, 53
Gallbladder cancer (GBC), 3–12

adenocarcinoma and, 206
adenoma and, 39
adenosquamous/squamous cell

carcinoma and, 206
age and, 4–5, 7, 39–40
Akt and, 23
aspirin and, 7
BK5.erbB2 mouse model and,

26
cholecystectomy and, 5–6,

207–209
cholelithiasis and, 6, 7, 147
chronic cholecystitis and, 205
clinical presentation of, 142,

206–207
COX-2 and, 23–24
COX-2 inhibitor for, 30
CT for, 91
diet and, 8
differential diagnosis for,

124–125, 145–148
dysplasia and, 37–38
dysplasia-carcinoma sequence

in, 39
genetics and, 43

epidemiology of, 141–142
ethnicity and, 6
etiology of, 205
FDG-PET for, 137–138
fecundity and, 7
gallstones and, 7, 37, 146–147,

205
gender and, 4, 7
genetics and, 41
geography and, 6
growth factors and, 19–31
histopathology of, 37–44
imaging for, 131, 142
incidence and mortality of, 4–6
inflammation and, 43–44
liver and, 144, 206
lungs and, 206
lymph nodes and, 206
lymphadenectomy for, 208–209
MAPK and, 23

microsatellite instability in, 42
MRI for, 93, 121–125
mTOR and, 23
obesity and, 7, 205
pathogenesis of, 37–44
pathology of, 205–206
porcelain gallbladder and, 205
prevention of, 9
prognosis for, 210
recurrence of, 148–149
resection for, 205–215

RT and, 222–223
risk factors for, 7–9
RT for, 220
spreading of, 86
staging of, 79–80, 86, 206
subtypes of, 142–143
TNM for, 206
tobacco and, 8
treatment response with, 148–149

Gallstones
age and, 7
cholecystectomy for, 5–6, 7
fecundity and, 7
GBC and, 7, 37, 146–147, 205
gender and, 7
genetics and, 6
neoplasms and, 7
obesity and, 7
size of, 7

GBC. See Gallbladder cancer
Gefitinib, 26–28
Gel foam, 176, 243
Gelvec®, 65
Gemcitabine, 192, 212–213, 215

fluoropyrimidine and, 213
irinotecan and, 213
pemetrexed and, 213
triapine and, 215

Gender
gallstones and, 7
GBC and, 4, 7

Genetics
CC and, 10–11
gallstones and, 6
GBC and, 41

dysplasia-carcinoma sequence
and, 43

Glioblastoma, 23
Glycoproteins, cholangiocytes

and, 66–67
GPCRs. See G protein-coupled

receptors
Gross tumor volume (GTV), 237
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Growth factors, 19–31. See also
Specific growth factors

GTV. See Gross tumor volume
GW2974, 28

HAM. See Harrison-Anderson-
Mick

Harrison-Anderson-Mick (HAM),
219

HB-EGF. See Heparin-binding
EGF-like growth factor

HBV. See Hepatitis B virus
HC. See Hilar cholangiocarci-

noma
HCC. See Hepatocellular carci-

noma
HCP. See Hydrophilic-coated

polyurethane
HCV. See Hepatitis C virus
HDR. See High-dose-rate
H&E, 186
Heavy metals, 8
Helicobacter sp., 8, 44, 55, 205
Hemobilia, 172
Heparin-binding EGF-like growth

factor (HB-EGF), 20
Hepatic artery, 175

pseudoaneurysm of, 103–104
stenosis of, 102
thrombosis of, 102

Hepatic parenchyma
chemoembolization and, 176
metastatic disease and, 153
transection of, 201–202

Hepaticojejunostomy, 86
Hepatitis B virus (HBV), 55
Hepatitis C virus (HCV), 11, 12, 55
Hepatobiliary tree, RT and,

218–219, 232
Hepatocellular carcinoma (HCC),

150
chemoembolization for, 176
90Y microspheres for, 246–247

Hepatocyte growth factor (HGF),
21–22, 41, 56

Hepatolithiasis, 55, 181
Hepatopancreaticoduodenectomy,

209
HER-2, 68, 213
Herbicides, 8
Hercep Test, 20
HGF. See Hepatocyte growth factor
High-dose-rate (HDR), 227–228,

242

Hilar cholangiocarcinoma (HC), 9
classification of, 87
exophytic, 120
intraductal polypoid, MRI for,

120
laparoscopy for, 200
laparotomy for, 200–202
MRI for, 117
OLT for, 190
PI, MRI for, 118–120
prognosis for, 195
resection for, 189

contraindications for, 199
subtypes of, 195–196
TNM for, 196–197

Hispanics, 6, 205
hTERT/Telomerase, 42–43
Human chorionic gonadotropin-β,

73
Hydrogels, 176
Hydrophilic-coated polyurethane

(HCP), 270
Hyperbilirubinemia, 245
Hypocoagulation, 265

125I seeds, 243
IARC. See International Agency

for Research on Cancer
ICC. See Intrahepatic cholangio-

carcinoma
IDUS. See Intraductal ultrasound
IG. See Intraductal growth
IGF-1. See Insulin-like growth fac-

tor 1
IGF-1R. See Insulin-like growth

factor 1 receptor
IGF-2. See Insulin-like growth fac-

tor 2
IGRT. See Image-guide radiother-

apy
IHC. See Immunohistochemistry;

Intrahepatic cholangiocarci-
noma

IL-1β. See Interleukin-1
IL-6. See Interleukin-6
Image-guide radiotherapy (IGRT),

252–258
CT for, 252
FDG-PET and, 253
MRI for, 252
PET for, 252–253
PTV for, 255
US for, 258

Immunohistochemistry (IHC)
EGFR and, 213–214
FFPE and, 69
for p53, 69

IMRT. See Intensity-modulated
radiotherapy

IMT. See Inflammatory myofi-
broblastic tumor

Inferior vena cava (IVC), 100,
104, 142

Inflammation, GBC and, 43–44
Inflammatory bowel disease, 11,

150
Inflammatory myofibroblastic

tumor (IMT), 118–120
Insulin-like growth factor 1 (IGF-1),

21
Insulin-like growth factor 1 recep-

tor (IGF-1R), 21, 41
Insulin-like growth factor 2 (IGF-2),

21
Intensity-modulated radiotherapy

(IMRT), 233, 238–240
Interleukin-1β (IL-1 β), 61
Interleukin-6 (IL-6), 56
International Agency for Research

on Cancer (IARC), 3
Interstitial brachytherapy, 243–244

laparotomy and, 244
US and, 244

Intraductal cholangiocarcinoma, 50
MRI for, 116–117, 125–126

Intraductal growth (IG), 182
Intraductal intrahepatic cholan-

giocarcinoma, 151
Intraductal polypoid hilar cholan-

giocarcinoma, MRI for, 120
Intraductal ultrasound (IDUS), 88
Intrahepatic cholangiocarcinoma

(ICC, IHC), 49, 150–152
adjuvant therapy for, 192
alcoholic liver disease and, 150
biliary cirrhosis and, 150
chemoembolization for, 178
chemotherapy for, 192
choledochal cysts and, 150
cholelithiasis and, 150
chronic pancreatitis and, 150
extended hepatectomy for,

187–189
FAP and, 150
histologic types of, 50
inflammatory bowel disease

and, 150
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intraductal, 151
laparoscopy for, 185
MF, 150–151
MRI for, 110–117
nodal disease and, 153
OLT for, 189–190
Opisthorchis viverrini and, 150
palliation for, 190–192
PI, 151
PSC and, 150
recurrence of, 153–155
resection for, 181–192
RT for, 230–231
staging of, 152
thorotrast and, 150
thyrotoxicosis and, 150
treatment response for, 153–155

Intraluminal transcatheter
brachytherapy, 225–228,
242–243

Intraoperative radiotherapy
(IORT), 219, 228–229

complications with, 233
EBRT and, 226

IORT. See Intraoperative radio-
therapy

Irinotecan, 213, 214
Irinotecan with 5-FU (FOLFIRI),

212
IVC. See Inferior vena cava

Japanese, 3, 6, 205
Jaundice, 181, 232, 265

Klatskin tumors, 9, 52, 85, 89
imaging of, 90, 94
RT for, 220

Kocherization, of duodenum, 201
Koreans, 6
K-ras, 41

Laparoscopy, 185, 200
Laparotomy, 200–202, 244
Lapatinib, 214
LCSGJ. See Liver Cancer Study

Group of Japan
LDLT. See Living donor liver

transplant
LDR. See Low-dose-rate
Leukemia, 23
Liver

90Y microspheres for, 247–248
cancer of

SBRT for, 260

TNM for, 183
ECC and, 162
GBC and, 144, 206
ischemia of, 104–106
RT and, 218–219

Liver Cancer Study Group of
Japan (LCSGJ), 182

Liver cell carcinoma, 51–52
Liver disease. See also Radiation-

induced liver disease
alcoholic, 11, 150
chronic nonalcoholic, 11
fibropolycystic, 55

Liver flukes, 54
Liver transplantation (LT),

99–100. See also Orthotopic
liver transplantation

for CC, imaging for, 99–107
evaluation for, 100–102
RT and, 231

Liver volume, 101
Living donor liver transplant

(LDLT), 99–100
LMW. See Low molecular weight
Lobal delivery, 246
LOH. See Loss of heterozygosity
Loss of heterozygosity (LOH), 42,

59
Low molecular weight (LMW), 69
Low-dose-rate (LDR), 227, 242
LT. See Liver transplantation
Lungs, GBC and, 206
Lymph nodes. See also Nodal dis-

ease
dissection of, 186–187
EGFR and, 21
GBC and, 206

Lymphadenectomy, for GBC,
208–209

Lympho-epithelioma-like carci-
noma, 51

Lymphoma, 232
B-cell, 23
non-Hodgkin, 106

MAA. See Macro-aggregated
albumin

Mac-2BP, 74
MACH-NC. See Meta-Analyses of

Chemotherapy in Head and
Neck Cancer

Macro-aggregated albumin
(MAA), 246

Magnetic resonance angiography
(MRA), 197–198

Magnetic resonance cholangiogra-
phy (MRC), 86, 92–94

Magnetic resonance cholan-
giopancreatography
(MRCP), 93, 109, 196, 252

Magnetic resonance imaging
(MRI), 86, 92–94, 109–128,
182, 197–198, 207

for CC, 94
for ECC, 125–128
for GBC, 93, 121–125
for HC, 117
for ICC, 110–117
for IGRT, 252
for intraductal CC, 116–117,

125–126
for intraductal polypoid HC,

120
for MF exophytic HC, 120
for MF-CC, 110–115, 125
for PI-CC, 115–116, 125
for PI-HC, 118–120
RFA and, 171–172

MALDI. See Matrix-associated
laser desorption and ioniza-
tion

MALDI-TOF, 72
Malignant melanoma, 206
Mammalian target of rapamycin

(mTOR), 22–23
GBC and, 23

MAPK. See Mitogen-activated
protein kinase

Mass forming (MF), 182
CC, 49–50

MRI for, 110–115, 125
exophytic hilar CC, MRI for,

120
ICC, 150–151

Matrix metalloproteinase-7, 53
Matrix-associated laser desorption

and ionization (MALDI), 71
Maximum intensity projection

(MIP), 109
MDCT. See Multidetector com-

puted tomography
Mdm2, 69
MDR. See Multidrug resistance

genes
MeCCNU, 212
Megavoltage computed tomogra-

phy (MVCT), 256
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Megavoltage imaging (MV), 256
MEK, 214
Meta-Analyses of Chemotherapy

in Head and Neck Cancer
(MACH-NC), 282

Metastatic adenocarcinoma, 52
Metastatic disease, 144–145, 153
3-methylcholanthrene, 25
MF. See Mass forming
Microsatellite instability

in CC, 59
in GBC, 42

MIP. See Maximum intensity pro-
jection

Mirizzi’s syndrome, 136, 163
Mitogen-activated protein kinase

(MAPK), 19
BK5.erbB2 mouse model and,

26
GBC and, 23

Mitomycin C, 176, 211–212, 230
Mixed cholangiocarcinoma, 50
Monoclonal antibody, 214
MPR. See Multiplanar reforma-

tions
MRA. See Magnetic resonance

angiography
MRC. See Magnetic resonance

cholangiography
MRCP. See Magnetic resonance

cholangiopancreatography
MRI. See Magnetic resonance

imaging
MRI for, 115–116
mRNA, 26
MSCT. See Multislice computed

tomography
mTOR. See Mammalian target of

rapamycin
MUC, 66–67
Mucosal carcinoma (CMu), 38
Multidetector computed tomogra-

phy (MDCT), 86
Multidrug resistance genes

(MDR), 60
Multiparity, 205
Multiplanar reformations (MPR),

109
Multiplex ELISA, 72
Multislice computed tomography

(MSCT), 141
MV. See Megavoltage imaging
MVCT. See Megavoltage com-

puted tomography

Na+/glucose transporters (SGLT),
132

Native Americans, 6, 205
Neuroblastoma, 23
NF-κB, 215
Nitrosamines, 11, 55
Nitrosodimethylamine, 25
NM. See Nuclear medicine
N-N-propyl-N-formylhydrazine,

25
Nodal disease, 144

ECC and, 161–162
ICC and, 153

Non-Hodgkin lymphoma, 106
Nonsteroidal anti-inflammatory

drugs (NSAIDs), 266
Normal tissue complication prob-

ability (NTCP), 238
NSAIDs. See Nonsteroidal anti-

inflammatory drugs
NTCP. See Normal tissue compli-

cation probability
Nuclear medicine (NM), 131

OAR. See Organs at risk
Obesity

CC and, 11, 55
gallstones and, 7
GBC and, 7, 205

Ocular melanoma, 176
OLT. See Orthotopic liver trans-

plantation
Opisthorchis viverrini, 11, 44, 54,

181
ICC and, 150

Organs at risk (OAR), 237
Orthotopic liver transplantation

(OLT), 102–107, 183
for HC, 190
hepatic artery stenosis and, 102
hepatic artery thrombosis and,

102
for ICC, 189–190

Oxaliplatin, 212–213
Oxaliplatin with 5-FU (FOL-

FOX), 212
Oxysterols, 60

p16CDKN2/INK4, 41–42
p53, 42, 69

as biomarker, 69–70
immunohistochemistry for, 69

PAI2. See Plasminogen activator
inhibitor 2

Pain management, 266
Palliation, 265–274

for biliary obstruction, 267
for ICC, 190–192

Pancreatic cancer, 23, 252
Pancreatic polypeptide, 67
Pancreaticoduodenectomy, 86
Pancreatitis, 247

chronic, 11, 150
Pancreatobiliary maljunction, 8
Papillary carcinoma, 127
Papillary HC, 196
Pathologic staging (pTNM), 77–78
PCR. See Polymerase chain reac-

tion
PDGFR. See Platelet-derived

growth factor
PDK1. See Phosphatidylinositol-

dependent kinase 1
PE. See Polyethylene
Pemetrexed, gemcitabine and, 213
Percutaneous transhepatic biliary

drainage (PTBD), 219
for brachytherapy, 226

Percutaneous transhepatic cholan-
giography (PTC), 93, 109,
191

Periductal infiltrating (PI), 182
CC, 50

MRI for, 115–116, 125
ECC, 157–161
HC, MRI for, 118–120
ICC, 151

Peritoneal cavity, 145
Peroxisome proliferator-activated

receptors (PPARs), 24
Pesticides, 8
PET. See Positron emission tomog-

raphy
PET-CT. See Positron emission

tomography-computed
tomography

Peutz-Jeghers syndrome, 148
PFIC-2. See Progressive familial

intrahepatic cholestasis
type2

PGE2, 23, 26
PGs. See Prostaglandins
Phage display, 72
Phosphatidylinositol 3,4,5-

triphosphate (PIP3), 22
Phosphatidylinositol 3-kinase

(PI3K), 20
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Phosphatidylinositol-dependent
kinase 1 (PDK1), 22

Phosphoinositide kinase-related
kinase (PIKK), 22

Phospholipase A2 (PLA2), 23
PI. See Periductal infiltrating
PI3K. See Phosphatidylinositol 3-

kinase
PIKK. See Phosphoinositide

kinase-related kinase
PIP3. See Phosphatidylinositol

3,4,5-triphosphate
PLA2. See Phospholipase A2
Planning target volume (PTV),

237
for IGRT, 255
for SBRT, 259–260

Plasminogen activator inhibitor 2
(PAI2), 69

Plastic endoprosthesis, 268–271
Platelet-derived growth factor

(PDGFR), 214
Platinum, 212
Polyacrylamide, 176
Polyethylene (PE), 268, 270
Polymerase chain reaction (PCR),

69
Polyvinyl alcohol, 176
Porcelain gallbladder, 7–8, 205
Portal vein (PV), 99, 104, 175
Portal vein embolization (PVE),

183, 185–186
Positron emission tomography

(PET), 131–132, 182,
252–253. See also Fluo-
rodeoxyglucose positron
emission tomography

Positron emission tomography-
computed tomography (PET-
CT), 95

PPARs. See Peroxisome prolifera-
tor-activated receptors

Primary biliary sarcoma, 232
Primary sclerosing cholangitis

(PSC), 54, 65–66
CC and, 181
ICC and, 150
resection for, 99

Progressive familial intrahepatic
cholestasis type2 (PFIC-2),
61

Prostaglandins (PGs), 23
Protein microarray, 72
Proteomic analysis, 70–71, 73–74

Proteomic pattern analysis, 71–73
Proteosome inhibitor, 215
PSC. See Primary sclerosing

cholangitis
PTBD. See Percutaneous transhep-

atic biliary drainage
PTC. See Percutaneous transhep-

atic cholangiography
PTEN, 40
pTNM. See Pathologic staging
PTV. See Planning target volume
PV. See Portal vein
PVE. See Portal vein embolization

Radiation hepatitis, 247
Radiation-induced liver disease

(RILD), 218–219, 238
with SBRT, 260–261
SBRT and, 251–252

Radiochemotherapy, 209–210
Radioembolization, 244–248
Radioembolization Brachytherapy

Oncology Consortium
(REBOC), 245

Radiofrequency ablation (RFA),
169–172, 259

Radiotherapy (RT), 154,
217–234. See also External
beam radiation therapy;
Intraoperative radiotherapy;
Stereotactic body radiother-
apy

brachytherapy with, 225
for CC, 220
charged-particle, 231–232
chemotherapy and, 229–230
complications with, 232–233
for ECC, 220–221
for GBC, 220

after resection, 222–223
for hepatobiliary tree, 218–219

metastases of, 232
for ICC, 230–231
IMRT, 233, 238–240
for Klatskin tumors, 220
liver and, 218–219
LT and, 231
for nonoperable CC, 225
before resection, 224–225
3D-CRT, 237–238
toxicities with, 232–233

Raf kinase, 23
RAFT1. See Mammalian target of

rapamycin

Rapamycin, 23, 29
Rapid acquisition with relaxation

enhancement (RARE), 109
Rapid exchange system (RX), 268
RAPT1. See Mammalian target of

rapamycin
RARE. See Rapid acquisition with

relaxation enhancement
Ras, 23
Rationis medendi in nosocomio

practico vindobonensi
(Stoll), 279–280

REBOC. See Radioembolization
Brachytherapy Oncology
Consortium

Receiver operating characteristics
(ROC), 68

Receptor tyrosine kinases (RTKs),
19

Recklinghausen’s disease, 82
Renal cancer osteosarcoma, 23
Resection

for ECC, 195–202
for GBC, 205–215

RT and, 222–223
for HC, 189

contraindications for, 199
for ICC, 181–192
RT before, 224–225

Respiratory-triggered 3D turbo
spin echo (TSE RT), 109

RFA. See Radiofrequency ablation
RHA. See Right hepatic artery
Rhabdosarcoma, 23
Right hepatic artery (RHA), 164
RILD. See Radiation-induced liver

disease
ROC. See Receiver operating

characteristics
Roux-en-Y hepaticojejunostomy,

191
RT. See Radiotherapy
RTKs. See Receptor tyrosine

kinases
RT-PCR, 186–187
RX. See Rapid exchange system

Salmonella typhi, 8, 55, 205
Sarcomatoid, 51
SBRT. See Stereotactic body radio-

therapy
Sclerosing HC, 195
SEER. See Surveillance, Epidemi-

ology, and End Results
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Segment III bypass, 191
SELDI. See Surface-enhanced laser

desorption and ionization
SELDI-TOF, 72
Self-expandable metallic stents

(SEMS), 266–267, 268, 269,
271–274

SEMS. See Self-expandable metal-
lic stents

Serotonin, 67
Serum hyperlipidemia, 8
SGLT. See Na+/glucose trans-

porters
Signal transducer and activators of

transcription (STATs), 20
SIR-Spheres, 244
SMA. See Superior mesenteric

artery
Small-cell lung cancer, 23
SmartPrep, 142
Somatostatin, 67
Sorafenib, 214
Spindle cell carcinoma, 51
Splenic artery aneurysm, 100
Splenoportal venous axis, 100
Squamous cell carcinoma, 206,

232
Squamous cell skin carcinoma,

107
Standardized uptake value (SUV),

133
STATs. See Signal transducer and

activators of transcription
Stem cell tumors, 51
Stereotactic body radiotherapy

(SBRT), 258–262
for liver cancer, 260
for pancreatic cancer, 252
PTV for, 259–260
RILD with, 260–261

Stoll, Maximilian de, 279–280
Streptozotocin, 212
Superior mesenteric artery (SMA),

164
Surface-enhanced laser desorption

and ionization (SELDI), 71
Surgery. See Resection
Surveillance, Epidemiology, and

End Results (SEER), 4–6,
221, 222–223, 280

SUV. See Standardized uptake
value

Symptom management, 265–274

Taxoprexin, 214
TD. See Tolerance dose
Teflon, 270
Teflon Tannenbaum (TT), 270
Teletherapy, 241
TELV. See Total expected liver vol-

ume
Tenascin, 53
TFF. See Trefoil factor family
TGF-α. See Transforming growth

factor
THAD. See Transient degree of

enhancement
THC. See Transhepatic cholan-

giography
TheraSpheres, 244
Thermoablation. See Radiofre-

quency ablation
Thorotrast, 12, 150
3D-CRT. See Three-dimensional

conformal radiotherapy
Three-dimensional conformal

radiotherapy (3D-CRT),
237–238

Thrombocytopenia, 213
Thyrotoxicosis, 11, 150
Time-of-flight (TOF), 71
TKI. See Tyrosine kinase inhibitor
TNM. See Tumor, nodes, metasta-

sis
Tobacco, 8, 11, 55
TOF. See Time-of-flight
Tolerance dose (TD), 218–219
Topoisomerase-1 inhibitor, 212
Total expected liver volume

(TELV), 154
Transforming growth factor

(TGF-α), 20, 214
Transhepatic cholangiography

(THC), 242
Transient degree of enhancement

(THAD), 115
Trastuzumab, 214
Trefoil factor family (TFF), 66
Triapine, 215
Trypsin-2-α-antitrypsin, 73
Trypsinogen-1, 73
Trypsinogen-2, 73
TSC. See Tuberous sclerosis
TSE RT. See Respiratory-triggered

3D turbo spin echo
TT. See Teflon Tannenbaum
Tuberous sclerosis (TSC), 22–23

Tumor, nodes, metastasis (TNM),
77–83, 182

for CC, 53, 54
for GBC, 206
for HC, 196–197
for liver cancer, 183

Tumor-associated trypsin
inhibitor, 73

2DE. See Two-dimensional elec-
trophoresis

Two-dimensional electrophoresis
(2DE), 72, 73

Tyrosine, 21
Tyrosine kinase inhibitor (TKI),

24, 27–29

UDCA. See Ursodeoxycholic acid
UDP-glucuronosyltransferases

(UGTs), 59, 60
UGTs. See UDP-glucuronosyl-

transferases
Ulcerative colitis, 8, 11
Ultrasound (US), 87–91, 182, 207

for CC, 88–91
FNA and, 87–88
for IGRT, 258
interstitial brachytherapy and,

244
RFA and, 170, 172

United Network for Organ Shar-
ing (UNOS), 190

UNOS. See United Network for
Organ Sharing

UPA. See Urokinase plasminogen
UPAR. See Urokinase plasminogen

receptor
Urokinase plasminogen (UPA), 69
Urokinase plasminogen receptor

(UPAR), 69
Ursodeoxycholic acid (UDCA),

271
US. See Ultrasound

Varices, 100
Vascular endothelial growth factor

(VEGF), 41, 214
Vaterian system, 78–79
VEGF. See Vascular endothelial

growth factor
Vitamin C, 12
Vitamin D, 53
Vitamin E, 12
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Whole liver delivery, 246
WISP1v, 59

Xanthogranulomatous cholecysti-
tis, 8, 124

Xenobiotics, 59–60

90Y microspheres, 244–248
Yttrium-90, 176, 178
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