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It gives me great pleasure to write a brief foreword for this book edited by two 
outstanding young surgical oncologists both graduates of the surgical oncol-
ogy fellowship at Memorial Sloan Kettering Cancer Center. The editors set 
out to describe treatment modalities and strategies in the management of pri-
mary and metastatic liver tumors. They and a team of expert contributors have 
succeeded admirably.

There is a full consideration of anatomy, surgical and ablative therapy, 
regionally applied treatment, and of course radiation and medical therapy, 
with guidance as to the strategies of using these modalities in combination. In 
addition, there is extensive discussion of the place of liver transplantation in 
the management of liver tumors.

New and evolving approaches in diagnosis and treatment are described 
and lend insight into contemporary knowledge. This is no small achievement 
if one recognizes the many major developments that have taken place in 
recent years.

This volume deserves a prominent place on the bookshelves of all inter-
ested in the management of liver tumors.

L.H. Blumgart, MD, DSc(H), FRCS, FACS
Memorial Sloan-Kettering Cancer Center,

New York, NY, USA

Foreword
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Primary and metastatic liver tumors mandate a multidisciplinary approach to 
optimize patient care, requiring input from surgical, medical, radiation, and 
interventional specialties. Experts from each of these disciplines must work 
in harmony to deliver the best treatment plan, often individualized to each 
patient. A mastery and thorough understanding of what each specialty con-
tributes and has to offer to each case is paramount.

To this end, Primary and Metastatic Liver Tumors: Treatment Strategy 
and Evolving Therapies brings together the expertise of the various disci-
plines involved in the care of patients with this disease and provides a com-
prehensive multidisciplinary overview and approach to patients with liver 
tumors. This textbook offers clinicians evidence-based, high-yield, and 
cutting- edge information related to the treatment of primary and metastatic 
liver tumors from a 360° perspective. Additionally, the text provides insight 
into evolving therapies and future directions within the field.

We are personally grateful and indebted to all the contributing authors. 
They represent a group of nationally and internationally renowned physicians 
within their respective fields and are the current and future leaders in their 
discipline. We hope that this textbook serves as a valuable resource to the 
practicing clinician when treating patients afflicted with liver tumors.

Atlanta, GA, USA Kenneth Cardona 
  Shishir K. Maithel 

Preface
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Patient Selection and Technical 
Considerations

Vasilena Zheleva, Cecilia G. Ethun, 
and Yuman Fong

 Introduction

Hepatic resection plays a critical role in the mul-
timodality management of various primary and 
secondary liver malignancies and in many cases 
represents the only potentially curative interven-
tion for such diseases. Over the past few decades, 
we have seen considerable advancements in our 
locoregional and systemic therapeutic options for 
the treatment of hepatic malignancies, which has 
paralleled a breadth of technical improvements in 
liver surgery and which in turn has increased the 
number of patients who could be candidates for 
hepatic resection. Hence each patient with a 
hepatic malignancy, primary or secondary, should 
be carefully assessed and evaluated by a surgeon 
with expertise in treating hepatic tumors and dis-
cussed in a multidisciplinary care setting. When 
considering a patient for hepatic resection, three 
factors must be carefully assessed by the treating 
surgeon: (1) surgical fitness of the patient, (2) 
oncologic appropriateness, and (3) technical 
resectability.

If the patient is considered to be an appropri-
ate surgical candidate, the hepatic resection will 
provide an oncological benefit, and the extent of 
planned resection leaves an adequate future liver 
remnant (FLR), practically all patients should be 
candidates for hepatic resection. This chapter 
will focus on and discuss these three factors 
within the context of patients with primary and 
secondary hepatic malignancies being consid-
ered for hepatic resection.

 Surgical Fitness of Patient

Patient selection plays a crucial role in minimiz-
ing morbidity and mortality following hepatic 
resection. Thus, the general health status of the 
surgical patient and determining their ability to 
tolerate surgery (i.e., determine surgical fitness) 
are critical when assessing a patient for hepatic 
resection. A thorough clinical assessment of the 
patient consisting, but not limited to, a detailed 
history and physical examination, as well as any 
ancillary tests required to evaluate the patient’s 
performance status, should be performed preop-
eratively on all patients. Pre-existing comorbidi-
ties can contribute substantially to surgical 
morbidity and mortality; therefore, the aim of a 
thorough preoperative clinical assessment should 
be to identify patients with prohibitive operative 
risks and those with manageable conditions that 
can be medically optimized prior to surgical 

V. Zheleva · Y. Fong (*) 
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Medical Center, Duarte, CA, USA
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resection. It is important to note that advanced 
age should not be considered as an absolute con-
traindication to surgery as hepatic resections are 
now routinely performed in the elderly patient.

Determining a patient’s surgical fitness can be 
quite subjective; thus several risk indices have 
been developed to assist the clinician in appropri-
ately risk-stratifying patients for surgery. Those 
commonly used in the perioperative setting 
include the American Society of Anesthesiologists 
(ASA) scale, the Acute Physiology and Chronic 
Health Evaluation (APACHE) score, the Eastern 
Cooperative Oncology Group (ECOG) 
Performance Status, the Charlson Comorbidity 
Index (CCI), and the Revised Cardiac Risk Index 
(RCRI) [1–4]. More recently, the concept of 
frailty has been introduced as an important surgi-
cal risk assessment tool, and numerous frailty 
scores are available to help guide the clinician in 
patient selection [5, 6].

 Oncologic Appropriateness

What is paramount for the clinician treating 
patients with primary or secondary hepatic 
malignancies is to understand that tumor biology 
will ultimately dictate and determine the out-
come of the patient; therefore, having an in-depth 
understanding of the natural history, treatment 
options, and oncological outcome of such tumors 
is crucial. The value of hepatic resection is ulti-
mately measured by its impact on oncological 
outcome (i.e., survival). As part of the oncologi-
cal assessment for hepatic resection, a compre-
hensive preoperative evaluation should be 
performed to assess and determine the extent of 
disease and ultimate tumor burden. The presence 
of extrahepatic disease (especially oligometa-
static disease) while not an absolute contraindi-
cation to surgery must be taken into consideration 
and weighed against the risks and benefits of 
hepatic resection as part of the treatment plan—
thus emphasizing the importance of discussing 
these cases, regardless of the extent of the dis-
ease, in a multidisciplinary setting where all ther-
apeutic options, including surgical resection, are 
considered [7].

 Preoperative Evaluation

A comprehensive preoperative evaluation, 
including but not limited to endoscopic, cross- 
sectional, and functional imaging, and in certain 
cases laparoscopy, should be performed to assess 
the extent of disease. More specifically, a com-
puterized tomography (CT) scan of the chest in 
conjunction with either a triphasic CT scan or 
magnetic resonance imaging (MRI) of the abdo-
men and pelvis should be obtained. In certain 
cases, additional investigation of extrahepatic 
disease is warranted, and this can be ascertained 
with a positron emission tomography (PET) scan 
[8–11]. Finally, despite considerable advances in 
cross-sectional and functional imaging, approxi-
mately 9–36% of patients with hepatic malignan-
cies can have occult, subradiographic metastatic 
disease at the time of surgery [12–16]. Thus, in 
order to avoid an unnecessary laparotomy, stag-
ing laparoscopy can be considered in certain, 
select cases [15–19].

 Tumor-Related Factors

 Hepatocellular Carcinoma
Hepatocellular carcinoma (HCC) is the most 
common primary liver tumor and the third most 
common cause of cancer-related death world-
wide [20]. To date, surgery, either in the form of 
liver transplantation or hepatic resection, is con-
sidered the primary curative treatment modality 
for HCC—with tumor burden and degree of 
underlying liver dysfunction predominantly dic-
tating which surgical intervention to pursue [21, 
22]. From an oncologic standpoint, four major 
clinical prognostic indicators (tumor size, multi-
focality, vascular invasion, and extrahepatic 
spread) have been identified and serve as the 
basis for various clinical staging systems and 
prognostic models currently available for HCC 
[23, 24]. While implementation of such models 
(i.e., Milan Criteria, University of California 
Expanded Criteria) in patients undergoing liver 
transplantation has resulted in reproducible, 
favorable outcomes, these models or staging sys-
tems have not been able to predict similar, 

V. Zheleva et al.
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 consistent outcomes in patients undergoing 
hepatic resection [25, 26]. Thus, translating these 
clinical indicators into oncologic criteria for 
hepatic resection has proven to be problematic.

Traditionally, tumor size has been an impor-
tant predictor of outcome for patients with 
HCC.  However, while implementation of size 
restrictions (i.e., Milan criteria) has been shown 
to be associated with improvements in outcomes 
in patients undergoing liver transplantation for 
HCC, the same cannot be said when considering 
patients for hepatic resection where several 
groups have demonstrated favorable, long-term 
survival following resection of large (>10  cm) 
HCC, thus questioning the prognostic signifi-
cance of tumor size alone [27–31]. More recently, 
studies have demonstrated a link between tumor 
size and vascular invasion with increasing tumor 
size being associated with increasing rates of vas-
cular invasion [29, 32, 33]. Thus, while tumor 
size in itself may not be a strong independent pre-
dictor and should not by itself guide surgical 
treatment, it is important to note that increasing 
tumor size may be associated with more aggres-
sive tumor biology (i.e., vascular invasion) and 
should be taken into account when considering 
hepatic resection.

Multifocal HCC is routinely encountered in 
clinical practice and has independently been 
shown to be a strong prognostic indicator. 
However, the ability to determine whether the 
presence of multiple tumors is representative of 
multicentric hepatocarcinogenesis versus intrahe-
patic metastasis remains unclear to date [34–36]. 
Regardless of the underlying pathogenesis of 
multifocality, the presence of multiple tumors is 
associated with a worse prognosis when com-
pared to similar solitary HCC tumors [24, 37, 38].

Vascular invasion, either microvascular or 
macrovascular, is another well-established inde-
pendent prognostic factor in patients with HCC 
and when present has been associated with 
increased frequency of intrahepatic and systemic 
metastasis and consequently worse outcomes 
[23, 37–41]. Clearly, our ability to ascertain 
microvascular invasion in the preoperative set-
ting is limited, and thus its importance is primar-
ily discussed in the postoperative setting. 

However, the value of hepatic resection in 
patients with major vascular invasion identified 
on staging imaging remains debatable and should 
be considered in select cases only.

 Intrahepatic Cholangiocarcinoma
Intrahepatic cholangiocarcinoma (ICC) is the 
second most common primary liver tumor 
encountered, with a rising incidence across both 
hemispheres [42, 43]. To date, surgical resection 
is the only curative treatment option for patients 
with ICC [44]. Similar to HCC, numerous prog-
nostic indicators (tumor size, multifocality, vas-
cular invasion, and extrahepatic disease) have 
been identified and incorporated into various 
clinical staging systems and nomograms in an 
attempt to improve upon the risk stratification 
and estimation of survival of patients with ICC 
[45–50].

The applicability of tumor size as a prognostic 
indicator to stratify patients with ICC remains 
controversial. On one hand, numerous reports 
have found no independent association between 
tumor size and survival in patients with ICC, to 
the point that the prognostic value of tumor size 
was refuted in one of the earliest proposed stag-
ing systems for ICC [45, 46, 51–53]. On the other 
hand, several groups have found that, while not 
an independent predictor of outcome, increasing 
tumor size is associated with an increased inci-
dence of adverse pathological features (nodal 
involvement, multiple tumors, vascular invasion, 
and poorly differentiated tumors) [54, 55], sug-
gesting that larger tumor size may be indicative 
of more aggressive tumor biology. Nonetheless, 
tumor size has been incorporated into the recent 
eighth edition of the AJCC staging system, which 
similar to the staging system proposed by the 
Liver Cancer Study Group of Japan, when strati-
fied by size, a worse survival was associated with 
an increasing tumor size (T stage) [48].

Similarly, the presence of multiple tumors is a 
significant prognostic factor for survival in 
patients with ICC.  Multifocal intrahepatic dis-
ease, similar to HCC, may be secondary to multi-
centric hepatocarcinogenesis or intrahepatic 
metastases, both of which have been associated 
with poor survival outcomes in patients with ICC 
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[47, 50, 52, 54, 56–58]. Thus, in patients with 
multifocal ICC, hepatic resection should be 
reserved for only select cases of patients, and 
alternative therapies, such as systemic chemo-
therapy and/or arterial-based locoregional thera-
pies, should be considered as first-line therapy.

 Colorectal Cancer Liver Metastases
With approximately 25% of patients with colorec-
tal cancer presenting with metastatic disease and 
another 50% eventually developing metastases (the 
majority being in the liver), colorectal cancer liver 
metastasis (CRLM) represents the most common 
secondary liver malignancy encountered in clinical 
practice for which hepatic resection is performed 
[59, 60]. In patients with CRLM, hepatic resection 
has become the standard of care, with a 5-year sur-
vival rate exceeding 50% in recent series [61, 62].

It is important to note that only 20–25% of 
patients with CRLM present with resectable dis-
ease, and the challenge is identifying which of 
these patients would benefit from hepatic resec-
tion. To this end, similar to other hepatic malig-
nancies, various prognostic factors (synchronous 
liver disease, primary tumor node status and his-
tology, number and size of liver tumors, CEA 
level, disease-free interval, and the presence of 
extrahepatic disease) have been identified and 
incorporated into numerous clinical risk scores 
and nomograms in an attempt to help guide the 
clinician in appropriately selecting patients that 
would benefit from surgery for CRLM.  While 
most studies are in agreement as to the signifi-
cance of these factors and their effect on survival, 
no one factor has unequivocally been shown to 
affect outcomes [63–67].

Certainly, there is little question that patients 
with many risk factors do worse than patients 
with few. However, the line that separates the 
biologically resectable from the biologically 
unresectable patients is yet to be defined.

 Technical Resectability

In regard to hepatic resection, technical resect-
ability is primarily defined by the quantity and 
quality of hepatic parenchyma that will remain 
after resection. This is critical because the risk of 

major morbidity and mortality from hepatic 
resection is directly related to the relative volume 
of hepatic parenchyma preserved—the FLR. An 
adequate FLR is defined as two adjacent liver 
segments with appropriate hepatic arterial and 
portal venous inflow, venous outflow, and biliary 
drainage, which is sufficient to allow for liver 
regeneration and preservation of liver function in 
the postoperative period. Thus, hepatic tumors 
are considered technically resectable when a neg-
ative resection margin can be achieved via resec-
tion of all hepatic disease, and an adequate FLR 
will remain.

 Assessment of Liver Function

Preoperative assessment of baseline liver func-
tion is a critical first step in determining whether 
a patient will be an appropriate candidate for 
hepatic resection. Hence, all patients being con-
sidered for resection should be assessed for pre-
operative liver dysfunction. The risk of 
postoperative morbidity and mortality has been 
shown to proportionally increase with worsening 
degree of hepatocellular compromise in patients 
with underlying liver dysfunction who are under-
going hepatic resection [68–71]. Unfortunately, 
assessment of liver function is not simple and can 
be perplexing. To date, a plethora of imaging 
modalities, functional studies, serum-based anal-
yses, and predictive models exist to assess a 
patient’s baseline hepatic function; however, no 
single study has been undoubtedly proven to be 
superior to another in terms of estimating base-
line preoperative liver function or predicting 
postoperative hepatic insufficiency.

The Child-Turcotte-Pugh (CTP) score is a 
common and frequently used clinical scoring 
system to predict liver-related mortality in cir-
rhotic patients and takes into account both clini-
cal measures and laboratory values, including 
presence of ascites, encephalopathy, total serum 
bilirubin, INR, and serum albumin [72]. Although 
initially developed to assess risk of death follow-
ing portacaval shunt procedures, the CTP score 
has subsequently been studied in patients under-
going elective hepatic resection, and an elevated 
CTP score has been associated with increased 
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morbidity and mortality [69, 71, 73]. Hepatic 
resection is thus routinely performed with accept-
able morbidity and mortality in patients with a 
class A CTP score, but normally considered pro-
hibitive in class B and C patients.

The model for end-stage liver disease (MELD) 
is another principal clinical scoring system fre-
quently used to evaluate preoperative hepatic 
function and is based on a patient’s bilirubin, 
international normalized ratio (INR), and creati-
nine [74]. Traditionally used to predict survival in 
cirrhotic patients awaiting liver transplantation, 
the MELD score is nowadays commonly used in 
assessing perioperative risk in patients undergo-
ing major abdominal procedures, including 
hepatic resections [74–77]. A conservative, yet 
routinely referenced, MELD score of <9 is used 
as a cutoff score for considering a patient for 
hepatic resection as this score has been associ-
ated with acceptable postoperative risk in cir-
rhotic patients [76, 77].

An additional method of assessment of hepatic 
function is to assess for portal hypertension 
which is an indirect measurement of advanced 
cirrhosis. Severe portal hypertension can be char-
acterized by the presence of splenomegaly, gas-
troesophageal varices, and/or thrombocytopenia 
(<100,000/μL). Patients with significant portal 
hypertension have an increased risk of mortality 
associated with hepatic resection and when pres-
ent should be considered a contraindication to 
hepatic resection [33]. If the presence of portal 
hypertension is unclear, portal pressures can be 
investigated by determining transjugular hepatic 
vein wedge pressures—with a wedge pres-
sure >10 mmHg defining portal hypertension and 
a high-risk patient [34].

Indocyanine green (ICG) clearance is an alter-
native assessment tool used to evaluate hepatic 
function in patients with chronic liver disease 
being considered for hepatic resection. ICG is an 
anionic organic dye that is selectively taken up by 
hepatocytes and excreted in bile and indirectly 
reflects hepatocyte blood flow and functional 
capacity. It is typically measured as a percent 
serum clearance at 15 min [78]. An ICG cutoff of 
<10% at 15 min has been reported to be safe for 
extended resection, a cutoff of 10–20% for hemi-
hepatectomy, 20–30% for segmentectomy, and 

enucleation for those with >40% ICG clearance 
[79]. It is important to note that this test although 
widely used in Asia is only rarely performed in 
the United States.

 Biliary Anatomy and Vascular Inflow/
Outflow

Considerable improvements in our currently 
available cross-sectional imaging armamentar-
ium allow for in-depth characterization of the 
relationship between the hepatic tumors and the 
hepatic vasculature (portal vein branches and 
hepatic veins). This characterization is critical for 
determination of resectability and for surgical 
planning. Additionally, mapping of the biliary 
anatomy in regard to its relationship to the hepatic 
tumor(s) is paramount and is also provided by 
current, high-quality cross-sectional imaging. 
Thin-cut, triphasic computed tomography and 
Eovist-enhanced magnetic resonance imaging 
(MRI) of the liver provide the clinician with such 
detailed characterization. When biliary obstruc-
tion is present, cholangiography may addition-
ally help delineate extent of biliary involvement 
and can be obtained endoscopically, percutane-
ously, or with MRI.

Previously, major vascular involvement (por-
tal vein or inferior vena cava) by the tumor was 
considered a contraindication to surgery, as 
resection of these tumors incurred significant 
perioperative morbidity and was associated with 
a worse prognosis. However, improvements in 
our systemic and locoregional therapeutic options 
for hepatic malignancies as well as our surgical 
technique and perioperative management of such 
patients have expanded our definition of resect-
ability, and major vascular invasion is no longer 
seen as an absolute contraindication in select 
patients [80–86].

 Assessment of Future Liver Remnant 
(FLR)

The unique ability of the liver to functionally 
compensate and regenerate allows for hepatic 
resections to be undertaken; however, the extent 
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of resection (minor versus major) will depend 
heavily on the presence of underlying chronic 
liver disease (cirrhosis, steatosis, steatohepatitis, 
etc.), such that, in an otherwise healthy liver with 
no history or evidence of chronic liver disease, 
approximately 80% of the parenchymal liver vol-
ume can be removed safely with a low risk of 
postoperative hepatic dysfunction. Nonetheless, 
the segmental distribution of the liver’s func-
tional capacity is variable and not uniform from 
person to person [87]. Thus, appropriate of 
assessment of the FLR by preoperative volumet-
ric analysis is critical, especially when consider-
ing major or extended hepatic resections. Various 
assessment tools and formulas are available for 
such situations.

Usually, the FLR is standardized to total liver 
volume (TLV) and is expressed as the percentage 
of the TLV that will remain after hepatic resec-
tion. Various methods for measuring such liver 
volume have been reported. One such method is 
using cross-sectional imaging (CT or MRI) and 
three-dimensional volumetry to calculate FLR 
volume [88–90]. However, calculation of TLV on 
cross-sectional imaging is not without limita-
tions, as tumor size and number, biliary obstruc-
tion, and presence of chronic liver disease may 
affect true estimate of TLV.

Another method of determining TLV is to esti-
mate the TLV using a mathematical formula 
based on body surface area (TLV [cm3] = −794.4
1 + 1267.28 × body surface area [m2]). A recent 
meta-analysis validated this method and found it 
to be superior to other similar formulas [91, 92].

The challenge, however, is determining if the 
estimated FLR is appropriate enough to maintain 
adequate hepatic function in a patient with 
underlying chronic liver disease or in someone 
who has had acute liver injury from recent sys-
temic therapy. To date, many of the chemothera-
peutic options available have been linked to 
some form of direct liver injury and dysfunction. 
Although the exact pathogenesis is not entirely 
understood, chemotherapy-related liver injury is 
a well- known entity, and increasing duration of 
preoperative chemotherapy (>12  weeks) has 
been shown to increase the risk of postoperative 
complications and, more specifically, hepatic 

dysfunction [93–100]. Thus, in patients with 
fibrosis or cirrhosis, the FLR volume is recom-
mended to be at least 40–50% of TLV [101, 
102]. In patients who receive short-duration pre-
operative chemotherapy, a FLR of at least 
20–30% is adequate to undergo hepatic resection 
[100, 103]. However, for those receiving a pro-
longed course (>12 weeks) of preoperative che-
motherapy, a FLR volume of at least 30% (if not 
40%) is recommended in this cohort of patients 
[100, 104, 105].

A FLR volume ≤20% has been found to be 
the strongest independent predictor of postoper-
ative liver insufficiency and a significant risk 
factor for postoperative hepatic dysfunction and 
failure [106–108]. To this end, various tech-
niques and approaches are available to the clini-
cian to manage the patient with an inadequate 
FLR with the goal of not only proceeding to 
hepatic resection but also minimizing postopera-
tive hepatic dysfunction. Such techniques 
include portal vein embolization/ligation, two-
stage hepatectomy, and associating liver parti-
tion with portal vein ligation for staged 
hepatectomy. These will be discussed further in 
detail in subsequent chapters.

 Conclusion
Hepatic resection plays a critical role in the 
multimodality management of various pri-
mary and secondary liver malignancies and 
in many cases represents the only potentially 
curative intervention. When considering a 
patient for hepatic resection, three key fac-
tors must be carefully assessed by the treat-
ing surgeon: (1) surgical fitness of the patient, 
(2) oncologic  appropriateness, and (3) tech-
nical resectability. However, as our under-
standing of tumor biology evolves, as 
operative techniques improve, as locore-
gional and systemic therapies grow, and as 
selection of patients for resection expand, the 
interplay between these three key factors in 
considering a patient for hepatic resection 
will be difficult to navigate, and thus one 
must continuously strive to improve and 
refine one’s understanding of this complex 
clinical scenario.
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Liver tumors comprising both benign and malig-
nant entities are relatively common, sometimes 
difficult to diagnose, and maybe associated with 
significant morbidity and mortality [1]. Imaging 
studies play a substantial role in the management 
of hepatic tumors, because accurate and rapid 
diagnosis could lead to better outcome with less 
complications and improvement of patients’ 
quality of life and overall survival [2].

 Benign Hepatic Tumors

Benign hepatic tumors constitute a variety of 
neoplasms with different histopathological and 
imaging characteristics. Hepatic cyst, hepatic 
hemangioma, focal nodular hyperplasia (FNH), 
and hepatocellular adenoma are the four most 

common benign hepatic neoplasms. Intrahepatic 
biliary cystadenoma and bile duct hamartoma are 
less frequently seen benign hepatic tumors [3, 4].

 Hepatic Cyst

There is no communication between these benign 
developmental lesions and the biliary tree [5]. A 
simple hepatic cyst appears as a homogeneous 
and hypoattenuating lesion on computed tomog-
raphy (CT) images (Fig. 2.1a), with no enhance-
ment after administration of intravenous (IV) 
contrast material [6]. Hepatic cyst can be easily 
diagnosed on magnetic resonance imaging 
(MRI), and the lesion is homogenously hyperin-
tense on T2-weighted images (Fig.  2.1b) and 
hypointense on T1-weighted images. No 
enhancement develops after IV contrast adminis-
tration (Fig.  2.1c). With intracystic bleeding, a 
high signal intensity with a fluid-fluid level may 
be seen on both T1- and T2-weighted images [6].

 Hepatic Hemangioma

Hemangiomas are the most common non-cystic 
benign hepatic neoplasms. Depending on the 
imaging findings, they are categorized as typical 
and atypical. Typical hemangiomas comprise 
three distinct histological subtypes, including 
cavernous hemangioma, capillary hemangioma, 
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and sclerosed hemangioma [7]. Heterogeneously 
large, giant, and rapidly filling hemangiomas are 
three major examples in the atypical group [8, 9].

Generally, typical hemangiomas are homoge-
neous hyperechoic masses with well-defined 
margins and posterior acoustic enhancement on 
ultrasound (US) [7, 10]. Color Doppler US may 
not detect intralesional slow blood flow in a hem-
angioma. However, some authors have found that 
this modality can be useful in evaluating hepatic 
hemangiomas by detecting intratumoral venous 
signals and revealing peripheral feeding vessels, 
large penetrating arteries, and portal venous flow 
within and around hemangiomas [11–17].

The lesion is usually well defined and hypoat-
tenuating compared to the surrounding tissue on 
un-enhanced CT. After administration of IV con-
trast material, a discontinuous, nodular, periph-
eral enhancement develops in the hepatic arterial 

phase (HAP), which progresses to more centrip-
etal fill-in during the portal venous phase (PVP) 
and results in irregular fill-in and an isoattenuat-
ing or hyperattenuating appearance in the delayed 
phase [14]. The density of a cavernous hemangi-
oma is the same as that of a blood vessel [7]. 
Capillary hemangiomas, like other typical hepatic 
hemangiomas, appear mildly hypodense, but 
sometimes they may appear isodense on non- 
contrast CT [18]. The kinetics of enhancement is 
rapid and very similar to that of the aorta, i.e., an 
early, homogenous intense enhancement in the 
HAP is usually seen [19]. The presence of 
hypodense focal nodular patches that correspond 
to sclerotic zones is the main CT feature of scle-
rosed hemangiomas [20].

On T2-weighted images, hepatic hemangio-
mas are hyperintense with a well-defined margin, 
but the intensity is less than that of the 

a

c

b

Fig. 2.1 Hepatic cysts. These are well-defined hypoat-
tenuating lesions (arrows) on un-enhanced CT (a). On 
MRI the lesions are homogenously very hyperintense on 

T2-weighted image (b) and hypointense with no enhance-
ment in the portal venous phase (c)
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 cerebrospinal fluid (CSF) or a hepatic cyst 
(Fig.  2.2a). The lesion is generally hypointense 
on T1-weighted images (Fig. 2.2b). After admin-
istration of IV gadolinium, the lesion shows 

peripheral nodular discontinuous enhancement 
that progresses centripetally in the delayed phase 
(Fig.  2.2b–e). The contrast kinetics in capillary 
hemangiomas is similar to that with CT, i.e., a 

a b

c

e

d

Fig. 2.2 Hepatic hemangiomas. These have a well- 
defined margin (arrow) and are mildly hyperintense on 
T2-weighted image (a). The lesions are hypointense on 
un-enhanced T1-weighted image (b), with gradual periph-

eral nodular enhancement that begins in the hepatic arte-
rial phase (c) and progresses through the portal venous (d) 
and delayed (e) phases

2 Radiographic Assessment for Liver Tumors
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uniform and rapid enhancement often develops 
[21]. In sclerosed hemangiomas the zones of cen-
tral sclerosis appear hypointense, and the overall 
signal of the lesion is heterogeneous on 
T2-weighted images. After administration of IV 
contrast material, a peripheral nodular enhance-
ment develops and progresses very slowly. An 
early transient perilesional enhancement is a 
classical finding. Sometimes sclerosed hemangi-
omas do not enhance at all.

Large hemangiomas appear heterogeneous 
in US. On un-enhanced CT the lesion may be 
seen hypoattenuating and heterogeneous with 
low attenuated central areas. After administra-
tion of IV contrast material, filling is incom-
plete during the PVP and delayed phase. On 
T1-weighted images, the lesion is observed as a 
marginated hypointense mass containing 
hypointense septa and a hypointense cleft. On 
T2-weighted images, the internal septa remain 
hypointense, but the cleft is hyperintense. 
Enhancement is similar to that described with 
CT, and the internal septa and cleft remain 
hypointense [22, 23].

A giant hemangioma is a large (over 4 cm in 
diameter) cavernous hemangioma [8]. Its appear-
ance is heterogeneous on US, with a hypodense 
central zone on CT.  On T2-weighted images, a 
hyperintense lesion with a hypointense central 
scar is a typical finding. After administration of 
IV contrast material, a nodular peripheral 
enhancement is seen and followed by an incom-
plete centripetal filling [8].

Rapidly filling hemangiomas are usually small 
in size. Differentiating rapidly filling hemangio-
mas from hypervascular tumors is difficult. 
Although T2-weighted images may be helpful, 
some hypervascular tumors such as islet cell 
metastases also show a similar intensity on such 
images. The best diagnostic imaging finding is 
using delayed-phase CT or MR images, in which 
hemangiomas, unlike hypervascular metastases, 
remain hyperattenuating or hyperintense. 
Attenuation identical to that of the aorta during 
all phases of enhancement is another differentiat-
ing clue [8].

 Focal Nodular Hyperplasia

FNH, defined as a nodule composed of normal- 
appearing hepatocytes in an otherwise normal 
liver [24], is the second most common benign 
hepatic tumor after hemangioma. Histopath-
ologically, FNH is categorized into two major 
groups, classic (80%) and nonclassic (20%). 
Three key elements are present in classic FNH 
lesions including an abnormal nodular architec-
ture, cholangiolar proliferation, and malformed 
vessels. In nonclassic type, the cholangiolar pro-
liferation is always present, but one of the other 
two elements may be missing [25].

US is often not contributory for evaluating 
classic FNH since the lesion may be hypoechoic, 
isoechoic, or hyperechoic to surrounding liver 
parenchyma (Fig. 2.3a). When the central scar is 
large, the conspicuity of the lesion increases [26]. 
A hypoattenuated or isoattenuated lobulated 
homogeneous lesion is the typical finding on un- 
enhanced CT [26]. A hyperattenuating lesion 
may be seen if the background liver is fatty. After 
administration of IV contrast material, the entire 
lesion except for the central scar immediately 
becomes hyperattenuating in the HAP owing to 
the hypervascularity of the tumor. In the PVP and 
delayed phase, the lesion becomes more hypo-/
isoattenuating compared to the liver, and the cen-
tral scar may become slightly enhanced in up to 
80% of cases because of the presence of abun-
dant myxomatous stroma (Fig.  2.3b) [9, 27]. 
MRI is the modality of choice for detecting FNH 
(sensitivity, 70%; specificity, 98%) [28]. FNH 
lesions are slightly hyperintense or isointense on 
T2-weighted images (94–100%) (Fig. 2.3c), and 
a hyperintense central scar is evident in 84% of 
cases because of the presence of vascular chan-
nels, bile ductules, and edema. On T1-weighted 
images, FNH lesions are usually isointense or 
hypointense (94–100%). The central scar is also 
hypointense on T1-weighted images (Fig. 2.3d) 
[28]. With the use of gadolinium chelates, 
enhancement is homogenous and intense in the 
HAP (Fig. 2.3e), and the central scar enhances in 
the later phases [29]. Lesions are isointense to the 

D. Fouladi et al.



19

liver during the PVP and delayed phases 
(Fig.  2.3f–g) [30–32]. The central scar 
 demonstrates high signal intensity on delayed-
phase imaging because of the accumulation of 
the contrast material [28].

 Hepatocellular Adenoma

Using pathological and genetic features, hepato-
cellular adenomas (liver cell adenoma) can be 
classified into four distinct categories including 
inflammatory, hepatocyte nuclear factor 1 alpha 
(HNF-1a)-mutated, b-catenin-mutated, and 

unclassified subtypes [33, 34]. Inflammatory 
hepatocellular adenoma (IHA) is the most com-
mon subtype and shows the highest risk of intra-
tumoral hemorrhage (30%) [35]. HNF-1a-mutated 
hepatocellular adenoma is the second most com-
mon subtype and is the most benign type of hepa-
tocellular adenoma [36]. The b-catenin-mutated 
hepatocellular adenoma bears the highest risk of 
malignancy [37].

Grayscale US is not an accurate imaging 
modality for diagnosing hepatocellular adeno-
mas, because it is neither adequately sensitive nor 
specific in determining the nature of liver lesions, 
particularly when they are small or an abnormal 

Fig. 2.3 Hepatic focal nodular hyperplasia. The lesion 
(arrow) is hyperechoic on grayscale ultrasonography (a) 
and is iso- to slightly hypoattenuating on delayed-phase 
CT (b). On MRI the lesion is a slightly hyperintense 
lesion on T2-weighted image (c) and slightly hypointense 

lesion on un-enhanced T1-weighted image (d) and 
becomes significantly hyperintense in the hepatic arterial 
phase (e). The lesion is iso- to slightly hypointense during 
the portal venous (f) and delayed (g) phases

a b

c d
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hepatic background further deteriorates their typ-
ical echoic or vascular profile [38].

IHAs are generally observed as nonhomoge-
neous hyperattenuating masses on un-enhanced 
CT and show enhancement similar to that in MRI 
when IV contrast material is administered [36]. 
CT is capable of depicting intracellular and inter-
cellular lipid deposits in HNF-1a-mutated hepa-
tocellular adenomas [39].

Multiphase dynamic contrast-enhanced MRI 
is the method of choice in diagnosing and subtyp-
ing hepatocellular adenomas [40]. On 
T2-weighted images, IHAs are hyperintense 
(Fig. 2.4a) with a peripheral region of hyperin-
tensity that correlates with areas of sinusoidal 
dilatation (atoll sign). On T1-weighted images, 
IHAs are found as isointense to hyperintense 
hypervascular lesions with negligible heteroge-
neous or signal drop-off on chemical shift 

sequences [41, 42]. When a gadolinium-based 
contrast material is administered, an intense 
enhancement is usually present during the HAP 
(Fig. 2.4b) that persists in the PVP (Fig. 2.4c) and 
delayed phase [41, 43]. A combination of marked 
T2 hyperintensity and persistently delayed 
enhancement has been found highly sensitive 
(85%) and specific (87%) for the diagnosis of 
IHAs [41].

On T2-weighted images, HNF-1a-mutated 
hepatocellular adenomas show isointensity to 
mild hyperintensity (Fig.  2.5a) [41, 43]. 
Because of intercellular steatosis, a diffuse sig-
nal drop-off occurs on T1-weighted out-of-
phase sequences (sensitivity, 86%; specificity, 
100%) (Fig. 2.5b, c). On T1-weighted images, 
the lesion is isointense or hyperintense depend-
ing on the presence of fat, glycogen, or bleed-
ing (Fig. 2.5d) [41].
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Fig. 2.3 (continued)
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In 35–77% of cases of HNF-1a-mutated 
hepatocellular adenomas, microscopic intratu-
moral fat deposits can be detected at MRI [44]. 
With using a gadolinium-based contrast mate-
rial, a moderate enhancement is observed in the 
HAP (Fig. 2.5e) but in contrast to that in IHAs 
does not persist on to the PVP and delayed phase 
(Fig. 2.5f, g) [41].

Unclassified and b-catenin-mutated subtypes 
demonstrate no specific imaging feature [36, 
41, 45].

 Intrahepatic Biliary Cystadenoma

This cystic neoplasm can be either unilocular or 
multilocular. It appears as a cyst containing 
anechoic or hypoechoic content at US imaging. 

Mural nodules, papillary projections, and septal 
or wall calcification may be seen. The content 
could be hypoattenuating to hyperattenuating. 
Calcification of septa or cyst wall is also possible. 
Septal enhancement may be also present. 
Depending on the content of the cyst fluid, the 
signal intensity of intrahepatic biliary cystade-
noma is variable on MR images [30, 46, 47].

 Bile Duct Hamartoma

Bile duct hamartomas or von Meyenburg com-
plexes originate from abnormally developed 
embryonic bile ducts [48]. In non-contrast CT, 
there are multiple hypoattenuating cysts distrib-
uted throughout the liver and usually are less than 
1.5 cm in diameter [49, 50]. In contrast to simple 

a

c

b

Fig. 2.4 Hepatic inflammatory adenoma. The lesion (arrow) demonstrates hyperintensity on T2-weighted image (a), 
with enhancement during the hepatic arterial (b) and portal venous (c) phases
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Fig. 2.5 HNF-1a-mutated hepatocellular adenoma 
(arrow). The lesion is isointense on T2-weighted image (a), 
with signal drop from in-phase (b) to out-of-phase (c). The 

lesion is iso- to hypointense on un-enhanced T1-weighted 
image (d) and shows variable enhancement in the hepatic 
arterial (e), portal venous (f), and delayed (g) phases

a
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hepatic cysts, bile duct hamartomas show an 
irregular outline. No enhancement is usually seen 
after administration of IV contrast material [51, 
52]. These cysts are hypointense on T1-weighted 
images and hyperintense on T2-weighted images. 
After administration of gadolinium, there might 
be homogenous enhancement or no enhancement 
at all. Some authors have reported a thin rim of 
enhancement in certain cases [5, 52].

 Malignant Hepatic Tumors

Hepatic malignancies can be classified as pri-
mary and secondary (metastatic). In the primary 
group, tumors are pathologically of epithelial or 
nonepithelial origin. Major primary malignant 
hepatic tumors with epithelial origin in adults are 
hepatocellular carcinoma (HCC), intrahepatic 
cholangiocarcinoma (ICC), and cholangiocellu-
lar cystadenocarcinoma. The major nonepithelial 
tumors are lymphoma and carcinoid tumors [53]. 
Liver metastases are the most common hepatic 
malignancies [54].

 Primary Malignant Hepatic Tumors

 Hepatocellular Carcinoma
HCC is the most common primary hepatic cancer 
[55] and the third most common cause of 
malignancy- related death [56]. Unlike most malig-
nancies, HCC can be diagnosed on the basis of 
imaging findings only because the blood supply of 
advanced HCC is exclusively provided by abnor-
mal hepatic arteries, resulting in characteristic pat-
terns after enhancement [57]. CT and MRI are 
very sensitive and specific modalities in detecting 
HCC.  Generally, a diagnostic problem emerges 
when the lesion is small (<2 cm) [58, 59].

A small focal lesion is usually hypoechoic on 
US (Fig.  2.6a), whereas large lesions could be 
heterogeneous in echogenicity depending on the 
presence of fat, fibrosis, necrosis, or calcification 
[60]. Since the majority of cases with HCC occur 
in the setting of a cirrhotic liver, the diagnosis of 
diffuse HCCs may be difficult (cirrhotomimetic- 
type HCC).

A significant enhancement during the late 
HAP followed by a rapid washout in the PVP is 
the characteristic feature of HCCs on CT 
(Fig. 2.6b, c). Other supporting findings are inter-
nal mosaic patterns, vascular invasions, presence 
of fat, and documentation of a continuous lesion 
growth in serial images [61].

Findings are variable on T2-weighted 
(Fig.  2.6d) and T1-weighted (Fig.  2.6e) images 
depending on the presence of intratumoral fat and 
the intensity of the surrounding liver [62]. With 
the administration of gadolinium, a late arterial 
enhancement followed by a rapid washout is gen-
erally seen, but a persistent rim enhancement 
(capsule) may be observed (Fig.  2.6f–h). Since 
many patients with HCC are also cirrhotic, dif-
ferentiating small lesions from regenerative liver 
nodules may be difficult. Sometimes small foci 
of arterial enhancement may be detected within a 
nodule (nodule-in-nodule appearance) [63].

Differentiating between regenerative/dysplas-
tic nodules and early/late HCC in cirrhotic 
patients is difficult at un-enhanced CT or 
MRI.  Regenerative nodules are usually isoin-
tense on un-enhanced CT and T1-weighted 
images, whereas dysplastic nodules and HCC 
lesions may be isointense, hyperintense, or 
hypointense. On unenhanced T1-weighted 
 out- of- phase images, nodules except for cirrhotic 
ones may show signal loss, particularly if they 
are fatty. On unenhanced T2-weighted and 
diffusion- weighted (DW) images, lesion inten-
sity is variable, but dysplastic nodules never 
become hyperintense. When using contrast 
agents in the arterial and venous phases, regen-
erative nodules are isointense and/or hypoin-
tense, respectively. Dysplastic lesions are often 
isointense or hypointense in both phases. Early 
HCC lesions are also predominantly isointense or 
hypointense, but progressed lesions are typically 
hyperintense and hypointense in the arterial and 
venous phases, respectively [56].

Fibrolamellar hepatocellular carcinoma is a 
clinicopathologically distinct tumor from HCCs 
[64]. This tumor is usually a well-circumscribed 
mass with mixed echogenicity and a hyperechoic 
center at US examination. On non-contrast CT, 
fibrolamellar hepatocellular carcinomas are gen-
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erally large, heterogeneous, lobulated lesions 
with hypoattenuation [65]. In over 65% of cases, 
a central scar with radiating septa and bands, cal-
cification foci (35–68%), and necrosis is present 
[65, 66]. The scar can be stellate or amorphous in 
shape [67]. After administration of IV contrast 
material, heterogeneous hyperattenuation in the 
HAP with variable patterns of enhancement dur-
ing the remaining phases is a typical finding [65]. 
The enhancement of central scars is also variable. 
In over half of the cases, a significant lymphade-
nopathy exists predominantly in the hilum or in 
the hepaticoduodenal ligament [67]. Fibrolamellar 
hepatocellular carcinoma is usually hypointense 
on T1-weighted images and hyperintense on 

T2-weighted images [65]. The central scar is typ-
ically hypointense on both T1- and T2-weighted 
images. Features after administration of IV con-
trast material are similar to those described on 
CT [64].

 Intrahepatic Cholangiocarcinoma
ICC or peripheral bile duct carcinoma is the sec-
ond most common primary hepatic malignancy. 
There are several subtypes of ICCs. Intrahepatic 
exophytic nodular tumors (mass-forming) are 
often located at the periphery and have a fibrotic 
central portion that may lead to a capsular retrac-
tion. Periductal infiltrating intrahepatic tumors, 
on the other hand, are most common at the hilum 

Fig. 2.6 Hepatocellular carcinoma (thick arrow). The 
lesion appears hypoechoic on grayscale ultrasonography 
(a). CT shows significant enhancement in the arterial 
phase (b) followed by washout in the venous phase (c). 
On MRI the lesion is slightly hyperintense on T2-weighted 
image (d), hypointense on un-enhanced T1-weighted 

image (e), with intense enhancement and central necrosis 
(thin arrow) in the hepatic arterial phase (f) followed by 
rapid washout during the portal venous (g) and delayed 
(h) phases. A capsule is visible on T1-weighted images in 
both the portal venous and delayed phases (dotted arrows)

a
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(Klatskin tumors) but can be found in the combi-
nation of mass-forming tumors [68]. Intraductal 
tumors are less frequent and are usually detected 
because of changes in duct caliber with or with-
out a conspicuous mural or polypoid mass [69].

Mass-forming tumors are homogeneous 
lesions with intermediate echogenicity and irreg-
ular but well-defined margin, a peripheral 
hypoechoic rim, and capsular retractions at US 
[69]. Satellite (daughter) nodules are frequently 
seen [70]. Periductal infiltrating intrahepatic 
tumors are associated with narrowed/dilated bile 
ducts without a recognizable mass. Sometimes a 
diffuse bile duct thickening may be the predomi-
nant feature [69]. Intraductal tumors can be seen 
as diffuse duct ectasia with or without a visible 
papillary mass, a polypoid mass within a  localized 
ductal dilatation, cast-like lesions within a mild 
ductal dilatation, or a focal stricture with mild 

proximal ductal dilatation. In the case of an exist-
ing polypoid mass, it is usually hyperechoic [69].

On CT, mass-forming tumors are typically 
homogeneous and hypoattenuating with irregu-
lar, mild heterogeneous enhancement in the 
periphery and gradual centripetal enhancement 
(Fig. 2.7a, b) [68, 69], reflecting the presence of 
abundant fibrotic stroma within the tumor [69]. 
Other features include capsular retractions, satel-
lite nodules, distal bile duct dilation, narrowed 
portal veins, and regional hepatic atrophy in case 
of vascular invasion(s) [68–71]. The presence of 
periductal infiltrating tumors can be suspected 
when narrowed/dilated duct(s) and diffuse peri-
ductal thickening are evident, particularly at the 
hilum. In the peripheral liver, a combination of 
the periductal and mass-forming types is more 
frequent than a pure periductal infiltrating 
tumor. Detection of duct ectasia with or without 
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Fig. 2.6 (continued)
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Fig. 2.7 Intrahepatic cholangiocarcinoma (arrow). CT 
shows heterogeneous enhancement in the hepatic arterial 
(a) and portal venous (b) phases. On MRI the lesion is 

hyperintense on T2-weighted image (c), with progressive 
enhancement in the hepatic arterial (d), portal venous (e), 
and delayed (f) phases

a b

c d

e f

a polypoid mass is a sign of intraductal tumors. 
The wall generally appears intact. Sometimes 
because of copious mucin production, only a 
marked intrahepatic bile duct dilatation is pres-

ent. The mass is hypoattenuating with enhance-
ment after gadolinium administration [69]. 
Un-enhanced CT is useful for discrimination 
between stones and ICCs [72, 73].
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MR findings are identical to those described 
with CT [68]. The T2-weighted images and the 
contrast-enhanced T1-weighted images are of 
particular importance in the diagnosis of ICCs 
[74]. Typically, lesions are hyperintense on 
T2-weighted images (Fig. 2.7c) and hypointense 
on T1-weighted images, but the latter may vary 
significantly on the basis of the histopathological 
content of the tumor, i.e., the amount of intratu-
moral fibrosis, necrosis, and mucin, as well as the 
tumor subtype. Because of hypovascularity, 
enhancement after administration of gadolinium 
may be heterogeneous or slow but progressive 
(Fig. 2.7d–f) [75].

 Cholangiocellular (Biliary) 
Cystadenocarcinoma
On imaging, these rare malignant tumors are sim-
ilar to their benign counterparts, i.e., biliary cyst-
adenomas. A solitary, capsulated cystic mass 
with internal septa, mural nodules, polypoid pro-
jections, and capsular calcification is the most 
typical finding on CT [48]. The signal intensity 
on MR images varies depending on the presence 
of hemorrhage, protein content, and solid compo-
nents [76, 77].

 Secondary (Metastatic) Malignant 
Hepatic Tumors

Liver metastases are up to 40 times more com-
mon than primary hepatic tumors [78]. The most 
common primary malignant tumors that cause 
metastases to the liver are lung, breast, colon, 
pancreas, and melanoma [79]. Generally, meta-
static lesions are multiple in number with poorly 
defined borders [80].

The most common features of hepatic metas-
tases on US are hypoechogenicity (65% of cases), 
round well-circumscribed contours, tumor mass 
effect on adjacent tissue/structures, hypoechoic 
halo, and variable appearances such as cystic 
necrosis, calcification, and infiltration [81]. 
Calcifications are usually present in metastases 
from ovarian, breast, renal, lung, thyroid, and 
mucinous gastrointestinal tumors [80]. Cystic 
liver metastases are from either cystic malignan-

cies, such as pancreatic mucinous cystadenocar-
cinoma and ovarian carcinoma, or solid primary 
lesions such as leiomyosarcoma, melanoma, car-
cinoid tumors, pheochromocytoma, neuroblas-
toma, pancreatic neuroendocrine tumor, and 
gastrointestinal stromal tumor [82, 83].

Hypoattenuation is the most common finding 
related to liver metastases on un-enhanced CT 
(Fig.  2.8a), reflecting glycogen scarcity or 
increased tumor water content. Hypodense liver 
metastases with intralesional amorphous calci-
fied areas usually are primary gastric or colonic 
mucinous cancers [84]. After administration of 
contrast material, documentation of a lesser 
degree of enhancement compared to the sur-
rounding tissue is a key finding, unless in fatty 
livers that may cause the lesions to appear iso- or 
even hyperattenuating compared to background 
liver. The pattern of enhancement is not uniform, 
including a dominant peripheral enhancement, 
central filling during the PVP, or washout in the 
delayed phase [85]. “Peripheral washout sign” or 
“peripheral low-density area sign” refers to the 
presence of low-density bands in the periphery of 
liver metastases originating from the stomach, 
colon, pancreas, gallbladder, and breast during 
the PVP or delayed phase and reflects the exis-
tence of abundant tumor cells in the peripheral 
areas versus coagulative necrosis and desmoplas-
tic reactions in the central area [86]. In contrast, 
newer histopathological data suggest that the 
peripheral rim enhancement is actually related to 
extralesional areas with desmoplastic reactions, 
vascular proliferation, and inflammation [87]. 
Manifestations of liver metastases are variable at 
MRI.  Generally, the lesions are hypo- to isoin-
tense on T1-weighted images (Fig. 2.8b) and iso- 
to hyperintense on T2-weighted images without 
using IV contrast material [88]. Mixed signal 
intensity on T1-weighted images may be present 
when there is intratumoral hemorrhage, necrosis, 
or mucin production. Rarely metastatic tumors 
are hyperintense on T1-weighted images, as is 
seen with those from pancreatic insulinoma. This 
rare finding has been attributed to the effects of 
insulin, leading to triglyceride accumulation in 
hepatocytes [89]. High T1 signals have also been 
reported with liver metastasis from colonic ade-
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nocarcinoma, melanoma, ovarian adenocarci-
noma, myeloma, and pancreatic mucinous 
cystadenocarcinoma because of intratumoral 
hemorrhage, melanin, extracellular methemoglo-
bin, and protein content [90]. In case of intratu-
moral fibrosis and necrosis, the lesion may appear 
hypointense on T2-weighted images [84].

After IV administration of gadolinium, 
enhancements could be lesional or perilesional 
on T1-weighed images [91]. Colorectal cancer 
metastases may show a hyperintense peripheral 
halo or rim on T2-weighted images because of 
central necrosis, fibrin, or mucin [92–94]. The 
“doughnut sign” and the “target sign” are also 
common in metastatic lesions, generally seen on 
T1- and T2-weighted images, respectively. The 
former represents a hypointense rim surrounding 
an irregular or ovoid central region with lower 

signal intensity. The latter is composed of a rim 
surrounding a central area with higher signal 
intensity [92].

The pattern of enhancement in metastatic liver 
tumors also varies by the size of the lesion. In 
small lesions, enhancement is usually uniform, 
whereas in larger lesions, a transient rim enhance-
ment tends to appear (Fig.  2.8c, d). Most liver 
metastases are hypovascular and hence they are 
best visualized during the PVP. Such tumors may 
show an enhancing ring during the HAP [80]. 
The primary malignancies with hypervascular 
liver metastases such as thyroid and renal cell 
carcinomas, pheochromocytoma, pancreatic neu-
roendocrine tumors, melanoma (Fig.  2.9), sar-
coma, and carcinoid tumors show moderate to 
full enhancement during the HAP [95]. An early 
enhancement usually occurs in the form of a con-

a b

c d

Fig. 2.8 Colorectal metastasis (arrows). These are 
hypodense with irregular borders on CT in the portal 
venous phase (a). On MRI these are hypointense on 

T1-weighted image (b), with rim enhancement in the 
hepatic arterial (c) and portal venous (d) phases
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tinuous rim with progressive centripetal fill-in 
[80]. These hypervascular metastatic lesions 
become iso- or hypointense during the PVP, and 
a peripheral washout sign (development of a 

hypointense peripheral rim compared to the cen-
ter of the lesion) can be seen during the delayed 
phase [96]. Breast-liver metastases are usually 
hypovascular, but occasionally hypervascular 

a b

c
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Fig. 2.9 Melanoma metastasis (arrows). These are 
hypointense on CT images in the arterial (a) and portal 
venous (b) phases. On MRI the lesions are hyperintense 
on T2-weighted image (c) and mildly hyperintense on un- 

enhanced T1-weighted image due to the presence of mela-
nin (d). The lesion demonstrates hypervascularity in the 
hepatic arterial phase (e)
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cases may be encountered, as well. Of note, 
metastases from papillary cystic ovarian tumors 
do not show enhancement [78].

Hepatic metastases do not contain functioning 
hepatocytes. So, their intensity remains constant 
after using hepatobiliary contrast agents, whereas 
the normal liver shows a marked reduction in sig-
nal intensity, resulting in a dramatic increase in 
liver-to-lesion contrast [97].
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Liver Transplantation 
for Hepatocellular Carcinoma: 
The Challenge of Organ 
Availability

Christopher Sonnenday

 Introduction

In patients with end-stage liver disease and early-
stage hepatocellular carcinoma (HCC), liver 
transplantation provides the most definitive ther-
apy option, addressing both the patient’s chronic 
liver disease and their malignancy. While appro-
priate debate continues about the extent of tumor 
burden able to be addressed by transplantation, 
patients with advanced liver disease who are not 
candidates for resection have transplantation as 
their only potentially curative treatment option. 
In the modern era, liver transplant outcomes are 
excellent, with short-term survival outcomes 
rivaling that of hepatic resection (4–8% 90-day 
mortality) and long-term recurrence rates that are 
lower than 10% in most centers [1]. Even with 
extended selection criteria, long-term transplant 
outcomes among patients with HCC are equiva-
lent to patients undergoing liver transplantation 
for other indications.

However, liver transplantation remains a ther-
apy with inherently limited application due to the 
profound mismatch between organ availability 
and demand. While much debate has occurred 
about which patients with HCC are best served 
with transplantation, the reality remains that liver 

transplantation is not an “off-the-shelf” therapy, 
with inherent challenges in patient selection and 
obligate delays in offering definitive therapy, 
while a donor organ is identified. Furthermore, 
access to transplantation varies significantly 
among both individuals and populations, subject 
to multiple factors including availability of living 
donor liver transplantation (LDLT), supply of 
deceased donor organs relative to local waitlist 
volume, policy measures that control access of 
HCC patients to deceased donor organs, and 
transplant center donor and recipient selection 
criteria. To add complexity to the decision-mak-
ing about the use of transplantation for patients 
with HCC, the amount of time an individual 
patient waits for transplant appears to have sig-
nificant impact on outcome, emphasizing the 
always central importance of tumor biology and 
the uncertain influence of “bridging therapies” 
(liver-directed therapies applied while patients 
are waiting for transplant). Counter to initial intu-
ition, more immediate access to transplant (as in 
the case of LDLT, or in areas with shorter waiting 
times for a deceased donor organ) does not 
always provide better long-term survival out-
comes, especially in patients with more advanced 
tumors. It is therefore imperative that providers 
treating patients with HCC understand the access 
of their individual patient to liver transplantation, 
as it has direct impact on clinical decision-mak-
ing and selection of therapies.
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In the following chapter, the issues of organ 
supply and allocation will be addressed as it 
relates to liver transplantation for HCC. The indi-
cations for transplantation for HCC, particularly 
relative to other therapies, are discussed else-
where in this text and will not be specifically 
addressed.

 History of Liver Transplantation 
for HCC

Many of the initial cases of liver transplantation 
were performed in patients with advanced malig-
nancy [2]. In many ways, liver transplantation 
seems the ideal therapy for hepatic malignancy, 
with total hepatectomy extending limits of 
hepatic resection. As many of the earliest cases of 
liver transplantation ended in early mortality due 
to technical and immunologic failures, the risk of 
recurrent disease was not initially realized. 
However, early series of HCC patients docu-
mented excessively high recurrence rates (75%+) 
with expedited cancer-related mortality [3]. It 
was not until Mazzaferro’s seminal series of 
patients with early-stage HCC undergoing suc-
cessful liver transplantation that the primacy of 
patient selection and tumor burden was estab-
lished [4]. The Milan criteria established in this 
study have been stretched and challenged since 
that time, but they remain the standard for low 
recurrence risk in this patient population.

 MELD-Based Allocation and HCC 
Exception Policy

In the United States, recognition of the Milan 
criteria corresponded temporally with the adop-
tion of the model for end-stage liver disease 
(MELD) as the scoring system for liver trans-
plant allocation. MELD, a multivariate model 
including serum bilirubin, serum creatinine, and 
international normalized ratio (INR) for pro-
thrombin time that is transformed to an integer 
from 6 to 40, was initially designed to predict 
mortality after transjugular intrahepatic porto-
systemic shunt (TIPS) but was also shown to 

predict waitlist mortality for liver transplantation 
[5, 6]. MELD was instituted as the metric for 
waitlist prioritization in 2002 and was immedi-
ately associated with a decrease in waitlist mor-
tality and waiting time. At the time of the 
adoption of MELD-based allocation, it was rec-
ognized that patients with HCC would require 
MELD “exception” points proportionate to their 
priority for transplantation, as the majority of 
patients with HCC listed for transplant did not 
have end-stage disease associated with elevated 
MELD scores. Patient selection for liver trans-
plantation is driven by modified TNM staging 
for HCC (Table  3.1). Initial MELD exception 
scores granted by the Organ Procurement and 
Transplantation Network (OPTN) included 29 
points for patients with T2 tumors and 24 points 
for patients with T1 tumors.

Since the adoption of MELD-based alloca-
tion, the amount of priority given to HCC patients 
via MELD exception has evolved continuously in 
response to waitlist and transplant outcomes of 
HCC patients relative to other populations 
(Table  3.2) [7]. Initial policy changes aimed to 
decrease MELD exception points given to 
patients with T2 lesions to 22 points in 2003 and 
then 22 points in 2005. As it became clear that 
patients with small, solitary lesions had good out-
comes with liver-directed therapy (e.g., ablation) 
alone, the MELD exception given to patients 
with T1 tumors was eliminated in 2004. Thus, the 
United Network for Organ Sharing (UNOS)/
OPTN criteria for transplant came to differ from 
the original Milan criteria with the exclusion of 
patients with T1 tumors.

Table 3.1 UNOS modified TNM staging for hepatocel-
lular carcinoma

T stage T1 Solitary tumor <2 cm
T2 Solitary tumor 2–5 cm; 2–3 nodules 

all less than 3 cm
T3 Solitary tumor >5 cm; 2–3 nodules 

with at least one >3 cm
T4a Four or more tumors
T4b T2, T3, or T4b tumor with gross 

vascular involvement
N stage N1 Regional lymph node involvement
M stage M1 Any extrahepatic metastatic disease 

beyond regional nodes
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Additional changes to HCC MELD exception 
policy were adopted in 2015 to delay the 
 assignment of HCC exception points for 6 months 
(with restaging imaging and serum AFP required 
every 3 months). After 6 months listing with their 
natural MELD score, patients with T2 HCC are 
granted 28 exception points. Scores are increased 
every 3 months thereafter if the patient has not 
been transplanted, to a maximum score of 34. 
The primary objective of this policy change was 
to attempt to equalize transplant rates between 
patients with HCC and non-HCC diagnoses [8]. 
In addition, the delay in granting of the HCC 
exception for 6 months allowed for observation 
of tumor biology and dropout of patients who 
progressed beyond T2 criteria. This observation 
period has the potential of excluding patients 
with higher potential recurrence rates after trans-
plantation and mitigates the seemingly counterin-
tuitive principle that patients with HCC 
transplanted in UNOS regions of shorter waiting 
time actually have inferior survival outcomes to 
patients transplanted in regions with longer wait-
ing times [9]. Presumably, longer waiting time 
imposes a type of natural selection on patients 
with more aggressive tumors and may provide an 

opportunity for liver-directed therapy as a bridg-
ing or neoadjuvant therapy. Furthermore, extend-
ing waiting time for transplant among HCC 
patients provides more equity in transplant rates 
among patients with HCC and non-HCC diagno-
ses [10].

The most recent changes to HCC exception 
policy require that patients with T2 tumors have a 
serum AFP level less than 1000 ng/mL at the time 
of listing. Patients with AFP levels greater than 
1000 ng/mL may be treated and can be listed if 
the AFP level drops to less than 500 ng/mL. This 
policy change is an attempt to utilize a biomarker 
as measure of tumor biology. While not perfect, 
significantly elevated AFP (>1000  ng/mL) is 
associated with increased posttransplant recur-
rence and diminished survival [11]. Other bio-
markers (PIVKA II, AFP-L3, glypican 3, and 
others) may provide additional fidelity in predict-
ing tumor recurrence, but none have been ade-
quately validated in transplant populations.

 Disparities in Access 
to Transplantation for HCC

In the United States, concern has risen in the 
transplant community about the variation in 
access within geographic regions of the country. 
From an allocation standpoint, the country is 
divided into 11 geographic regions and 58 donor 
service areas (local areas of variable size served 
by a single donor service area). The boundaries 
of these regions and donor service areas were 
drawn based on historical precedent and proxim-
ity rather than population-based metrics. Thus, 
substantial variation in donor supply and trans-
plant demand may exist between and within 
UNOS regions. This creates significant disparity 
in allocation MELD at time of transplant [12] and 
profound difference in the utilization of MELD 
exception scores including those applied for 
HCC patients [13]. Redrawing of the boundaries 
(“redistricting”) utilized for liver transplant allo-
cation has been debated [14], and in 2018 UNOS 
will execute important policy initiatives to 
address these inequities including reform of 
regional exception score variation through the 

Table 3.2 UNOS/OPTN exception policy for HCC 
(Adapted from Rich NE et al.) [7]

Year of policy 
change

MELD exception points and policy 
details

2002 29 exception points for T2 lesions
24 exception points for T1 lesions

2003 24 exception points for T2 lesions
20 exception points for T1 lesions

2004 24 exception points for T2 lesions
  • No exception points for T1 lesions

2005 22 exception points for T2 lesions
  • No exception points for T1 lesions

2015 Lab MELD score at time of listing for 
T2 lesions
  • 28 exception points after 6 months
  •  Maximum of 34 MELD exception 

points
2017 AFP < 1000 ng/mL required for active 

listing
2018 Establishment of national exception 

review board
HCC exception points will be based 
upon median MELD at transplant (−3 
points) in local donor service area.
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establishment of a national exception review 
 process and adjusting allocation to give priority 
to patients within proximity to donor hospitals 
regardless of regional boundaries. These initia-
tives are expected to improve disparity in alloca-
tion MELD score at time of transplant and limit 
variation in access of HCC patients to transplant 
but may not address differences in center behav-
ior (differences in donor and recipient selection) 
that could perpetuate differences in allocation 
MELD at time of transplant [15].

Even greater differences exist in access to 
advanced therapies for HCC, including trans-
plant, by race and ethnicity. Black and Hispanic 
patients in the United States are far less likely to 
receive definitive surgical therapy for HCC, 
including resection and transplant. Black patients 
are particularly disadvantaged in access to liver 
transplantation for HCC, with individual patients 
more than 50% less likely to be transplanted than 
similar White patients [16]. These disparities in 

access to transplant translate to inferior survival 
outcomes among Black and Hispanic patients 
with HCC [17]. Addressing race/ethnicity dis-
parities in access to transplant for HCC is chal-
lenging but will likely require public health 
initiatives to improve access of minority popula-
tions to subspecialty care earlier in the course of 
their disease.

 Eligibility for Transplant Beyond 
Milan Criteria

Numerous efforts have been made to expand eli-
gibility criteria for liver transplantation beyond 
Milan criteria, although none have been univer-
sally accepted in a manner to drive organ alloca-
tion. Llovet and colleagues first popularized the 
analogy of the European Metroticket (Fig. 3.1), 
associating the further “distance” from Milan cri-
teria with the higher “price” of posttransplant 
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Fig. 3.1 The “Metroticket” model of HCC tumor size 
and number relative to posttransplant survival, used from 
Yao with permission [18]. Individual HCC eligibility 
criteria are designated by their name and associated cir-
cle. For example, the Milan criteria (solitary tumor 
≤5  cm, 2–3 nodules none larger than 3  cm) would be 

expected to yield 75–80% 5-year posttransplant survival. 
Used with permission from Yao FY.  Liver transplanta-
tion for hepatocellular carcinoma: beyond the Milan cri-
teria. Am J Transplant. Wiley/Blackwell (10.1111); 2008 
Oct;8(10):1982–9 [15]
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recurrence [18]. Alternative criteria may be eval-
uated on the balance between expanding eligibil-
ity for transplant to additional patients with HCC 
and the increased risk of recurrent disease. 
Consensus in the transplant community has gen-
erally established 60% 5-year overall posttrans-
plant survival as the lowest acceptable survival to 
balance the utility of transplant for HCC with 
other diagnoses [19].

Among alternative criteria for transplant eligi-
bility among HCC patients, only the University 
of California-San Francisco (UCSF) criteria have 
been prospectively validated with acceptable out-
comes [11, 20]. UCSF criteria extend Milan cri-
teria by modestly extending tumor volume 
criteria (one tumor ≤6.5  cm, three nodules at 
most with the largest ≤4.5  cm, and total tumor 
diameter ≤8 cm). These criteria were generated 
retrospectively based on explant pathology, but 
prospective validation using preoperative imag-
ing documented a low overall recurrence rate of 
10% at 5 years, with only 15% of patients found 
to exceed UCSF criteria on explant pathology 
[20]. Despite these excellent outcomes, there has 
not been support from the community to change 
UNOS/OPTN policy to extend selection criteria 
for HCC candidates.

 Downstaging Therapy

While extension of HCC eligibility criteria at the 
time of transplant has not been endorsed broadly 
in the United States, liver-directed therapy to 
downstage patients beyond Milan criteria such 
that they meet UNOS T2 criteria at the time of 
transplant has been increasingly utilized. Despite 
this increasing experience and expert opinion sup-
porting the use of downstaging to expand access 
to transplantation, there is no consensus about the 
most effective modality for liver-directed therapy 
[21, 22]. A recent systematic review of published 
series of downstaging suggested that up to 60% of 
candidates will be successfully downstaged to 
within Milan criteria, but no clear advantage was 
demonstrated according to liver-directed therapy 
modality (transarterial chemoembolization versus 
transarterial radioembolization) [23]. Critically 

important to the establishment of uniform down-
staging strategies is the utilization of standard cri-
teria for measuring response to therapy by 
imaging. The modified RECIST (mRECIST) cri-
teria were created by expert consensus convened 
by the American Association for the Study of 
Liver Diseases (AASLD) and remain the gold 
standard for evaluating response to therapy on 
contrast-enhanced CT or MRI [24]. The extent of 
residual viable tumor, rather than measurement of 
treatment cavity or previous tumor size, is utilized 
to determine the amount of residual disease. 
Response to therapy should be observed for at 
least 3 months prior to consideration of active list-
ing for transplant. Patients who maintain residual 
tumor volume within Milan criteria or less after 
downstaging therapy are appropriate for listing 
and should be monitored for intrahepatic and 
extrahepatic progression every 3  months until 
transplant.

Controversy exists over whether or not there is 
an “outer limit” to tumors appropriate for down-
staging. UNOS recently considered a policy revi-
sion to define eligibility criteria for downstaging, 
including patients with a solitary lesion less than 
8 cm, those with 2–3 lesions each less than 5 cm 
and total tumor diameter not exceeding 8 cm, and 
those with 4–5 lesions each less than 3 cm with 
total diameter not exceeding 8 cm [7]. However, 
no consensus could be reached in the community, 
and examples exist of patients with extensive 
tumor being successfully downstaged to trans-
plant with liver-directed therapy, often in multi-
ple sessions, and an appropriate period of 
observation [25]. Most centers and experts agree 
that tumor thrombus is a relative contraindication 
to downstaging therapy, although limited cases 
with prolonged observation suggest that even 
those patients may be downstaged in some 
instances [26].

 Living Donor Liver Transplantation 
for HCC

Living donor liver transplantation (LDLT) offers 
the opportunity to improve timely access to trans-
plantation to patients in the United States and is 
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the primary form of liver transplantation in Asian 
countries with limited access to deceased donor 
organs. Among patients with end-stage liver dis-
ease, LDLT appears to offer equivalent or even 
superior recipient survival outcomes [27], likely 
reflecting the benefit of access to transplant ear-
lier in the patient’s disease course when recovery 
from transplant may be easier. However, among 
HCC patients, LDLT appears to be associated 
with an increased risk of HCC recurrence post-
transplant [28]. Explanations for inferior out-
comes among HCC patients treated with LDLT 
include differences in pretransplant therapies 
(such as decreased use of liver-directed therapy), 
differences in patient selection (potential ten-
dency to consider patients beyond Milan criteria 
for LDLT), and expedited transplant via LDLT 
such that a period of observation of tumor behav-
ior does not occur [29]. The most appropriate 
selection criteria for selection HCC patient 
appropriate for LDLT have not been established, 
but utilization of some observation period 
(3–6  months) after diagnosis of HCC prior to 
LDLT may eliminate the possibility of trans-
planting patients with particularly unfavorable 
tumor biology and increased recurrence risk [21].

As LDLT is not regulated by the same policy 
criteria as deceased donor allocation, transplant 
centers have considered utilization of LDLT for 
HCC patients with tumors outside Milan criteria. 
This practice avoids the ethical quandary faced 
in deceased donor transplantation for patients 
with advanced HCC, where use of a scarce 
deceased donor organ potentially deprives other 
patients (including non-HCC patients) with bet-
ter survival outcomes from transplant. However, 
recipient selection in LDLT should consider the 
risks of hepatectomy to the donor, such that a 
certain minimum expected recipient outcome 
should be expected to justify donor risk [30]. 
Most centers appear to extrapolate expected 
minimum acceptable recipient survival out-
comes (50–60% 5-year overall survival) from 
deceased donor transplantation to LDLT, but no 
clear standard has been established by consensus 
in the field. As in deceased donor liver transplan-
tation, extension of LDLT to HCC patients 
beyond Milan criteria is associated with 
increased recurrence rates but comparable over-

all survival [31]. Ongoing prospective study is 
required, but it does appear that LDLT may pro-
vide a clinical opportunity to cautiously extend 
HCC eligibility criteria for transplant without 
the ramifications for other listed patients and the 
need for extensive policy revision.

 Summary

Liver transplantation is the definitive therapy for 
select patients with end-stage liver disease and 
HCC. The Milan criteria remain the most durable 
and appropriate selection criteria for HCC candi-
dates for transplantation and are therefore incor-
porated in organ allocation policy for 
HCC. Extending transplant to patients with HCC 
beyond Milan criteria may be considered through 
the use of pretransplant downstaging therapy and 
appropriate periods of observation prior to trans-
plant. The optimal therapy for downstaging has 
not been determined and may include a combina-
tion of liver-directed therapy in some patients. 
LDLT is an effective alternative source of donor 
organs for HCC patients, and ongoing work is 
needed to refine recipient selection criteria for 
LDLT among HCC candidates.
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Surgical Approach 
in Hepatocellular Carcinoma: 
Resection Versus Transplantation

Vikrom K. Dhar and Shimul A. Shah

 Introduction

Hepatocellular carcinoma (HCC) is the fifth most 
common cancer and second leading cause of can-
cer-related mortality worldwide [1, 2]. With an 
increase in the prevalence of risk factors includ-
ing hepatitis C virus (HCV) and nonalcoholic 
steatohepatitis (NASH)-induced cirrhosis, the 
incidence of HCC in the United States continues 
to rise each year [3]. Without treatment, patients 
suffering from this malignancy have a median 
survival of less than 1 year [4–9]. While surgical 
resection (SR) and liver transplantation (LT) rep-
resent the only curative treatment options for 
HCC, the decision regarding which operation is 
optimal remains highly controversial [10, 11]. 
Patient-specific factors including tumor charac-
teristics, underlying hepatic function, socioeco-
nomic status, and functional performance as well 
as infrastructural factors including regional 
resources and organ availability all play a signifi-

cant role in determining appropriate management 
for eligible surgical candidates. In this chapter, 
we provide an overview of the surgical approaches 
available in the management of HCC with an 
emphasis on appropriate patient selection and 
outcomes for SR and LT.

 Preoperative Assessment

 Diagnosis

HCC is most commonly discovered incidentally 
on radiographic imaging performed for other 
indications. Diagnosis can often be made without 
any requirement for tissue biopsy and is based on 
key features identified on triple-phase computed 
tomography (CT) scanning or gadolinium-
enhanced magnetic resonance imaging (MRI) 
[12]. Detection of a hypervascular hepatic lesion 
in the arterial phase with washout during the por-
tal venous or delayed phases is characteristic 
[12]. While some patients are found to have an 
elevated alpha-fetoprotein (AFP) level, AFP is 
not a definitive marker. In cases where radio-
graphic imaging is inconclusive, tissue biopsy 
may be considered in order to obtain histologic 
confirmation. When obtaining tissue biopsy, con-
sideration must be given to potential seeding of 
tumor along the needle tract, as development of 
metastases may preclude surgical intervention.
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Given the association between HCC and cir-
rhosis, screening regimens have been proposed 
for use in cirrhotic patients. Such protocols have 
employed monitoring of AFP levels in conjunc-
tion with radiographic surveillance by ultra-
sound, CT, or MRI every 6–12  months in 
high-risk patient populations [12, 13]. The goal 
of successful surveillance is to detect HCC at an 
early stage of disease, allowing patients to 
undergo potentially curative surgical treatments 
prior to development of metastases. Due to a lack 
of quality data, however, no formal consensus 
guidelines exist for standardized screening proto-
cols in these patients [12, 13].

 Surgical Candidacy

Once the diagnosis of HCC is made, thorough 
evaluation of disease characteristics including 
number of tumors, tumor size, and liver function 
based on Child-Pugh class or Model for End-
Stage Liver Disease (MELD) score is critical. 
While SR and LT remain the sole options for 
curative treatment, only 25–40% of HCC patients 
in the United States ultimately undergo surgery 
[14–16]. Associated medical comorbidities and 
risks related to chronic liver disease or cirrhosis 
may impact patients’ eligibility for operative 
intervention. Furthermore, current criteria for 
surgical candidacy are relatively strict.

The Barcelona Clinic Liver Cancer (BCLC) 
system is one of the most widely used staging 
systems for HCC disease, classifying patients 
into either early, intermediate, advanced, or ter-
minal stages [17]. Surgical management of HCC 
is often limited to early-stage cancers that satisfy 
the Milan criteria, first established by Mazzaferro 
et al. in 1996 [18]. By selecting patients with a 
solitary tumor ≤5 cm in diameter or ≤3 tumors 
each ≤3  cm in size, reduced tumor recurrence 
and mortality rates have been achieved [18, 19]. 
Conversely, HCC patients with disease beyond 
Milan criteria or intermediate stage BCLC clas-
sification were traditionally referred for nonop-
erative management. With improvements in 
complex liver surgery over the past two decades, 
these patients are increasingly being considered 

for surgical resection [20]. Additionally, signifi-
cant improvements have been made to locore-
gional therapies, such as ablation and 
embolization, as well as to novel targeted sys-
temic therapies aimed at reducing tumor burden 
in patients with locally advanced disease [21]. 
High-risk patients previously thought to be ineli-
gible for curative surgical treatment have recently 
been shown to undergo significant tumor down-
staging [22, 23]. Indications for surgical inter-
vention continue to evolve, and recent studies 
have explored expansion of candidacy for both 
SR and LT [24]. As a result of these advances, 
treatment options for HCC are numerous, and 
attempts to create standardized management 
algorithms have been difficult.

 Surgical Resection

Resection is considered a primary treatment 
modality for non-cirrhotic patients with early-
stage HCC that satisfies the Milan criteria. 
Patients with well-compensated cirrhosis (Child-
Pugh class A) without evidence of portal hyper-
tension, as seen in Fig. 4.1, are also considered 
for resection [25, 26]. Additionally, patients with 
HCC disease that has advanced beyond Milan 
criteria, but remains resectable with adequate 
hepatic reserve, are also appropriate candidates 
for resection [20, 24]. In patients presenting with 
advanced cirrhosis (Child-Pugh class B and class 
C), SR is typically contraindicated. Furthermore, 
in patients with extensive multifocal disease 
involving the main portal vein or inferior vena 
cava, surgical treatment is contraindicated.

Appropriate selection of patients for SR is 
dependent on tumor factors, liver anatomy, 
underlying hepatic function, and size of the rem-
nant liver. In patients with inadequate functional 
reserve, hepatic regeneration is impaired, and 
normalization of liver function is slow or even 
absent. The presence of portal hypertension sig-
nificantly increases risk for massive hemorrhage 
during resection. Furthermore, portal hyperten-
sion may be exacerbated following SR due to an 
increase in blood flow through the resultant non-
compliant vascular bed. While well-compensated 
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cirrhotic patients are eligible for resection, con-
sideration must be given that these patients may 
have undiagnosed portal hypertension. Beyond 
radiographic evidence, exam findings of spleno-
megaly, ascites, or esophageal varices should 
increase suspicion for portal hypertension. 
Laboratory findings may reveal platelet counts of 
less than 100,000/μL. In equivocal cases, hepatic 
venous catheterization may be utilized to assess 
hepatic venous pressures, with a pressure gradi-
ent of greater than 10  mmHg being associated 
with poor outcomes following resection [27]. 
When assessing hepatic reserve, CT imaging can 
be used for volumetric analysis in order to esti-
mate the size of the liver remnant. Standardized 
future liver remnant (FLR) volume is an estab-
lished measurement used to assess the percentage 
of total estimated liver volume remaining follow-

ing resection. Current guidelines recommend 
sFLR volumes of at least 20% in patients without 
any underlying liver disease. In HCC patients 
with cirrhosis, sFLR volumes of greater than 
40% are recommended [28]. In cases where rem-
nant size is inadequate, percutaneous transhe-
patic portal vein embolization (PVE) has been 
shown to be efficacious in inducing compensa-
tory hepatocyte hypertrophy and improving eligi-
bility for resection [29–31]. In PVE, a branch of 
the portal venous system that is anatomically rel-
evant to the location of the tumor is occluded 
resulting in compensatory hypertrophy of the 
contralateral liver remnant and an increase in vol-
ume ranging from 8 to 27% [29]. In a meta-anal-
ysis of over 1000 patients, Abulkhir et al. reported 
a post-PVE resection rate of 85% with a morbid-
ity rate of 2.2% and no mortality [29].

Fig. 4.1 Solitary hepatocellular carcinoma in patient with Child-Pugh A cirrhosis on multiphase imaging
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With regard to surgical technique, much 
debate exists regarding the impact of anatomic 
versus nonanatomic resection on outcomes for 
patients with HCC. Despite similar rates of mor-
bidity and mortality, anatomic resection has been 
shown to have more favorable rates of 5-year OS 
and DFS compared to nonanatomic resection. In 
a meta-analysis of 18 studies involving over 9000 
patients, patients undergoing anatomic resection 
had significantly improved 5-year OS (RR 1.14, 
p  <  0.01) and 5-year DFS (RR 1.38, p  <  0.01) 
compared to nonanatomic resection. Of note, 
patients undergoing nonanatomic resection 
Hepatocellular carcinoma (HCC):surgical resec-
tion (SR): were found to have more advanced 
hepatic dysfunction and higher prevalence of cir-
rhosis, likely affected survival and recurrence 
rates [32]. The ability to perform anatomic vs. 
nonanatomic resection largely depends on the 
location of lesion, liver reserve, and degree of 
hepatic dysfunction assessed preoperatively.

 Outcomes

Improvements in recent decades with regard to 
patient selection, surgical technique, and periop-
erative care have led to reduced morbidity and 
mortality for all patients undergoing complex 
liver resection. Regionalization of liver resec-
tions to high volume centers has also been shown 
to positively impact both perioperative and long-
term outcomes, with reported mortality rates of 
less than 4% [33–36]. With respect to HCC, simi-
lar perioperative mortality rates have been 
reported at 3–5%, attributed to refinements in 
patient selection and improvements in technique 
[37]. Regarding long-term outcomes, 5-year 
overall survival (OS) rates for patients undergo-
ing SR have been shown to range from 27 to 70% 
[11, 38–53]. Recurrence rates, however, remain 
significantly elevated for patients undergoing SR, 
attributing to the fact that the remnant liver may 
continue to harbor malignant potential. In multi-
ple studies, 5-year disease-free survival (DFS) 
for patients undergoing SR has been shown to 
range between 18 and 57%. Due to high recur-
rence rates, use of locoregional therapies to 

reduce tumor burden, re-resection in selected 
patients, and utilization of salvage LT following 
index resection have all been studied as possible 
treatment modalities for HCC recurrence follow-
ing SR [54–56]. Factors associated with worsen-
ing survival include major vascular invasion and 
multifocal HCC disease [57, 58].

 Liver Transplantation

Traditionally, LT has been considered standard of 
care for HCC patients with decompensated cir-
rhosis as both the tumor and underlying liver dis-
ease are addressed with this operation. 
Furthermore, patients with multifocal, unresect-
able disease or inadequate hepatic reserve are 
more appropriate for LT compared to SR.  In 
1996, Mazzaferro et al. described the Milan crite-
ria to establish eligibility of HCC patients for 
liver transplantation [18]. By selecting patients 
with a single lesion ≤5  cm or  ≤3 tumors no 
greater than 3 cm, no evidence of vascular inva-
sion, and no regional nodal or extrahepatic metas-
tases, 5-year survival rates of up to 75% have 
been demonstrated [18, 19, 59]. Such survival 
rates are similar to those for patients undergoing 
LT for cirrhosis without HCC. Since then, criteria 
expanding eligibility for LT have been proposed. 
The UCSF criteria, established by Yao et  al. in 
2001, considered patients with a single lesion 
≤6.5  cm or  ≤3 tumors each no greater than 
4.5 cm and a total tumor size ≤8 cm appropriate 
for LT, achieving 5-year survival rates of 75% 
[60]. With regard to organ allocation and excep-
tion points, HCC patients with 1 tumor >2 
and <5 cm or 2–3 tumors with the largest being 
<3  cm in size receive a MELD score of 22. 
Furthermore, patients receive an additional 3 
MELD score points every 3  months they con-
tinue to meet the above HCC staging criteria, 
accounting for a 10% increase in mortality risk 
with each step-wise increase in MELD. Due to 
the benefit that HCC patients receive on the wait-
ing list, allocation policies are investigating 
whether HCC patients are over-prioritized when 
placed on the waiting list for LT. By implement-
ing these MELD exception points, dropout rates 
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associated with disease progression while on the 
waiting list are thought to be reduced.

 Outcomes

When comparing overall survival of appropri-
ately selected HCC patients undergoing LT to 
those undergoing LT for nonmalignant etiolo-
gies, similar survival rates have been achieved. 
Five-year OS rates following LT range from 41 to 
78%, while 5-year DFS rates range from 54 to 
98% [11, 38–53, 61]. Prognostic factors that have 
been shown to adversely affect overall and recur-
rence-free survival include tumor size >5  cm, 
lymph node involvement, vascular invasion, 
bilobar hepatic involvement, and histologic grade 
[61, 62]. Additionally, the impact on pretrans-
plant AFP levels has been well studied [63]. 
While no large randomized controlled trials have 
been performed comparing outcomes of LT with 
other therapeutic modalities for early-stage HCC, 
many retrospective studies and multicenter expe-
riences have demonstrated equivalent or 
improved survival with LT [11, 38–53]. One must 
recognize that results after LT are highly selected 
due to watchful waiting on the list and monitor-
ing of tumor status.

 Surgical Resection vs. Liver 
Transplantation

Due to the significant heterogeneity of clinical 
and pathophysiological characteristics found in 
HCC patients, determining the optimal surgical 
treatment is complex and depends on appropriate 
patient selection and risk stratification. In addi-
tion to disease-related factors, surgeon specialty 
and training have been shown to significantly 
influence choice of therapy [64]. Further com-
pounding this controversy is the fact that no ran-
domized controlled trials comparing SR with LT 
have been performed. Level 1 evidence support-
ing either treatment modality does not exist, with 
the majority of studies consisting of single or 
multicenter institutional experiences.. In a review 
of SR versus LT for HCC patients by the Cochrane 

Collaboration, the authors concluded that no 
overall recommendation or refutation of one 
intervention over the other could be made [65].

When framing the issue of SR versus LT, it is 
important to understand that particular subsets of 
HCC patients are considered to be more appro-
priate for one surgical intervention compared to 
the other. In patients with severe cirrhosis (Child-
Pugh class B or class C) and early-stage HCC, LT 
is considered primary treatment as transplanta-
tion allows for treatment of HCC as well as any 
underlying liver pathology. In patients with no 
cirrhosis or well-compensated cirrhosis and 
resectable HCC disease that is beyond Milan cri-
teria, SR is more appropriate. The greatest con-
troversy exists regarding the subgroup of HCC 
patients with well-compensated Child-Pugh class 
A cirrhosis and early-stage disease within Milan 
criteria. While this population represents a small 
percentage of HCC patients overall, significant 
variability in choice of therapy exists. Surgeon 
preference, organ availability, and hospital 
resources are the primary factors that determine 
utilization of SR versus LT for these patients.

Multiple meta-analyses have been undertaken 
that directly evaluate outcomes between SR and 
LT (Table 4.1) [28, 66–69]. Many of these have 
demonstrated favorable outcomes for patients 
undergoing LT compared to SR, with improved 
5-year OS and DFS rates. In their review of ten 
series comparing over 1700 patients, Dhir et al. 
demonstrated that LT was associated with a sta-
tistically significant improvement in 5-year OS 
compared to SR (OR 0.58, 95% CI 0.36–0.94, 
p = 0.03) in patients with early-stage HCC [68]. 
When comparing patients with well-compen-
sated cirrhosis, this survival advantage persisted 
(OR 0.54, 95% CI 0.38–0.77, p < 0.01). Proneth 
et al. performed a review of 70 studies that dem-
onstrated increased 5-year OS (60.9% vs. 49.4%, 
p < 0.01) as well as increased 5-year DFS (58.0% 
vs. 33.9%, p < 0.01) for LT compared to SR [66]. 
Rahman et al. reported 5-year DFS rates ranging 
from 54 to 84% for LT compared to 18–56% for 
SR [67]. Finally, in a review of ten studies, 
Rahbari et al. reported that even though SR was 
found to have comparable 5-year OS rates to LT 
in some series, a majority of studies determined 

4 Surgical Approach in Hepatocellular Carcinoma: Resection Versus Transplantation



50

that LT was associated with significantly higher 
5-year DFS [69].

The key consideration with regard to studies 
reporting outcomes for LT is that many only 
include HCC patients who actually receive a 
transplant. Patients who are initially listed for 
transplant but develop tumor progression and 
become ineligible for LT ultimately do not 
undergo operative intervention and are thus 
excluded from analyses. In essence, utilizing LT 
selects out patients with “bad” biology, and 
reported survival rates following transplantation 
may be falsely elevated. When intention-to-treat 
(ITT) analysis is performed, accounting for dis-
ease progression and mortality associated with 

time spent on transplant waiting lists, the 5-year 
OS between SR and LT is found to be compara-
ble. In their series, Llovet et al. reported a drop-
out rate of 23% for patients on the waiting list for 
LT resulting in a decrease of 2-year OS from 84 
to 54% [53]. Dhir et  al., when analyzing only 
studies that included ITT analysis, found no sta-
tistically significant difference between patients 
undergoing SR and LT (OR 0.60, 95% CI 0.29–
1.24, p  =  0.17) [68]. Similarly, when selecting 
case-control studies that included ITT data for 
patients undergoing LT, Proneth et al. found that 
the difference in 5-year OS between SR and LT 
patients was no longer statistically significant 
(OR 0.84, 95% CI 0.48–1.48, p  =  0.55) [66]. 

Table 4.1 Overview of selected studies reporting overall survival and disease-free survival after surgical resection and 
liver transplantation

Author
Tumor 
burden

Child-Pugh 
class ITT

SR 
(n)

LT 
(n)

5-year OS 
SR

5-year OS 
LT

5-year DFS 
SR

5-year 
DFS LT

Squires et al. 
[38]

Milan A, B, C No 45 131 44 66 23 85

Koniaris et al. 
[39]

Milan N/A Yes 26 73 63 41 52 46

Lee et al. [40] Milan + 
beyond

A, B No 82 48 58 78 57 89

Facciuto et al. 
[41]

Milan + 
beyond

A, B, C Yes 51 106 57 53 NA NA

Baccarani et al. 
[44]

Milan A, B, C Yes 38 48 27 72 37 98

Bellavance et al. 
[43]

Milan A No 245 134 46 66 40 82

Del Gaudio 
et al. [42]

Milan A, B, C Yes 80 293 66 58 41 54

Cillo et al. [46] Milan + 
beyond

A, B, C Yes 131 40 31 63 24 91

Shah et al. [11] Milan A, B Yes 121 140 56 64 56 60
Poon [45] Milan A, B, C Yes 204 43 60 44 44 84
Margarit et al. 
[47]

Milan A No 37 36 70 65 39 56

Bigourdan et al. 
[48]

Milan A Yes 20 17 36 71 40 80

Adam et al. [49] Milan + 
beyond

A, B, C Yes 98 195 50 61 18 58

Shabahang et al. 
[50]

Milan + 
beyond

A, B, C No 44 65 37 66 36 66

De Carlis et al. 
[51]

Milan + 
beyond

A, B, C No 154 121 40 60 38 74

Figueras et al. 
[52]

Milan + 
beyond

A, B, C No 35 85 51 60 31 60

Llovet et al. [53] Milan A, B, C Yes 77 87 51 69 NA NA

DFS disease-free survival, ITT intention-to-treat, LT liver transplantation, OS overall survival, SR surgical resection
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When restricting their meta-analysis to ITT stud-
ies, Rahman et al. found there was no significant 
difference in 5-year OS between SR and LT (OR 
1.19, 95% CI 0.78–1.80, p = 0.42) [67].

Further complicating the matter is that many 
of these studies examining outcomes between SR 
and LT compare heterogeneous patient popula-
tions with different stages of HCC disease and 
varying levels of underlying liver function. Many 
studies examining outcomes following SR have 
included patients with HCC disease beyond 
Milan criteria or with vascular invasion, likely 
contributing to higher recurrence rates and worse 
outcomes. Conversely, some studies have 
included patients without any underlying liver 
disease, potentially contributing to more favor-
able outcomes for resection. In their evaluation of 
patients with well-compensated cirrhosis and 
early-stage HCC within Milan criteria, Koniaris 
et al. found that SR was associated with a 5-year 
OS rate of 63% compared to 41% for patients 
undergoing LT (p = 0.04), concluding that resec-
tion was associated with a survival advantage 
[39]. Despite utilizing ITT analysis, the study 
included patients without underlying cirrhosis in 
the SR group, likely affecting the comparison and 
skewing the results in favor of SR.

Despite the impact of intention-to-treat analy-
ses on OS outcomes, recurrence rates remain sig-
nificantly increased for patients undergoing 
SR. As a result, these patients are shown to suffer 
lower DFS rates compared to those undergoing 
LT.  In a recent study, utilizing propensity score 
matching to balance baseline clinical and patho-
logical characteristics, patients undergoing SR 
achieved comparable OS rates to those undergo-
ing LT; however, DFS remained higher for LT 
patients [70]. When examining studies perform-
ing ITT analysis, Rahman et  al. demonstrated 
that 5-year DFS was statistically significantly 
higher in LT patients compared to SR patients 
(54% vs. 49%, p = 0.05 with OR 0.76, 95% CI 
0.57–1.00, p = 0.05) [67]. Furthermore, studies 
have demonstrated significantly higher 10-year 
OS (OR 0.44, 95% CI 0.34–0.58, p < 0.001) and 
10-year DFS (OR 0.27, 95% CI 0.10–0.76, 
p = 0.01) for patients undergoing LT compared to 
SR [67].

Ultimately, proponents of LT argue that 
transplantation offers a clear benefit over resec-
tion due to higher rates of OS and DFS reported 
in many studies. Despite the purported survival 
advantage of LT for appropriately selected 
HCC patients, however, a significant proportion 
of patients do not receive a graft. A lack of stan-
dardized screening regimens results in few 
patients with cirrhosis being diagnosed at an 
early enough stage to be eligible as a candidate 
for LT.  Even if diagnosed with early-stage 
HCC, many live in Eastern Asian countries 
where viable LT programs are rare and costs are 
prohibitive. Lack of organ availability due to a 
shortage of donors also complicates the issue. 
For these reasons, SR has been proposed as an 
appropriate treatment modality in early-stage 
HCC with the thought that resection is immedi-
ately available for patients without need for 
waiting lists or delays in intervention due to 
organ availability. Proponents of SR also argue 
that the higher rate of recurrence seen follow-
ing resection may be salvaged by either re-
resection in patients with adequate hepatic 
reserve or subsequent LT.

Resection followed by salvage transplantation 
has emerged as a potential treatment algorithm 
for patients with HCC. By utilizing resection as a 
bridging therapy, need for organs can be mini-
mized, and disease progression while on the 
waiting list can theoretically be avoided. There 
remains significant controversy, however, with 
regard to appropriate management of recurrence 
following resection for patients with HCC. Some 
studies report similar outcomes for patients who 
undergo resection followed by salvage transplan-
tation compared to patients who undergo liver 
transplantation as index operation, while others 
report inferior outcomes. Zhu et al. performed a 
meta-analysis of 14 studies and found that sal-
vage LT was associated with comparable 5-year 
OS, though 5-year DFS was better in patients 
undergoing primary LT [56]. Hu et  al. demon-
strated no difference in 5-year survival rates 
between patients undergoing primary LT and 
those undergoing salvage transplantation [71]. 
Consideration must be given, however, that 
patients who undergo resection may lose their 
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listing status, thus precluding subsequent 
transplantation.

In summary, appropriately selected patients 
with early-stage HCC and no evidence of vascu-
lar invasion can be considered for either SR or LT 
(Fig. 4.2). There is a lack of studies comparing 
SR and LT that utilize appropriate ITT analyses 
as well as propensity matching to ensure equiva-
lent patient populations. Proponents of LT point 
to higher recurrence rates associated with SR, 
while surgeons favoring SR argue that shortage 
of donors, risk of disease progression during long 
waiting list times, and long-term complications 
associated with posttransplant immunosuppres-
sion are reasons to consider SR over LT 
(Table 4.2). As a result, both surgical modalities 
currently remain viable treatment options for 
early-stage HCC patients with well-compensated 

cirrhosis until further, more well-designed stud-
ies are undertaken.

Conflicts of Interest There are no conflicts of interest to 
disclose.

Patient with HCC

Evaluation of
tumor size, location,

and metastases

Resectable

Decompensated cirrhosis
No cirrhosis or 
well-compensated cirrhosis

Yes No

Resectable or
 Unresectable? 

 Unresectable

SR or LT

Severity of 
liver disease?

Evaluation for LT

 LT candidate?

LT
Ablation, TACE, SIRT,

SBRT, systemic therapy

Fig. 4.2 Treatment algorithm for patients with hepatocel-
lular carcinoma. HCC hepatocellular carcinoma, LT liver 
transplantation, SBRT stereotactic body radiotherapy, 

SIRT selective internal radiation therapy, SR surgical 
resection, TACE transarterial chemoembolization

Table 4.2 Considerations for surgical resection versus 
liver transplantation in HCC

Surgical resection Liver transplantation
5-year OS ~30–70% 5-year OS ~40–80%
5-year DFS ~20–60% 5-year DFS ~45–98%
Higher risk of 
intrahepatic recurrence

Lower risk of intrahepatic 
recurrence

Requires adequate 
hepatic and functional 
reserve

Limited donor availability

No waiting list required Time on waiting list 
allows for disease 
progression

DFS disease-free survival, OS overall survival
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 Introduction

Hepatocellular carcinoma (HCC) is the most 
common primary liver malignancy in the world, 
with over 14 million cases in 2012 and an 
expected growth to 22 million over the next 
20 years [1–3]. It develops secondary to intrinsic 
liver diseases such as viral hepatitis, alcoholic 
cirrhosis, steatohepatitis, biliary cirrhosis, or 
other rarer causes. It represents the third most 
common etiology of cancer-related deaths in the 
world and the seventh most common etiology in 
the United States [3, 4]. As most patients have 
concomitant chronic liver disease leading to the 
development of HCC, management of the disease 
becomes more complicated. Staging and treat-
ment options are impacted not only by the extent 
of the tumor but also by the patient’s liver func-
tion and performance status. Because the major-
ity of patients present with unresectable disease, 
locoregional therapies, including image-guided 
percutaneous ablation and image-guided trans-

catheter tumor therapies, play an important role 
in the management of patients with HCC.

The decision to proceed with locoregional 
therapy in the treatment of HCC is framed 
around the most widely used and well-validated 
system—the Barcelona Clinic Liver Cancer 
(BCLC) group diagnostic and treatment strategy 
[5]. First published in 1999 and subsequently 
updated, the system provides a framework to 
stratify patients based on the extent of tumor, 
their liver function, and performance status. 
Curative therapies are recommended for those 
with very early- and early-stage disease (BCLC 
0 and A), while only palliative therapies are 
available for those with intermediate and 
advanced-stage disease (BCLC B and C). 
Terminal stage HCC (BCLC D) has a dismal 
prognosis, and only supportive care is recom-
mended. Locoregional therapies are included as 
treatment options in both the curative and palli-
ative arms of the BCLC guidelines. Ablation is 
recommended for the treatment of very early- 
stage HCC in patients that are not liver trans-
plant candidates and also for early-stage HCC 
when associated diseases preclude liver trans-
plantation. Chemoembolization is recom-
mended for intermediate-stage hepatocellular 
carcinoma.

While the BCLC guidelines provide a frame-
work for the management of patients with HCC, 
there are some limitations. In practice, locore-
gional therapies play a much larger and impor-
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tant role in the management of all stages of 
HCC. Percutaneous ablation and image-guided 
transcatheter tumor therapies are widely used 
as a bridge to liver transplantation. Bridging 
therapy diminishes the dropout rate of patients 
on the transplant list by preventing disease pro-
gression and improves outcomes by lowering 
HCC recurrence rates and improving survival 
following liver transplantation [6–9]. 
Furthermore, local therapies can be used to 
move patients from the palliative arm of the 
BCLC guidelines into the curative arm by 
downstaging to either resection or liver trans-
plantation [10, 11]. Finally, locoregional thera-
pies are also being used for the palliative 
management of advanced-stage HCC and in 
highly selected terminal-stage patients, whose 
performance status is maintained despite poor 
liver function [12]. These practical additions to 
the BCLC guidelines are shown below 
(Fig. 5.1).

 Image-Guided Percutaneous 
Ablation for HCC

For patients with BCLC 0 and BCLC A HCC, 
ablation is an effective and potentially curative 
treatment for patients that are not eligible for 
resection or liver transplant. Ablation also plays a 
role in combination with other liver-directed 
therapies for patients with more advanced-stage 
HCC.  We will discuss the mechanism, advan-
tages, disadvantages, complications, and relative 
outcomes associated with cryoablation, radiofre-
quency ablation, microwave ablation, and irre-
versible electroporation in HCC.

 Cryoablation

Since the early nineteenth century, cryoablation 
was initially used in the treatment of breast and 
gynecologic cancers [13]. With improved 
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 imaging and the development of needle-like 
applicators, cryoablation began to be used for the 
treatment of solid organ cancers via open surgery, 
laparoscopy, and percutaneous techniques.

Modern technique utilizes real-time ultra-
sound and/or CT guidance for placement of the 
needle-shaped probes, typically 15–17 gauges, 
into the targeted tumor [14]. A gas with low 
freezing point such as argon, nitric oxide, or liq-
uid nitrogen is circulated through the needle. 
Rapid expansion of the gas into a closed chamber 
at the tip of the probe causes a highly endother-
mic reaction and subsequent formation of a pre-
dictably shaped ball of ice surrounding the probe, 
which can be visualized with real-time imaging. 
Cell death occurs at −20°  C, with apoptosis 
potentiated by the combination of at least two 
rapid freezing and active thawing cycles. A single 
probe can form an approximately 3 cm ice ball, 
so multiple evenly spaced probes are generally 
used to treat larger lesions with at least a 1 cm 
margin of normal tissue.

Cryoablation has been shown to be efficacious 
in treating patients with unresectable HCC or 
recurrent HCC [15]. In comparison to radiofre-
quency ablation, there is less procedural pain 
[16] and decreased heat sink effect and can be 
used to treat lesions larger than 3 cm with lower 
rates of local recurrence [17]. Additionally, the 
ability to see the ice ball form in real time allows 
clinicians to see the treatment zone in real time 
and ensure adequate ablation.

Cryoablation can be more expensive, and 
unlike RFA, not all systems allow for tract abla-
tion, which may increase the risk of postoperative 
bleeding and increase the risk of tract seeding 
[16]. Of particular concern is the risk of cryo-
shock, a phenomenon in which patients treated 
with cryoablation experience a precipitous drop 
in platelet count and develop disseminated intra-
vascular coagulation. While the incidence of 
cryoshock is only approximately 1%, mortality 
in these patients can be as high as 28% [14]. Risk 
of cryoshock increases with larger volume of 
ablation, and since the main advantage of cryoab-
lation is the ability to achieve larger ablation 
zones, the risk of cryoshock is likely higher in 
these patients. More commonly, but still with low 

occurrence rates, patients may develop a pneu-
mothorax, biliary injury, or infection as a result 
of the procedure.

 Radiofrequency Ablation

Radiofrequency current was first used, and is still 
used today, to cut and coagulate living tissue in 
the early nineteenth century, thanks to the work 
of Harvey Cushing and W.T. Bovie [13]. Then, 
cardiologists began using this technology to treat 
arrhythmias in a minimally invasive manner. 
Initially limited by small ablation zones, newer 
probes and improved energy delivery systems 
have allowed for radiofrequency to be used to 
treat tumors such as HCC.

Real-time imaging guidance is used to advance 
the typically needle-like probe into the lesion of 
interest. Some systems include an array of evenly 
spaced tines that emerge from the tip of the probe 
to envelop the tumor. Probes can be monopolar or 
bipolar, and they require placement of a ground-
ing pad on the patients’ thighs to form a closed- 
loop circuit. Then, alternating electric current 
with a frequency ranging from 375 to 500 kHz is 
passed into the probe tip with the goal of heating 
tissue in contact with the probe and adjacent to 
the probe by passive frictional heating. A tem-
perature of at least 50°  C is needed to cause 
immediate cell death.

Like many ablative techniques, RFA can be 
performed under conscious sedation and as an out-
patient procedure. Studies have reported lower 
complication rates with RFA than with surgical 
resection, ranging from 2.4 to 13.1% and 9 to 
22%, respectively [18]. Some studies, including a 
randomized controlled trial by Chen et  al., have 
shown no significant difference in survival of 
patients with small HCC treated with RFA versus 
surgical resection, which may make this lower-risk 
procedure a better option for some patients [19].

One limitation of RFA is the so-called heat 
sink effect. Vessels larger than 3.0  mm that are 
near the ablation zone can decrease passive fric-
tional heating of the adjacent tissues, causing 
incomplete tumor ablation and positive treatment 
margins [20, 21]. To combat the “heat sink effect,” 
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new probes with local cooling mechanisms at the 
probe tip have come on the market to decrease 
charring. Additionally, vessels that may interfere 
with treatment can be embolized preoperatively.

Other disadvantages of this technique are 
related to tumor location and tract seeding. RFA 
in the capsular or subcapsular region of the liver 
can be painful and may require general anesthe-
sia [16]. Finally, tract seeding is the spread of 
malignancy outside the liver into adjacent struc-
tures or the peritoneum due to percutaneous 
puncture of the liver tumor. This is a dreaded 
complication and can lead to patient removal 
from the liver transplantation waitlist. The 
reported incidence of this complication is as high 
as 4% and is increased in patients treated with 
RFA who have subcapsular lesions, increased 
number of probes used during the procedure, and 
increased number of total treatment sessions 
[22]. Due to this risk, tracts are now more rou-
tinely coagulated at the completion of the proce-
dure, which has significantly decreased this risk.

The most common complication with RFA is 
hemorrhage, with less than 1% of patients having 
severe enough bleeding to need a transfusion 
[23]. Even less commonly, patients may experi-
ence skin burns from incorrect use of grounding 
pads during the procedure and develop a pneu-
mothorax, pleural effusion, biliary injury, bowel 
injury, infection, or tumor seeding.

 Microwave Ablation

Percutaneous microwave ablation takes advan-
tage of the fact that the majority of tissues in the 
human body are composed at least partly of water 
and that water is a dipole. When an alternating 
electric current of 900–2500  MHz is applied 
within the tumor, water molecules within the tis-
sue will flip back and forth to reorient with the 
applied electric field. This constant flipping 
increases the kinetic energy of the water mole-
cules that is dissipated as friction and heat within 
the surrounding tissue, causing coagulation 
necrosis by active heating.

Single or multiple 13–17 gauge microwave 
antennas, which are generally needle-like but 
comes in a variety of designs, are inserted into 

the tumor under image guidance. The antenna is 
coupled to a device that measures local tissue 
temperature so intra-tumoral temperature can be 
monitored in real time, as well as a cooling sys-
tem to decrease shaft heating. Then, a generator 
is turned on that produces electromagnetic waves 
at a typical frequency of 915 MHz. Once tissue 
temperature reaches 60° C or higher, coagulation 
necrosis occurs and the treatment is complete. 
This technology affects primarily water mole-
cules, so one major advantage of this technique is 
that it can be used in high-risk places, such as 
near blood vessels, bowel, or components of the 
biliary system [24, 25]. Since the degree of heat-
ing created increases proportionally to the square 
of the number of antennas placed, overlap of 
electromagnetic fields creates a larger zone of 
ablation in a smaller amount of time [20]. Heating 
in this method is an active process, so MWA is 
not limited by electrical conductivity of a tissue 
and is less affected by heat sink from nearby ves-
sels. This process allows for treatment of larger 
tissue, unlike RFA where treatment of larger 
tumors is limited by increased tissue impedance 
and local charring. Furthermore, because there is 
no need for grounding pads, there is a lower risk 
for local skin burns. Complications are similar to 
that of RFA and include hemorrhage, pleural 
effusion, pneumothorax, bowel injury, infection, 
burning of the skin, and local tumor seeding.

 Irreversible Electroporation

IRE is a newer technique that employs the use of 
high voltage (1000–3000 V) applied over micro- 
milliseconds to create defects in the lipid bilayer 
of cells that leads to cell death [14]. Since only 
cells within this electric field are susceptible to 
these effects, surrounding structures are pre-
served during treatment [25]. Unlike the other 
ablative methods, IRE requires neuromuscular 
blockade to prevent movement during voltage 
delivery, so patients must be under general anes-
thesia for the procedure [26].

Tumor dimensions are calculated and used to 
determine the number and spacing of probes 
needed to create an adequate ablation zone [26]. 
Single/bipolar/multipolar 19-gauge probes are 
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placed around the tumor under image guidance, 
ensuring probe placement is within 10° of paral-
lel. The voltage setting for each probe is based on 
the distance between probes, with a maximum 
distance of around 2.5 cm. Then, the computer- 
controlled pulse generator delivers 3000 V to the 
probes in approximately 9 sets of 10 pulses last-
ing from 20 to 100 ms per pulse [27]. To prevent 
arrhythmias, pulse delivery is synchronized with 
an EKG to ensure delivery during the myocardial 
refractory period, which is attained when the 
pulse rate is less than 115 bpm. As the pulses are 
delivered, the amount of current delivered to the 
tissue is being monitored and should increase 
overtime as ablated tissue resistance decreases. If 
current flow exceeds 48A, the generator stops 
pulse delivery and recharges [27].

The treatment effect of IRE is on the lipid 
bilayer of cell membranes, thereby sparing the 
extracellular matrix from damage and allowing 
for earlier treatment evaluation with imaging. In 
other techniques where the parenchyma under-
goes fibrosis/scarring, imaging posttreatment is 
usually delayed several weeks to allow for dif-
ferentiation between contrast enhancements from 
residual tumor to posttreatment change. 
Therefore, residual tumor can be detected and 
treated in a more expeditious manner. One study 
also showed that patients without severe cirrhosis 
or prior chemoembolization treatment actually 
regenerated liver after the procedure [27]. In 
addition to preservation of the extracellular 
matrix of tissues within the treatment zone, the 
absence of direct heating in this technique pre-
vents damage of surrounding structures such as 
the biliary system and bowel.

Performing IRE is technically difficult, and if 
probes are not placed precisely within 10° of par-
allel, reversible electroporation occurs, which 
can lead to tumor recurrence [26]. In the liver, 
overlying ribs and close proximity to other organ 
systems make this exceptionally difficult. Since 
this procedure also requires the use of multiple 
probes, there is an increased risk of subcapsular 
hematoma and local tumor seeding as compared 
to other ablative techniques [27]. Additionally, 
IRE requires the use of general anesthesia while 
other ablative techniques can usually be per-
formed under conscious sedation. Complications 

from IRE are related to the delivery of high volt-
age and use of multiple probes and include pneu-
mothorax, pain, and cardiac arrhythmias.

 Outcomes

The major downside of surgical resection as 
compared to ablative therapy is the increased 
complication rates of up to 21.4% and longer 
hospital stay, which may lead to increased overall 
cost to the patient [18, 28]. As well, some patients 
are not surgical candidates due to tumor size, 
degree of cirrhosis, and additional comorbidities, 
so it is important to review the efficacy of abla-
tion alone in the treatment of HCC.

RFA: Most studies have shown the best results 
of RFA when used to treat HCC lesions <3.0 cm, 
with up to 74% of treated lesions showing no 
residual disease in explanted livers at the time of 
liver transplantation [16, 29]. With regard to sur-
vival, patients with HCC measuring ≤3 cm have 
a 5-year survival of 60% of more [14, 30]. When 
tumors demonstrate arterial-portal shunting, 
patients treated with RFA may have small satel-
lite lesions that remain/occur adjacent to the 
treated tumor that are occult on follow-up imag-
ing and therefore may be left untreated.

MWA: Zhi-Yu et  al. initially demonstrated 
that microwave ablation can be used in the treat-
ment of HCC lesions in high-risk areas where 
RFA may be difficult [21]. Additionally, Graf 
et  al. found microwave thermal ablation to be 
more efficacious than RFA in treating tumors 
<5 cm, with an overall 5-year survival of around 
46–50% when treating tumors of this size [31]. 
Given the technical advantages with respect to 
the lack of undertreatment due to heat sink and 
charring, microwave ablation has supplanted 
RFA as the preferred modality in many centers.

CRYO: With the success of RFA, cryoablation 
is used less often in the treatment of HCC 
 compared to other tumors due to the risk of cryo-
shock without the benefit of increased survival 
rates. Survival rates at 5 years have been reported 
as high as 55% in tumor less than 5 cm [14].

IRE: As a growing form of treatment, little 
research has been done in evaluating efficacy of 
IRE in the treatment of HCC, but preliminary 
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research has been promising. One study showed 
a complete response to therapy in 15/18 HCC 
lesions treated with IRE with the greatest success 
in lesions ≤2.3  cm, and another showed local 
recurrence-free survival at 6  months and 
12 months of 90% and 50% in HCC tumors rang-
ing from 1.3 to 4.5 cm [26, 27].

 Ablation as a Bridge to Liver 
Transplantation

Ablation can be used as a bridge to liver trans-
plantation or as a method for downgrading a 
patient so that they become eligible for transplan-
tation or resection. While transplantation is the 
first option for patients with Child’s B or C cir-
rhosis and tumors that confine to Milan criteria, 
increased wait times on the transplant list 
decreased overall 5-year survival by 10–20% if 
patients are on the waitlist for 6–12 months [14]. 
Furthermore, the dropout rate from the transplant 
list during this waiting period of 6–12  months 
can be as high as 10–30% secondary to disease 
progression and falling out of Milan criteria. As 
such, local regional therapies, including RFA, 
play an important role in preventing patient drop-
out from the transplant waitlist. In patients treated 
with RFA on the transplant list, there is improved 
overall survival, disease-free survival, and cancer 
mortality [23]. Patients treated with RFA are 
more likely to get a transplant due to decreased 
dropout rates [32] and have similar outcomes 
with regard to tumor recurrence, survival, and 
disease-free survival posttransplant as those 
patients transplanted who remained within Milan 
criteria while on the waitlist [33].

 Ablation vs Resection

Radiofrequency ablation is the most studied local 
regional therapy, and its efficacy has been com-
pared to that of surgical resection in randomized 
controlled trials. As such, we will focus on RFA 
in this section. In patients with Child’s A cirrho-
sis or better treated with RFA versus surgical 
resection for a single HCC ≤5 cm, one random-

ized controlled trial showed equivalent disease- 
free and overall survival over a 4-year period 
when accounting for tumor size, with signifi-
cantly less complications and shorter hospital 
stays in the group treated with RFA [19]. When 
looking at patients with Child’s A/B cirrhosis 
who had no more than two tumors that measured 
less than 4 cm, another trial found that there was 
no significant difference in 3-year overall recur-
rence rate, overall survival, and recurrence-free 
survival between patients treated with RFA or 
surgery [28]. Similar rates of survival were also 
found in patients with no more than three tumors 
measuring ≤3 cm [34].

Conversely, another trial by Huang et al. ran-
domized patients who met Milan criteria to RFA 
or surgical resection and found that overall sur-
vival rates and recurrence-free survival rates 
were statistically higher in surgical resection 
group, even when accounting for differences in 
tumor size and degree of cirrhosis [35].

Given different findings in randomized con-
trolled trials, the decision of whether ablation can 
be used to treat a small HCC alone versus pursu-
ing surgical resection is still very controversial. 
Surgical resection is more invasive and associ-
ated with higher complication rates but may lead 
to longer disease-free survival. On the other 
hand, many trials have shown RFA to have a bet-
ter safety profile and to be equally as efficacious 
with regard to survival in lesions measuring less 
than 3  cm but with the risk of leaving behind 
imaging occult satellite lesions after treatment. 
As such, the decision of whether to treat a patient 
with ablation or surgical resection for a small 
FOCAL HCC should be decided by a multidisci-
plinary team of clinicians on a case-by-case 
basis.

 Combination Therapies: RFA 
and TACE

One of the more studied combination therapies 
for the treatment of HCC is that of RFA and 
TACE.  TACE delivers targeted chemotherapy 
and induces ischemic necrosis to the tissue. The 
latter reduces the “heat sink effect” which nor-
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mally limits the effectiveness of RFA, making the 
two treatments synergistic [36]. This synergy can 
create larger ablation zones and lead to better 
control of micrometastases, which are often seen 
on liver explantation at the time of transplanta-
tion in patients treated with RFA alone [36].

With regard to survival, one study looking at 
the treatment patients with either a single 
HCC ≤ 7 cm or three tumors ≤ 3 cm found that 
survival and disease-free survival at 4 years was 
significantly higher in patients treated with com-
bination therapy versus RFA alone [37]. 
Furthermore, some studies have found similar 
overall survival and disease-free survival in 
patients with tumors meeting Milan criteria 
treated with RFA  +  TACE versus hepatectomy 
[38]. Given the improved safety profile of locore-
gional therapy as compared to surgery, combina-
tion therapy may be a better option for patients 
who are poor surgical candidates.

 Image-Guided Transcatheter Tumor 
Therapies for Hepatocellular 
Carcinoma

Image-guided transcatheter tumor therapies have 
been in use for quite some time. The first transar-
terial embolization (TAE) of a liver tumor was 
reported in 1979 with infusion of gelatin sponge 
[39]. In the most basic sense, the technique for all 
image-guided transcatheter tumor therapies is 
similar and requires radiologic guidance for the 
infusion of an embolic agent directly into the 
hepatic artery. This can be done from a whole 
liver or lobar approach via infusion into the com-
mon, proper, or lobar hepatic arteries or, in more 
selective fashion, from a segmental or subseg-
mental approach. The embolic agent may be uti-
lized alone, which is called transarterial 
embolization (TAE) or bland embolization, or 
embolization may be proceeded by infusion of 
single or multiple chemotherapeutic agents alone 
or as an oily chemotherapeutic emulsion, which 
is called conventional transarterial chemoemboli-
zation (cTACE). Alternatively, chemotherapy can 
also be loaded directly onto the embolic agent, 
which is called drug-eluting embolic transarterial 

chemoembolization (DEE-TACE). Finally, radio-
pharmaceuticals can be deposited onto the sur-
face or incorporated directly into the embolic 
agent prior to infusion, and this is called transar-
terial radioembolization (TARE).

 cTACE

Conventional transarterial chemoembolization 
(cTACE) is considered the standard of care for 
multinodular HCC. This stems in large part from 
two highly cited studies by Lo and LLovett [40, 
41], both published in 2002, which demonstrated 
a clear survival advantage for cTACE versus 
symptomatic/supportive care. The technique has 
been refined over time as evolving catheter and 
imaging technology have allowed more distal or 
selective administration of the chemotherapeutic 
agent into the target vasculature.

The procedure is accomplished by first per-
forming a thorough evaluation of the visceral 
arterial anatomy with diagnostic angiography. 
Typically this is done with a 4 or 5 French angio-
graphic catheter from either a transfemoral or 
transradial approach. At a minimum, the celiac 
axis and superior mesenteric artery need to be 
thoroughly evaluated, as anatomic variants of the 
hepatic arterial supply are frequent. Furthermore, 
depending on the size and location, HCC can 
often parasitize blood flow from adjacent struc-
tures, such as the diaphragm or adjacent abdomi-
nal viscera. These vessels must be identified prior 
to embolization to ensure adequate tumor treat-
ment. Following the diagnostic angiogram, feed-
ing vessels to the liver tumor are identified and 
selected with a 0.010–0.021″ guidewire and a 
2–3 French microcatheter placed coaxially 
through the base catheter. As eluded above, selec-
tivity is key—this maximizes drug delivery to the 
tumor and spares as much functional liver tissue 
as possible. Once the catheter is in position, one 
or more chemotherapeutic agents with or without 
ethiodized oil are infused into the vessel along 
with or followed by an embolic agent until near 
or complete stasis is achieved. Most operators 
utilize ethiodized oil as an integral component of 
the chemotherapeutic suspension, as it is drug 
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carrying and tumor seeking and serves as an 
embolic agent itself [42]. Controversy still exists 
whether single-drug or multiple-drug chemoem-
bolization is more efficacious. The most common 
single drug in use is doxorubicin, and the most 
common multiple-drug regimens include doxo-
rubicin, cisplatin, and mitomycin C. There is also 
no standard with regard to the particulate embolic 
agent of choice. Gelatin sponge, polyvinyl alco-
hol particles, and tris-acryl gelatin microspheres 
have all been used.

For small isolated tumors, cTACE can be 
accomplished in a single setting. However for 
larger tumors with complex vascularity or with 
multifocal disease involving both lobes of the 
liver, several cTACE procedures may be needed 
to complete a treatment cycle.

Following cTACE, patients typically develop 
post-embolization syndrome, which is a constel-
lation of symptoms including fever, abdominal 
pain, nausea, malaise, and loss of appetite. While 
the exact cause of post-embolization syndrome is 
unknown, it is thought to be the results of tumor 
ischemia and chemotherapeutic cytotoxicity 
resulting in intra- and extrahepatic inflammation 
[43]. Symptoms range in severity but typically 
are managed with a short inpatient hospital stay 
and supportive measures. Less frequent compli-
cations of therapy include liver abscess, liver 
decompensation, and access site complications. 
While there is no standard schedule with regard 
to posttreatment follow-up imaging assessment, 
usually a contrast-enhanced CT or MRI is 
obtained at 1–3 months. Further follow-up imag-
ing or therapy is dictated by the imaging response.

 Drug-Eluting Embolic Transarterial 
Chemoembolization

Drug-eluting embolics (DEEs) are a group of 
embolic agents that can be directly loaded with 
chemotherapy and then delivered through a cath-
eter into a vascular tumor such as HCC.  Once 
delivered into the tumor, the chemotherapy is 
slowly released over a time frame of minutes to 
hours. Drug-eluting embolics (DEEs) represent 
the next evolution of technique for TACE.  The 

rationale for the development of DEEs was to 
minimize potential toxicities and improve sur-
vival rates of the TACE procedure by improving 
drug delivery and lowering systemic levels of 
chemotherapy. DEEs were first developed around 
2005, and clinical reports demonstrating safety 
and efficacy were published in 2006. There are 
several DEEs currently on the market, and they 
come in varying sizes from 30 to 700  μm. A 
review of all the commercially available DEEs is 
beyond the scope of this chapter; however, it is 
worth noting that there is no prospective random-
ized data to show that one particular brand or size 
DEE is superior to the other. Similar to cTACE, 
DEE-TACE is performed by first thoroughly 
evaluating the hepatic vasculature and identify-
ing tumor-feeding vessels. Once selective cathe-
terization is achieved, the DEEs are mixed with 
iodinated contrast and delivered directly into the 
blood vessel. The endpoint of the embolization 
occurs with vascular stasis or complete delivery 
of the intended dose of chemotherapy. 
Doxorubicin is the most common chemotherapy 
utilized for DEE-TACE in patients with HCC. An 
image from a DEE-TACE is shown in Fig.

Two large well-designed prospective random-
ized studies comparing DEE-TACE and cTACE 
were performed in Europe to test the hypothesis 
that DEE-TACE is superior to cTACE.  The 
PRECISION V trial randomized 212 patients with 
HCC that were unsuitable for resection or percuta-
neous ablation (BCLC A/B) and with well-pre-
served liver function (Child-Pugh A/B) and 
performance status (ECOG 0/1) to receive doxoru-
bicin via DEE-TACE or cTACE [44]. The primary 
endpoints of the study were tumor response rate 
and serious adverse events. While the DEE group 
did show a trend toward improved tumor response, 
it did not reach statistical significance (P = 0.11). A 
subgroup analysis of patients with more advanced 
disease (Child-Pugh B, ECOG 1, bilobar disease, 
and/or recurrent disease) did show a significant 
increase in objective response (P  =  0.038) with 
DEE-TACE compared to cTACE. With regard to 
safety, there was a significant reduction in serious 
liver toxicity (P  <  0.001) and a lower rate of 
doxorubicin- related side effects (P = 0.0001) with 
DEE-TACE as compared to cTACE.
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The PRECISION ITALIA study randomized 
177 patient to DEE-TACE or cTACE and was 
similar in design to PRECISION V [45]. The pri-
mary endpoint in the ITALIA study was 2-year 
overall survival, and no statistical difference was 
found between the two groups (P  =  0.949). 
However, post-procedural abdominal pain was 
more frequent and severe after cTACE (P < 0.001). 
The reduction of post-embolization pain, liver 
toxicity, and doxorubicin-related side effects 
allows for many centers, including the authors, to 
perform DEE-TACE as an outpatient procedure 
with low complication and readmission rates [46].

The next evolution of DEE, radiopaque DEE, 
were recently developed and became commer-
cially available in 2016. LC Bead LUMI™ (BTG) 

incorporates a radiopaque iodine moiety into the 
bead allowing direct and persistent  visualization of 
the embolic under fluoroscopy and computed 
tomography. In theory, this should provide 
increased control and optimization of the emboli-
zation, as well as provide added assurance that 
tumor coverage was complete. More research and 
experience is needed to see the full impact of radi-
opaque DEEs on the management of patient with 
HCC. One interesting application of this technol-
ogy is for combination therapy in difficult to ablate 
lesions (Fig. 5.3). One can mark a tumor by first 
performing DEE-TACE with LC Bead LUMI™. 
With improved visualization of the tumor, percuta-
neous CT-guided ablation can then be performed 
with improved targeting and efficiency.

a

c d

b

Fig. 5.2 A 62-year-old male with hepatitis C cirrhosis, 
well-preserved liver function, and performance status. (a) 
Arterial phase T1 weighted MRI demonstrates two 
enhancing tumors in the right hepatic lobe. Washout was 
present on venous phase imaging (not shown), consistent 
with multinodular HCC. (b) Proper hepatic artery angio-
gram from a transradial approach demonstrates the vascu-

lar nature of HCC; the two tumors are seen partially 
overlapping each other in the right hepatic lobe. Each 
tumor was embolized using DEE-TACE with doxorubicin 
over two sessions. (c) 12-month follow-up MRI arterial 
phase with subtraction (d) shows no internal enhance-
ment, consistent with a complete response
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 Transarterial Radioembolization 
for HCC

Transarterial radioembolization (TARE) is the 
intra-arterial administration of microspheres 
labeled with the radiopharmaceutical yttrium-90. 
The term radioembolization is a bit of a misno-
mer, as the procedure often does not induce an 
embolic effect on the tumor vasculature. The 
arterial blood flow allows a means to deliver a 
concentrated dose of radiation directly into a 

tumor. To reflect this fact, other descriptive terms 
for the procedure have been used in the literature, 
including selective internal radiation therapy 
(SIRT); however, TARE remains the current pre-
ferred terminology. There are two microspheres 
commercially available. SIR-Spheres® (Sirtex) 
are biocompatible polymer resin microspheres 
loaded with yttrium-90. They range in size 
between 20 and 60 μm with a median diameter of 
32.5 μm. They are FDA approved for the treat-
ment of unresectable colorectal cancer liver 

a b

c d

Fig. 5.3 52 year-old male with hepatitis C cirrhosis with 
previous history of transjugular intrahepatic portosys-
temic shunt (TIPS) is found to have an unresectable soli-
tary hepatocellular carcinoma (HCC). He is Child-Pugh 
A6 with a performance status score of 1. (a) Magnetic 
resonance image (MRI) with arterial phase contrast dem-
onstrates a solitary 2.6 cm segment 3 HCC (gray arrow). 
(b) Static angiographic image demonstrates a transradial 
catheter in the common hepatic artery (white arrow). 
Contrast injection is performed from a subsegmental 
hepatic artery demonstrating tumor blush in segment 3 

(gray arrow). Incidentally noted is the prior TIPS (black 
arrow). Embolization was performed using radiopaque 
drug-eluting beads coated with doxorubicin. (c) 3-month 
follow-up non-contrast computed tomography (CT) 
image with bone window demonstrates complete staining 
of the intratumoral arteries (gray arrow). This lesion was 
subsequently treated with percutaneous microwave abla-
tion. (d) 6-month follow-up MRI with arterial phase con-
trast demonstrates absence of enhancement and decreased 
size of patient’s segment 3 HCC, compatible with com-
plete response on imaging
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metastases with adjuvant intrahepatic arterial 
chemotherapy (FUDR) and used off-label for the 
treatment of HCC.  TheraSphere® (BTG) are 
yttrium-90 glass microspheres with a mean diam-
eter of 20–30 μm. The device has a humanitarian 
device exemption from the FDA for the treatment 
of unresectable HCC with or without portal vein 
tumor thrombus (PVT). While there are subtle 
differences in size, specific gravity, and the 
administration of each device, the most important 
difference between glass and resin microspheres 
is the activity per sphere. At calibration, the activ-
ity of a single glass microsphere is approximately 
50 times greater than resin (2500 Bq vs 50 Bq). 
Thus, far less microspheres are necessary to 
deliver a given dose of radiation with 
TheraSphere® when compared to SIR-Spheres®, 
and this can be beneficial when the prevention of 
vascular stasis is crucial or when a high dose of 
radioactivity is desired in a small volume of 
tissue.

TARE procedures are always preceded by a 
visceral angiographic mapping study and calcu-
lation of the liver-lung shunt. The liver-lung 
shunt is calculated by delivering technetium 99 
MAA into the target liver volume and determin-
ing the percentage of activity within the lungs 
using a gamma camera. This percentage is then 
used in treatment planning and dosimetry calcu-
lations. The lungs can tolerate up to 30 Gray of 
radiation (Gy) in a single setting and 50 Gy life-
time. Above these limits, there is an increased 
risk of pulmonary complications, particularly 
pulmonary fibrosis. For patients with high liver- 
lung shunt values that preclude safe delivery of 
the radiation, several techniques have been uti-
lized to try and reduce the degree of pulmonary 
shunting. Hepatic venous balloon occlusion, pre- 
TARE bland embolization, and external beam 
radiation have all been used with varying results 
[47, 48]. However there are also some retrospec-
tive studies suggesting that high liver-lung shunt 
values are predictors of poor outcomes [49] and 
that shunt reduction techniques with subsequent 
TARE may not be beneficial to the patient.

Additionally, high-quality visceral angiogra-
phy is crucial to safely perform TARE, as nontar-
get embolization via visceral branches arising 

from the hepatic arteries can lead to complica-
tions, the most potentially problematic being 
bowel ulceration. During the mapping procedure, 
cone-beam CT angiography can be utilized to aid 
in the identification of these anatomic variants. If 
visceral branches are identified that are at risk of 
nontarget embolization, these branches can be 
prophylactically occluded with embolization 
coils during the mapping procedure. Balloon 
occlusion microcatheters and anti-reflux micro-
catheters have also been used to prevent nontar-
get embolization [50].

TARE can be performed at differing levels of 
selectivity in the liver to accomplish different 
goals. Patients with locally advanced disease 
with or without PVT or with multifocal bilobar 
disease will typically receive lobar treatment. If 
both lobes of the liver are to be treated, sessions 
are typically spaced anywhere from 4 to 12 weeks 
apart to allow time for the reassessment of the 
patient’s liver function and performance status.

Lobar TARE can be performed as an alterna-
tive to portal vein embolization (PVE) prior to 
surgical resection because it typically results in a 
similar but to a somewhat slower degree (4 vs. 
12  weeks) of contralateral liver hypertrophy 
[51]. Radiation doses are typically escalated 
from 120 to 150 Gy for this technique. One clear 
advantage of radiation lobectomy over PVE is 
that the primary tumor receives a therapeutic 
dose of y90, which theoretically should provide 
local tumor control, while the liver remnant 
grows in preparation for the planned hepatic 
resection. A second potential advantage is the 
slightly prolonged time to hypertrophy, which 
allows a biological test of time for the patient’s 
tumor. Patients that progress to unresectable dis-
ease while hypertrophy occurs were likely not 
great candidates for hepatic resection in the first 
place. Finally, delivering a lobar dose of y90 
microspheres to the right or left hepatic artery is 
much simpler than most techniques of portal 
vein embolization.

TARE can also be performed in a selective 
fashion for focal hepatic masses. This technique is 
referred to as selective TARE or radiation seg-
mentectomy and involves the delivery of a lobar 
dose of y90 microspheres into 2 or less contigu-
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ous hepatic segments. This effectively escalates 
the dose to achieve ablative levels of radiation. 
The local control rates for radiation segmentec-
tomy of focal hepatic masses more closely resem-
ble that of percutaneous ablation as opposed to 
TACE [52]. There is growing literature showing 
higher local control rates and complete pathologic 
response on explant or resection specimens with 
selective TARE, which may possibly solidify 
TARE as a standard treatment option for patients 
with HCC [53, 54]. Images from a radiation seg-
mentectomy procedure are shown in Fig. 5.4.

 Bland Transarterial Embolization 
(TAE)

As discussed earlier, TAE was the original means 
for treating vascular liver tumors. While cTACE 
is still considered the standard for transcatheter 
embolic treatments, there are groups questioning 
the efficacy of adding chemotherapy to the embo-
lization procedure. Proponents of bland emboli-
zation point out that in Llovet’s pivotal study, 
there were in fact three treatment arms: cTACE, 
TAE, and best supportive care (BSC). Because 
the study was stopped early due to superiority of 
cTACE over BSC, accrual was not sufficient to 
show statistical differences between the TAE and 
BSC arms. cTACE was then quickly adopted as 
the standard of care, and while very limited 

a
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Fig. 5.4 57-year-old female with hepatitis C cirrhosis 
being evaluated for liver transplant. (a) Arterial phase 
T1-weighted MRI demonstrates an enhancing mass in the 
right hepatic lobe and a small adjacent satellite nodule. 
Washout was present on venous phase imaging (not shown), 

consistent with a diagnosis of HCC. (b) Bremsstrahlung 
SPECT/CT image after injection of glass microspheres 
show excellent deposition of radioactivity into the lesion. 
(c) 12-month follow-up MRI arterial phase shows no inter-
nal enhancement, consistent with a complete response
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research was put toward further exploration of 
TAE, there are still several groups who continue 
to investigate the efficacy of bland embolization. 
The rationale for this is simple—eliminating che-
motherapy, lipiodol, or drug-eluting embolics 
simplifies the procedure and provides significant 
cost savings. Perhaps the most well-known pro-
ponent of bland embolization is the group from 
the Memorial Sloan Kettering Cancer Center in 
New York. In 2016, Brown et al. published a ran-
domized trial of 101 patients comparing doxoru-
bicin DEE-TACE and bland embolization that 
showed no statistical difference in response rates, 
median PFS, and overall survival [55]. More 
work is needed to validate these results, but the 
implications could have a profound impact on 
how we treat HCC in the future.

 Controversies

Despite the fact that local therapies have main-
tained an integral role in the treatment of HCC, 
multiple controversies of treatment paradigms 
still exist. As discussed above, there is still con-
siderable debate over which method of chemo-
embolization is the most effective and whether 
the chemotherapy is even necessary. Perhaps the 
biggest current controversy in the treatment algo-
rithm of HCC is the role of TARE with regard to 
HCC. As discussed earlier, it is not currently a 
recognized treatment option in the standard 
BCLC guidelines, but it is widely used in the 
treatment of HCC at multiple stages at most ter-
tiary referral centers (Fig. 5.1). This particularly 
applies to locally advanced HCC because TARE 
is often used as an alternative to sorafenib in 
BCLC C patients with preserved liver function 
and performance status. Several studies demon-
strate improvements in survival with TARE that 
meet or exceed that of sorafenib [56–58].

The SARAH trial was an investigator-initiated 
multicenter prospective trial comparing efficacy 
and safety of sorafenib and TARE with resin 
microspheres [59]. While the TARE arm showed 
no significant improvement in overall survival, it 
did show reduced severity and frequency of side 
effects and was better tolerated and associated 

with a better quality of life. The failure of the 
study to reach statistical significance with regard 
to survival was somewhat surprising; however, 
the design of the study was such that many of the 
patients in the TARE were heavily pretreated, 
particularly with TACE. There are ongoing trials 
evaluating the efficacy of TARE compared to 
sorafenib in first-line setting for BCLC C patients. 
The SIRveNIB trial is a phase III multicenter ran-
domized trial comparing resin TARE and 
sorafenib in patients with locally advanced 
HCC.  The STOP-HCC trial is an international 
phase III trial evaluating the efficacy and safety 
of glass TARE for unresectable HCC in patients 
that will be treated with sorafenib. The YES-P 
trial is an open-label, prospective, multicenter, 
randomized, phase III clinical trial evaluating 
glass TARE versus sorafenib for the treatment of 
advanced HCC with portal vein thrombosis 
(PVT).

Another area of controversy with regard to 
catheter-directed therapy is the choice between 
TACE and TARE, which is often influenced by 
institutional biases, by local expertise, and to a 
lesser degree by hard science. Prior to 2016, 
there were no randomized trials comparing the 
two techniques. Retrospective studies of TACE 
or TARE largely showed clinical equivalence 
[60]; however, due to the heterogeneity of the 
literature, making a true evidence-based deci-
sion on treatment options is difficult. Thus, it 
was with great anticipation that Salem et al. pub-
lished the results of the PREMIERE trial in 2016 
[53]. This single-center, prospective randomized 
trial was designed to compare the outcomes of 
cTACE and TARE with glass microspheres. 
There were difficulties with accrual that led to 
the early termination of the study, which points 
to the difficulty of conducting prospective stud-
ies in this patient population. Despite this, 45 
patients were randomized to the two treatment 
arms. The primary outcome of time to progres-
sion (TTP) clearly favored TARE, where the 
median TTP was not met (>26  months vs. 
6.8 months with cTACE, P = 0.0012). Secondary 
outcomes of imaging response, successful bridge 
to transplantation, and overall survival (OS) 
were not statistically significant. It is possible 
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that the failure to reach statistical significance 
with regard to OS could be due to the small sam-
ple size. Regardless, this is interesting data, and 
more work is needed to clearly inform clinicians 
on the most appropriate local therapy for their 
patients.

 Approach to the Transplant Patient

No discussion of local therapy and HCC would 
be complete without time spent on the approach 
to potential liver transplant candidates. Using 
local therapy as a bridge to liver transplant is 
widely accepted and proven to decrease dropout 
rates. Data also suggests improved outcomes and 
survival in patients who receive locoregional 
therapy prior to undergoing liver tranplantation 
[61]. The question of what technique to use how-
ever remains widely debated. There are some 
centers, including the authors, who tend to avoid 
percutaneous ablation in potential transplant can-
didates due to the small but real risk of intraperi-
toneal bleeding and tumor seeding. Despite this 
risk, with good technique and patient selection, 
there are centers that have shown ablation can be 
used successfully as a bridge to liver transplanta-
tion. For catheter-directed therapies, as discussed 
above, the choice between TACE, TARE, and 
even TAE is a hot topic. The results of the 
PREMIERE trial will likely lead to an increased 
utilization of TARE for bridging therapy.

Downstaging therapy typically involves tak-
ing BCLC B and C patients that are outside of 
transplant criteria and using locoregional tech-
niques to bring them within the Milan criteria for 
liver transplantation. Again, with many tech-
niques at your disposal, the authors recommend 
an aggressive approach for this patient popula-
tion, as the survival benefit you afford a patient 
with successful downstaging and transplantation 
is immense.

In summary, locoregional therapies play a 
large role in the curative and palliative treatment 
options of patient with HCC. One can only pre-
dict that this role will continue to grow as tech-
nology improves, techniques are refined, and 
research matures.
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Role of Radiation Therapy 
in Hepatocellular Carcinoma
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 Introduction

The incidence of hepatocellular carcinoma 
(HCC) is increasing in the United States [1]. 
Transplant and surgical resection are considered 
to be the only curative options for patients with 
HCC [2]; however, a minority of patients are ana-
tomically and medically eligible for a curative 
surgical resection at diagnosis [3] or meet criteria 
for liver transplant. The National Comprehensive 
Cancer Network guidelines list ablation, arteri-
ally directed therapies, and external beam radia-
tion therapy (EBRT) as locoregional therapy 
options for those patients for whom resection is 
not feasible or a bridge to transplant is desired 
[4]. EBRT is recommended with the category of 
2B (based on lower-level evidence, with consen-
sus that the intervention is appropriate). European 
guidelines and consensus statements likewise 
assign EBRT the lowest recommendation with 
the lowest level of evidence [5]. Additionally, the 
Korean Practice Guidelines for the Management 

of HCC recommend RT in one of the following 
five settings: (1) patients with Child-Pugh A or B 
liver function with the volume of liver receiving 
≥30 Gray (Gy) is ≤60% (V30  <  60%); (2) 
patients who are ineligible for liver transplant, 
surgical resection, radiofrequency ablation 
(RFA), percutaneous ethanol injection (PEI), or 
transcatheter arterial chemoembolization 
(TACE); (3) patients with an incomplete response 
to TACE; (4) patients with portal venous inva-
sion; or (5) patients with symptoms from pri-
mary or metastatic HCC requiring palliation [6].

Historically, only a minority of patients have 
been referred for radiation therapy (RT), despite 
meeting one of the criteria above. Data from the 
Surveillance, Epidemiology, and End Results 
(SEER) suggest that only 9% of Medicare 
patients diagnosed with HCC between 1998 and 
2007 were even seen by a radiation oncologist 
despite the fact that only 20% of patients in that 
cohort had early-stage disease [7]. Similar pat-
terns were shown in a survey of Italian radiother-
apy centers, 73% of which had an active 
multidisciplinary liver tumor board. Results from 
the survey study showed approximately 10% of 
Italian radiotherapy centers utilized liver-directed 
radiotherapy for primary liver tumors, and the 
majority of respondents considered liver-directed 
radiotherapy as a third-line choice when other 
therapies were not medically or technically suit-
able [8]. There are several factors that likely 
influence the low utilization of RT for patients 
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with HCC. One likely contributing factor is the 
lack of high-quality prospective, randomized evi-
dence showing a benefit to radiation therapy over 
the standard of care, sorafenib, for unresectable 
HCC. Additionally, concerns regarding radiation- 
induced liver disease (RILD) and other toxicities 
associated with EBRT may also dampen general 
enthusiasm for the modality [9]. However, more 
recent data demonstrate that radiation can be 
delivered safely to higher doses leading to dura-
ble long-term local control (LC) using more con-
formal techniques. In patients with solitary 
lesions and well-compensated cirrhosis, imple-
mentation of this treatment modality has trans-
lated into improved overall survival (OS) rates.

 3D Conformal and Intensity- 
Modulated Radiation Therapy

 Background and Rationale

3D conformal radiation therapy (3DCRT) tech-
nique involves multiple radiation fields that con-
verge to provide coverage of the tumor target while 
reducing the exposure of the adjacent healthy liver, 
bowel, and other normal organs to high-dose radia-
tion. The advent of computed tomography (CT) 
imaging and computerized treatment planning sys-
tems allowed for more accurate delineation and 
dose prescription to the tumor. Additionally, the 
dose to nearby normal organs, especially the liver 
itself, could be more precisely quantified leading to 
an accurate pretreatment determination of the 
safety of treatment and minimal long-term compli-
cations of treatment.

 Retrospective Data

Retrospective studies from Asia have shown a 
1-year OS of 45–70% with standard or hypofrac-
tionated conformal radiation and further empha-
sized the importance of baseline liver function on 
the risk of RILD as well as OS [10–12]. A Korean 
study retrospectively evaluated 398 patients with 
HCC, 78% of whom had stage III–IV disease. 
The majority of patients received ≥45Gy, median 
survival was 12  months, and 2-year OS was 

27.9% [10]. A smaller Japanese study of 44 
patients with unresectable HCC who either failed 
or were unsuitable for TACE reported a response 
rate of 61.4% and 1- and 2-year OS rates of 60.5% 
and 40.3%, respectively, with doses ranging from 
39.6 to 60Gy (median 50.4Gy) [12]. A Chinese 
study of 128 patients with technically or medi-
cally inoperable HCC treated with 3DCRT ± TACE 
utilized a hypofractionated approach consisting of 
a mean of 53.6Gy given with a mean fraction size 
of 4.88Gy. One- and two-year OS rates were simi-
lar to the Japanese study at 65% and 43%, respec-
tively. However, 19 patients developed fatal liver 
toxicity, the majority of whom had Child-Pugh B 
liver disease pretreatment [11]. Therefore these 
retrospective studies suggest that high-dose radia-
tion may be an effective option for patients with 
inoperable HCC as long as it is delivered safely, 
particularly in the setting of patients with poor 
liver function.

 Prospective Studies

High-dose 3DCRT was first described by Dawson 
and colleagues at the University of Michigan in 
the early 2000s with phase II trials evaluating 
radiation and concurrent hepatic artery floxuri-
dine for patients with unresectable HCC [13–15]. 
Patients receiving a median of 60.75Gy in 1.5Gy 
twice daily fractions had a median survival of 
15.8 months, 1-year LC, and OS of 81% and 57%, 
respectively, which were significantly higher than 
historical controls. One patient in this cohort suf-
fered a treatment-related death, and 9% of patients 
developed grade 3 or 4 toxicities [14]. A subse-
quent European prospective, phase II trial also 
demonstrated the safety and efficacy of high-dose 
conformal radiation for patients with small HCC 
tumors medically unsuitable for standard curative 
therapies and reported a 1-year LC of 76% for 
patients with Child-Pugh A and B disease using a 
regimen of 66Gy in 33 fractions. Patients with 
Child-Pugh B disease had higher rates of toxicity 
with 22% of patient developing a grade 4 toxicity 
[16]. Few studies exist comparing the efficacy of 
EBRT with other established treatment modali-
ties, but a recent meta-analysis showed adding 
EBRT to TACE did provide a better tumor 
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response and survival compared with TACE alone 
[17]. Additionally, a comparative retrospective 
study suggested a survival benefit when adding 
EBRT for patients with HCC and either portal 
vein or inferior vena cava tumor thrombi [18].

 Stereotactic Body Radiotherapy

 Background and Rationale

Stereotactic body radiotherapy (SBRT), also called 
stereotactic ablative body radiotherapy (SABR), is 
defined as the delivery of high doses of radiation in 
a small number (typically 1–5) of fractions utiliz-
ing advanced imaging techniques to conform the 
radiation beam in three planes with a high degree 
of precision. Delivery of SBRT requires onboard 
imaging integrated onto the treatment machine for 
advanced image- guided radiation therapy (IGRT). 
First described for brain and lung tumors [19], 
SBRT utilization is increasing for patients with 
HCC, and both US and Korean guidelines recom-
mend SBRT as an alternative to ablation and embo-
lization when these techniques have failed or 
cannot be performed [4, 6]. SBRT can also be uti-
lized for tumor downsizing or as bridging therapy 
for patients awaiting liver transplantation [20, 21]. 
It has also been studied in combination with trans- 
arterial hepatic chemoembolization (TACE) for 
more advanced tumors [17]. As more data indicate 
the efficacy and curative potential of SBRT for 
patients with HCC and its role is expanded to larger 
tumors, there is a greater need to optimize its safe 
delivery.

 Retrospective Data

The first reported use of SBRT for liver tumors 
came from the Karolinska Hospital in 1995 
where a mean total dose of 41Gy was given in a 
mean fraction size of 14.2Gy. Plans were inten-
tionally heterogeneous, with the center of the 
tumor given approximately 50% higher dose than 
the periphery. LC was excellent at 80% during 
the follow-up period [22].

Since then, there have been many single- 
institution as well as multi-institutional experi-

ences of SBRT for HCC.  Two-year LC ranges 
from 59% to 100%, and 2-year OS ranges from 
45% to 67%, and the wide variation stems from 
differences in tumor size, radiation dose, and the 
patient’s pretreatment liver function [23–33]. The 
best results have come from series of patients with 
small tumors, <5 cm or even <2 cm, where local 
control nears 100% [29, 33]. Fewer studies have 
evaluated SBRT in patients with larger tumors or 
poor liver function. In one series in which all 
patients had Child-Pugh B6 or B7 liver function 
and 76% of patients had tumor vascular thrombi, 
the dose used was only 30Gy in six fractions, and 
the median survival was only 7.9  months [30]. 
Several studies have shown a dose-response rela-
tionship [28], with a BED ≥ 100 associated with 
increases in both LC and OS [31]. Several studies 
have also looked at SBRT in combination with 
other therapies, or in a heavily pretreated patient 
population. A study from the University of 
Alabama also looked at SBRT for patients who 
had undergone TACE for tumors ≥3 cm and found 
that the addition of SBRT to TACE provides a sur-
vival advantage [34].

 Prospective Studies

One of the early phase I/II studies was performed 
in the Netherlands. Eight patients with HCC (two 
had Child-Pugh B liver function) were included 
in the 25-patient cohort. Three fractions of 
12.5Gy each were given to all the HCC patients 
except for one patient with Child-Pugh B liver 
function and a tumor >4  cm who received five 
fractions of 5Gy each. One of the patients with 
Child-Pugh B liver function developed liver fail-
ure after treatment and ultimately died. The 
1-year local control for HCC was only 80%, and 
this was thought to be because of the lower dose 
given to larger HCC tumors in patients with poor 
liver function. The 1- and 2-year OS for HCC 
patients were 75% and 40%, respectively [35]. 
Since then, several phase I–II, prospective stud-
ies have been published, and reported 1-year LC 
ranged from 44 to 100% and 1-year OS ranged 
from 42 to 77% [36–44]. Details of these selected 
prospective trials for SBRT in HCC can be found 
in Table  6.1. Patients enrolled on these studies 
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had all been treated previously with other modal-
ities, but otherwise considerable heterogeneity 
exists regarding tumor size, tumor extent, dose 
and fractionation, as well as underlying liver 
function. SBRT has been evaluated in combina-
tion with TACE [39, 42] as well as with sorafenib 
[41]. Brade and colleagues recently published the 
findings from their phase I trial evaluating neoad-
juvant, concurrent, and adjuvant sorafenib with 
SBRT for HCC and reported that significant tox-
icities occurred and seemed to depend on both 
the irradiated volume and the dose of sorafenib. 
Patients with locally advanced HCC and Child- 
Pugh A liver disease were stratified by low versus 
high volume of irradiated liver (<30% vs 
30–60%), and the dose of sorafenib was esca-
lated from 200 mg daily to 400 mg twice daily. 
Response rates and time to progression were 
promising, but dose-limiting toxicities included a 
lower GI bleed, bowel obstruction, and fatal 
tumor hemorrhage. Therefore, the authors con-
cluded sorafenib should not be given concur-
rently with SBRT, at least to larger volumes that 
include GI mucosal irradiation [41]. Retrospective 
data suggest sorafenib can be safely given after 
SBRT [45], and this is being further studied in the 
Radiation Therapy Oncology Group (RTOG) 
1112 randomized controlled trial comparing 
sorafenib alone versus SBRT followed by 
sorafenib for locally advanced HCC.

 Proton Beam Radiotherapy

 Background and Rationale

Conformal fractionated radiation and SBRT have 
both been shown to confer a high percentage of 
local control for patients with HCC.  However, 
the goal of delivering an ablative dose of radia-
tion to the tumor must be weighed against the 
need to respect the radiation tolerance of the 
adjacent normal liver. Details regarding RILD 
and the specific dose-volume constraints derived 
to ensure patients have adequate functional liver 
after radiation are outlined in the next section. 
However, radiation technologies and modalities 
that allow dose sparing to normal liver as espe-

cially for patients with low anatomic or func-
tional liver reserve after prior liver-directed 
therapies or as a result of underlying liver disease 
are areas of active investigation.

The unique physical properties of proton 
beam radiation (PBR) make it uniquely suited for 
the treatment of liver tumors, particularly when 
sparing dose to adjacent normal liver is desired. 
The mass and charge of a proton particle allow it 
to lose speed as it moves through the body toward 
its target. By altering the energy given to the pro-
ton by the cyclotron, the depth at which the pro-
ton delivers its maximum dose can be precisely 
calculated. After this point of maximum dose 
delivery (known as the Bragg peak), the proton 
stops within tissue, eliminating exit dose to more 
distal tissues [46]. Thus, PBR can offer a better 
therapeutic ratio particularly for HCC patients 
who might otherwise have unacceptable hepatic 
toxicities with photon-based radiation.

 Retrospective Data

The majority of the early data on the use of PBR 
for HCC has come from Japan, where HCC is 
endemic. Results from hypofractionated regi-
mens (16–25 fractions) to ablative doses for large 
tumors are similar to those after surgical resec-
tion, with 5-year LC and OS rates of 90% and 
50%, respectively. The group at the University of 
Tsukuba has published extensively on the utiliza-
tion of PBR in order to safely treat larger tumors 
to larger doses per fraction, beginning with a 
large retrospective review of 165 patients with 
HCC treated with PBR from 1985 to 1998. Five-
year LC and OS were excellent at 86.9% and 
23.5%, respectively, with only five patients expe-
riencing significant chronic toxicities, all of 
whom were treated prior to motion management 
being introduced in 1995. It should also be noted 
that patients were treated with large doses per 
fraction 3–4  days per week given the logistical 
time constraints on the proton beam [47]. The 
same group published on a more recent cohort of 
318 patients with HCC treated between 2001 and 
2007. This patient cohort was slightly more 
favorable with fewer Child-Pugh B and C patients 
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and more patients who received other liver- 
directed therapies prior to PBR, and the 5-year 
OS was better 44.6%. Treatment regimens were 
more standardized in this cohort with patients 
with peripheral tumors away from the gastroin-
testinal mucosa and porta hepatis receiving 
66Gy(RBE) (Gy-relative biologic effectiveness, 
assuming a RBE of 1.1 for protons compared 
with photons) in 10 fractions, tumors within 2 cm 
of the porta hepatis receiving 72.6Gy(RBE) in 22 
fractions, and tumor within 2 cm of the gastroin-
testinal mucosa receiving 77Gy(RBE) in 35 frac-
tions. These regimens were very well tolerated 
with no reported cases of RILD and few serious 
toxicities [48]. Other case series from Asian cen-
ters show similar outcomes [49, 50], which have 
been shown to vary based on patient and tumor 
characteristics including liver function, disease 
burden, and tumor vascular thrombosis. 
Encouraging response rates and acceptable toxic-
ity profiles were seen as well when PBR was 
used for advanced HCC with portal vein tumor 
thrombus [51]. A more recent report showed fea-
sible and promising results from a risk-adapted 
simultaneous integrated boost technique using 
PBR for patients with HCC and tumor vascular 
thrombosis. Median OS was 34.4 months in this 
cohort of 41 patients treated with 50-66Gy(RBE) 
in 10 fractions depending on gross tumor volume 
and distance from GI mucosa [52].

 Prospective Studies

Mizumoto and colleagues reported on 266 
patients treated on three prospective protocols 
developed at the Proton Medical Research Center 
in Tsukuba, including 66GyE in 10 fractions for 
tumors >2  cm away from the portal region, 
72.6GyE in 22 fractions for tumors within 2 cm 
of the hilum, and further reduction to 77GyE in 
35 fractions for tumors adjacent to the GI tract. 
The majority of the tumors were less than 5 cm. 
The average 3-year local control and OS were 
87% and 61%, respectively, with no significant 
differences in local control among the three dif-
ferent fractionation schemes used. Toxicity rates 
were low, suggesting appropriate selection of 

dose and fractionation based on tumor location 
can improve the therapeutic ratio [53]. Long- 
term outcomes for patients treated at Tsukuba 
were recently reported and showed favorable 
long-term control with no grade 3 or higher tox-
icities. This update also showed 5-year LC and 
OS of 90% and 34%, respectively, for patients 
with portal vein tumor thrombi, suggesting PBR 
may be a viable treatment strategy for this subset 
of patients with historically poor outcomes [54].

In the United States, a phase II trial from 
Loma Linda evaluated PBT in 76 patients with 
inoperable HCC and cirrhosis. Eighteen patients 
in this cohort eventually underwent liver trans-
plant, and 33% of those explants showed a patho-
logic complete response after 63Gy(RBE) 
delivered over a 3-week period [55]. Additionally, 
a multi-institutional phase II study of high-dose 
hypofractionated proton beam therapy for liver 
tumors included 44 HCC patients with median 
tumor size of 5.0 cm and tumor vascular throm-
bosis present in 29.5%. Planned dose was 
67.5GyE in 15 fractions for peripheral tumors 
and 58.05GyE in 15 fractions for central tumors. 
Dose de-escalation was allowed in order to meet 
liver constraints. Median dose delivered was 58 
GyE (range 40.5–67.5). LC and OS for this group 
at 2 years were 94.8% and 63.2%, respectively. 
Importantly, very few grade 3 toxicities and no 
grade 4–5 toxicities were observed [56]. The only 
randomized clinical trial involving PBR for HCC 
is currently underway at Loma Linda. Patients 
with HCC who met either Milan or San Francisco 
transplant criteria were randomized to PBR or 
TACE.  In the PBR arm, the dose was 
70.2Gy(RBE) in 15 fractions over 3  weeks. 
Interim analysis was reported recently, and the 
2-year OS was 59% for the cohort with no differ-
ence between the groups. Approximately 1/3 of 
the patients in each arm went on to transplant, 
and pathologic complete response after PBR was 
25% compared with 10% after TACE, though the 
difference was not statistically significant. There 
was a trend toward improved LC in the PBR arm 
(88% vs 45% at 2 years; p = 0.06). There were 
fewer hospitalization days also after PBR when 
compared with TACE, which the author suggests 
may indicate reduced toxicity [57].
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There are no definitive data on the optimal dose 
for control of HCC, but collectively retrospective 
and prospective studies discussed above suggest 
that dose escalation above BED of 80Gy(RBE) is 
associated with excellent outcomes and can be 
safely accomplished using proton beam therapy. 
While patients with relatively small, isolated 
tumors with well-compensated cirrhosis represent 
ideal candidates for ablative dose escalation, pro-
ton therapy may also be used for select candidates 
with larger tumors or Child- Pugh class B/C liver 
disease in whom maximum non-diseased liver 
sparing is essential for adequate function post-
treatment. A summary of selected studies using 
PBR for HCC can be found in Table 6.2.

 Toxicities

 Radiation-Induced Liver Disease

 Pathophysiology
Much of the early trepidation toward using EBRT 
for HCC stemmed from fear of causing liver fail-
ure from RILD, also called radiation hepatitis in 
earlier studies. RILD was first described as anic-
teric hepatomegaly and thought to be caused by 
retrograde congestion [58].

 Clinical Presentation
Symptoms of RILD are non-specific and typi-
cally include fatigue, right upper quadrant pain, 
and discomfort related to ascites and hepatomeg-
aly. Portal hypertension can come from obstruc-
tion of the central vein, and subsequent splenic 
sequestration can lead to profound thrombocyto-
penia. Classic RILD occurs 2–8 weeks after com-
pletion of radiation [59] and is associated with 
findings of elevated alkaline phosphatase above 
twice the normal/pretreatment level. Typically 
transaminases, ammonia, and bilirubin remain 
normal [60]. Nonclassic RILD occurs between 
1 week and 3 months after completion of radia-
tion and involves elevated transaminases up to 
five times the upper limit of normal or a decline 
in liver function as defined by a worsening of the 
Child-Pugh score by 2+ points in the absence of 
classic RILD. One potential confounding condi-
tion is the reactivation of hepatitis B by radiation 

and resulting injury to hepatocytes which can 
also cause elevation of transaminases and ascites 
[60]. Jaundice and elevated bilirubin is not a 
common symptom of RILD and may indicate 
ascending cholangitis or a malfunctioning biliary 
stent, if one is present [9].

 Diagnosis and Work-Up
In addition to laboratory examinations, an ultra-
sound and paracentesis can be useful in the work-
 up of suspected RILD to exclude other causes of 
ascites. Computed tomography (CT) and magnetic 
resonance imaging (MRI) can provide insight as to 
the location of abnormal-appearing liver which can 
be compared with the area of irradiated liver from 
the radiation treatment plan [61, 62]. Ultimately, 
diagnostic laparoscopy and biopsy may be neces-
sary to diagnose RILD as it is a diagnosis of exclu-
sion [9]. Pathologic features of veno-occlusive 
disease around the central vein are commonly seen 
upon pathologic examination [63].

 Treatment and Prognosis
Unfortunately, there is no way to halt the progres-
sion or reverse RILD, so therapies are given only 
to treat the symptoms. Diuretics or therapeutic 
paracenteses can be given to manage symptoms 
of ascites, platelets can be given to correct throm-
bocytopenia, and steroids can help reduce hepatic 
congestion [61]. Some studies have shown an 
improvement with anticoagulation and thrombo-
lytic therapy [64, 65]. Despite best supportive 
measures, most patients with RILD eventually 
die. One study showed that grade 3 or higher 
elevation in transaminases, a pretreatment Child- 
Pugh score of 8 or higher, or grade 3 or higher 
thrombocytopenia predicted a higher risk of fatal 
hepatic failure within 12 months [66].

 Dose-Volume Constraints 
for Prevention of Liver Toxicity

 Mean Liver Dose Constraints
In the 1960s, Ingold et al. reported ascites and 
hepatomegaly in 1 of 8 patients who received 
30–35Gy and 12 of 27 patients who received 
>35Gy to the liver [67]. In the 1980s, studies of 
whole liver irradiation for pancreas cancer 
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demonstrated that mean liver doses in excess of 
30Gy could lead to liver failure [68]. Emami 
and colleagues reported the mean liver dose 
expected to produce a 5% risk of liver failure 
within 5 years of treatment to be 30Gy in 2Gy 
fractions [69]. The 30Gy threshold was also 
significant in a population of patients with liver 
metastases treated with hyperfractionated 
EBRT on a prospective trial. No patient receiv-
ing 27–30Gy in 1.5Gy twice daily fractions 
developed severe RILD, while nearly 10% of 
patients receiving 33Gy in 1.5Gy twice daily 
fractions developed severe RILD [70].

A volume effect for the liver was demonstrated 
when studies showed much higher doses could be 
safely applied when only part of the liver was 
being treated [15]. This suggested that the older 
toxicity prediction models may overestimate the 
risk of liver toxicity for patients who are not under-
going whole liver irradiation [71]. For this reason, 
the Lyman-Kutcher-Burman model for normal tis-
sue complication probability (NTCP) model was 
favored instead. Using the NTCP model, Dawson 
and colleagues found no cases of RILD when the 
mean liver dose was kept below 31Gy.

Additionally, they suggested patients with pri-
mary liver disease, such as HCC, may have a 
lower threshold for developing RILD when com-
pared to patients with hepatic metastases treated 
with radiation [13]. Subsequent work showed 
that Child-Pugh score (A vs B) also significantly 
affected the fractional dose dependence of the 
normalized total dose, an expression proposed to 
convert NTCP data between different dose/frac-
tionation Schemes [72]. Higher sensitivity of cir-
rhotic liver to irradiation could be linked to active 
proliferation of fibrotic tissue with loss of hepatic 
functional reserve. As a result, cirrhotic liver vol-
ume obtained from the volumetric imaging used 
for radiation treatment planning may not ade-
quately represent functional hepatic parenchyma, 
and CT-based dose-volume constraints applied to 
non-cirrhotic liver may be inappropriate. 
Therefore, prediction of RILD by the NTCP 
model for patients with advanced cirrhosis can be 
underestimated [73].

The Quantitative Analysis of Normal Tissue 
Effects in the Clinic (QUANTEC) organ-specific 

paper for the liver recommends the following 
mean liver dose constraints for patients with 
HCC and other primary liver tumors: <28Gy in 
2Gy fractions, <18Gy for six-fraction SBRT regi-
mens, and <13Gy for three-fraction SBRT regi-
mens. When patients have a Child-Pugh B liver 
disease, it is recommended to reduce the mean 
liver dose to <6Gy in regimens using 4–6Gy frac-
tion sizes [74]. It should be mentioned that when 
calculating the mean liver dose, the gross tumor 
volume is subtracted from the total liver volume 
before determining whether a radiation plan 
meets the above constraints.

 Relative Volume Constraints
In addition to mean liver dose, the percentage of 
the liver volume receiving greater than 30Gy 
(V30) has also been shown to be significantly 
associated with RILD. Early studies suggest that 
when the whole liver receives 18Gy in standard 
fractionation, the V30 should be limited to 30% 
[68]. More recent studies evaluating partial liver 
radiation suggest that the V30 should be limited to 
28–60% to decrease the risk of RILD [75–77].

 Absolute Volume Constraints
When conducting a trial of SBRT for liver metas-
tases, the University of Colorado utilized a criti-
cal volume model to reduce the risk of liver 
toxicity. Borrowing data from surgical series, an 
absolute volume of 700 cc of healthy, functioning 
liver was deemed necessary for the best chance at 
maintaining normal liver function. For the 
University of Colorado’s prospective trial, the 
maximum dose allowed to the critical volume of 
700 cc was 15Gy in three fractions [78], and no 
RILD has been reported when using this con-
straint [79].

 Technical Considerations 
for Treatment Planning 
and Delivery

To begin radiation treatment planning, a CT sim-
ulation is first performed in order to create a 
reproducible setup for daily treatment as well as 
to obtain CT images for treatment planning. 
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84

Accurate radiation delivery depends on the abil-
ity to manage motion of the tumor during treat-
ment and to reliably identify and target the tumor 
on a daily basis. The liver moves with respiration, 
mostly in the craniocaudal direction [80]. If treat-
ment while the patient is free-breathing is desired, 
a 4DCT must be obtained after which the tumor 
must be contoured in all phases of the respiratory 
cycle and the target volume enlarged to encom-
pass all possible positions of the tumor. This 
often leads to a prohibitively large target volume, 
particularly when large doses per fraction are 
employed. An alternative is to plan and treat the 
patient with them holding their breath, which 
decreases variation in tumor position to approxi-
mately 2–4  mm [81, 82]. Another option is to 
treat with respiratory gating in which the radia-
tion beam is only turned on during specific phases 
of the respiratory cycle [83]. Abdominal com-
pression can minimize liver motion with respira-
tion but can also cause variable deformation of 
the liver and move the adjacent bowel closer to 
the tumor target [84]. Difference in gastric filling 

may impact liver shape and position, particularly 
the left liver [85]. Therefore, patients are advised 
to have nothing to eat or drink for 3 h prior to the 
simulation appointment as well as for each daily 
treatment.

Daily image guidance is paramount to precise 
radiation delivery, and there are several ways this 
can be done. Radiopaque fiducials can be 
implanted in or near the tumor and identified 
either with daily X-ray and/or CT imaging on the 
treatment machine [86, 87]. The advantage of 
this method is that most linear accelerators have 
the necessary onboard imaging technology, but 
the disadvantage is that it requires an invasive 
procedure to place the fiducials, and the fiducials 
could migrate prior to or during treatment. An 
alternative to fiducial placement is to align to soft 
tissue, with onboard CT-on-rails or cone-beam 
CT imaging which also allows monitoring of 
daily tumor regression, changes in liver shape, 
and day-to-day bowel motion (Fig.  6.1) [85]. 
MRI-based treatment planning and daily image 
guidance will allow for improved visualization of 

a b

c

Fig. 6.1 Panels a, b, and c show representative axial, sag-
ittal, and coronal images for a patient with hepatocellular 
carcinoma (red bold outline) and a portal venous tumor 
thrombus (pink bold outline) treated with stereotactic 
body radiotherapy to a total dose of 50 Gray in 5 fractions 
using intensity-modulated radiation therapy. The patient 

was enrolled on an ongoing clinical trial, Radiation 
Therapy Oncology Group 1112, and all protocol con-
straints were met. The patient was NPO 3 h prior to each 
day’s treatment. Radiation was delivered using a breath- 
hold technique. Daily CT-on-rails was used for daily 
alignment with setup to tumor and liver shape

E. B. Holliday et al.
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the tumors within the liver and will improve daily 
setup accuracy in the future [88]. All of these 
imaging modalities have the best resolution with 
a breath-hold technique (Fig. 6.2).

 Future Directions and Ongoing 
Studies

RTOG 1112 (NCT01730937) is a randomized, 
phase III trial comparing sorafenib alone with 
SBRT followed by sorafenib for patients with 
HCC. The primary endpoint of this trial is to see 
if SBRT improves OS compared to the standard 
of care, sorafenib alone. Patients must be unsuit-
able for transplant, surgical resection, RFA, and 
TACE. Patients are eligible as long as they don’t 
have any one HCC >15 cm or the total max sum 
of HCC >20 cm or more than five discrete intra-
parenchymal HCC foci. Tumor thrombus is 
allowed, but extrahepatic metastases or malig-
nant nodes >3 cm in maximum diameter are not 

allowed. RTOG 1112 is currently accruing and 
hopefully will provide insight as to the benefit 
SBRT can provide patients with inoperable HCC 
over sorafenib alone. Additionally, single- 
institutional trials are currently evaluating the 
safety and efficacy of the combination of SRBT 
with ipilimumab (NCT02239900) or crystalline 
nanoparticles (NCT02721056) for advanced liver 
tumors.

 Summary

Radiation has emerged as an effective treatment 
option for patients with HCC. Long-term tumor 
control rates appear to be comparable to ablation 
and surgical resection, and toxicity rates from 
modern series are acceptable, particularly given 
the common comorbidity profile of this patient 
population. This may be due to advances in radia-
tion delivery techniques which allow for higher 
doses to be given more precisely with a lower 

a b

c

Fig. 6.2 Panels a, b, and c show representative sagittal, 
coronal, and axial images for a patient with hepatocellular 
carcinoma treated with proton beam radiotherapy to a 
total dose of 75 Gray (relative biological effectiveness) in 
15 fractions. Note the conformal coverage of the target 
(red-shaded volume) with the prescription dose line 
(white bold outline) as well as the rapid falloff of radiation 

dose distal to the target. Nontarget liver and abdominal 
viscera received doses that were well below constraints. 
The patient was NPO 3 h prior to each day’s treatment. 
Radiation was delivered using a breath-hold technique. 
Three carbon fiducials were placed prior to treatment and 
were used daily for alignment using kilovoltage X-ray 
imaging on the treatment machine
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risk of adverse toxicity to the uninvolved liver 
and other nearby critical structures. More confor-
mal techniques using IMRT or proton therapy 
can help to achieve this goal. SBRT and hypo-
fractionated regimens also appear promising and 
allow shorter courses without compromising 
safety.
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 Introduction

Advanced hepatocellular carcinoma (HCC) is 
defined by the presence of multicentric unresect-
able disease, major vessel involvement, or extra-
hepatic spread. Eighty percent of HCC cases 
arise in preneoplastic cirrhotic liver, either due to 
hepatitis B or C, alcoholic cirrhosis, nonalcoholic 
steatohepatitis (NASH), metabolic diseases 
(hemochromatosis, alpha-1 antitrypsin defi-
ciency), or toxin exposure (aflatoxins). Treatment 
and outcome highly depend on the residual liver 
function in the context of cirrhosis, defined by 
Child-Pugh score [1]. Treatment of HCC has sig-
nificantly shifted forward during the last decade, 
with the advance in sophisticated diagnostics and 
development of new therapeutics. Molecular sig-
nature and correlatives of response are also being 
explored.

 Tyrosine Kinase Inhibitors

In HCC, a net excess of angiogenic factors pro-
duced by tumor cells, vascular endothelial cells, 
immune cells, and pericytes leads to the activa-
tion and recruitment of endothelial cells and peri-
cytes [2]. Sorafenib is an oral multikinase 
inhibitor that inhibits VEGFR1, VEGFR2, 
VEGFR3, PDGFR-α, PDGFR-β, c-KIT, Raf-1, 
and BRAF. Early evidence of clinical antitumor 
activity was observed from a phase II study of 
137 patients with advanced HCC; time to pro-
gression (TTP) was 4.2  months and OS 
9.2  months [3]. In a randomized phase III trial 
[4], patients who received sorafenib showed a 
10.7-month median overall survival compared to 
7.9  months for patients who received placebo 
(HR  =  0.69; p  <  0.001). While benefit from 
sorafenib is observed across patients regardless 
of disease stage and etiology, an improved benefit 
of sorafenib in patients with hepatitis C virus 
(HCV)-induced HCC was observed. The superior 
activity of sorafenib in HCV-induced HCC might 
be due to high RAF kinase activity driven by 
HCV core protein-1, in this subgroup [5]. 
Sorafenib was thus approved for the treatment of 
inoperable HCC.  This led to several antiangio-
genic agents and tyrosine kinase inhibitors to be 
evaluated in advanced HCC.

Sunitinib malate inhibits multiple kinases 
including VEGFR-1, VEGFR-2, and VEGFR-3, 
PDGFR-α and PDGFR-β, KIT, FMS-like tyro-
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sine kinase 3, colony-stimulating factor receptor 
type 1, and RET. In a phase II study of sunitinib, 
ORR was 2.9%, median PFS was 3.9  months 
(95% CI, 2.6–6.9  months), and OS was 
9.8 months (95% CI, 7.4 months to not available) 
[6]. The randomized phase III trial comparing 
sunitinib to sorafenib in the first line was termi-
nated early for futility and safety reasons [7]. 
Sunitinib was significantly inferior to sorafenib 
with median OS of 7.9 versus 10.2 months (two-
sided p  =  0.0014). Brivanib is a selective dual 
inhibitor of VEGF and FGF receptors, both 
implicated in HCC tumorigenesis and angiogen-
esis; a phase III study randomized 395 patients 
with advanced HCC who progressed on/after or 
were intolerant to sorafenib to receive brivanib 
800 mg orally once per day or placebo. Median 
OS was 9.4 months for brivanib and 8.2 months 
for placebo ([HR], 0.89; 95.8% CI, 0.69–1.15; 
p = 0.3307) [8].

Lenvatinib is an oral inhibitor of VEGFR1–3, 
FGFR1–4, PDGFR-α, RET, and KIT. A phase II 
single-arm study including 46 patients was con-
ducted at sites across Japan and Korea. The 
median TTP was 7.4  months [95% confidence 
interval (CI), 5.5–9.4], 37% had partial response, 
and 41% had stable disease (ORR, 37%; DCR, 
78%). Median OS was 18.7  months (95% CI, 
12.7–25.1). The most common any-grade adverse 
events were hypertension, palmar-plantar eryth-
rodysesthesia syndrome, decreased appetite, and 
proteinuria [9]. An open-label, phase III trial 
(NCT01761266), comparing lenvatinib versus 
sorafenib in first-line treatment of patients with 
unresectable HCC, was completed and has met 
its primary endpoint of non-inferiority with OS 
of 13.6 vs 12.3 months and HR 0.92 (0.79–1.06). 
It showed statistically significant improvement 
for PFS, 7.4 vs 3.7 months; HR, 0.66 (0.57–0.77); 
TTP, 8.9 vs 3.7  months; HR, 0.63 (0.53–0.73); 
and ORR, 24% vs 9%, p < 0.00001 [10].

Ramucirumab, a recombinant IgG1 monoclo-
nal antibody and VEGF receptor-2 antagonist, was 
assessed in the second line in a randomized phase 
III trial. Median OS was 9.2 months (95% CI 8.0–
10.6) versus 7.6 months (6.0–9.3) for the placebo 
group (HR 0.87 [95% CI 0.72–1.05]; p  =  0.14) 
[11]. Patients with Child-Pugh B disease had sig-

nificant adverse liver events, so investigators 
stopped enrolment of patients with Child-Pugh B 
disease, and they were excluded from analysis. 
Prespecified tests for OS identified baseline AFP 
concentration as the only clinically relevant factor 
with an interaction with treatment (p = 0.027). In 
patients with AFP ≥400 ng/mL, median OS was 
7.8 months (95% CI 5.8–9.3) for the ramucirumab 
versus 4.2 months (3.7–4.8) for placebo. Elevated 
AFP has been associated with elevated VEGFR 
expression, increased angiogenesis, and poor 
prognosis in hepatocellular carcinoma [12]. A fol-
low-up study evaluated ramucirumab in patients 
with of ≥ 400ng/ml showed an improvement in 
overall survival to 8.5 months versus 7.3 months 
for placebo (HR 0.710; 95% CI 0.531, 0.949; 
p =.0199). and reference Zhu, A. et al. J Clin Oncol 
36, 2018 (suppl; abstr 4003).

Regorafenib, a TKI that targets TIE-2, FGFR, 
c-kit, and RET in addition to VEGF, PDGFR, and 
RAF-MEK-ERK, showed significant improve-
ment in overall survival (10.6 vs 7.8  months; 
p < 0.001) and progression-free survival (3.1 vs 
1.5  months; p  <  0.001) after progression on 
sorafenib in a randomized, international, multi-
center, phase III trial RESORCE [13]. OS benefit 
was observed across subgroup populations, 
including Asian vs non-Asian, AFP level, and 
hepatitis B- or C-related HCC.  On April 27, 
2017, the US Food and Drug Administration 
expanded the indications of regorafenib to 
include the treatment of patients with HCC who 
have been previously treated with sorafenib.

c-Met and HGF are the most common deregu-
lated pathways in HCC. Patients with c-Met over-
expression have a poorer prognosis compared to 
the general population. Targeting Met has been an 
increasingly interesting approach in 
HCC. Tivantinib, a selective Met inhibitor, dem-
onstrated antitumor activity in a phase II second-
line trial [14]. The benefit was more notable in 
patients with c-Met-positive tumors, and subse-
quently a phase III trial evaluating tivantinib in 
select Met-positive population in the second-line 
setting was conducted and recently reported. 
Primary endpoint of OS was not met [15]. Median 
OS (95% CI) was 8.4  months (6.8–10.0) in the 
tivantinib arm and 9.1 m (7.3–10.4) in the placebo 
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arm, HR = 0.97 (0.75–1.25), and p = 0.81. Median 
PFS (95% CI) was, respectively, 2.1 m (1.9–3.0) 
vs 2 m (1.9–3.6), HR = 0.96 (0.75–1.22), p = 0.72 
[15]. Cabozantinib has both anti-Met and antian-
giogenic activity and has shown activity against 
HCC in the preclinical and early clinical studies. 
In the phase II randomized discontinuation study 
of cabozantinib, median OS time for all 41 treated 
patients from the initial cabozantinib dose was 
11.5 months (95% CI = 7.3–15.6 months) [16]. A 
randomized phase III trial evaluating cabozantinib 
regardless of Met status showed an overall survival 
of 10.2 mo for cabozantinib vs 8 months for pla-
cebo (HR 0.76, 95% CI 0.63-0.92; p = 0.0049). 
Median PFS was 5.2 months for cabozantinib vs 
1.9 months for cabozantinib (HR 0.44, 95% CI 
0.36-0.52; p  < 0.001), and reference Abou-Alfa, 
GK, et al. Journal of Clinical Oncology 36, no. 4_
suppl (February 1 2018) 207-207.

 Immunotherapy

 Checkpoint Inhibition

Emerging data are available for checkpoint inhib-
itors acting on the CTLA-4 and PD-1 checkpoint 
pathways in HCC. The CTLA-4 pathway inhibits 
the activation of T cells, specifically Tregs. A 
phase II study of tremelimumab, a CTLA-4-
blocking antibody, demonstrated a partial 
response (PR) of 17.6%, a disease control rate 
(DCR) of 76.4%, and a TTP of 6.48 months in 
HCV-induced HCC patients [17]. Tremelimumab 
is now being evaluated as single agent and in 
combination with durvalumab (previously 
MEDI4736) in a phase II trial. Nivolumab is a 
human monoclonal antibody that targets the 
PD-1 cell surface membrane receptor. Nivolumab 
was well tolerated in the phase I/II trial, demon-
strating antitumor activity across different etiolo-
gies. The median OS was 70% at 9 months and 
62% at 12  months [18]. In the dose expansion 
part of the study, nivolumab at 3 mg/kg demon-
strated an OS rates for all patients at 6 and 
9 months of 82.5% and 70.8%, respectively. The 
most recently reported ORR was 20% (95% CI 
15–26) in 214 patients treated in the dose 

 expansion phase; DCR was 64% (95% CI 58–71). 
Responses were observed across etiologies and 
regardless of tumor PD-L1 expression. ORRs of 
23% (95% CI 13–36) and 21% (95% CI 11–34) 
were observed in the uninfected sorafenib-naive 
and sorafenib-treated patients, respectively [19]. 
A randomized phase III trial comparing 
nivolumab to sorafenib in the first-line setting 
(NCT02576509) is currently underway. 
Pembrolizumab is also being studied in the sec-
ond line after progression on sorafenib. 
Immunotherapy is associated with rare but nota-
ble risk of serious adverse events, including 
severe colitis, pneumonitis, nephrotoxicity, hepa-
totoxicity, and other immune-related adverse 
events, which might require hospitalization and 
high-dose immunosuppressive therapy, with 
eventual discontinuation of the drug.

 Vaccine Therapy

Vaccine therapy was recently described and is 
currently looked at in HCC. JX-594 is a targeted 
oncolytic poxvirus designed to selectively repli-
cate in and destroy cancer cells with cell-cycle 
abnormalities and EGFR-RAS pathway activa-
tion. Intratumoral injection was shown to be safe 
and induce tumor response in a small cohort [20]. 
A randomized phase II dose-ranging study was 
initiated to evaluate the safety and antitumor effi-
cacy of Pexa-Vec administered at high dose ver-
sus low dose in 30 patients with advanced HCC 
[21]. All patients experienced flu-like symptoms 
consisting of fever, chills, rigors, nausea, or vom-
iting within 24  h of JX-594. Four patients 
responded to treatment based on modified 
RECIST (one complete response, three partial 
responses). Furthermore, overall survival was 
significantly longer in the high-dose arm com-
pared with the low-dose arm (median 14.1 months 
versus 6.7 months, p-value 0.020). In contrast, a 
phase IIb clinical trial in HCC patients who failed 
sorafenib therapy (n  =  129) was recently com-
pleted and did not achieve the primary endpoint 
of prolonging overall survival in Pexa-Vec-
treated patients when compared to patients 
treated with best supportive care in this patient 
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population [22]. This study was critiqued for the 
poor performance of the eligible patients. Based 
on preliminary preclinical and clinical data that 
suggests a complementary antitumor effects of a 
sequential combination of Pexa-Vec followed by 
sorafenib possibly by targeting the tumor vascu-
lature via different mechanisms [23], a random-
ized phase III study (PHOCUS) comparing 
vaccine therapy combined to sorafenib vs 
sorafenib alone in the first-line setting is cur-
rently underway (NCT02562755).

 CAR T Cell Therapy

Immunotherapy based on T cells modified with a 
chimeric antigen receptor (CAR) has been dem-
onstrated as a promising strategy for cancer treat-
ment. CAR T cells can specifically recognize 
tumor-associated antigen and eliminate tumor 
cells in a nonmajor histocompatibility complex-
restricted manner. Several pilot clinical trials 
using CAR T cells have recently been reported 
with promising clinical outcomes. AFP is a 
secreted glycoprotein commonly expressed in 
HCC and was studied as a potential target for 
CAR T cell therapy [24]. This study demon-
strated that AFP-CAR T cells targeting intracel-
lular/secreted solid tumor antigens can elicit an 
antitumor response while being specific to the 
target antigen complex in cell lines. In vivo activ-
ity was tested in liver cancer xenograft models, 
and a reduction in tumor size was demonstrated. 
Potential off-target/off-tumor toxicity resulting 
from the cross-reactivity of these receptors with 
nonidentical sequence-related HLA-I-binding 
peptides presented by vital cells is one limitation 
to this strategy [25]. GPC3 is an attractive liver 
cancer-specific target because it is highly 
expressed in HCC with limited expression in nor-
mal tissues. Phase I studies of GPC-3 naked anti-
body [26] failed to demonstrate efficacy in 
HCC.  Results from a phase I study of GPC-3-
derived peptide vaccine [27] suggest that GPC3-
targeted T cells could be potential agents for 
HCC treatment. The GPC3-targeted CAR T cells 
were shown to efficiently kill GPC3-positive 
HCC cells but not GPC3-negative cells in vitro 

[28]. These cytotoxic activities seemed to be pos-
itively correlated with GPC3 expression levels in 
the target cells. The survival of the mice bearing 
established orthotopic Huh-7 xenografts was sig-
nificantly prolonged by the treatment with the 
third-generation GPC3-targeted CAR T cells. 
The cytotoxic activity of CAR T cell was also 
evaluated in three PDX models in  vivo [29]. 
Glypican 3 (GPC3)-CAR T cells efficiently sup-
pressed tumor growth in PDX3 and impressively 
eradicated tumor cells from PDX1 and PDX2, in 
which GPC3 proteins were highly expressed. 
AFP is not as sensitive or specific as GPC3  in 
HCC, and future directions are mostly geared to 
target GPC3 in the upcoming studies. Success of 
this approach partly depends on safer antigen 
selection, CAR sensitivity, and possibly com-
bined antigen targeting.

 Chemotherapy

Prior to the sorafenib era, cytotoxic systemic and 
hepatic arterial chemotherapies were the accepted 
therapeutic choices for advanced HCC. 
Anthracyclines, 5-FU, and platinum were widely 
studied agents, among which doxorubicin has 
been thought of as the most promising, yielding 
response rates of up to 20% and median survival 
of 4 months [30]. Interferons with immunomodu-
latory and antiproliferative effects on tumor cells 
have shown modest activity in HCC [31] which 
justified its combination to chemotherapy. 
Cisplatin, interferon, doxorubicin, and fluoroura-
cil (PIAF) used in combination have shown prom-
ise in a phase II study with median overall survival 
(OS) of 5.9 months [32]. This led to the study of 
doxorubicin versus PIAF phase III trial in patients 
with unresectable HCC [33]; most patients were 
hepatitis B positive and have Child-Pugh score A 
cirrhosis. The overall response rates (ORR) were 
10.5% (95% CI = 3.9–16.9%) in the doxorubicin 
group and 20.9% (95% CI = 12.5–29.2%) in the 
PIAF group (p = 0.058). The median survival was 
6.83  months in the doxorubicin group and 
8.67 months in the PIAF group. There was no dif-
ference in the HR of OS between treatment groups 
(HR  =  0.97; 95% CI  =  0.71–1.32). PIAF was 
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associated with significantly higher myelotoxic-
ity, and nearly 40% of the study population devel-
oped hepatitis that was attributed to HBV 
reactivation. FOLFOX was also studied exten-
sively. A randomized open-label controlled trial 
was conducted in Asia to compare FOLFOX 
(5-FU and oxaliplatin) to doxorubicin [34], in 
patients who were ineligible for curative resection 
or local treatment. Median OS was 6.4  months 
with FOLFOX (95% CI, 5.30–7.03) and 
4.97  months with doxorubicin (95% CI, 4.23–
6.03; p = 0.07). Although the primary endpoint of 
OS was not met, a trend toward improved OS may 
suggest a benefit in this population. With the 
development of targeted therapy, namely, the mul-
tikinase inhibitor sorafenib, a rationale that 
sorafenib may help induce apoptosis and thus 
increase the cytotoxicity of chemotherapeutic 
agents led to the evaluation of the two in combina-
tion. Doxorubicin and sorafenib combination 
evaluated in a phase II trial [35] suggested a supe-
riority to doxorubicin alone. When compared to 
sorafenib alone in a phase III randomized study, 
the combination resulted in higher toxicity and no 
improvement in OS or PFS [36].

 Combination Local and Systemic 
Therapy

Several efforts are carried out to optimize effi-
cacy of local and systemic approaches. Sometimes 
management depends on the approach of multi-
disciplinary specialists involved in the treatment 
of HCC. TACE causes increased hypoxia leading 
to an upregulation in hypoxia-inducible factor-1 
(HIF-1), which in turn upregulates VEGF and 
PDGFR and increases tumor angiogenesis. This 
angiogenic surge leads to the contemplation that 
adding sorafenib therapy to TACE might improve 
outcomes [37]. In a phase II, open-label trial 
investigating the safety and efficacy of the com-
bination of sorafenib and conventional TACE in 
patients from the Asia-Pacific region with inter-
mediate HCC, 63.3% of patients achieved either 
partial response or stable disease [38]. A random-
ized trial did not show improvement in time to 
progression with TACE plus sorafenib vs TACE 

alone in intermediate-stage multifocal HCC with 
no extrahepatic disease [39]. TACE 2, another 
multicenter, randomized, phase III trial per-
formed in the United Kingdom, also compared 
sorafenib added to DEB TACE versus placebo in 
294 patients and showed no benefit in progres-
sion-free survival or overall survival [40]. We are 
waiting for the outcome of the same approach 
evaluated in the randomized study, ECOG 1208 
(NCT01004978). Challenges to this approach 
include timing of antiangiogenic therapy and 
assessment of response and efficacy.

It is also thought that ablative therapies induce 
a peripheral immune response which may 
enhance the effect of immune modulating agents 
[41]. Tremelimumab has been studied in combi-
nation with radio-frequency ablation [42] with 
favorable safety profile and outcome. Six-week 
tumor biopsies showed a clear increase in CD8+ 
T cells in patients showing a clinical benefit 
only. Multiple studies of combined immune 
checkpoint inhibition and ablative therapies are 
ongoing: nivolumab and TACE (NCT03143270), 
tremelimumab and durvalumab in combination 
with ablative therapies (TACE, radio-frequency 
ablation, and cryoablation) (NCT02821754), 
and a study of Y90 radio-embolization with 
nivolumab in the Asian population 
(NCT03033446).
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 Introduction

Cholangiocarcinoma (CCA) is a neoplasm of the 
biliary tract epithelium and is commonly catego-
rized according to anatomic location into intrahe-
patic (ICC), perihilar, and extrahepatic subtypes 
(Fig.  8.1). The distinction is important as each 
variant differs in clinical presentation, as well as 
diagnostic and prognostic attributes. ICC is the 
least common subtype and arises from malignant 
proliferation of epithelial cells located proximal 
to the second-degree bile ducts. ICC is also the 
second most common primary liver neoplasm 
after hepatocellular carcinoma (HCC) and 
accounts for 15% of primary hepatic tumors [1]. 
The incidence and mortality of ICC continues to 
rise in the United States [2].

Most cases are not detected prior to the onset 
of symptoms, which usually manifest in the sev-
enth decade of life [3]. Unfortunately, the major-
ity of patients present at advanced stages when 
the tumor has already metastasized or pro-
gressed locally to involve adjacent vital struc-
tures [4, 5]. Hepatitis B, hepatitis C, cirrhosis, 

choledochal cysts, hepatolithiasis, hepatic 
flukes (Clonorchis sinensis, Opisthorchis viver-
rini), primary sclerosing cholangitis, obesity, 
and alcohol and nitrosamine ingestion are some 
of the known risk factors for the development of 
ICC [6, 7].

Surgical resection with negative microscopic 
margins (R0 resection) remains the mainstay of 
curative therapy. The 5-year overall survival (OS) 
of patients following surgical resection is depen-
dent on several factors and usually varies from 11 
to 40% [8–12]. Unfortunately, only 30–40% of 
patients with ICC (stages 1 and 2) are amenable 
to surgical resection at the time of diagnosis [4, 6, 
13]. Unresectable lesions have a poor prognosis 
with a median survival of 7–12  months and a 
3-year OS of 3% [14, 15].

Herein, we will review the current manage-
ment of ICC while highlighting the role of 
surgery.

 Clinical Presentation

ICC is diagnosed incidentally in 19–43% of 
cases; patients usually only develop nonspecific 
symptoms at advanced stages of the disease 
[16, 17]. Biliary obstruction is the most fre-
quent presentation; however, patients can also 
manifest with unexplained weight loss, mal-
aise, abdominal discomfort, palpable abdominal 
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mass, and hepatomegaly. The diagnosis of 
ICC is usually made based upon a combination 
of clinical, laboratory, and radiologic data 
(Fig. 8.2) [4, 18].

 Imaging

Dynamic cross-sectional imaging is essential 
for characterizing intrahepatic masses and pre-
operative planning. Computed tomography 
(CT) and magnetic resonance imaging (MRI) 
can help in distinguishing ICC from HCC. On 
CT scan, ICC appears as a hypodense mass in 
the unenhanced phase with progressive and het-
erogeneous enhancement on arterial, venous, 
and delayed phases [4, 19]. In contrast, homoge-
neous arterial phase enhancement followed by 
portal venous and delayed phase washout is 
more characteristic of HCC (Fig. 8.3) [20]. Less 
specific radiological features of ICC include 
homogeneous low-attenuation masses with 
irregular peripheral enhancement, lobulated 
morphology, hepatic capsular retraction, local 
vascular invasion, and proximal biliary dilation 
[21]. On MRI, ICC is typically hypointense on 
T1-weighted and hyperintense on T2-weighted 
images [22]. Similar to CT scan, peripheral 
enhancement followed by progressive concen-
tric filling of the tumor with contrast in the arte-
rial and delayed phases of contrast-enhanced 
MRI is suggestive of ICC.

Ultrasonography (US) may also identify, 
localize, and determine the extent of intrahepatic 
masses while ruling out other etiologies. On US, 
ICC typically appears as a hypoechoic mass that 
may be associated with intrahepatic ductal dilata-
tion. However, these features are not specific to 
ICC [23]. The role of fluorodeoxyglucose (FDG)-
positron emission tomography (FDG-PET) in the 
evaluation of ICC remains controversial. FDG-
PET with CT has a sensitivity and specificity up 
to 95% and 83% in detecting ICC, respectively 
[24]. However, the sensitivity of FDG-PET is not 
superior to CT or MRI for detecting primary 
tumors as increased FDG avidity can also be seen 
in other intrahepatic malignancies or inflamma-
tory/infectious processes. Notably, the diagnostic 
yield of PET scan is higher for mass-forming 
ICC than infiltrating tumors. Also, FDG-PET has 
a sensitivity and specificity of 80% and 92% for 
detecting lymph node metastases (LNM) [24].

 Biomarkers

Currently tumor markers have a very limited 
role in the diagnosis of ICC. Although CA 19-9 
is the most commonly used tumor biomarker, it 
only has a modest accuracy in distinguishing 
ICC from HCC with a sensitivity of 62% and 
specificity of 63% [25]. Notably, patients with 
unresectable ICC tend to have higher CA 19-9 
levels compared with patients who have resect-

Mass-forming Periductal Intraductal

Distal extrahepatic

Cystic duct

Second-order
bile ducts

Intrahepatic

Perihilar

a b

Fig. 8.1 Classification of cholangiocarcinoma. (a) CCAs are classified according to the anatomical location into intra-
hepatic (ICC), perihilar, and extrahepatic subtypes. (b) Three different pathologic patterns of ICC growth
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able disease [25]. CA 19-9 elevation is also 
associated with other gastrointestinal and gyne-
cologic malignancies as well as benign biliary 
diseases, further limiting its application as an 
ICC-specific biomarker. Therefore, the major-

ity of studies examining CA 19-9 as a bio-
marker for the detection of CCA have noted 
suboptimal accuracy, with wide variation of 
reported sensitivity (38–93%) and specificity 
(67–98%) [26–28].

Intrahepatic mass suspicious for malignancy

Known primary extrahepatic malignancy?

Quadruple phase CT or MRI

Tumor diameter?

No

Yes Evaluate for 
metastatic disease

<1 cm >2 cm >1 cm and <2 cm

Repeat imaging in 
3 months intervals

Arterial enhancement
PLUS

Venous washout

Arterial enhancement
PLUS

Venous enhancement

Suspicion for iCCA

Resectable?

HCC

Yes

Surgery

No

Biopsy

Indeterminate

Fig. 8.2 Algorithm for diagnostic evaluation of intrahe-
patic cholangiocarcinoma. (Adapted from Blechacz et al. 
“Cholangiocarcinoma: Current Knowledge and New 
Developments.” “Copyright © 2017 by The Korean 
Society of Gastroenterology, the Korean Society of 
Gastrointestinal Endoscopy, the Korean Society of 
Neurogastroenterology and Motility, Korean College of 
Helicobacter and Upper Gastrointestinal Research, 
Korean Association the Study of Intestinal Diseases, the 

Korean Association for the Study of the Liver, Korean 
Pancreatobiliary Association, and Korean Society of 
Gastrointestinal Cancer. This is an Open Access article 
distributed under the terms of the Creative Commons 
Attribution Non-Commercial License (http://creative-
commons.org/licenses/by-nc/4.0) which permits unre-
stricted non-commercial use, distribution, and 
reproduction in any medium, provided the original work 
is properly cited”)

8 Guidelines for Resection of Intrahepatic Cholangiocarcinoma

http://creativecommons.org/licenses/by-nc/4.0
http://creativecommons.org/licenses/by-nc/4.0


102

Carcinoembryonic antigen (CEA), an effec-
tive marker for colorectal cancer, has a low diag-
nostic yield in ICC.  Recent advances have 
elucidated molecular and genetic characteristics 
of ICC and offer the potential for molecular-
based diagnosis. However, the clinical 
 applicability of most existing markers such as 
mucins, 14-3-3 protein, and serum cytokeratin 19 
fragments (CYFRA 21-1) is limited due to a lack 
of adequate sensitivity and specificity [29–32].

 Pathology

If clinical presentation, laboratory analyses, and 
imaging modalities are inconclusive or yield con-
tradictory results, tissue biopsy can be performed 
to confirm the diagnosis. The pathologic confir-
mation is not routinely recommended for lesions 
that appear resectable based on preoperative 
investigations [4, 6]. Tissue diagnosis is, how-
ever, necessary before starting systemic chemo- 
or radiotherapies.

ICC needs to be distinguished from benign 
lesions, such as peribiliary glands, reactive duct-
ular proliferation, biliary microhamartomas, and 
bile duct adenomas [33]. The most common his-
tologic features of ICC are adenocarcinoma with 
tubular and/or papillary structures with variable 

fibrous stroma [34]. ICC cannot be readily dif-
ferentiated from metastatic adenocarcinoma of 
extrahepatic primary tumors based on histopa-
thology alone and requires further immunohisto-
chemical evaluation. ICCs are predominately 
mass-forming lesions, whereas perihilar cholan-
giocarcinomas typically have periductal-infiltrat-
ing morphologic patterns.

 Staging

The seventh edition of the American Joint 
Committee on Cancer/Union for International 
Cancer Control (AJCC/UICC) staging system, 
which was published in 2010, introduced a dis-
tinct ICC TNM classification in recognition of 
biologic behavior and prognostic differences 
between ICC and HCC (Table 8.1) [35]. Using the 
seventh edition as a baseline, multi-institutional 
studies have subsequently refined the staging sys-
tem and have proposed several changes. For 
instance, in stage 2b (patients with multiple 
tumors), it is clinically difficult to distinguish 
multifocal disease from tumors with intrahepatic 
metastases or satellite lesions [4, 6]. In addition, a 
study by Hyder et al. demonstrated that tumor size 
is an important factor with nonlinear threshold 
effect on postsurgical ICC outcome [8].

Delayed phase Portal-venous phase Arterial phase Precontrast

iCCA

HCC

Fig. 8.3 Hepatocellular versus intrahepatic cholangiocarcinoma on dynamic CT imaging. Adapted with permission 
from Blechaz, et al. Images courtesy of Dr. Janio Szklaruk, MD Anderson Cancer Center, Houston, TX, USA
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The eighth edition, published in late 2016, took 
some of these refinements into account, and sev-
eral changes were made to ICC staging in the 
eighth edition. Specifically, in the eighth edition 
staging, the T1 category was revised to account for 
the prognostic impact of tumor size (T1a ≤ 5 cm 
vs. T1b > 5 cm). Regional lymph node metastases 
in the hilar, peri-duodenal, and peripancreatic 
nodes are considered N1 disease, whereas distant 
lymphatic involvement of celiac, periaortic, or 
caval nodes is considered M1 disease.

 Biliary Decompression

The role of preoperative biliary drainage remains 
controversial, and the current data is mainly lim-
ited to the experience derived from the manage-
ment of perihilar cholangiocarcinoma. Biliary 
drainage is indicated in septic patients with sus-

pected cholangitis and may also help to improve 
their hepatic function (e.g., coagulopathy, renal 
failure) and relieve symptoms (e.g., pruritus) 
[36]. Proponents of preoperative biliary drainage 
claim improved hepatic function, optimization of 
nutritional parameters, and reduction of cholan-
gitis and postoperative liver failure as advantages 
of this strategy. However, in a recent multicenter 
retrospective study, preoperative biliary drainage 
was not associated with improved postoperative 
outcomes [37]. In contrast, opponents believe 
that biliary drainage increases the risk of tumor 
seeding (with transabdominal drain placement), 
cholangitis, pancreatitis, and perioperative infec-
tion and may also lengthen postoperative hospital 
stay [38, 39].

Due to a reported 1.4–5% risk of tumor seed-
ing of the drain track with percutaneous biliary 
drainage, endoscopic retrograde cholangiopan-
creatography (ERCP) is widely advocated as the 
preferred choice [40, 41]. However, endoscopic 
stent occlusion rate has been reported to be as 
high as 60%. Furthermore, unsuccessful attempts 
with endoscopic decompression place patients at 
risk for contamination of undrained areas (due to 
retrograde injection of contrast) and cause delays 
in treatment [42]. Several groups are investigat-
ing the utility of alternate preoperative drainage 
methods such as nasobiliary drainage. Overall, 
data is sparse for biliary drainage in the setting of 
ICC and remains at the discretion of the clinician 
based on the clinical condition of the patient.

 Indications for Resection

Resection should be considered in patients with 
disease who have potentially resectable tumors 
and adequate performance status (Fig.  8.4). 
Resectable tumors are defined as lesions that 
can be completely removed with negative histo-
logic margins (R0) and leave sufficient liver 
remnant. Preoperative cross-sectional imaging 
using contrast-enhanced multi-detector CT 
(MDCT scan) and/or magnetic resonance imag-
ing/magnetic resonance cholangiopancreatog-
raphy (MRI/ MRCP) plays a key role in the 
assessment of tumor resectability [4, 6]. 

Table 8.1 Staging of intrahepatic cholangiocarcinoma

Primary tumor (T)
TX Primary tumor cannot be assessed
TO No evidence of primary tumor
Tis Carcinoma in situ (intraductal tumor)
TI Solitary tumor without vascular invasion
T2a Solitary tumor with vascular invasion
T2b Multiple tumors, with or without vascular 

invasion
T3 Tumor perforating the visceral peritoneum 

or involving the local extra hepatic 
structures by direct invasion

T4 Tumor with periductal invasion
Regional lymph nodes (N)
NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Regional lymph node metastasis present
Distant metastasis (M)
M0 No distant metastasis
M1 Distant metastasis present
Stage grouping
Stage 0 Tis N0 M0
Stage I TI N0 M0
Stage II T2 N0 M0
Stage III T3 N0 M0
Stage 
IVA

T4 N0 M0
Any T N1 M0

Stage 
IVB

Any T Any 
N

M1

Adapted with permission from Eckel et al.
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Evidence of extrahepatic disease, including 
involvement of other organs or distant LNs 
(i.e., celiac and the para-aortic nodes), is a con-
traindication to resection. Bilateral, multifocal, 
and multicentric diseases are also considered as 
relative contraindications for surgical resection 
[4, 35, 43]. Multifocal/multicentric tumors are 
detected in up to 44% of patients and reported 
to be associated with worse survival [13, 44]. 
This may be in part attributed to the presence of 
occult metastatic dissemination. There are no 
data to address the prognostic relevance of true 
peri-tumoral satellite lesions versus multifocal 
disease.

An adequate future liver remnant (FLR)  
includes a minimum of two contiguous segments 
with adequate inflow, outflow, and biliary drain-
age. A patient with a normal underlying liver 
requires at least a 20% FLR to prevent postop-
erative liver failure. The percentage increases to 
30% for patients who had steatosis or steatohep-
atitis and to 40% in patients with underlying cir-
rhosis [45, 46]. Patients with ICC who do not 
meet FLR requirements may benefit from addi-

tional preoperative procedures to induce hyper-
trophy of the FLR such as portal vein 
embolization or even associating liver partition 
and portal vein ligation for staged hepatectomy 
(ALPPS) [43, 47, 48].

The rate of achieving R0 resection can be as 
high as 85% with an aggressive surgical approach 
that often involves a major or extended hepatec-
tomy combined with concurrent bile duct or vas-
cular resection [4, 49]. However, due to delayed 
diagnosis, only 30–40% of patients with ICC are 
amenable to surgical resection at the time of 
diagnosis [4, 6]. In part, because of the technical 
complexity of an R0 resection in some cases, 
only a subset of patients who could benefit from 
surgery are even offered resection. For example, 
in one study, only 91 of 248 patients (37%) with 
localized potentially resectable disease under-
went surgery [50].

Orthotopic liver transplantation (OLT) has a 
very limited role in management of patients 
with ICC. The reported survival of patients with 
ICC following OLT is markedly less than cir-
rhotic patients undergoing transplantation [51, 

Intrahepatic cholangiocarcinoma (iCCA)

TNM stage I

Single tumor Single or multinodular
vascular invasion (VI)

Visceral peritoneum perforation,
local hepatic invasion

Periductal invasion,
N1, M1

TNM stage II TNM stage III TNM stage IV

Resectable (30–40%) Unresectable (60–70%)

Intrahepatic
disease only

Extrahepatic
disease 

Non-curative
resection

Curative
resection

Observation
Enroll in studies of 

adjuvant therapy

Local-regional
therapy*

Gemcitabin and 
cisplatin*

5-year survival R0: 40%
5-year survival N1 and VI: 20%

RF/TACE: median survival 15 months
Chemotherapy: median survival 12 months

Fig. 8.4 Algorithm for management of intrahepatic cholangiocarcinoma. Adapted with permission from Bridgewater 
et al.
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52]. Recently, an international multicentric 
cohort study reported outcomes for OLT in cir-
rhotic patients noted to have very early, inciden-
tal ICC (single tumor ≤2 cm). In this study, the 
reported 5-year actuarial survival and incidence 
of recurrence among 15 patients with very early 
ICC (total of 48 patients with ICC) were 65% 
and 18%, respectively [53]. OLT is not consid-
ered a standard therapy for ICC at this time and 
should only be offered to highly selected 
patients and in expert centers using designed 
clinical protocols.

 Staging Laparoscopy

The role of routine staging laparoscopy in the 
surgical management of ICC is still controver-
sial, with a diagnostic yield ranging from 27% to 
38% [54, 55]. Staging laparoscopy is generally 
recommended in patients at high risk for occult 
metastatic disease, including those with multi-
centric disease, high preoperative serum CA 19-9 
levels, potential vascular invasion, and suspicion 
of peritoneal disease spread [4, 6, 56]. Selective 
use of laparoscopic ultrasonography can further 
increase the yield of diagnostic laparoscopy in 
selected patients as intrahepatic metastases or 
extensive vascular invasion might be detected 
sonographically.

 Neoadjuvant Therapy

There is very limited evidence regarding the use 
of neoadjuvant therapy prior to surgical resection 
for cholangiocarcinoma. A small case series 
demonstrated increased surgical resectability for 
extrahepatic cholangiocarcinoma following neo-
adjuvant chemoradiation [57]. Likewise, the 
application of neoadjuvant therapy in ICC 
patients is limited to a few series that reported 
conversion of the large, locally advanced unre-
sectable tumors to potentially resectable lesions 
[50, 58]. Therefore, neoadjuvant therapy has 
insufficient evidence to support a therapeutic 
benefit in the setting of ICC and cannot be rec-
ommended for routine use.

 Adjuvant Therapy

Due to rarity of the tumor, the data on adjuvant 
therapy for ICC are mainly derived from studies 
that examine a broad category of patients with 
advanced biliary tract cancers. Bektas et al. in a 
single center experience of 221 patients with ICC 
demonstrated that adjuvant chemotherapy did not 
improve patient survival (P = 0.55) [14]. Similarly, 
in a systematic review of 57 ICC-specific studies 
(4756 patients), the application of adjuvant che-
motherapy and/or radiotherapy was not associ-
ated with any improvement in recurrence-free 
survival (RFS) or overall survival (OS) [59].

Takada et al. evaluated the role of postopera-
tive chemotherapy with 5-FU, doxorubicin, and 
mitomycin in 508 patients with resected pancrea-
tobiliary malignancy and failed to show any sta-
tistically significant survival benefit. The same 
results were achieved when the data were strati-
fied to include only 118 patients with bile duct 
cancer (5-year survival rate of 26.7% in treatment 
group vs. 24.1% in control group; p = NS) [60]. 
In an international European trial (ESPAC)-3, the 
use of adjuvant therapy was not associated with a 
survival advantage in all patients with periampul-
lary malignancies or in the subset of patients with 
bile duct cancer [61]. However, a meta-analysis 
of data of 6712 patients with biliary tract cancer 
who underwent curative-intent surgery revealed 
that chemo- and chemoradiotherapy are associ-
ated with better survival than radiation therapy 
alone (p = 0.02) [62].

The major limitation of these studies included 
the broad categories of patients with biliary tract 
cancers. Recently, several ICC-focused studies 
have demonstrated a survival benefit of adjuvant 
therapy in patients who had positive LNs and/or 
margins. Patients with R1 resection (resection 
with positive microscopic margins) conclude that 
almost 14% of ICC patients who underwent cura-
tive-intent surgery and had a worse 5-year survival 
(13% vs. 49% in R0 resection group; p  =  0.01) 
[63]. McNamara et al. evaluated 296 patients with 
biliary tumors (17% ICC) and noted that adjuvant 
chemotherapy alone or chemoradiation for patients 
with R1 resection was  associated with improved 
DFS (13.8 vs. 10.4  months in a group without 
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therapy, p = 0.07) and OS (37.7 vs. 21 months in a 
group without therapy, p  =  0.01) [64]. Notably, 
there was no DFS or OS benefit in individuals with 
R0 resection following adjuvant therapy. Patients 
with node-positive disease have also been sug-
gested to potentially benefit from adjuvant therapy. 
Approximately 27–47% of patients with ICC are 
found to have a node-positive disease following 
surgical intervention with a 5-year OS of 0–30% 
[13, 63]. The number of involved LNs is an impor-
tant prognostic factor, and patients with more than 
three positive LNs have a worse prognosis [65]. In 
a study of 90 patients with resected ICC and con-
current regional LNM, Jiang et  al. showed that 
adjuvant external beam radiation was associated 
with improved survival (19.5 vs. 9.5  months; 
p = 0.01) [66]. Similarly, National Cancer Database 
(NCDB) analysis of 2751 patients with ICC dem-
onstrated a significant OS benefit for chemother-
apy in patients with N1 disease (19.8 vs. 
10.7 months in patients who did not receive adju-
vant therapy; p < 0.001) [67]. These results were 
further validated by another NCDB study that 
noted an association of adjuvant therapy with 
improved survival among patients with positive 
nodes or margins [68].

Currently, until the outcomes of ongoing stud-
ies (e.g., BILACP, PRODIGE-12, ACTICCA, 
ASCOT, BCAT) that are investigating the effi-
cacy of adjuvant therapy in biliary neoplasms 
become available, enrollment in clinical trials 
remains the best approach. Adjuvant therapy is 
usually recommended for the management of 
patients with positive surgical margins (R1 or R2 
resection), LNM, or patients predicted to have a 
high risk of recurrence based on preoperative 
work-up (e.g., vascular invasion, large tumors, 
multicentricity) [4, 5]. Therefore, regional 
lymphadenectomy is strongly suggested in addi-
tion to hepatectomy due to the strong prognostic 
value of LN involvement and its potential role in 
assigning high-risk patients for adjuvant therapy.

 Outcome and Recurrence

Reported 5-year OS after surgical resection of 
ICC ranges between 11 and 40% and is depen-
dent on several factors [4, 8, 9]. Unfortunately, 

even after R0 resection, disease recurrence is 
high, with some series reporting 60% and 80% 
recurrence at median follow-up of 21 months and 
5 years, respectively [69, 70]. Tumor recurrence 
is the leading cause of death in ICC patients who 
underwent surgical resection. The liver is the 
most common location of tumor recurrence 
(64%). However, extrahepatic recurrence to the 
lymphatic basins, peritoneum, and lung is not 
uncommon [70–73]. Multiple tumors, LN metas-
tasis, large tumor size (>5 cm), high-grade histol-
ogy, and vascular invasion were defined as 
independent factors of tumor recurrence.

Limited data exist on the treatment of recur-
rent disease after primary resection of 
ICC. Several series reported successful resection 
of recurrent lesions in 8.5–30% of patients [74–
76]. Similar to resection of primary ICC, the 
application of surgical therapy is considered 
according to the feasibility of R0 resection and 
the status of FLR.  In recent years, emerging 
modalities such as radiofrequency ablation 
(RFA), transarterial chemoembolization (TACE), 
and transarterial radioembolization (TARE) 
using yttrium-90 (Y-90) tagged glass or resin 
microspheres have been reported to be effective 
and safe in the treatment of recurrent ICC. Kim 
et al. reported a median OS of 27.4 months in 20 
patients with recurrent ICC who underwent RFA 
[77]. In another study, Sulpice et al. demonstrated 
a survival benefit of TARE with Y-90 in manage-
ment of intrahepatic recurrent lesions [78].

Overall, chemotherapy and RFA remain the 
mainstay of therapy for individuals with recur-
rent ICC. Surgery is considered only in minority 
of patients with resectable recurrent disease. 
While comparative outcomes of different 
approaches are still unknown, strategies combin-
ing resection and ablation are gaining 
popularity.

 Management of Locally Advanced 
or Metastatic Disease

Several locoregional treatment strategies includ-
ing hepatic artery-based therapies, radiation ther-
apy, and ablation can be considered in the 
management of locally advanced inoperable 

R. Tang et al.



107

ICC. A recent meta-analysis of 657 patients with 
inoperable ICC showed that transarterial che-
moinfusion (TACI) offered reasonable outcomes 
in terms of tumor response and OS (22.8 months 
in TACI vs. 13.9, 12.4, and 12.3 months in Y90, 
TACE, and drug-eluting TACE, respectively), but 
therapy was limited due to toxicity [79].

Thermal ablation is another potential modality 
to treat small (<3 cm) locally advanced unresect-
able ICC [80, 81]. Future randomized clinical tri-
als are required to establish first-line locoregional 
treatment options in patients with unresectable 
ICC and investigate the value of these therapies 
in comparison and in combination with systemic 
therapies.

Likewise, there is still no definitive consensus 
regarding the standard chemotherapy regimen to 
treat patients with ICC. Overall, the combination 
of gemcitabine plus cisplatin (or oxaliplatin as a 
potentially better-tolerated agent) has been rec-
ommended as first-line chemotherapy by several 
investigators [4, 5, 82]. Valle et al. in a phase 3 
trial (ABC-02) of 410 patients with locally 
advanced biliary tract cancers (58% CCA) dem-
onstrated that gemcitabine plus cisplatin was 
associated with a survival advantage over the 
gemcitabine alone group (11.7  months vs. 
8.1  months, respectively; p  <  0.001) without 
additional toxicity [82]. The PFS also was better 
(combination therapy group median 8.0 months 
vs. gemcitabine-only arm median 5.0  months) 
(p  <  0.001). Similarly, Okusaka et  al. in a ran-
domized trial of 84 Japanese patients with 
advanced BTC (33% ICC) reported the advan-
tage of gemcitabine plus cisplatin combination 
therapy over gemcitabine alone regimen [83]. 
Other ongoing trials are currently investigating 
the clinical efficacy of different chemotherapy 
regimens like gemcitabine plus S-1 compared 
with current standard therapy.

Considering the limited benefit of conven-
tional chemotherapy in the management of unre-
sectable or metastatic ICC, identifying 
ICC-specific biomarkers will assist in guiding 
emerging molecular-targeted therapies and per-
sonalized medicine. For example, ponatinib 
(nonselective pan-FGFR inhibitor), everolimus 
(mTOR inhibitor), and selumetinib (MEK1/
MEK2 inhibitor) have shown promising results 

in early trials [84–86]. More studies are being 
conducted to investigate the efficacy of other tar-
geted therapies (ClinicalTrials.gov identifier: 
NCT02053376, NCT02272998, NCT02318329, 
NCT02381886, NCT01915498).

 Conclusion
ICC is a rare malignancy with an increasing 
incidence and a high case fatality. Although 
R0 resection offers the only potential for cure 
in ICC patients, prognosis remains relatively 
poor with a high disease recurrence. 
Furthermore, many patients are not surgical 
candidates because of the delayed diagnosis. 
While evidence to support the use of neoadju-
vant therapy prior to surgical resection does 
not exist, adjuvant therapy is recommended in 
individuals with non-R0 resection and N1 dis-
ease. For inoperable tumors, current standard 
first-line chemotherapy (gemcitabine plus cis-
platin) is associated with a survival of less 
than a year. New advances in genomic profil-
ing have contributed to a better understanding 
of the landscape of molecular alterations in 
ICC and offer hope for the development of 
novel targeted therapies.
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 Introduction

Intrahepatic cholangiocarcinoma (ICC) is the 
second most common primary liver cancer after 
hepatocellular carcinoma, representing about 
10% of all cholangiocarcinomas [1]. Incidence 
levels have been rising over the past 15  years 
across Europe, North America, and Asia [2, 3]. 
Though a majority of patients develop ICC de 
novo, risk factors such as infectious agents (viral 
hepatitis, liver flukes), biliary tract disease (pri-
mary sclerosing cholangitis, biliary cystic dis-

ease), toxic exposures, metabolic abnormalities, 
cirrhosis, and lifestyle factors (smoking, alcohol 
abuse) increase the likelihood of developing ICC 
[4]. Despite improvements in the treatment, the 
prognosis of patients with ICC remains poor, 
since patients commonly present at advanced dis-
ease stages when symptoms first arise [5]. 
Median survival is less than 27  months, and 
5-year overall survival (OS) rates range from 15 
to 45% [6].

Diagnosis of ICC requires combined clinical 
suspicion and confirmatory laboratory, endo-
scopic, and radiologic data. ICC is often detected 
incidentally on imaging obtained for other indi-
cations. Symptoms, if they exist, usually consist 
of upper right quadrant discomfort, cholestasis, 
and weight loss. Lab work-up includes assess-
ment of tumor markers such as carcinoembryonic 
antigen (CEA), alpha-fetoprotein (AFP), and car-
bohydrate antigen 19-9 (CA19-9). CA19-9 val-
ues are the most useful for diagnosing ICC; 
CA19-9 levels >100 U/mL have a sensitivity and 
specificity of 53% and 75–90%, respectively [5, 
7]. Combined increases in CA19-9 and AFP lev-
els would suggest a mixed hepatocellular- 
cholangiocarcinoma, a distinction that is 
important to make since the two pathologies 
respond differently to treatment and have mark-
edly different outcomes [8]. Cross-sectional 
imaging including contrast-enhanced helical 
computed tomography (CT), magnetic resonance 
imaging (MRI)/MR cholangiopancreatography 
(MRCP), and position emission tomography 
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(PET) is used to support an ICC diagnosis [5]. 
Contrast CT is useful for detecting the degree of 
biliary obstruction, liver atrophy, and the location 
of tumor-adjacent vessels and organs. Triple- 
phase helical CT will detect ICC lesions greater 
than 1 cm but cannot determine resectability in a 
majority of patients [9, 10]. MRCP is used to 
assess the degree of biliary obstruction through 
3-D images of the biliary tree and surrounding 
tissue [11]. ICC lesions have a median size 
between 4 and 8 cm [12]. Tumors are typically 
hypovascular in nature and display significant 
fibrosis on contrast-enhanced imaging, appearing 
hypoenhanced on the arterial phase [5, 13]. 
Substantial fibrosis reduces tumor uptake of che-
motherapy [14, 15].

Cholangiocarcinoma lesions develop from 
epithelial cells of small intrahepatic ductules or 
large intrahepatic ducts proximal to the hepatic 
ducts and are first classified as intrahepatic or 
extrahepatic according to their anatomical loca-
tion along the separation point of second-order 
bile ducts [16]. ICC is further subclassified 
according to macroscopic growth patterns such 
as intraductal infiltrative, mass forming, peri-
ductal, or a combination of mass forming and 
periductal [17].

The advanced nature of ICC at the typical 
timepoint of diagnosis precludes a majority of 
patients from being eligible for surgical interven-
tion, the only curative option. Patients with unre-
sectable tumors go on to receive some 
combination of chemotherapy, radiation, and 
locoregional treatments. Locoregional therapy 
refers to targeted ablation of tumors or intra- 
arterial embolic therapies. Three of the most 
commonly utilized modalities of intra-arterial 
therapy include conventional transarterial che-
moembolization (cTACE), TACE with drug- 
eluting beads (DEB-TACE), and yttrium-90 
radioembolization (Y90-RE) (Fig.  9.1). These 
treatments work by exploiting the fact that 
tumoral tissue is primarily vascularized by the 
hepatic artery, while healthy parenchyma is 
mainly supplied by the portal vein. A catheter is 
advanced through the hepatic artery in order to 
deliver a combination of embolic particles, radia-
tion, and chemotherapy drugs directly into 

tumors. This targeted approach reduces systemic 
chemotherapeutic side effects while maintaining 
a locally tumoricidal dose of drug. Evidence 
underscoring the importance of local tumor con-
trol in ICC continues to grow. In this chapter, 
locoregional treatments and current clinical evi-
dence supporting their use in patients with unre-
sectable ICC will be described.

 Surgical Resection

Surgical resection is the only potentially curative 
intervention for patients with ICC, though up to 
37% of patients with resectable tumors may not 
be offered the option of surgical resection [18]. 
While the goal of resection is to remove all dis-
ease while preserving liver volume, these proce-
dures frequently require resection of the vena 
cava, extrahepatic biliary tree, or bowel, depend-
ing on the size and location of the tumor [5]. 
Lymphadenectomy is also necessary in a major-
ity of cases [12].

Qualification for resection primarily relies on 
clinical judgment of whether the necessary resec-
tion is compatible with the level of functionality 
of the remaining liver tissue. Other factors con-
sidered include biochemical characteristics, the 
presence of metastatic lesions, and lymphatic 
involvement [19]. Tumors that are poorly differ-
entiated are associated with unresectable disease, 
while other characteristics such as tumor size, 
histological origin, level of vascular invasion, 
and perineural invasion are not individually sig-
nificant predictors of resectability [20].

A multi-institutional study reported resec-
tion outcomes for ICC patients and found that 
although clear intraoperative surgical margins 
occurred in 81.1% of patients, recurrence was 
observed in 53.5% of cases, with most recur-
rences occurring in the liver remnant [21, 22]. 
Positive margins, lymph node metastases, 
advanced cirrhosis with Child-Pugh scores 
beyond A, and portal hypertension are associ-
ated with poor outcomes for patients after 
resection [19]. Liver transplantation has poor 
reported outcomes and is not typically recom-
mended for ICC [19].
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 Regional Liver-Directed Therapies

Regional therapies are the foundation of treat-
ment for patients who are not eligible for surgi-
cal intervention, though ICC pathology presents 
unique technical challenges. Treatments target-
ing the hepatic artery may be less effective in 
ICC because tumors are relatively hypovascular. 
Fibrosis also reduces the penetrability of chemo-
therapy drugs [23]. As a result, locoregional 
therapies are both more technically challenging 
and less effective in ICC relative to other liver 
malignancies.

Of note, a meta-analysis across five major 
institutions in the United States demonstrated that 
median OS did not significantly differ among 
ICC patients receiving cTACE, DEB-TACE, and 
Y90-RE. Tumor response to treatment on follow-
 up imaging was the only predictor of improved 
survival [23]. Currently, selection of locoregional 
therapy is determined by clinical assessment of 
tumor characteristics, patient liver function and 
comorbidities, and treatment history. High- quality 
randomized studies of locoregional therapies are 
necessary in order to provide better evidence-driven 
guidelines for locoregional therapy selection.

c TACE

Y90-RE

DEB-TACE

Fig. 9.1 Intra-arterial treatment visualization. This sche-
matic demonstrates the differences between the three pri-
mary intra-arterial treatments for ICC: cTACE, 
DEB-TACE, and Y90-RE. cTACE involves the direct 
administration of a chemotherapy and Lipiodol suspen-
sion into the tumor region through the hepatic artery. 

DEB-TACE uses beads which release chemotherapy into 
the tumor vessels over time. Y90-RE utilizes the smallest 
microspheres which diffuse across the entire target lobe, 
enabling non-specific radioembolization of the tumor and 
surrounding area
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 Intra-arterial Therapies

 Conventional Transarterial 
Chemoembolization

 Background
The development of cTACE began in the 1970s 
as a treatment for hypervascular hepatocellular 
carcinoma. cTACE has since become the pri-
mary intra-arterial technique used to treat unre-
sectable liver cancers, including ICC [24]. The 
therapy works through catheter-based adminis-
tration of a suspension of chemotherapeutic 

drugs and an ethiodized contrast agent (Lipiodol) 
directly into tumor- supplying vasculature, typi-
cally a branch of one of the hepatic arteries. 
Then, an embolizing agent is administered in 
order to block the blood supply of the tumor, 
thereby inducing tumor necrosis. Embolic parti-
cles such as Gelfoam, polyvinyl alcohol (PVA), 
and trisacryl gelatin (TG) microspheres occlude 
more proximal blood vessels and further delay 
the washout of chemotherapy from the tumor 
[25]. The end result is a slow, sustained, and tar-
geted delivery of chemotherapy with effective 
embolic blockade (Fig. 9.2).

a

c

b

d

Fig. 9.2 Conventional TACE treatment in a patient diag-
nosed with mass-forming ICC. (a) Pre-treatment portal 
venous phase MR scan without contrast shows a tumor in 
the right lobe. (b) Digital angiography reveals diffuse 

blush in the right hepatic lobe. (c) CT scan 1  day after 
TACE shows Lipiodol deposition in tumor region. (d) 
Two-month follow-up MR scan shows necrosis in target 
lesion, indicating tumor response to treatment
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In the United States and Europe, the chemo-
therapy combinations most frequently used for 
cTACE are gemcitabine and cisplatin or cisplatin, 
doxorubicin, and mitomycin-C [23]. Lipiodol is 
the primary contrast agent used and is advanta-
geous in that it functions simultaneously as a 
drug transporter as well as an effective embolic 
agent that can penetrate tumor vasculature and 
reach capillaries [24]. Since Lipiodol is radi-
opaque on CT, it can be used to evaluate the tech-
nical success of the procedure. Lipiodol 
deposition on tumor has also been shown to cor-
relate with tumor response [26].

Conventional TACE is generally well toler-
ated by patients. Adverse effects reported include 
fatigue, abdominal pain, nausea, and a transient 
increase in liver enzymes, often referred to as 
post-embolization syndrome [27–29]. Since its 
adoption, this technique has been applied to a 
wide spectrum of liver malignancies with suc-
cessful results and is the mainstay therapy for 
patients with unresectable ICC [24, 30].

 Evidence
Useful outcomes data of cTACE in ICC are limited 
because of a lack of standardized protocols. 
However, the role of cTACE in ICC as an adjuvant 
therapy to surgical resection and chemotherapy 
has been relatively well explored. One study of 
125 patients compared various chemotherapy 
combinations with cTACE and demonstrated that 
patients treated with cTACE showed prolonged 
survival when compared to a control group who 
received chemotherapy alone (37.7% vs. 20.8% 
5-year OS). Median OS was 5 months in patients 
who underwent surgical resection and 12 months 
in patients who received cTACE.  Disease recur-
rence rates did not differ significantly between 
cTACE and resection groups [31]. Prospective tri-
als are limited but have demonstrated that tumor 
downsizing is possible, resulting in resection eligi-
bility after cTACE treatment in previously inoper-
able cases [30]. Another study identified a survival 
benefit for patients who had received systemic 
chemotherapy followed by cTACE compared to 
cTACE alone [32]. A third study of 42 patients 
showed good tumor response to cTACE treatment 
according to Response Evaluation Criteria in Solid 

Tumors (RECIST): 20 patients (48%) had stable 
disease (SD), 15 patients (36%) had progressive 
disease (PD), and 7 patients (17%) could not be 
evaluated. The median OS was 9.1 months. The 
choice of chemotherapy administered prior to 
cTACE is an important predictor of survival; gem-
citabine combined with cisplatin resulted in a sig-
nificant survival benefit when compared to 
gemcitabine alone (13.8 vs. 6.3 months) [33].

cTACE as a stand-alone treatment option for 
ICC has also been studied, though to a much 
lesser extent. As a stand-alone therapy, most 
studies suggest that if a tumor responds to the 
treatment, cTACE will produce a survival benefit. 
Additionally, current data shows that cTACE 
alone does not result in a survival benefit when 
compared to other intra-arterial therapies [23].

One study suggests that when compared to 
TACE, surgery does not result in increased sur-
vival for patients whose surgical procedure iden-
tifies positive lymph nodes or positive surgical 
margins. A retrospective study compared survival 
outcomes of 130 patients who underwent surgi-
cal resection, 32 patients who received cTACE, 
and 3 patients who received DEB-TACE.  The 
median OS of surgical patients varied signifi-
cantly if patients had positive lymph node status 
(9  months) or positive resection margin 
(11  months) when compared to patients with 
clear surgical margins (37 months). By contrast, 
the median OS of TACE patients (cTACE and 
DEB-TACE combined) was 11 months [34].

 Drug-Eluting Beads Transarterial 
Chemoembolization

 Background
TACE with drug-eluting beads (DEB-TACE) was 
developed in the last decade with the goal of 
addressing some limitations of conventional 
TACE, namely, challenges maintaining adequate 
drug dosing over time while continuing to mini-
mize systemic toxicities. DEB microspheres aim 
to accomplish this by both embolizing and deliver-
ing chemotherapeutic agents in a manner similar 
to cTACE.  The chemotherapeutic drugs are 
released more slowly when compared to cTACE, 
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which could in theory make DEB-TACE a more 
controlled and targeted therapy [35]. The most 
common drug-eluting beads used in practice are 
DC or LC beads loaded with doxorubicin 
(DEBDOX). Beads are available in a range of 
diameters, typically 100–300 μm. Smaller beads 
such as the LC Bead M1 (diameter 70–150 μm) 
are currently being evaluated for efficacy. In the-
ory, smaller beads can penetrate further into the 
tumor vessels, and initial studies have demon-
strated they are more effective at delivering che-
motherapy into tumors [36]. Irinotecan (DEBIRI) 
can also be used in place of doxorubicin [37]. 
Superabsorbent polymer (SAP) microspheres are 
another bead type that can be loaded with virtually 
any drug type, including irinotecan, cytotoxic anti-
biotics, and platinum-based agents [38] (Fig. 9.3).

 Evidence
Though the safety of DEB-TACE has been vali-
dated, as with cTACE, the lack of standardized 
treatment protocols diminishes the utility of stud-
ies comparing outcomes of patients with varying 
forms of DEB-TACE treatment.

One study suggests that DEB-TACE in com-
bination with systemic chemotherapy may be 
more effective than chemotherapy alone. This 
prospective study of seven patients with ICC 
found that DEB-TACE and systemic chemo-
therapy resulted in a higher median OS when 
compared to systemic chemotherapy alone (30 
vs. 12.7 months), the largest reported improve-
ment in survival rate. The patients receiving 
DEB-TACE received oxaliplatin-loaded beads 
in conjunction with systemic oxaliplatin and 

a

c

b

Fig. 9.3 TACE with drug-eluting beads (DEB-TACE) 
treatment in a patient with ICC. (a) Pretreatment arterial 
phase MR scan without contrast shows a large tumor in 
right hepatic lobe. (b) Digital angiography illustrates cor-

responding blush in the right lobe during treatment 
administration. (c) Post-embolization CT scan obtained 
1  month after DEB-TACE treatment shows tumor 
reduction
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gemcitabine and were compared to a historical 
cohort of patients receiving only systemic oxali-
platin and gemcitabine [39].

DEB-TACE has been demonstrated to result 
in tumor downsizing to the extent where previ-
ously unresectable ICC can be surgically 
removed. A multi-institutional study enrolled 24 
patients with unresectable ICC who were treated 
with DEB-TACE. 83.3% of patients had received 
prior chemotherapy. The DEB-TACE treatment 
used DC beads loaded with doxorubicin (150 mg) 
and irinotecan (75 mg), and in eight patients the 
treatment was combined with systemic chemo-
therapy. Three patients were eligible for surgical 
resection after DEB-TACE and systemic chemo-
therapy [40].

A third study demonstrated good tumor 
response after DEB-TACE was administered fol-
lowing chemotherapy or surgery. This prospec-
tive study treated 11 ICC patients with 
DEB-TACE following systemic chemotherapy or 
hepatic resection. The cohort received a median 
of three DEB-TACE sessions per patient and 
used DC Beads loaded with doxorubicin 
(75 mg/2 mL). The tumor response of the group 
was 100% according to RECIST, and the median 
OS was 13 months. One patient had a complete 
response, and nine patients had a partial response 
to the treatment [37].

Based on current evidence, DEB-TACE has 
not yet been demonstrated to lead to an improved 
survival benefit when compared to cTACE. While 
one study demonstrated prolonged median OS in 
patients treated with DEBIRI compared to 
cTACE and systemic chemotherapy, a larger 
meta-analysis found no differences in OS com-
paring DEB-TACE to cTACE and other intra- 
arterial therapies [22, 41]. Larger studies are 
needed to accurately evaluate the efficacy of 
DEB-TACE relative to cTACE and other treat-
ment options for unresectable ICC.

 Yttrium-90 Radioembolization

 Background
Yttrium-90 radioembolization (Y90-RE) is a 
selective internal radiation therapy (SIRT) tech-

nique that uses microspheres to infuse radiola-
beled particles through the hepatic artery, where 
the radioactive particles are trapped in the pre-
capillary level and emit toxic ß-radiation. 
External beam radiation is used in a limited set-
ting in liver malignancies because of the extreme 
sensitivity of liver tissue to radiation. The Y90-RE 
technique allows for higher levels of radiation to 
be used than what is permissible through external 
radiation, since exposure to surrounding paren-
chyma is limited. Target doses in Y90-RE are 
typically around 120  Gy [42]. Glass-based 
(TheraSphere®) or resin-based (SIR-Spheres®) 
microspheres are clinically used. Both produce 
similar outcomes, though glass microspheres are 
administered in higher doses [43, 44]. The small 
size of these microspheres allows them to pene-
trate tumors better than those used for DEB-
TACE, but limits the embolic ability of the 
microsphere. Thus, Y90 microspheres are admin-
istered nonselectively across the entire lobes of 
the liver, resulting in a procedure that is less tar-
geted than TACE but with more reproducible 
results [42, 45].

The nonselective administration of Y90-RE 
combined with the strong penetrative abilities of 
the particles often results in significant toxic side 
effects. After treatment, approximately half of 
patients will experience abdominal pain [46]. Up 
to 24% of patients may develop gastroduodenal 
ulcers, and this risk is significantly increased if 
Y90 spheres are administered close to a gastric 
artery, causing stasis in flow [47]. Angiographic 
imaging is vital in mitigating this risk; all patients 
are evaluated for arterial anatomical variants and 
arteriovenous shunting prior to Y90-RE treat-
ment. If shunt vessels are identified, they may be 
sealed prior to treatment [48]. Since arteriove-
nous shunting to the lung is common in primary 
liver cancer, the risk of lung shunting is calcu-
lated prior to Y90 treatment and is used to modify 
the radiation dose [49] (Fig. 9.4).

Despite these toxicities, Y90-RE can be 
administered in patients with portal involvement, 
since it does not induce ischemic effects [50]. 
Canada was the first country to approve Y90-RE 
for the treatment of liver malignancies, and the 
United States soon followed suit, although the 
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procedure is only FDA approved for hepatocel-
lular carcinoma. Hence, the use of Y90-RE in 
ICC currently requires IRB approval in the 
United States [51].

 Evidence
As with other intra-arterial therapies, survival out-
comes reported for Y90-RE are confounded by 
small patient cohorts with various prior treatment 
histories and heterogeneous dosing regimens. The 
safety of Y90-RE was evaluated in a study that 
used SIR-Spheres to treat 33 patients with cholan-
giocarcinoma. Patients had various previous treat-
ments including chemotherapy and TACE.  The 
study showed that patients had a median OS of 
20  months, time to progression (TTP) of 
9.8 months, and good ECOG performance status 
after treatment. Patients tolerated the procedure 
well and reported no significant toxicities [52].

A phase I trial was conducted to identify the 
maximum tolerable Y90-RE dose for ICC. In this 
study, 17 ICC patients were treated with Y90-RE 
using TheraSphere in combination with a radio-
sensitizing agent, capecitabine. The study evalu-
ated progressively escalating doses of Y90 and 
found that Y90 > 170 Gy could be used with only 
two patients reporting dose-limiting toxicity of 
abdominal pain. The study concluded that radio-
sensitizing agents may enhance the technical suc-
cess of Y90-RE and confirmed that high doses of 
Y90-RE can be tolerated by patients [53].

One prospective study suggests that patients 
naïve to systemic chemotherapy may benefit 
from Y90-RE more than patients with prior che-
motherapy treatment. The study examined 24 
patients with unresectable ICC who were treated 
with TheraSphere. Twenty-nine percent of 
patients had prior chemotherapy, and extrahe-
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Fig. 9.4 Yttrium-90 radioembolization (Y90-RE) treat-
ment in a patient with ICC. (a) Pre-treatment portal venous 
phase MR scan without contrast shows a tumor in right 
hepatic lobe. (b) Digital angiography illustrates diffuse 

blush corresponding to tumor location during treatment. 
(c) SPECT image shows diffuse area of radioembolization 
in green. (d) Post-treatment MR scan shows increased 
necrosis in tumor region, indicating treatment response
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patic and bilobar diseases were present in 33% 
and 67% of patients, respectively. The study 
reported a median OS of 14.9 months, and 77% 
of patients observed significant tumor response. 
Patients who had not received prior systemic che-
motherapy had a survival benefit compared to the 
treated group, although this may be due to the 
confounding factor of initial disease severity at 
the time of the treatment [51].

As with cTACE and DEB-TACE, Y90-RE can 
also downsize ICC tumors to become eligible for 
resection. One study reported that of 46 ICC 
patients treated with Y90-RE using glass-based 
microspheres, 5 tumors were converted to a 
resectable form [46].

 Ablation Therapies

 Background
Ablation therapy refers to a minimally invasive 
procedure used to directly destroy tumor tissue 
primarily using thermal energy. In the context of 
ICC, the most common ablative therapy is radio-
frequency ablation (RFA), though microwaves 
are also used. A radiofrequency generating elec-
trode is inserted directly into the tumor under 
ultrasound image guidance [54]. When properly 
positioned, radiofrequency energy is delivered 
for a set amount of time, typically 10 min. Tissue 
temperature is monitored and maintained at an 
ideal temperature for tumor tissue destruction, 
typically around 105 °C. To achieve an optimal 
ablative margin of 0.5–1 cm, a single electrode is 
used for tumors less than 3 cm in diameter, and 
multiple or clustered electrodes are used for 
larger tumors [55]. Besides therapeutic efficacy, 
one of the primary advantages of image-guided 
thermal ablation is its cost-effectiveness [54].

 Evidence
Modest literature is available on the use of abla-
tive therapies for ICC, likely because ICC tumors 
are typically large in diameter and their central 
location near sensitive hilar structures limits heat 
application [56–58]. The reported technical suc-
cess of RFA on eligible ICC lesions ranges from 
80 to 100%. Tumor size is the primary factor in 

determining the success of RFA and its impact on 
survival; complete ablation in a single session is 
challenging for nodules larger than 4 cm [59, 60]. 
In patients with smaller tumors (<3 cm diameter), 
RFA or microwave ablation is nearly as effective 
as repeated hepatic resection, with significantly 
fewer complications [61]. The complication rate 
of ablative therapies is 3.9% on average, com-
pared to a 46.9% complication rate in repeated 
resection [61]. In one review of 13 ICC patients 
treated with RFA, the progression-free survival 
(PFS) was 32.2 months. In this cohort, ten tumors 
measured less than 3  cm; five tumors were 
3–5 cm. Two tumors were larger than 5 cm, and 
treatment failed in these tumors. The median OS 
was 38.5 months, and the 3- and 5-year survival 
rates were 51% and 15%, respectively [62]. A 
meta-analysis of 86 ICC patients treated with 
RFA found pooled 1-, 3-, and 5-year survival 
rates of 82, 47, and 24%, respectively. 
Complications occurred in five patients, with one 
death related to treatment complications [58].

Microwave ablation is only used in limited 
cases in ICC, and therefore data on its efficacy is 
extremely limited [55]. One study including 15 
patients with a mean ICC tumor size of 3.2 cm 
treated with sonography-guided microwave abla-
tion reported a 2-year survival rate of 60% [63]. 
Another study examined 18 patients who received 
either RFA or microwave ablation and reported a 
3-year survival rate of 30.3%. A control group 
was not included [54].

 The Role of Radiation Therapy

CT-guided high-dose brachytherapy 
(CT-HDRBT) has been used since 2002 to treat 
liver malignancies. It is particularly well suited 
to tumors that are large or near critical blood 
vessels which are unsuitable for ablative treat-
ment [64, 65]. The treatment works by inserting 
a coaxial needle to puncture the lesion. Next, an 
angiography guidewire is introduced and 
exchanged with the needle. The guidewire is 
then removed and replaced with a brachytherapy 
catheter, which sits inside the tumor. Fluoroscopy 
CT is used to aid in the positioning of the cathe-
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ters. The tumor is then irradiated with a high 
dose of iridium-192 for a maximum of 90 min 
[66]. Though the technique has been determined 
to be safe, outcomes data supporting the use of 
brachytherapy in ICC is scarce. One retrospec-
tive study of 15 patients receiving 27 brachyther-
apy treatments reported a median OS of 
14  months after treatment. The median dose 
administered was 20 Gy, and the mean targeted 
tumor volume was 131 mL [64, 67].

Stereotactic body radiation therapy (SBRT) 
can also be used to treat small ICC tumors 
<5 cm in diameter. In this treatment, diagnostic 
imaging is first obtained to plan the procedure, 
including 4D imaging mapping of target lesion 
movement during patient respiratory cycles. 
Then, high doses of hypofractionated confor-
mal external beam radiation are directed to the 
tumor, usually in less than five fractions. Usual 
doses of SBRT are 20–40 Gy and are delivered 
in 30–60  min sessions over the course of a 
week [68]. Study data of SBRT in ICC is also 
limited. One study followed 34 patients with 
intrahepatic and hilar cholangiocarcinoma 
receiving SBRT.  The median SBRT dose was 
30  Gy in three fractions. Median OS was 
17  months, and PFS was 10  months. Four 
patients developed grade III toxicities [69]. 
Another retrospective dose-response study of 
79 patients with large ICC tumors (7.9  cm 
median) treated with SBRT reported a median 
OS of 30 months and a 3-year OS rate of 44%. 
Patients in this study received an average dose 
of 58.05  Gy. Radiation dose was the most 
important prognostic factor that correlated 
with improved local control and OS [70].

 Medical Therapy Options 
for Advanced Disease

Chemotherapy is the foundation of medical ther-
apy for patients with advanced ICC and is used 
in patients regardless of resection eligibility. 
Systemic chemotherapy primarily includes fluo-
rouracil, gemcitabine, or oxaliplatin. 
Gemcitabine is generally considered first-line 
therapy for any advanced biliary tract cancer. A 

recent phase III trial demonstrated that doublet 
therapy with gemcitabine and cisplatin resulted 
in improved ICC tumor response and prolonged 
PFS without additional toxicity when compared 
to gemcitabine alone. Overall survival was 
11.7 months for the gemcitabine/cisplatin group 
compared to 8.1 months for gemcitabine alone 
[71].

Generally, systemic chemotherapy has dem-
onstrated disappointing effectiveness, with a 
majority of regimens resulting in a median sur-
vival of 6–12 months [33]. One meta-analysis of 
57 studies concluded that adjuvant chemotherapy 
combined with resection did not appear to 
increase OS or recurrence-free survival [12]. 
Currently, all forms of cholangiocarcinoma are 
treated with similar chemotherapeutic regimens. 
Emerging genomic sequencing data suggests that 
ICC contains a different genetic profile than 
extrahepatic bile duct and gallbladder tumors. 
This evidence suggests there may be room for 
future advances in more targeted medical therapy 
based on tumor genetic profile [72].

In cases when biliary obstruction is severe and 
the tumor is unresectable, stents can be placed 
through endoscopic retrograde cholangiopancre-
atography (ERCP) or percutaneous transhepatic 
cholangiography (PTC). Stents are typically 
plastic or metal, with plastic stents requiring 
replacement every 3 months [73]. Experimental 
therapies such as photodynamic therapy may also 
be considered for advanced ICC patients to 
restore biliary drainage. The therapy consists of 
intravenous administration of a photosensitizer 
followed by light illumination to relieve biliary 
blockade [74].

 Conclusion
Intrahepatic cholangiocarcinoma is a rela-
tively rare but serious cancer with poor prog-
nosis. Surgical resection is the best curative 
option, but most patients are ineligible due to 
the advanced stage of the disease at the time 
of diagnosis. In this group of patients, locore-
gional therapies, including ablation as well 
as intra-arterial therapies such as cTACE, 
DEB-TACE, and Y90-RE, constitute the 
mainstay therapies. Radiation and systemic 
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chemotherapy are used both as adjuvant and 
last resort therapies for advanced 
ICC.  However, randomized trials are war-
ranted to determine evidence-driven guide-
lines for the use of these therapies.
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 Introduction

Cholangiocarcinomas are rare malignancies aris-
ing from intrahepatic and extrahepatic bile ducts 
and characterized by early nodal and distant 
metastases. These tumors account for the second 
most common primary liver malignancy. They are 
divided into three categories based on location of 
origin within the biliary tree: intrahepatic, hilar, 
and extrahepatic. Each variant likely demon-
strates a distinct biology and pattern of progres-
sion, as reflected by individual staging systems 
for each class [1]. While hilar tumors remain the 
most prevalent, the incidence of intrahepatic chol-
angiocarcinoma (IHC) continues to rise in the 
United States, accounting for approximately 15% 
of the 33,190 cases of liver and intrahepatic bile 
duct cancer diagnosed in the United States each 
year [2, 3]. Complete surgical resection is optimal 
and provides the highest chance for cure; how-
ever, there is a high rate of both local and distant 
relapse [4, 5]. Long-term survival is poor because 
of advanced presentation of disease and limited 

liver-directed and systemic therapies. Median 
5-year overall survival for all patients is between 
25 and 35%, while those who achieve margin-
negative resections may be as high as 63% [6–8].

 Adjuvant Therapy Following 
Resection

Given the high rates of recurrence despite even 
optimal resection, adjuvant local and systemic 
therapies have been explored. The survival bene-
fit of any adjuvant strategy has never been proven 
in prospective, randomized trials; however, the 
inclusion of adjuvant therapy is widely accepted 
and often recommended in expert guidelines. 
With relatively few patients resectable at presen-
tation, it is difficult to complete a large random-
ized adjuvant trial powered to show improvements 
in overall survival. However, in patients who are 
able to undergo surgery, lymph node involve-
ment, residual disease, and vascular invasion are 
all associated with worse prognosis compared 
with R0 resections [9, 10]. Because IHC is typi-
cally confined to the liver and chemotherapy tra-
ditionally has had limited efficacy, there has been 
increasing interest in  locoregional therapy. 
Furthermore, before publication of the ABC-02 
trial [11], there was a lack of consensus regarding 
the optimal chemotherapy regimen that could be 
extrapolated for use in the adjuvant setting. The 
literature, as a result, consists mainly of single 
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institutional series and registry analyses, and the 
data on the value of adjuvant therapy is mixed. 
Nonetheless, fluoropyrimidine-based chemora-
diotherapy or chemotherapy alone is often offered 
to patients with any high-risk features.

Perhaps due to historical concern over hepatic 
tolerance and inability to deliver tumoricidal 
dose for intrahepatic and perihilar tumors, the use 
of radiation therapy in the adjuvant setting was 
more favored for distal extrahepatic lesions [12]. 
Therefore, most of the available data include a 
heterogeneous mix of patients with intra- and 
extrahepatic cholangiocarcinoma, including gall-
bladder cancer. In 2012, Horgan et al. published a 
meta-analysis [13] of 20 published institutional 
and registry studies to explore the impact of adju-
vant therapy on survival for biliary tract cancers 
(tumors of the gallbladder and intrahepatic, peri-
hilar, and distal bile duct). These studies incorpo-
rated over 6700 patients, and approximately 27% 
received adjuvant therapy. Notably only one 
study within the meta-analysis included patients 
with intrahepatic tumors. The majority of patients 
with margin-negative, node-positive disease 
received either chemotherapy or chemoradiother-
apy, while the majority with margin-positive, 
node-negative disease received radiation therapy 
alone. There was a near-significant improvement 
in overall survival with the addition of any adju-
vant therapy compared to surgery (OR 0.74, 
p = 0.06); there were no differences in outcomes 
with the use of adjuvant therapy in gallbladder 
and bile duct tumors. When compared to surgery 
alone, patients receiving adjuvant chemotherapy 
(OR 0.39, 95% CI 0.23–0.66) or chemoradiother-
apy (OR 0.61, 95% CI 0.38–0.99) had better sur-
vival relative to those treated with adjuvant 
radiotherapy alone (OR 0.98, 95% CI 0.67–1.43). 
Furthermore, the greatest benefit of adding adju-
vant therapy was observed in node-positive (OR 
0.49, 95% CI 0.30–0.80) and margin-positive 
disease (OR 0.36, 95% CI 0.19–0.68).

While a minority of patients in this meta- 
analysis had intrahepatic disease, smaller institu-
tional series have demonstrated an improvement 
in outcomes in those with IHC receiving adjuvant 
therapy. A retrospective review of 90 patients 
with resected IHC with involved regional lymph 

nodes treated at Fudan University in China 
between 1998 and 2008 found that median sur-
vival was 19.1  months in the 24 patients who 
received adjuvant radiotherapy compared to 
9.5 months in the 66 patients who did not receive 
radiotherapy [14]. Another retrospective series of 
373 patients treated at Chang Gung Memorial 
Hospital between 1977 and 2001 reported median 
overall survival of 11.7 months in the 63 patients 
receiving radiotherapy compared to 6.25 months 
in the patients who did not receive radiotherapy 
(p  =  0.0197) [15]. These reports are of course 
limited by their retrospective nature and the fact 
that many of the patients did not receive systemic 
chemotherapy. Regardless, these data provide 
support for the consideration of adjuvant radia-
tion therapy, usually with concurrent 
fluoropyrimidine- based chemotherapy, following 
resection of IHC with high-risk features.

 Definitive/Palliative Therapy 
for Inoperable Tumors

Rates of resectability for IHC have slightly 
increased over time, due in part to more aggres-
sive operative strategies and more liberal criteria 
for resectability. Still, approximately 70% of 
patients are unresectable at diagnosis due to the 
presence of multiple intrahepatic tumors, vascu-
lar invasion, and/or nodal/distant metastases [16]. 
For these patients unable to achieve optimal 
resection, median survival is low, ranging from 
2.3 to 9 months [16, 17]. Chemotherapy became 
the mainstay of treatment for these patients after 
the ABC-02 randomized controlled trial demon-
strated an improvement in overall survival from 
8.1 to 11.7 months in patients with metastatic or 
unresectable cholangiocarcinoma who received 
gemcitabine and cisplatin over those who 
received gemcitabine alone [11].

The inclusion of radiotherapy has also been 
employed in patients with unresectable disease. A 
retrospective study of 84 patients with intrahe-
patic cholangiocarcinoma treated at a single insti-
tution in China demonstrated improvements in 
overall survival in 35 patients receiving radiother-
apy with or without trans-arterial chemoemboli-
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zation (TACE) compared to the 49 patients who 
received supportive care and/or TACE without 
radiotherapy. Patients were treated with 30–60 Gy 
in conventional 1.8–2.0 Gy fractions, and 86% of 
patients received ≥50Gy. Comparing the radio-
therapy versus the no-radiotherapy groups, 1-year 
survival was 38.5% versus 16.4%, and median 
overall survival was 9.5 months versus 5.1 months, 
respectively (p = 0.0003) [18, 19].

Likewise, a SEER analysis of 3839 patients 
with unresected IHC found a median survival of 
7 months compared to 3 months in patients who 
did and did not receive radiotherapy, respectively. 
While this report was a retrospective population- 
based analysis and the addition of chemotherapy 
was unknown, it did provided additional support 
on a possible survival benefit from radiotherapy 
in patients who could not receive surgery [20].

It is important to note that these data stem from 
patients treated with outdated radiotherapy tech-
niques and doses that have now been shown to be 
insufficient for disease control, as most patients 
experienced local progression as the first site of 
disease after treatment [21]. Dose was limited by 
the risk of liver toxicity. Hepatic tissue tolerance 
within a notoriously poor patient substrate 
resulted in a very narrow therapeutic window; 
however, the delivery of tumoricidal doses of 
radiotherapy has become feasible with the devel-
opment of modern techniques of radiation deliv-
ery, including charged particles and stereotaxy. 
The use of these advanced techniques has resulted 
in impressive local control that translated into 
prolonged survival, rivaling that of resection, 
without an increase in toxicity. Thus, the role of 
radiation in the management of primary liver 
tumors, especially intrahepatic cholangiocarci-
noma, is rapidly rising. These techniques, as well 
as notable data supporting their use, will be dis-
cussed in subsequent sections.

 Neoadjuvant Therapy 
with Transplantation for Hilar 
Cholangiocarcinoma

Cholangiocarcinoma arising at the hepatic duct 
bifurcation (i.e., hilar cholangiocarcinoma) char-

acteristically arises in patients with primary scle-
rosing cholangitis (PSC). These patients, similar 
to those with severe cirrhosis, are usually not 
candidates for the extensive resection that would 
be needed to obtain negative margins. Despite the 
rare incidence of cholangiocarcinoma, overall, 
patients with PSC are at significantly higher risk 
with incidence reported from 4 to 20%, and 
majority are hilar (i.e., Klatskin tumor) [22, 23]. 
Liver transplantation was studied as an alterna-
tive for those patients with localized disease who 
were not candidates for extensive resection. 
Initial outcomes were poor due to high incidence 
of locoregional dissemination and recurrence 
[24, 25]. Due to the potentially long waiting time 
for organ transplantation, however, neoadjuvant 
therapy with radiation and concurrent chemo-
therapy was proposed in order to obtain local 
control and decrease risk of regional recurrence 
following transplant [25, 26]. The University of 
Nebraska and the Mayo Clinic have demon-
strated that excellent survival can be achieved for 
highly selected patients with early stage hilar 
cholangiocarcinoma treated with aggressive neo-
adjuvant therapy leading to liver transplantation.

The University of Nebraska initially studied 
this multimodal technique; 17 patients with 
hilar cholangiocarcinoma, all presenting with 
obstructive cholangitis, were treated between 
1987 and 2000 with chemotherapy (daily 5-FU 
300 mg/m2) and intraluminal bile duct brachy-
therapy (iridium- 192 6000  cGy delivered over 
55–60  h) while awaiting liver transplantation. 
Patients were only eligible if maximal tumor 
dimension was 2 cm without radiographic extra-
hepatic disease or intra/extrahepatic metastasis. 
The basis for these guidelines was the fact that 
the iridium wires use for radiotherapy had a 
penetration of 1  cm; therefore, tumors greater 
than 2 cm in diameter may not achieve optimal 
dose at the periphery. Notably, nine patients had 
PSC and/or ulcerative colitis, and three patients 
had decompensated  cirrhosis. The most signifi-
cant complication between chemoradiation and 
surgery was the recurrent episodes of cholangi-
tis. Eleven patients were free of complications 
or tumor progression precluding surgery and 
underwent transplantation (median waiting time 
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87  days, range 15–792). The median survival 
was 25 months for the patients who underwent 
liver transplantation; 5 of these patients (45%) 
remained free of tumor recurrence 2.8–
14.5 years after transplant [27].

In 1993, the Mayo Clinic also initiated a pro-
tocol for unresectable hilar cholangiocarcinoma 
due to the extent of disease and/or underlying 
liver disease. All patients were treated with neo-
adjuvant radiation (4000–4500  cGy by external 
beam, followed by 2000–3000 cGy intraluminal 
brachytherapy with iridium-192) and chemother-
apy (concurrent bolus 5-FU with external beam 
and proactive venous infusion 5-FU with brachy-
therapy, which continued until surgery) followed 
by liver transplantation as well. This protocol dif-
fered with the additional use of external beam 
radiotherapy. Eligible patients had a maximal 
tumor diameter of 3  cm without evidence of 
intra-/extrahepatic metastasis. The initial publi-
cation [28] presented the first 19 patients, for 
which 11 patients had no evidence of progression 
at that the time of surgery and completed the pro-
tocol. With a median follow-up of 44  months, 
only 1 patient who completed the protocol devel-
oped tumor relapse. Since this publication, over 
130 additional patients with unresectable hilar 
cholangiocarcinoma have been enrolled, and 90 
patients have been reported to have favorable 
findings at the time of transplant. Five-year actu-
arial survival for all patients that began neoadju-
vant therapy is 55%, and 5-year survival after 
transplant is 71% [29].

 Delivery of Radiotherapy

The use of radiotherapy to treat intrahepatic malig-
nancies was traditionally limited by concerns over 
hepatic tolerance and the resulting inability to 
deliver a sufficient treatment dose, particularly in 
patients who may have compromised overall 
hepatic function. However, the development of 
more advanced radiation techniques has enabled 
delivery of increased doses of radiotherapy with 
decreased toxicity, prompting renewed interest in 
the use of radiotherapy in treatment of IHC, both 
in the adjuvant and inoperable setting. The bulk of 
the data on the use of radiotherapy in intrahepatic 

cholangiocarcinoma are limited to small prospec-
tive trials or retrospective reviews of individual 
center experiences. Much of the data are extrapo-
lated from larger studies of patients with hepato-
cellular carcinoma.

 Historical Techniques

The initial use of liver-directed radiotherapy 
was primarily limited to palliative whole-liver 
irradiation for treatment of hepatic metastases. 
A retrospective review from Stanford found that 
12 of 27 patients receiving ≥35 Gy to the whole 
liver developed radiation hepatitis [30]. A study 
of whole abdomen radiotherapy for ovarian can-
cer reported development of radiation hepatitis 
at even lower doses; in this series, 14 of 65 
patients receiving 24.5–29.2  Gy to the whole 
liver in 12 fractions developed radiation hepati-
tis [31].

RTOG 76-09, a pilot study of whole-liver 
radiotherapy regimens for solitary or multiple 
hepatic metastases, produced promising results, 
as there were no incidences of radiation hepatitis 
in 109 patients receiving whole-liver regimens, 
which included 21 Gy in 7 fractions and 30 Gy in 
15 fractions [32]. However, a subsequent study 
(RTOG 84-05) closed after 10% of the patients 
treated with 33Gy in 1.5Gy twice-daily fractions 
developed grade 3 hepatitis [33].

 Conformal Techniques

The development of three-dimensional confor-
mal radiotherapy (3D-CRT) allowed for more 
targeted delivery of higher doses of radiation to 
tumor while avoiding surrounding normal tissue. 
In addition, dose-volume histograms (DVH) with 
3D-CRT have allowed for assessment of the 
interaction between dose and toxicity [34]. Initial 
series of toxicity in the era of 3D-CRT were 
largely retrospective. However, refined models of 
the interaction between radiotherapy dose, treat-
ment volume, and toxicity were subsequently 
developed. A phase I/II dose escalation study of 
radiotherapy with concurrent hepatic arterial flu-
orodeoxyuridine enrolled 43 patients with either 
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primary or metastatic liver tumors (18 with IHC, 
9 with HCC, and 16 with colorectal metastases to 
the liver). Radiotherapy dose was calculated 
based on a maximum 10% complication risk of 
RILD as per the Lyman normal tissue complica-
tion probability (NTCP) model. This model 
assumes a sigmoid relationship between dose of 
uniform radiation to an organ and the probability 
of a complication [35]. Patients were treated to a 
median dose of 58.5  Gy in 1.5  Gy twice-daily 
fractions. The median overall survival of patients 
with hepatobiliary tumors was 11  months, and 
there was improved overall and progression-free 
survival for all patients receiving over 70  Gy 
compared with patients receiving less than 70 Gy 
[36, 37]. There was one case of grade 3 RILD, 
which resolved with supportive care. In the 18 
patients with intrahepatic cholangiocarcinoma, 
the median survival was 16.4 months for patients 
treated with more than 70 Gy versus 11 months 
for those treated with less than 70 Gy.

This refined NTCP model described above 
was subsequently used in a phase II trial of hyper-
fractionated 3D-CRT with concurrent hepatic 
arterial chemotherapy [38]. A total of 128 patients 
(47 with liver metastases, 46 with cholangiocar-
cinoma, and 35 with HCC) were prescribed radi-
ation doses according to a maximum 10–15% 
risk of RILD. Of note, the model was adjusted for 
patients with primary hepatobiliary versus meta-
static tumors based on previous data showing dif-
ferences in liver tolerance in patients with 
primary hepatobiliary disease. Median survival 
was 13.3 months in patients with cholangiocarci-
noma, which was superior to historical controls. 
On multivariate analysis, tumor dose ≥75 Gy was 
associated with improved overall survival 
(23.9  months versus 14.9  months, p  <  0.01). 
These early data demonstrated both the feasibil-
ity and importance of dose-escalated conformal 
radiotherapy to achieve tumor control.

 Dose Escalation

Tao et al. [39] reported a series of patients with IHC 
treated with dose-escalated radiotherapy between 
2002 and 2014. Among the patients, 89% received 
chemotherapy prior to RT. Radiation doses ranged 

from 35 to 100 Gy (median 58.05 Gy) in 3 to 30 
fractions (median biologic equivalence dose (BED), 
assuming α/β = 10, of 80.5 Gy, range 43.75–180 Gy). 
For the entire cohort, 3-year overall survival (OS) 
was 44%. There was a significant difference in both 
overall survival and local control based on BED. For 
patients treated with doses corresponding to a BED 
>80.5  Gy, 3-year OS was 73% versus 38% for 
patients who received doses corresponding to BED 
<80.5 Gy (p = 0.02). Three-year local control was 
78% in the dose- escalated cohort versus 45% for 
those receiving lower doses (p = 0.04). This finding 
was independent of primary tumor size.

Dose-escalated radiotherapy was achieved 
with three-dimensional conformal intensity- 
modulated radiation therapy with 6 MV photons 
or passive scatter proton beam techniques. For 
patients who received 50.4 Gy or more, motion 
control and image guidance were implemented 
in two ways. For some cases, a fiducial-based 
kilovoltage image guidance for soft tissue align-
ment during deep inspiration breath-hold was 
used to minimize doses to the liver, bile duct, 
and GI mucosa. In other cases, an internal target 
volume was created, and patients were treated 
during free breathing with kilovoltage image-
guided alignment to bone. In selected larger 
tumors receiving >50.4 Gy, gross tumor volume 
was treated with a simultaneous integrated boost 
(SIB); a central SIB of 75 Gy in 15 fractions or 
100 Gy in 25 fractions was delivered to the cen-
ter of the tumor via this technique.

This analysis demonstrated that using high 
radiation doses with a moderately hypofraction-
ated approach to treat inoperable IHC improves 
local control, thereby resulting in a substantial 
survival benefit for patients. Modern techniques 
of radiotherapy including stereotactic delivery 
and charged particle therapy have enabled the 
ability to reach optimal tumoricidal doses for 
cholangiocarcinoma while still respecting nor-
mal tissue tolerances.

 Stereotactic Body Radiotherapy

Stereotactic body radiotherapy (SBRT) is a 
delivery modality which employs rigid immobi-
lization, motion control, and multiple conformal 
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beams to deliver high doses of radiotherapy to a 
target volume with rapid dose falloff. It was first 
used to treat intracranial lesions in the early 
1950s [40], but it was not utilized for extracra-
nial sites until the 1990s [41, 42] given the chal-
lenges of immobilization and intrafractional 
tracking. The high dose per fraction of SBRT is 
thought to result in an ablative effect on the 
tumor, potentially through vascular damage. 
However, the precise mechanism of SBRT-
induced cell death remains to be determined 
[43–46].

The feasibility and safety of SBRT in the 
treatment of liver tumors was initially assessed 
in patients with metastatic lesions primarily 
from colorectal adenocarcinoma [47–50], and 
local control at 1 year ranged from 71 to 95%. 
The use of SBRT has since expanded to include 
both primary and metastatic tumors confined to 
the liver.

A phase I dose escalation study of SBRT in 41 
patients with unresectable HCC or IHC at 
Princess Margaret Hospital included 10 patients 
with IHC [51]. Patients were treated within three 
predefined liver effective volume (Veff) strata, 
with three dose levels within each strata based on 
a 5%, 10%, or 20% risk of toxicity. With the 
exception of low accrual to the low Veff strata, all 
risk levels within each strata were assessed. The 
median dose delivered was 36  Gy (range, 
24–54 Gy) in 6 fractions. The median survival in 
patients with IHC was 15  months, and 1-year 
overall survival was 38%. There was no grade 4/5 
toxicity or radiation-induced liver disease, 
although two patients with IHC did have tran-
sient biliary obstruction, presumably due to radi-
ation edema. One patient experienced a 
gastrointestinal bleed, and one patient developed 
a small bowel obstruction due to tumor progres-
sion. Finally, seven patients had a decline in liver 
function, from Child-Pugh Class A to Child-Pugh 
Class B, presumably due to progression of base-
line hepatic disease.

Several small phase I or II studies and retro-
spective reviews of SBRT for hepatic lesions 
have included small numbers of patients with 
IHC (Table  10.1). To date, there have been no 
randomized trials on the use of SBRT in IHC.

 Charged Particle Therapy

Protons and carbon ions represent a potential 
modality for increasing the dose to a tumor 
while minimizing damage to the surrounding 
hepatic parenchyma. Protons have a distinct 
physical advantage over standard photon-based 
radiation. Photons deposit energy along the 
beam path beyond the tumor; this exit dose 
often leads to unwanted radiation exposure to 
uninvolved hepatic parenchyma, thereby 
increasing the risk of RILD [35, 63]. In con-
trast, protons have minimal exit dose, which 
provides a theoretical clinical benefit by allow-
ing dose escalation without compromising nor-
mal tissue exposure. There are no randomized 
data on the use of charged particle therapy ver-
sus photon therapy for HCC or IHC.  This 
modality, however, has been used effectively in 
the treatment of individual patients with IHC, 
often with dramatic shrinkage of the primary 
lesion (Fig. 10.1).

Recently, a multi-institutional phase II study 
was completed utilizing high-dose, hypofraction-
ated proton beam therapy for localized, unresect-
able HCC and IHC [62]. Of the 83 evaluable 
patients, 44 had HCC and 39 had IHC; almost 
90% of the IHC patients had no evidence of cir-
rhosis. For IHC patients, 34 (87%) had one 
lesion, 3 (8%) had two lesions, and 2 (5%) had 
three lesions. The median dose delivered was 
58.0 GyE in 15 fractions. The average dose 
received by liver tissue not involved by tumor for 
all patients was 21.4 GyE (range 3.2–29.5 GyE). 
In the entire cohort, only four patients experi-
enced at least one grade 3 treatment-related tox-
icity. One of the 44 HCC patients developed 
grade 3 thrombocytopenia; of the 39 IHC patients, 
one developed liver failure and ascites, one devel-
oped a stomach ulcer, and one was found to have 
hyperbilirubinemia. Three of the 83 patients 
(3.6%) had worsening Child-Turcotte-Pugh 
(CTP) score: two patients from A to B at 
3  months, and one patient from A to B at 
6 months. There were no grade 4 or 5 treatment- 
related toxicities. In terms of efficacy, only 4 
patients developed local progression within 
2  years of follow-up; 2-year local control rate 
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Prior to treatment 9 months after completion of proton therapy

16mm

52mm

60mm

63mm

Fig. 10.1 Axial CT slices of an intrahepatic cholangiocarcinoma lesion before and after completion of proton 
therapy

was 94% for patients with either HCC or IHC; 
however, recurrence beyond 2  years only 
occurred in patients with IHC, specifically in 4 
additional patients. Notably, all patients who 
experienced local progression had received less 
than 60 GyE. For patients with IHC, the median 
progression-free survival was 8.4 months, median 
overall survival was 22.5  months, and 2-year 
overall survival was 46.5%. The impressive 
results of this study, especially when compared 
with historical data using conventionally frac-
tionated RT for IHC, has recognized high-dose, 
hypofractionated proton beam therapy as an 
attractive modality for inoperable intrahepatic 
tumors, especially those that are too large for the 
extreme hypofractionation associated with SBRT 
(Table 10.1).

 Radiation Therapy 
with Chemotherapy

The optimal integration of radiotherapy with 
modern-day systemic therapy for IHC remains 
to be determined. However, given the encourag-
ing results seen with the addition of radiation 
therapy for localized, unresectable IHC, the 
NRG Oncology Group developed a phase III 
trial of gemcitabine and cisplatin with or with-
out liver- directed radiotherapy in 2014. The 
estimated primary completion date is 2019. 

This trial will help determine the impact of 
radiotherapy on outcomes in patients receiving 
optimal systemic therapy. Patients will receive 
three cycles of gemcitabine and cisplatin, fol-
lowed by restaging and stratification based on 
tumor size (≤6 cm vs. >6 cm) and the presence 
or absence of satellite lesions. Patients will then 
be randomized to liver- directed radiotherapy 
(with one cycle of gemcitabine/cisplatin pre-
ceding RT and four cycles of gemcitabine/cis-
platin following completion of RT) versus 
gemcitabine and cisplatin alone (five cycles). 
The inclusion of maintenance gemcitabine in 
either arm will be determined by the treating 
physicians. Selection of the prescription dose is 
based on the mean liver dose. Mandatory dose 
constraints for organs at risk in this trial are 
listed in Table 10.2.

Table 10.2 Dose constraints for organs at risk in NRG 
GI001

Organ at risk Dose (Gy or Gy RBE)
Esophagus max (to 0.5 cc) D0.5 cc ≤ 45
Stomach max (to 0.5 cc) D0.5 cc ≤ 40
Duodenum max (to 0.5 cc) D0.5 cc ≤ 45
Small bowel max (to 0.5 cc) D0.5 cc ≤ 45
Large bowel max (to 0.5 cc) D0.5 cc ≤ 48
Cord +5 mm max (0.5 cc) D0.5 cc ≤ 37.5
Kidneys: Bilateral mean dose D0.5 cc ≤ 12 Gy

Note: If 1 kidney with mean dose >12 Gy, the remaining 
(or only) kidney must have V12Gy < 10%
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 Conclusion

The development of modern radiotherapy 
techniques has facilitated the incorporation of 
radiotherapy into the treatment of intrahe-
patic cholangiocarcinoma, specifically by 
allowing for dose escalation to tumor without 
increasing toxicity or the risk of radiation-
induced liver disease. In the unresectable set-
ting, the ability to achieve tumoricidal dose 
for primary cholangiocarcinoma has led to 
significant improvements in  local control, 
translating into a survival benefit for patients, 
which is in some instances comparable to 
those historically reported after resection. 
Through the use of modern techniques, 
including SBRT and proton therapy, liver-
directed radiotherapy has become effective 
and feasible. Further study is needed to deter-
mine its full potential in the treatment of IHC, 
as well as the optimal integration of radio-
therapy with chemotherapy.
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 Introduction

Cholangiocarcinoma, or biliary tract cancer, is a 
heterogeneous group of cancers arising from dif-
ferent points of the biliary tree [1]. It is classified 
anatomically by the World Health Organization 
as intrahepatic or extrahepatic, of which, the lat-
ter is subdivided into perihilar and distal by the 
European Network for the Study of 
Cholangiocarcinoma [2].

Surgical resection remains the only poten-
tially curative treatment for biliary tract can-
cers. Survival after surgery depends on having 
adequate remnant liver function, in the setting of 
tumor-negative margins and absence of vascular 
or lymph node invasion [3]. Despite resection, 
disease recurrence remains common, and out-
come remains suboptimal. Overall, the 5-year 
survival after surgical resection ranges between 
22 and 44% for intrahepatic, 11 and 41% for 
perihilar, and 27 and 37% for distal cholangio-

carcinoma [2]. Unfortunately, more than 50% of 
patients present with advanced disease, which is 
associated with an overall survival of less than 
12 months and a 5-year survival of less than 10% 
[3–6]. On average, survival ranges between 3 and 
5  months with best supportive care and 6 and 
12  months with palliative chemotherapy [7–9]. 
As only modest benefits are seen with palliative 
chemotherapy, further advances in medical thera-
pies are urgently needed.

The heterogeneity and rarity of biliary 
tract cancer have made it challenging to study 
new treatment options in robust clinical trials. 
However, recent advances in genomic profil-
ing have helped unravel a plethora of genomic 
alterations that may alter our treatment land-
scape. These efforts are shedding light on the 
disease pathogenesis as well as guiding the 
development of targeted agents. This chapter 
aims to summarize our evolving understanding 
of both current and emerging systemic therapies 
in cholangiocarcinoma.

 Systemic Chemotherapy 
for Advanced Disease

In the setting of advanced (locally advanced, 
recurrent, or metastatic) biliary tract cancer, 
systemic chemotherapy is the mainstay of treat-
ment [2]. The combination of gemcitabine and 
cisplatin has become the standard regimen in 
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frontline therapy, based upon the results of two 
 randomized trials (ABC-02, phase III and BT22, 
phase II) [8, 10, 11].

In the 2010 landmark of United Kingdom 
advanced biliary cancer (ABC)-02 trial, 410 
patients with locally advanced or metastatic chol-
angiocarcinoma, gallbladder cancer, or ampullary 
cancer were randomly assigned to receive either 
cisplatin and gemcitabine or gemcitabine alone 
[8]. As compared with gemcitabine alone, cisplatin 
plus gemcitabine was associated with a significant 
improvement in both overall survival (OS) and 
progression-free survival (PFS) without substantial 
added toxicity. The median OS was 11.7 months 
in the combination group and 8.1  months in the 
gemcitabine alone group (HR 0.64, p  <  0.001). 
The median PFS was 8.0 months in the combina-
tion group and 5.0 months in the gemcitabine alone 
group (HR 0.63, p < 0.001). While more neutrope-
nia was reported with the combination of cisplatin-
gemcitabine, neutropenia-associated infections 
were similar in both groups.

In parallel, the Japan biliary tract (BT)22 study 
randomized 84 patients with advanced biliary 
tract cancers to receive the same regimen used 
in the ABC-02 study [11]. Compared to gem-
citabine alone, cisplatin plus gemcitabine dem-
onstrated higher 1-year survival (the primary end 
point, 39% versus 31%), median OS (11.2 versus 
7.7 months, HR 0.69, p 0.139), median PFS (5.8 
versus 3.7 months, HR 0.66, p 0.077), and overall 
response rate (19.5% versus 11.9%, p 0.380).

To evaluate the efficacy of cisplatin-gem-
citabine with increased statistical power, a subse-
quent meta-analysis of the ABC-02 and BT22 trials 
was published in 2014. It demonstrated improved 
PFS (HR 0.64; 95% CI 0.53–0.76; p < 0.001) and 
OS (HR 0.65; 95% CI 0.54–0.78; p < 0.001) with 
combination cisplatin-gemcitabine versus gem-
citabine alone [12]. Similar improvements in PFS 
and OS were noted in intrahepatic and extrahe-
patic cholangiocarcinoma and gallbladder cancer. 
Patients with good performance status (PS 0-1) 
appeared most likely to benefit, while patients 
with poor performance status (PS 2) or ampullary 
tumors appeared least likely to benefit from com-
bination chemotherapy.

To date, the ABC-02 study remains our only 
phase III evidence for using first-line combination 
chemotherapy in patients with advanced biliary 
tract cancers. When cisplatin is contraindicated 
(e.g., renal failure), the safety and efficacy of a 
number of alternative gemcitabine- or fluoropy-
rimidine (5-fluorouracil or capecitabine)-based 
regimens have been reported in the phase II set-
ting [10, 13]. Due to the scarcity of phase III tri-
als, studies have analyzed available prospective 
data to identify active regimens in the first-line 
setting [13, 14]. They supported the use of gem-
citabine-based chemotherapy in the treatment of 
advanced biliary tract cancers.

In a meta-analysis of seven randomized tri-
als, including the ABC-02 and BT22 studies, 
gemcitabine-based combination chemotherapy 
showed improved survival with added toxicity 
[14]. The overall analysis revealed that patients 
treated with gemcitabine-based combination 
chemotherapy had significantly higher disease 
response rates [OR 1.69; 95% CI 1.17–2.43; p 
0.01], a longer PFS [mean difference 1.95; 95% 
CI 0.9–3.00; p 0.00], and a longer OS [mean dif-
ference 1.85; 95% CI 0.26–3.44; p 0.02] compared 
with the gemcitabine alone and non-gemcitabine-
based chemotherapy groups. However, higher 
incidences of grade 3-4 hematological toxicities 
were noted in the gemcitabine-based combination 
chemotherapy group compared with those in other 
groups.

An analysis of 83 first- and second-line trials 
noted a strong trend toward improved survival 
with gemcitabine-based chemotherapy [13]. 
Compared to non-gemcitabine-based regimens, 
gemcitabine-based regimens showed a trend 
toward improved OS (9.7 versus 8.9  months, 
p 0.014) and a significant improvement in PFS 
(5.0 versus 3.8  months, p 0.003). In addition, 
gemcitabine-based regimens containing 5-fluo-
rouracil demonstrated a trend toward improved 
OS (12.5 versus 9.5 months, p 0.047) compared 
to platinum agents.

For patients who progress on cisplatin and 
gemcitabine, there are no standard regimens 
in the second-line setting [2]. In the largest 
 published retrospective study to date, with 196 
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patients who received second-line chemotherapy, 
no significant difference in PFS and OS was 
found between different regimens [15]. In a 2014 
systematic review with 761 patients, insufficient 
evidence was available to recommend a second-
line chemotherapy regimen [16]. Treatment with 
second-line chemotherapy was associated with a 
mean OS of 7.2 months (95% CI 6.2–8.2), PFS 
of 3.2 months (95% CI 2.7–3.7), response rate of 
7.7% (95% CI 6.5–8.9), and disease control rate 
of 49.5% (95% CI 41.4–57.7).

Available results on second-line chemotherapy 
need to be interpreted cautiously as any perceived 
improvement in survival may in fact be due to 
selection bias. Patients who receive second-line 
chemotherapy have better performance status, 
which may account for improved outcomes [4]. 
As it remains unclear whether second-line che-
motherapy truly benefits patients over the best 
supportive case (BSC) in advanced biliary tract 
cancers, the first randomized phase III trial is 
currently underway. The ongoing ABC-06 trial, 
which compares FOLFOX chemotherapy versus 
BSC after frontline cisplatin-gemcitabine, will 
hopefully answer this question in the near future 
(NCT01926236).

Currently, in clinical practice, fluoropyrimidine-
based regimens are often used when patients 
progress on gemcitabine-based regimens. Results 
have differed on whether fluoropyrimidine-based 
doublet chemotherapy is superior to fluoropyrimi-
dine alone [15, 17]. A good PS, disease control 
with first-line chemotherapy, and a low CA 19-9 
level are associated with longer OS with second-
line chemotherapy [15]. These prognostic factors 
may help clinicians to select those patients who 
may best benefit from second-line chemotherapy.

 Adjuvant Chemotherapy

Due to the high rates of disease recurrence and 
poor outcomes following surgical resection, there 
has been ongoing interest in adjuvant therapy in 
biliary tract cancers. Unfortunately, randomized 
data on the efficacy of adjuvant treatment are 
scarce. Thus, current guidelines largely reflect 

systematic reviews and consensus statements [3]. 
Currently, adjuvant chemotherapy is not a stan-
dard of care for most patients with cholangiocar-
cinoma; however, it has been recommended for 
local recurrence in hilar cholangiocarcinoma due 
to the risks of radiation-related toxicity to the 
area of jejunal reconstruction [18].

The role of adjuvant therapy in cholangio-
carcinoma remains uncertain. A 2014 system-
atic review of 14 retrospective studies and 2289 
patients did not show a survival benefit with 
adjuvant chemotherapy or radiotherapy in intra-
hepatic cholangiocarcinoma [19]. Adjuvant 
chemotherapy (fluorouracil, gemcitabine, or 
oxaliplatin based) did not affect OS in five of 
these studies. In addition, four studies looking 
at the impact of adjuvant chemotherapy and/or 
radiotherapy did not detect a significant differ-
ence in OS or recurrence-free survival (RFS).

Randomized data on the efficacy of adjuvant 
chemotherapy have been limited. In 2002, a mul-
ticenter phase III trial randomized 139 patients 
with resected pancreaticobiliary cancers to adju-
vant chemotherapy with mitomycin C and fluoro-
uracil versus surgery alone [20]. A nonsignificant 
survival benefit was seen in patients with adjuvant 
chemotherapy following R0 resection for cholan-
giocarcinoma with a disease-free survival (DFS) 
at 5  years of 32.4% versus 15.8% with surgery 
alone. Gallbladder cancer appeared to derive the 
most benefit from adjuvant chemotherapy, with 
a significant increase of 8.7% in the 5-year DFS 
with adjuvant chemotherapy compared to sur-
gery alone in subgroup analysis. More recently, 
the ESPAC-3 phase III trial evaluated adjuvant 
chemotherapy in 428 patients with resected peri-
ampullary cancer [21]. Unfortunately, subgroup 
analysis failed to show survival benefit with 
adjuvant chemotherapy in the 393 patients with 
ampullary or bile duct cancers.

However, adjuvant therapy may benefit 
selected patients with biliary tract cancers. A 
2012 systematic review and meta-analysis of 
adjuvant therapy in biliary tract cancer included 
6712 patients and 20 studies [22]. Compared 
to surgery alone, adjuvant chemotherapy was 
 associated with a trend toward improved OS 
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(pooled OR 0.74, p 0.06). Patients who received 
adjuvant chemotherapy or chemoradiation 
derived greater benefit than those who received 
radiation alone (OR 0.39, 0.61, and 0.98, respec-
tively, p 0.02). A subset analysis suggested that 
patients with lymph node involvement (OR 0.49, 
p 0.004) or R1 resection margins (OR 0.36, p 
0.002) benefited the most from adjuvant chemo-
radiation or chemotherapy [22]. It is important to 
remember that these findings were derived from 
retrospective studies, which lacked consistency 
in the surgical approach as well as its report-
ing. In addition, it may not be applicable for all 
biliary tract cancers, as a very small number of 
intrahepatic cholangiocarcinoma cases were 
included. However, until better data become 
available, these results establish the basis to con-
sider adjuvant chemotherapy and chemoradiation 
in patients with lymph node or margin positive 
disease [3].

There is no standard adjuvant regimen cur-
rently used in biliary tract cancers. A com-
monly cited study is the SWOG S0809 phase 
II trial, which evaluated adjuvant chemotherapy 
(gemcitabine plus capecitabine) followed by 
chemoradiation in 79 patients with extrahepatic 
cholangiocarcinoma and gallbladder cancer [23]. 
The study showed a 2-year survival of 65% and a 
median OS of 35 months. In R0 and R1 patients, 
the 2-year survival was 67% and 60%, respec-
tively. Although this study is limited by the lack 
of a control arm, gemcitabine plus capecitabine is 
considered an effective and reasonable adjuvant 
approach.

Several studies are currently underway to 
investigate the role of adjuvant chemotherapy. 
Two studies where final data are pending include 
the French PRODIGE-12 study evaluating gem-
citabine and oxaliplatin (NCT01313377) and the 
British BILCAP study evaluating capecitabine 
(NCT02170090). The ACTICCA-1 study, which 
began in 2014, is a multinational, randomized, 
controlled phase III trial that will evaluate the 
efficacy of adjuvant gemcitabine plus cispla-
tin versus surgery alone (NCT02170090) [24]. 
Two separate cohorts (cholangiocarcinoma and 
muscle invasive gallbladder carcinoma) will be 
included to capture any differences in treatment 

effects. As there remains no standard of care, 
patients being considered for adjuvant therapy 
should be evaluated for ongoing clinical trials 
(NCT02548195, NCT02798510).

 Molecular-Targeted Therapy 
for Advanced Disease

Our knowledge of the genomic profiles of biliary 
tract cancers has rapidly evolved with the advent 
of new genomic profiling technology. Whole-
exome and next-generation sequencing have 
identified multiple molecular aberrations that 
contribute to tumor pathogenesis [25–28]. 
Common genetic and epigenetic alterations in 
biliary tract cancers result in deregulation of 
DNA repair (TP53) and DNA methylation 
(IDH1/2), activation of complex signaling path-
ways (WNT-CTNNB1 and tyrosine kinase sig-
naling pathways), and altered chromatin 
remodeling (SWI-SNF complex) [2].

Genomic alterations in biliary tract cancers 
vary by tumor location. While IDH1/IDH2 and 
BAP1 mutations and FGFR2 fusions are more 
common in intrahepatic cholangiocarcinoma, 
ERBB2 and p53 mutations are more frequently 
seen in extrahepatic cholangiocarcinoma and 
gallbladder cancer [4, 29–31]. While PRKACA 
and PRKABC fusions are exclusively found in 
extrahepatic tumors, EGFR, ERBB3, and PTEN 
mutations occur more frequently in gallbladder 
cancers. It has been reported that up to 83% of 
biliary tract cancers have clinically relevant and 
potentially actionable alterations [32].

The heterogeneity between different bili-
ary tract cancers provides a strong rationale for 
the development of personalized molecularly 
targeted therapy. Ideally, treatment should be 
selected based upon a patient’s tumor molecu-
lar profile to optimize the therapeutic benefit 
and to minimize unnecessary toxicity. However, 
moving beyond the current model of “one-size-
fits all,” systemic chemotherapy is challenging. 
Next-generation sequencing studies require core 
needle biopsies, whereas current biliary tract 
cancer biopsies are often limited to fine-needle 
 aspirations and cytology [31]. Variation and 
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redundancy in tumor pathways calls into the fol-
lowing questions: What is the right target, and 
is this a relevant molecular alteration in tumor 
proliferation [33]? Ongoing clinical trials are 
evaluating the effect of specific molecularly tar-
geted therapies in biliary tract cancers. Here, we 
explore known molecular alterations and the tar-
geted therapies currently under investigation.

 Epidermal Growth Factor Receptor 
(EGFR)/HER2 and Its Signaling 
Pathways

The EGFR family of tyrosine kinase receptors is 
made of ERBB1–ERBB4 [34]. Binding of EGFR 
activates downstream signaling pathways impor-
tant in cell differentiation, proliferation, migra-
tion, angiogenesis, and survival.

Alterations in ERBB1 (EGFR) and ERBB2 
(HER2) and its downstream signaling cascades 
have been implicated in cholangiocarcinoma car-
cinogenesis [35]. EGFR and HER2 overexpres-
sion has been reported in up to 27% and 25% of 
biliary tract tumors, respectively [27, 31, 36]. The 
majority of EGFR and HER2 overexpression is 
due to copy number gains and rarely due to acti-
vating mutations [25]. HER2 mutations are much 
more common in extrahepatic and gallbladder 
cancers compared to intrahepatic cancers [27, 29, 
31, 37]. Data suggest that EGFR overexpression 
is a risk factor for disease recurrence and may 
have prognostic significance in intrahepatic chol-
angiocarcinoma [36].

Completed randomized studies have not 
shown a benefit to targeting EGFR thus far. 
To date, randomized studies adding cetuximab 
[38, 39], erlotinib [40], or panitumumab [41] to 
gemcitabine and oxaliplatin have not shown an 
improvement in PFS or OS over chemotherapy 
alone. Of these studies, only one phase III study 
has been reported, which randomized 133 patients 
with metastatic biliary tract cancer to gemcitabine 
and oxaliplatin with or without erlotinib, an anti-
EGFR tyrosine kinase inhibitor [40]. While the 
addition of erlotinib significantly improved objec-
tive response, it did not improve survival (median 
OS of 9.5 months in both arms). A subgroup anal-

yses found that the addition of erlotinib signifi-
cantly prolonged median PFS by 2.9 months [5.9 
versus 3.0 months, HR 0.73 (95% CI 0.53–1.00, p 
0.049)] in cholangiocarcinoma.

As KRAS mutations are known to predict 
resistance to EGFR inhibitors in colorectal can-
cer, studies have evaluated the role of KRAS as 
a biomarker in biliary tract cancers [27, 42, 43]. 
While limited retrospective data suggest that 
KRAS mutation is a biomarker of poor prognosis 
in biliary tract cancers [42], it has yet to be seen 
in prospective data. A KRAS mutation-stratified 
phase II study of gemcitabine and oxaliplatin 
with or without cetuximab found that KRAS 
mutation status did not correlate with ORR or 
PFS [44]. Similarly, in a randomized phase II trial 
of KRAS wild-type advanced biliary tract cancer, 
panitumumab in combination with gemcitabine 
and oxaliplatin demonstrated a nonsignificant 
improvement in PFS (5.3 versus 4.4  months, p 
0.27) without any differences in OS (9.9 versus 
10.2  months, p 0.42) over chemotherapy alone 
[41]. Subgroup analyses suggested that the addi-
tion of panitumumab may improve survival in 
KRAS wild-type intrahepatic cholangiocarci-
noma (15.1 versus 11.8 months, p 0.13).

Although prospective data on targeting HER2 
in biliary tract cancer is limited, preclinical data 
and case series suggest a possible role for anti-
HER2 therapy in gallbladder cancer. In animal 
models, HER2 overexpression in the gallbladder 
epithelium led to gallbladder cancer and cholan-
giocarcinoma in 100% and 30% of transgenic 
mice, respectively [45]. A case series showed 
that patients with gallbladder cancer and HER2 
amplification or overexpression achieved sta-
ble disease (n = 3), partial (n = 4), or complete 
responses (n  =  1) with HER2-directed therapy 
(trastuzumab, lapatinib, or pertuzumab) [46]. To 
date, two completed phase II studies of lapatinib, 
a dual-HER and EGFR inhibitor, in biliary tract 
cancer found no response [47, 48]. However, one 
study did not report HER2 status, and the other 
found no HER2 mutations or overexpression in 
its enrolled patients. MyPathway is an ongoing 
phase IIA multi-basket study evaluating targeted 
therapies in tumors harboring relevant genetic 
alterations [49]. Its preliminary data indicate that 
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pertuzumab and trastuzumab have activity in 11 
patients with HER2-positive biliary cancer with 4 
patients achieving partial response and 3 patients 
achieving stable disease.

Given the lack of association between KRAS 
status and response to EGFR inhibitors, the 
search for other predictive biomarkers is cur-
rently underway. A retrospective study evaluat-
ing ROS1, ALK, and c-MET (RAM) expression 
levels in advanced biliary tract cancer showed 
that chemotherapy plus cetuximab in tumors with 
low expression levels (IHC <3+ for all markers) 
was associated with an improved disease control 
rate (68% versus 41%, p 0.044), PFS (7.3 ver-
sus 4.9  months, p 0.026), and a nonsignificant 
improvement in OS (14.1 versus 9.6  months, p 
0.056) compared to chemotherapy alone [50]. 
Implementing randomized studies with bio-
marker-defined subgroups will be important in 
evaluating potential biomarkers such as RAM 
expression in predicting response to EGFR inhib-
itors in biliary tract cancer.

 Vascular Endothelial Growth Factor 
(VEGF)

The VEGF family includes potent factors critical 
in angiogenesis and vascular permeability [51]. 
Binding of VEGF to its receptors promotes tumor 
growth and metastasis [36]. VEGF overexpression 
has been reported in up to 60% of biliary tract can-
cer and has been associated with poor survival, 
disease recurrence, and metastasis [29, 36, 52].

Anti-VEGF agents aim to normalize tumor 
vasculature structure and function in a process 
termed vasculature normalization [51]. In addi-
tion, the combination of cytotoxic drugs and 
anti-VEGF agents may enhance the delivery of 
cytotoxic drugs to tumor cells. Various VEGF and 
VEGFR inhibitors have been evaluated in biliary 
tract cancer. To date, bevacizumab [53, 54], cedi-
ranib [55], sorafenib [56–59], sunitinib [60], and 
vandetanib [61] studies have not demonstrated a 
clear benefit to targeting VEGF or VEGFR.

Bevacizumab, a recombinant humanized 
monoclonal antibody against VEGF, has been 
studied in the phase II setting in biliary tract 

cancer. Bevacizumab has been combined with 
gemcitabine-oxaliplatin, erlotinib, and gem-
citabine-capecitabine to result in a PFS and OS 
of 4–8  months and 10–13  months, respectively 
[53, 54, 62]. The combination of gemcitabine-
oxaliplatin and bevacizumab yielded promising 
results with an overall response rate of 40% and 
a median PFS and OS of 7.0 and 12.7 months, 
respectively [53]. However, the 6-month PFS rate 
of 63% failed to meet its predefined endpoint of 
70%. Other studies with bevacizumab showed 
results similar to that with standard chemother-
apy. Gemcitabine-capecitabine and bevacizumab 
as first-line treatment for advanced biliary tract 
cancer noted a median PFS and OS of 8.1 months 
and 11.3 months, respectively [54].

Sorafenib [56–59], sunitinib [60], and van-
detanib [61] have not demonstrated benefit in 
biliary tract cancer with response rates mostly 
less than 10% as monotherapy or combination 
therapy. Cediranib, a potent inhibitor of VEGFR, 
was evaluated in a phase II study that randomized 
patients to gemcitabine-cisplatin plus cediranib 
or placebo [55]. While the cediranib arm showed 
a higher ORR (43% versus 19%, p 0.004) and a 
trend toward higher OS (14.1 versus 11.9 months, 
HR 0.76, p 0.19) compared to the placebo arm, 
no significant difference was found in PFS (7.7 
versus 7.4 months, HR 0.99, p 0.95).

Biomarkers that predict response to VEGF 
or VEGFR inhibition remain to be investigated. 
Increased levels of PDGFbb have been asso-
ciated with a benefit from cediranib in biliary 
tract cancer [55]. Randomized phase III trials 
evaluating the efficacy of bevacizumab in com-
bination with biomarker analyses suggest that 
plasma VEGF-A, expression of neuropilin-1, and 
tumor or plasma VEGFR1 levels may be strong 
biomarker candidates for predicting response to 
antiangiogenic agents [63].

 Fibroblast Growth Factor Receptor 
(FGFR) 2 Fusions

The fibroblast growth factor receptor (FGFR 
1-4) family of tyrosine kinase receptors activate 
downstream signaling pathways important in 
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cell proliferation, differentiation, migration, and 
angiogenesis [29, 31, 64]. Various FGFR2 gene 
fusions have been identified almost exclusively 
in intrahepatic cholangiocarcinoma in up to 16% 
of tumors [27, 29, 31]. In addition, it is associ-
ated with female predilection, younger age, rela-
tively indolent disease, and improved survival 
compared with biliary tumors without FGFR2 
fusions [43, 65].

Preliminary antitumor activity was initially 
seen in patients with FGFR2-MGEA5 and 
FGFR2-TACC3 fusion with intrahepatic cholan-
giocarcinoma treated with ponatinib and pazo-
panib [66]. These promising results have served 
as the premise for targeting FGFR fusion kinase 
in biliary tract cancers. While a vast array of 
anti-FGFR agents have been developed, small 
molecule kinase inhibitors remain the largest 
class of agents. FGFR-selective small molecule 
kinase inhibitors such as BGJ398 [67], ARQ087 
(NCT01752920), AZD4547 (NCT00979134), 
and JNJ42756493 (NCT01703481) are being 
investigated in mechanism-driven phase I trials 
of advanced solid tumors with FGFR genetic 
alterations. One exception is BGJ398, which is 
being evaluated in an ongoing phase II study of 
patients with FGFR-altered refractory advanced 
cholangiocarcinoma [67]. Initial data shows an 
impressive antitumor activity with an overall dis-
ease control rate of 82%.

FGFR nonselective small molecule kinase 
inhibitors such as ponatinib, pazopanib, len-
vatinib, dovitinib, and regorafenib are being 
investigated in phase I and II studies [64]. 
Prolonged stable disease has been reported in a 
phase I study of pazopanib and gemcitabine in a 
patient with cholangiocarcinoma [68]. Ongoing 
single-arm phase II studies are evaluating the 
efficacy of first-line gemcitabine and pazo-
panib (NCT01855724), second-line regorafenib 
(NCT02053376, NCT02115542), and second-
line ponatinib (NCT02265341) in advanced bili-
ary cancer. Of these studies, only the ponatinib 
study specifies confirmation of advanced biliary 
cancer with FGFR2 gene fusions or FGFR path-
way alterations as part of its inclusion criteria. 
A separate phase II study evaluating the efficacy 
of ponatinib in advanced solid tumors harboring 

FGFR genetic alterations is currently ongoing 
(NCT02272998).

Many small molecule kinase inhibitors lack 
specificity and exhibit significant off-target 
activity [69]. The resultant off-target toxicities 
may limit their use in clinical practice. Future 
development of FGFR-specific kinase inhibi-
tors may help overcome these challenges. Other 
anti-FGFR agents such as monoclonal antibod-
ies are in early clinical development [64]. Studies 
that evaluate combination therapies with single- 
or dual-target inhibition may hold significant 
promise given the genomic heterogeneity seen 
in cholangiocarcinoma. One such example is an 
ongoing phase I trial evaluating the combination 
of pazopanib and trametinib, a MEK inhibitor, in 
patients with advanced solid tumors [70].

 Isocitrate Dehydrogenase (IDH)  
1/IDH2 Mutations

IDH is an enzyme that converts isocitrate to 
alpha-ketoglutarate [4, 71, 72]. Mutations in IDH 
lead to the production of D-2-hydroxyglutarate 
(D-2-HG), an oncometabolite that inhibits alpha-
ketoglutarate-dependent enzymes important in 
DNA methylation, epigenetic regulation, and cell 
signaling. IDH mutations promote biliary tract 
cancer development by deregulating hepatocyte 
nuclear factor 4α and blocking hepatocyte differ-
entiation [73]. IDH mutations have been reported 
in up to 24% of intrahepatic cholangiocarcinoma 
and are rare in extrahepatic tumors [27, 43, 74].

Inhibitors of IDH1 (AG-120, IDH-305), 
IDH2 (AG-221), and pan-IDH1/2 (AG-881) are 
in clinical development. Preliminary results of 
a phase 1 study of AG-120  in IDH1 mutation-
positive solid tumors are promising [75]. Of 
20 patients with intrahepatic cholangiocarci-
noma, 1 patient achieved partial response and 11 
patients had stable disease. The clinical benefit 
rate, defined as lack of progression for at least 
6  months, was 43% in cholangiocarcinoma and 
37% in all patients. Phase I studies of AG-221 
(NCT02273739), IDH-305 (NCT02381886), and 
AG-881 (NCT02481154) in patients with IDH-
mutated advanced solid tumors are underway. 
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An ongoing phase III placebo-controlled study 
is evaluating AG-120  in previously treated 
cholangiocarcinoma with an IDH1 mutation 
(NCT02989857).

Biomarkers and alternative methods to deter-
mine response to IDH inhibitors remain areas 
of ongoing research. As IDH inhibitors promote 
tumor cell differentiation rather than direct cell 
death, traditional imaging-based response criteria 
such as RECIST may not be optimal in assessing 
treatment response [72]. As D-2-HG is signifi-
cantly higher in patients with IDH-mutated tumors 
compared to those with wild-type IDH, studies are 
investigating the use of serum D-2-HG as a bio-
marker in determining disease burden and treat-
ment response in IDH-mutated tumors [72, 76].

 C-MET/Hepatocyte Growth Factor 
(HGF)

C-MET is a proto-oncogene that encodes a tyro-
sine kinase growth factor receptor called HGF 
receptor [77]. Binding to the HGF receptor acti-
vates multiple signaling pathways involved in 
proliferation, motility, migration, and invasion 
[77]. Alterations in c-Met are linked to tumor 
invasion, angiogenesis, differentiation, and pro-
liferation [78]. C-MET overexpression has been 
observed in up to 60% of intrahepatic and up to 
70% of extrahepatic cholangiocarcinoma [43]. It 
is associated with poor prognosis in intrahepatic 
cholangiocarcinoma and may contribute to resis-
tance to EGFR inhibitors [77, 79].

The efficacy of c-MET inhibitors in cholan-
giocarcinoma remains to be seen. A number of 
phase I studies have evaluated tivantinib, a selec-
tive c-MET inhibitor, in advanced solid tumors 
(NCT00302172, NCT00612209, NCT00612703, 
NCT00802555, NCT00827177, NCT00874042). 
Encouraging clinical activity with a disease con-
trol rate of 82% was observed in 11 patients with 
biliary tract cancer treated with tivantinib in dif-
ferent phase 1 studies [80]. Stable disease, partial 
response, and complete response were seen in 8 
(73%), 1 (9%), and 0 (0%) patients with biliary 
tract cancer, respectively. In a phase II study of 
cabozantinib, a dual VEGFR and c-MET inhibi-

tor, in advanced cholangiocarcinoma, showed lim-
ited activity and significant toxicity in unselected 
patients [81]. A planned correlative study found 
tumor MET overexpression (2+ or 3+ by IHC) 
in 4 of 10 patients with sufficient tissue for test-
ing. Although one patient with 3+ tumor MET 
expression stayed on treatment for 278  days, 
MET expression by immunohistochemistry did 
not correlate with PFS (p 0.38) or OS (p 0.17) 
in the 10 patients evaluated. Ongoing studies of 
MET inhibitors in cholangiocarcinoma are under-
way. A double-blind, randomized phase II trial is 
evaluating gemcitabine and cisplatin plus either 
VEGFR inhibitor ramucirumab, c-MET inhibitor 
merestinib, or placebo in advanced biliary tract 
cancer [82]. A phase 1 study is evaluating meres-
tinib in advanced solid tumors including cholan-
giocarcinoma (NCT01285037).

C-MET-driven patient selection may be the 
key to response in c-MET-targeted therapies. 
Characterizing c-Met alterations with consis-
tent and validated methods is needed. Detecting 
c-MET overexpression via immunohistochemis-
try is likely to vary widely as different IHC detec-
tion antibodies target different c-MET domains 
[83]. Defining those antibodies specific to detect-
ing c-MET expression is a necessary step in 
developing accurate predictive biomarkers.

 Mitogen-Activated ERK Kinase 
(MEK) Pathway

The RAS/RAF/MEK/ERK pathway (also known 
as the MAPK/ERK pathway) is one of the key 
signaling pathways in normal cell proliferation, 
survival, and differentiation [84, 85]. In this path-
way, multiple signals activate RAS (KRAS, 
NRAS, HRAS), which sequentially turns on 
RAF (BRAF, CRAF, and ARAF), MEK (MEK1, 
MEK2), and ERK kinases. Importantly, RAS is 
the most frequently mutated oncogene in human 
cancers with KRAS mutations reported in up to 
60% of cholangiocarcinoma [43]. KRAS muta-
tions are more common in hilar tumors compared 
to intrahepatic tumors and are associated with 
poor prognosis [42]. Mutations in BRAF, the 
RAF isoform, are also highly oncogenic and have 
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been found in up to 22% of cholangiocarcinoma 
[31, 43, 86].

MEK inhibitors are showing promising activ-
ity in phase I/II studies. The MEK1/MEK2 
inhibitor selumetinib was evaluated in a phase II 
study in 28 patients with advanced biliary tract 
cancer [87]. While the overall response rate was 
only 12%, 17 patients (68%) had stable disease 
leading to a disease control rate of 80% [87]. 
Of those patients with stable disease, 44% had 
stable disease for at least 4 months and 12% had 
stable disease for >1 year. In the ABC-04 phase 
1b study of selumetinib in combination with 
gemcitabine-cisplatin in advanced biliary tract 
cancer, eight patients were evaluable for objec-
tive response: three patients achieved partial 
response, and eight patients achieved stable dis-
ease; median PFS was 6.4 months [88]. Another 
MEK1/MEK2 inhibitor binimetinib was evalu-
ated in combination with gemcitabine-cisplatin 
in a phase I study in untreated advanced biliary 
cancer [89]. Of the 12 enrolled patients, par-
tial response and stable disease were seen in 6 
(50%) and 4 (33%) patients, respectively, and 
median PFS and OS were 6.4 and 9.1 months, 
respectively. Significant activity with prolonged 
and complete response has been reported in the 
phase I/II study of the MEK1/MEK2 inhibitor 
MEK162  in combination with gemcitabine-
cisplatin in untreated advanced biliary cancer 
[90]. Of the 35 patients included in the phase 
II analysis, median PFS and OS were 6 and 
21  months, respectively. The overall response 
rate was 36% with 2 patients achieving a CR and 
remaining on study for over 24 months. A num-
ber of ongoing studies are evaluating trametinib 
(NCT02042443, NCT02034110), selumetinib 
(NCT02151084), and MEK162 (NCT01828034, 
NCT02773459) in biliary tract cancer.

 PI3K/AKT/mTOR Pathway

The PI3K signaling pathway regulates cell 
growth and survival. It remains one of the most 
dysregulated pathways in cancer, where it is 
critical in tumor metabolism, growth, and sur-

vival [91]. Increased PI3K signaling can be 
caused by mutations or amplifications of key 
signaling components or loss of PTEN [92]. It 
can also be due to genetic alterations of upstream 
receptor tyrosine kinases. Aberrant PI3K path-
way activation has been implicated in gallblad-
der tumorigenesis [93]. In addition, preclinical 
data suggest that the combination of PTEN loss 
and KRAS activation results in rapid biliary 
tumorigenesis [94].

PI3K inhibitors are in early clinical devel-
opment. Several phase I studies have evaluated 
BKM120, an oral PI3K inhibitor in advanced 
solid tumors [95–98]. BKM120 was combined 
with mFOLFOX6  in 17 patients with refrac-
tory solid tumors [98]. Of those patients evalu-
able for response, one patient with intrahepatic 
cholangiocarcinoma sustained stable disease for 
26  weeks. The study reported significant toxic-
ity with 76% of patients experiencing grade 3/4 
adverse events, most commonly cytopenias, 
fatigue, and hyperglycemia. Another study of 
BKM120 monotherapy, which included 1 patient 
with gallbladder cancer, had 7 patients (20%) on 
therapy for at least 8 months [96].

Everolimus, a mTOR inhibitor, has been stud-
ied in both the frontline and refractory settings in 
advanced biliary tract cancer. In a phase II study 
in 39 patients with refractory biliary tract can-
cer, although the ORR was only 5.1%, DCR was 
44.7% with 1 patient achieving a partial response 
at 2 months and 1 patient sustaining a complete 
response for 8  months [99]. Median PFS and 
OS were 3.2 and 7.7  months, respectively. Of 
note, 32.4% and 25% of patients who remained 
alive after the first month of treatment were alive 
after 12 and 15 months of therapy, respectively. 
Everolimus monotherapy as first-line treat-
ment in advanced biliary tract cancer showed 
DCR, median PFS, and OS of 56%, 6.0 months, 
9.5  months, respectively [100]. A biomarker-
driven trial evaluated everolimus in PIK3CA 
altered and/or PTEN loss advanced refractory 
solid tumors [101]. Although the study did not 
demonstrate antitumor activity with everolimus, 
it included one patient with cholangiocarcinoma 
who achieved disease control.
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 Immunotherapy

The immune system can detect and destroy 
abnormal cells via tumor-specific or tumor-asso-
ciated antigens (TAA) to prevent the develop-
ment of cancer [35]. However, cancer cells can 
sometimes avoid detection and destruction by the 
immune system by reducing TAA expression or 
suppressing the host immune response. As some 
immune cells retain the ability to detect and 
invade tumor, the characteristics of immune infil-
tration have been studied in various cancers. 
Tumor infiltration by mediators of the adaptive 
immune response has been correlated with better 
prognosis in biliary tract cancer [102]. The pres-
ence of dendritic cells, CD4+ T cells, CD8+ T 
cells, or plasma cells within the biliary tumor is 
predictive of improved OS [103–106].

Immunotherapies aim to strengthen 
the immune response against cancer cells. 
Manipulation of the immune response has his-
torically involved vaccination, autologous cell 
transfer, and immunomodulatory therapy [107]. 
To date, the completed clinical trials of immu-
notherapy in biliary tract cancer have mostly 
involved peptide-based or dendritic cell-based 
vaccines to sensitize the immune system against 
TAA.

While peptide-based vaccines have yet to 
show definite efficacy, dendritic cell-based vac-
cines appear efficacious against biliary tract can-
cer. In a phase I/II study of anti-MUC1 dendritic 
cell-based vaccine as adjuvant therapy in resected 
pancreatic and biliary tumors, 4 of 12 patients are 
alive and without evidence of disease recurrence 
after 4 years [108]. Of these patients, one patient 
had resected intrahepatic cholangiocarcinoma. 
In a retrospective study of anti-WT1 and/or anti-
MUC1 dendritic cell-based vaccine in 65 patients 
with biliary tract cancer, the median survival time 
after the first vaccination was significantly higher 
with chemotherapy than without chemotherapy 
(8.2 versus 5.3 months, p 0.016) [109].

Adoptive autologous cell transfer, where 
patient’s own lymphocytes are used after an 
ex  vivo “priming” event, has been applied to 
biliary tract cancer therapy with clinical efficacy 
[107]. In a proof-of-concept study, whole-exome 

sequencing was used to isolate, expand, and rein-
troduce tumor-infiltrating lymphocytes (TILs) to 
treat a 43-year-old woman with poorly differenti-
ated intrahepatic cholangiocarcinoma [110]. After 
identifying an ERBB2-interacting protein muta-
tion (ERBB2IPE805G) that was recognized by a 
subpopulation of CD4+ TILs, the patient received 
an infusion of TILs with 25% ERBB2IPE805G-
reactive TILs after nonmyeloid ablative chemo-
therapy. Tumor regression was observed after 
2  months, and stable disease was reported for 
over 12 months. Later on, after disease progres-
sion, tumor regression was again achieved with 
a second dose of TILs with 95% ERBB2IPE805G-
reactive TILs. In another study that investigated 
adjuvant immunotherapy with vaccine and acti-
vated T-cell transfer in intrahepatic cholangiocar-
cinoma, median PFS and OS were significantly 
higher with adjuvant immunotherapy at 18.3 and 
31.9  months, respectively, compared to surgery 
alone at 7.7 and 17.4  months, respectively (p 
0.005 and 0.022, respectively) [111].

Immunomodulatory therapy is not well stud-
ied in biliary tract cancer. Interim results of 
KEYNOTE-028 of pembrolizumab in advanced 
biliary tract cancer reported an ORR 17% with 4 
(17%) patients achieving a partial response and 4 
(17%) patients maintaining stable disease [112]. 
In addition to promising antitumor activity, a 
subset of patients achieved durable responses 
of >40 weeks. Studies with immunomodulatory 
agents such as pembrolizumab (KEYNOTE-158, 
NCT02703714), nivolumab (NCT02829918), 
ipilimumab plus nivolumab (NCT01853618, 
NCT02834013), and tremelimumab plus dur-
valumab (NCT02821754) in biliary tract cancer 
are underway.

 Conclusion

Biliary tract cancer is a heterogeneous group 
of rare and aggressive cancers. Due to the 
high incidence of advanced and recurrence 
disease, along with the suboptimal response 
to conventional chemotherapy, prognosis 
remains poor. Advances in genomic profiling 
have begun to shed light on the diverse 
genomic landscape of this disease and its 
multiple targetable alterations. Much work 
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remains in investigating predictive and prog-
nostic biomarkers and determining the effi-
cacy of targeted agents. Future studies that 
incorporate molecular profiling and correla-
tive studies will be necessary if we want to 
better understand and change the trajectory of 
this disease.
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 Risk Factors for HCA

HCA is a benign liver neoplasm that is mainly 
observed (90%) in young women taking OC 
[1–5], but it is also rarely observed in men (10%) 
[6]. In most cases (80–90%), HCA occurs in 
young women who have been taking OC for 
many years. Although the exact mechanism of the 
association between HCA and OC has not been 
clearly identified, the association is clear because 
this entity was rarely described before the intro-
duction of OC in the 1970s [1], the incidence of 
HCA is dose dependent [4, 7] and higher in 
women taking OC (3–4/100,000) than other 
women (0.1/100,000) [8, 9], and HCA regresses 
in some women after OC is withdrawn [10–12]. 
There are probably many other factors related to 
the development of HCA. Despite the widespread 
use of low-content estrogen OC, HCA still exists, 
but it is more frequent in obese patients and in 
those with the metabolic syndrome and steato-
hepatitis [6, 13–18]. Also, genetic alterations may 
be responsible such as in HNF1A- and β-catenin- 
mutated HCA [19, 20]. Androgen also plays a 

role in the pathogenesis of HCA and has been 
reported in patients with Fanconi anemia treated 
with androgens, in athletes who have abused ste-
roids, and in patients with high levels of endoge-
nous androgens [21–24]. HCA may also occur in 
association with certain metabolic diseases such 
as type 1 glycogen storage disease (GSD) [25–27] 
and iron overload related to beta-thalassemia or 
hemochromatosis [28]. In GSD the development 
of HCA is related to high triglyceride concentra-
tions [27]. Familial cases (HNF1A) have been 
reported in patients with maturity-onset diabetes 
type 3 (MODY 3) [29, 30] and the McCune–
Albright syndrome [19]. HCA can also occur in 
patients with hepatic vascular abnormalities such 
as portosystemic shunts with portal deprivation 
[31–33], Budd–Chiari syndrome and other vascu-
lar diseases [34], and, rarely, cirrhosis [35, 36]. 
Other rare causes include polycystic ovary syn-
drome related or not to sodium valproate leading 
to hyperandrogenemia [37–39], patients with 
Turner’s syndrome receiving growth hormone 
therapy [40] and Hurler’s syndrome with severe 
immune deficiencies [41], and adults with history 
of childhood cancer (leukemia) and treated by 
hematopoietic stem cell transplants with irradia-
tion or estrogen therapy [42].

HCA is rare in men (10%), and androgen use, 
metabolic syndrome and steatohepatitis, type 1 
GSD, and portosystemic shunts with portal depri-
vation should be systematically searched for.
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 Clinical Presentation

The mean age at presentation is 37 (16–62), and 
the mean size is 8.4 cm (±4.2, range: 1–22) [6]. 
HCA is usually asymptomatic and discovered 
incidentally during non-related imaging studies, 
with abnormal liver function tests, or due to non- 
specific abdominal pain. Abdominal pain may be 
present with large or pedunculated HCA. Bleeding 
usually presents as acute abdominal pain, but 
hemodynamic instability is rare or is rapidly sta-
bilized with careful treatment. HCA may rarely 
present with fever, anemia, or pruritus. A single 
tumor may be present, but multiple tumors (>2 
HCA) are more frequently observed [6]. Mild 
cholestasis or cytolysis is present in two thirds of 
liver function tests. Alpha-fetoprotein (AFP) 
should be systematically searched for but is usu-
ally normal even when HCA has degenerated. 
Inflammatory markers (CRP, fibrinogen, and 
platelets) may be increased with inflammatory 
HCA [43]. The diagnosis is based on imaging 
studies including CT scan and MRI [44, 45], and 
liver biopsy may be necessary in order to confirm 
the diagnosis or for histological subtyping and 
management.

 Histological Classification

HCA is a soft tumor, and large subcapsular ves-
sels are usually found on macroscopic examina-
tion. On cut sections, the tumor is well-delineated, 
fleshy, and sometimes encapsulated and has a 

color ranging from white to brown and frequent 
heterogeneous areas of necrosis and/or hemor-
rhage (Fig. 12.1). Histologically, HCA consists 
of a proliferation of benign hepatocytes arranged 
in a trabecular pattern. However, a normal liver 
architecture organization is absent. Hepatocytes 
may have intracellular fat or increased glycogen 
[46]. However, in the last decade, major progress 
has been made in the understanding of the histo-
logical pathogenesis of the disease, and HCA is 
no longer considered a single entity. HCA is now 
classified into at least five histological subtypes 
with different risks of complication [43, 46, 47].

 HNF1A HCA

This subtype is characterized by bi-allellic inacti-
vating mutations of HNF1A (hepatocyte nuclear 
factor 1 alpha). HNF1A is a key transcription factor 
that controls several metabolic pathways in the 
hepatocyte including estrogen metabolism and 
fatty acid synthesis deregulation with liver fatty 
acid-binding protein (LFABP), down expression 
leading to fatty acid accumulation, and steatosis in 
the tumor hepatocyte. The HNF1A mutation was 
identified in MODY3  in young patients with a 
familial context [48] and was later described in 
some familial cases of adenomatosis and MODY3 
[49]. However, adenomatosis is infrequent in 
MODY3; thus other genetic or environmental fac-
tors are probably involved in the development of 
HCA [47, 50]. The HNF1A subtype is associated 
with intermediate levels of estrogen exposure [47]. 

Fig. 12.1 Macroscopic view of a hepatocellular ade-
noma. Resected specimen showing a non-encapsulated, 
well-circumscribed tumor (*). Color varies from tan to 

brown. Congestive and hemorrhagic areas may be seen. 
The non-tumoral liver (**) appears normal
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On histology HNF1A is characterized by promi-
nent steatosis associated with an absence of LFABP 
expression in tumor hepatocytes and high expres-
sion in non-tumor hepatocytes [46, 51].

 Mutated β-Catenin HCA

This subtype involves mutations of CTNNB1 
(protein-coding gene) coding for β-catenin, 
leading to impaired β-catenin phosphorylation 
that induces the translocation of β-catenin in the 
nucleus and expression of Wnt/β-catenin genes 
such as GLUL (coding for glutamine synthase) 
and LGR5. These mutations are associated with 
a higher risk of malignant transformation. These 
mutations are also observed in colorectal cancer 
and medulloblastoma. It has recently been 
shown that mutations on exon 3, but not 7 or 8, 
are associated with malignancy [47]. These 
tumors are more related to androgen than estro-
gen intake, both endogenous and exogenous 
androgen exposure, and are more frequently 
observed in men; most HCAs that develop from 
anabolic steroids are β-catenin mutated [12, 47]. 
However, women who develop β-catenin HCA 
have been less exposed to estrogen [47]. 
Morphologically this subtype is characterized 
by cellular atypia [52]. Tumor hepatocytes dem-
onstrate strong and homogenous glutamine syn-
thetase positivity (β-catenin target gene) and 
nuclear expression of β-catenin in some tumor 
hepatocytes, with high specificity and low sensi-
tivity [52]. These variability and heterogeneity 
sometimes make the diagnosis difficult by 
biopsy, and molecular analysis may be needed 
for an accurate histological diagnosis. For exon 
7/exon 8 mutations, glutamine synthetase is less 
important and heterogeneous, with no β-catenin 
nuclear staining [53].

 Inflammatory HCA

This is the most frequent subtype which is defined 
by the activation of the IL6/JAK/STAT pathway 
in tumor hepatocytes with overexpression of acute 
phase inflammatory proteins such as CRP and 

SAA.  An inflammatory syndrome, anemia and 
fever, may be observed and is considered to be a 
paraneoplastic syndrome induced by uncontrolled 
production of cytokines [43]. Inflammatory HCA 
can also involve the β-catenin mutation; thus, the 
Wnt/β-catenin pathway should be searched in the 
presence of inflammatory HCA. This subgroup is 
mainly observed in obese patients with extensive 
exposure to OC [47]. Morphologically these 
tumors are characterized by the presence of small 
arteries, inflammatory matrix, and sinusoidal dila-
tation [54]. Tumor hepatocytes exhibit cytoplas-
mic expression of SAA and CRP on 
immunohistochemistry induced by STAT3 activa-
tion [46, 51]. They can also contain steatosis and 
they can be mutated β-catenin [46].

 Sonic Hedgehog HCA

The sonic hedgehog mutation (5% of HCA) 
was recently discovered in the subgroup of 
unclassified HCA.  This mutation results in 
uncontrolled activation of the sonic hedgehog 
pathway due to the overexpression of GLI1 
[47]. It seems that it is associated with a higher 
risk of clinical and histological bleeding. It is 
mainly observed in obese patients with exten-
sive exposure to OC [47].

 Unclassified HCA

No genetic alterations can be identified in <10% 
of HCA.

 Radiological Classification

HCAs are usually well-delineated containing fat, 
vessels, and necrotic or hemorrhagic features. 
The most marked pathological features are the 
presence of fat or telangiectatic components; 
thus, imaging should be fat sensitive (such as 
MRI) with contrast agents to search for dilated 
vascular spaces [55]. HCA now includes three 
subtypes; thus, imaging findings vary depending 
on the type of HCA.
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 Steatotic or HNF1A HCA

These HCAs are characterized by the presence of 
a diffuse and homogeneous signal dropout on 
chemical shift T1 sequences. This corresponds to 
fat and is the most marked finding with a high 
(87–91%) sensitivity and (89–100%) specificity 
on MRI (Fig. 12.2). These tumors are homoge-
nous and moderately hypervascular and often 
show washout on portal and/or delayed-phase 
sequences, while they are hypointense on hepato-
biliary phase MRI with hepatospecific contrast 
agents [56, 57].

 Inflammatory HCA

The telangiectatic features of this subtype show a 
strong, hyperintense signal on T2-weighted 
sequences, with a diffuse or peripheral (rim-like) 
image ([58]) and persistent enhancement during 
the delayed phase that has a high (85–88%) sen-
sitivity and (88–100%) specificity [56, 57]. 
IHCAs are also markedly hypervascular and het-
erogeneous (Fig.  12.3). Certain tumors may 
mimic FNH and be iso- or hyperintense on hepa-
tobiliary phase images with hepatospecific con-
trast agents [59].

a

c d

b

Fig. 12.2 Typical MR imaging appearance of an HNF- 
1A- inactivated hepatocellular adenoma located in seg-
ment 4 in a young female. The lesion appears hyperintense 
on T1-weighted images (a) and shows marked and homo-
geneous signal dropout on chemical shift images due to 

the presence of fat (b). The fat content is responsible for 
signal isointensity on T2-weighted images (c), mild con-
trast enhancement on arterial phase images (d), and 
pseudo-washout on delayed-phase images (e). The liver 
parenchyma is normal
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The imaging characteristics of the two other 
subtypes, β-catenin and unclassified HCA (or clas-
sic), are less specific, and the features may be simi-
lar to other hepatocellular tumors, mainly arterial 
enhancement and portal or delayed washout 
(Fig. 12.4). The content is heterogeneous, but with 
no features to differentiate them from hepatocel-
lular carcinoma or FNH in relation to β-catenin.

 Multiple Adenoma 
and Adenomatosis

Adenomatosis (>10 HCA) was initially 
described by Flejou et  al. as being more fre-
quent in men with a higher rate of complica-

tions [60] and associated with liver steatosis 
[61]. In fact, multiple HCAs (>2 HCA) are 
more frequently observed [62] and are not 
necessarily associated with higher complica-
tions. Although we found no clinical differ-
ence among the subgroups in a comparison 
of patients with single or multiple (2–10) [6] 
HCAs and adenomatosis (>10). Adenomatosis 
was more frequently associated with micro-
adenomas, obesity, and the steatotic subtype, 
with a similar risk of complications. The pres-
ence of multiple HCAs was not a risk factor 
for bleeding [6, 63–65]. Thus, management 
should be based on the size and not the number 
of tumors [6], limiting the indications for liver 
transplantation.

a

d e

b c

Fig. 12.3 Typical MR imaging appearance of an inflam-
matory hepatocellular adenoma located in segment 7 in a 
37-year-old obese female. The lesion appears isotense on 
T1-weighted images (arrow in a) and does not contain fat 

(b). The lesion shows both signal hyperintensity on 
T2-weighted images (c) and contrast retention on delayed- 
phase images (d). The liver parenchyma is markedly stea-
totic (a, b)
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 Risk Factors for Complications

 Bleeding

Bleeding is the most frequent complication of 
HCA, and it may be clinical (acute pain and large 
zones of bleeding on imaging) or subclinical with 
small areas of bleeding in HCA discovered on 
imaging or histology. Although the prevalence of 
subclinical bleeding is high (30–60%) [6], the 
clinical impact of this complication is unknown. 
Clinical bleeding is the most important complica-
tion and is observed in 20–25% of cases in surgi-
cal series [6, 30, 66]. This may be overestimated 
because data on prevalence are mainly based on 
surgical series, which mainly treat complicated 
HCA. In most cases bleeding HCAs are discov-
ered when the episode of bleeding occurs, and it 
is less frequent to diagnose bleeding in an 
observed HCA. The clinical presentation is acute 
right hypochondrium pain and lower chest pain 
that can mimic a pulmonary embolism in some 
patients. Hemodynamic stability must be rapidly 
obtained following careful reanimation. Bleeding 
may be intra-tumoral alone with or without 
parenchymal extension and in 10% of cases asso-
ciated with intraperitoneal rupture and hemoperi-
toneum [6]. Biopsy of the viable tissue can be 
discussed to make certainly the diagnosis of rup-
tured HCA; however, in patients with complete 
necrosis at admission, the diagnosis of HCA can 
be established according to clinical data and 
prevalence as HCA remains the most frequent 

cause of liver bleeding in a young female. The 
main risk factor for bleeding is the presence of 
inflammatory HCA and tumor size with a 5% risk 
in HCA < 5 cm and 25% in HCA > 5 cm [6, 63, 
66, 67]. Other risk factors are sonic hedgehog 
HCA [47], exophytic lesions, or lesions located 
in the left lateral segments and with peripheral 
arteries visualized on imaging [67], as well as 
hormone use within the last 6 months [63].

 Malignancy

Malignant degeneration is the second complica-
tion of HCA.  There is no specific clinical or 
radiological presentation, and in most cases the 
diagnosis is made following resection. The AFP 
level is usually normal, and malignant degenera-
tion is suggested in case of rapid growth of an 
observed or embolized HCA. In clinical practice 
it may be very difficult to differentiate between 
malignant HCA and hepatocellular  carcinoma 
(HCC) that develops in a normal liver in young 
women with or without elevated AFP levels. On 
histology it can be difficult to differentiate 
between HCA and well-differentiated HCC, but 
the presence of both adenomatous tissue and 
HCC foci is highly suggestive of the diagnosis 
[68, 69]. The most important risk factors for 
malignancy are gender and tumor size. The risk 
of malignant degeneration in men and women is 
>50% and <5%, respectively [6, 70, 71]. 
Malignant degeneration is mainly observed in 

a b c

Fig. 12.4 Typical CT appearance of a beta-catenin- 
activated hepatocellular adenoma in a young female. The 
lesion shows mild contrast enhancement on arterial phase 
images (a), is heterogeneous on portal venous phase 

images (b), and shows washout on delayed-phase images 
(c). The liver parenchyma is normal. Malignant transfor-
mation cannot be excluded. The lesion is indistinguish-
able from a hepatocellular carcinoma
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HCA > 5 cm and has been found in large HCA 
(>8 cm) [63, 72, 73], but it is rare in HCA < 5 cm 
[6]. Certain retrospective studies have shown an 
increased risk of malignancy in β-catenin- 
mutated HCA [6, 65], but further studies are 
needed to confirm this, especially because recent 
results show that only mutations on exon 3 but 
not those on 7 and 8 are at risk of malignant 
degeneration [53]. Classic HCAs have an 
increased risk of malignant degeneration [6].

 Risk Factors of Complications  
by Radiological and Histological 
Subtypes

Certain retrospective studies have correlated the 
risk of complications with the new phenotype/gen-
otype classification of HCA [6, 65]. The risk of 
bleeding is increased in inflammatory HCA, and 
the risk of malignant degeneration is moderate [6]; 
steatotic HCAs have a very low risk of bleeding 
(<10%), and malignant degeneration is rare [6]; 
β-catenin HCAs with an exon 3 mutation have an 
estimated risk of malignant degeneration of 20% 
[6, 65], and the risk of bleeding is increased in 
sonic hedgehog HCA [47], and the risk of malig-
nant degeneration is also increased in classic HCAs 
[6]. However, there are no prospective studies on 
the new subtypes and the risk of complications.

 Treatment

When a diagnosis is made, underlying risk fac-
tors should be managed in all cases. OC should 
be stopped [74, 75] and weight loss is suggested 
because obesity is a risk factor. Encouraging 
results were recently reported with weight loss 
alone in obese patients [76]. A period of 6 months 
was usually needed to observe an effect on tumor 
size, but it seems that a longer period of OC with-
drawal is necessary to obtain a significant reduc-
tion. If the tumor does not regress to a size 
without risk (<5 cm), there are several treatment 
options including surgical resection, emboliza-
tion, percutaneous ablation, and, more rarely, 
liver transplantation.

 Non-complicated HCA

In men, HCA should be resected whatever the 
size due to the high risk of malignant degenera-
tion (>50%). However, in GSD the risk of malig-
nant degeneration is low [26] and has only been 
reported in case reports [77, 78]. Treatment can 
be less aggressive, and resection can be limited to 
large HCA in men with GSD and multiple HCAs. 
In women, because the risk of complications is 
mainly observed in HCA > 5 cm, only large HCA 
(>5 cm) should resected while HCA < 5 cm can 
be observed.

 Indications for Resection Based 
on the New Classification 
and the Role of Liver Biopsy

Although the new classification has significantly 
increased the understanding of the disease, its 
influence on patient management is still limited 
because of the absence of valid data. HCA subtyp-
ing can be obtained from MRI or liver biopsy, and 
because the accuracy of MRI for the diagnosis and 
subtyping of HCA is good [57, 79], the usefulness 
of biopsy is limited for decision- making; thus, the 
importance of its role is reduced [80]. Although 
HNFA1 and inflammatory HCA may be diagnosed 
on MRI, it is less accurate for the diagnosis of the 
β-catenin subtype. In men, resection is indicated 
whatever the subtype, and molecular subtyping 
can play a role in men with multiple HCAs (such 
as those with GSD) to prevent unnecessary liver 
transplantation. In women, HCA >5  cm should 
be resected whatever the subtype and molecular 
subtyping should be considered in two cases. First 
is to diagnose β-catenin mutation in HCA <5 cm. 
There are no valid data to confirm an increased risk 
of malignant degeneration in β-catenin-mutated 
HCA <5  cm, and a preoperative diagnosis may 
be difficult with liver biopsy because this is made 
indirectly by measuring glutamine synthetase on 
immunohistochemistry with a heterogeneity of 
expression in the nucleus and the cytoplasm [81]. 
Finally, it was recently demonstrated that only 
the mutation on exon 3 but not 7 and 8 is asso-
ciated with malignant degeneration [47]. Thus, in 
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our experience management should still be based 
on gender and size. Second there is a lower risk 
of complications in steatotic HCA; thus, cer-
tain women with large HCA (5–7  cm) may be 
observed especially if resection is complicated. In 
these cases, biopsy with molecular subtyping may 
be needed to confirm the diagnosis of HNF1A [6]. 
Molecular subtyping may also be systematically 
performed by biopsy or on the tumor specimen for 
randomized studies or for the prospective evalua-
tion of liver biopsy.

 Bleeding HCA

Stability must be obtained in the presence of 
hemodynamic instability, and patients should be 
managed in an intensive care unit [82]. Emergency 
surgical resection should no longer be performed 
because this procedure requires a large incision, 
extended liver resection (resection of HCA and 
hematoma), and transfusion and is associated 
with a high morbidity and a long hospital stay [6]. 
Considerable mortality (12.5%) has been reported 
following emergency resection [83], and modern 
management includes stabilization with or with-
out transfusion, arterial embolization, and delayed 
surgical resection [84–87]. In case of urgent sur-
gery, packing is preferred to liver resection to 
decrease morbidity and mortality [84]. Delayed 
resection is performed 3–4  months following 
embolization once the parenchymal hematoma 

has disappeared. This is the best surgical strategy 
because in some cases resection can be performed 
by laparoscopic approach including minor liver 
resection, which is associated with less transfu-
sion, reduced morbidity, and a shorter hospital 
stay. In certain patients with complete necrosis on 
imaging, simple observation can be an option and 
bleeding may result in a spontaneous cure of HCA 
(Fig. 12.5). Observation can also be proposed if 
bleeding HCAs are not completely necrotic but 
have downsized to <5 cm because recurrent bleed-
ing in the same HCA is rare.

 Indications for Embolization 
in Bleeding HCA

The indications for arterial embolization are not 
well known; however, embolization should be sys-
tematically performed in unstable patients, in 
those with severe deglobulization, and if an arterial 
blush is seen on imaging. Systematic embolization 
can also be discussed to stop bleeding, to increase 
the rate of necrosis (to avoid delayed resection), 
and to downsizing HCA to <5 cm. Repeat emboli-
zation to control recurrent bleeding is rare.

 Malignant HCA

If a malignant degeneration is suspected preoper-
atively (rapid growth, slight elevation of AFP, sat-

a b c

Fig. 12.5 Young female with a long history of oral contra-
ceptive use presented with acute abdominal pain. Bleeding 
HCA (a) with large subcapsular hematoma was diagnosed. 
After rapid reanimation and stabilization, the patient was 

treated by embolization. (b) A few months later, (c) major 
regression of the hematoma and HCA without any adeno-
matous tissue. This patient was never operated on and, 
after a follow-up of 7 years, no recurrence of the disease
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ellites nodules), anatomical liver resection is 
recommended similar to HCC, especially in a 
normal liver, making major liver resection safe. If 
the diagnosis is made postoperatively, there is no 
need for additional surgery if the resection is per-
formed with free surgical margins because the 
risk of satellite nodules or vascular invasion is 
rare [6]. On the other hand, if resection is not sat-
isfactory or is incomplete, we suggest a second 
intervention for complete resection.

 Surgical Resection

When possible the laparoscopic approach should 
be the standard procedure because HCA is a 
benign disease in young women with long-term 
parietal benefits. The advantages of the 
 laparoscopic approach for morbidity and hospital 
stay were recently reported compared to open 
surgery in a large French and European multicen-
tric study on 533 resected HCA [88]. Resection 
with margins of a few millimeters is sufficient, 
but care should be taken in some patients because 
it can be difficult to differentiate between adeno-
matous tissue and the normal liver parenchyma.

 Indications for Other Procedures 
(Ablation and Embolization)

Although embolization is the first choice for 
bleeding HCA, its role in non-bleeding HCA is a 
subject of debate. Many retrospective studies 
have shown a significant decrease in the size of 
non-bleeding HCA following classic [89, 90] or 
bland embolization [91]. For some authors this 
treatment is mainly effective in patients with 
multiple and small HCA (<3  cm) [72] and in 
those with adenomatosis [92]. We feel that this 
treatment is not effective in non-bleeding HCA, 
and further studies are needed, especially because 
embolization can result in severe necrosis on the 
normal liver. Ablation by radiofrequency and 
more rarely by microwave [93] has already been 
described with good results [94–99] and a low 
recurrence rate [96, 97]. However, in most of 

those studies, ablation was performed on small 
HCA <5 cm for which general treatment is not 
needed. However, ablation can be an interesting 
option for the treatment of limited size HCA 
(4–5  cm) during pregnancy [100], recurrence 
after resection [96], difficult intraoperative loca-
tions or the need for major liver resection [98], 
and for small β-catenin-mutated HCA.

 Indications for Liver 
Transplantation

One of the major advantages of the clinical com-
prehension and genotype phenotype classification 
(risk factors for complications) of HCA is to limit 
the indications for liver transplantation, which is 
therefore rare [62]. In the European Liver 
Transplant Registry, only 49 liver transplantations 
were performed between 1986 and 2013 for liver 
adenomatosis [101]. In women with multiple 
HCA, only HCA >5 cm should be resected, and 
remnant HCA <5 cm remains stable in most cases. 
It should be noted that with the routine and fre-
quent use of modern imaging for abdominal com-
plaints, massive adenomatosis with large HCA 
involving both liver lobes [102] has become rare. 
Liver transplantation should only be indicated in 
symptomatic uncontrolled GSD with multiple 
HCA [103], men with multiple HCA except GSD 
(because the risk of malignant degeneration is 
low), recurrent HCA many years after resection of 
degenerated HCA, and in patients in which liver 
resection is a risk due to vascular anomalies [104] 
(HCA and portacaval shunt) or the presence of 
underlying liver disease such Budd–Chiari syn-
drome or other chronic liver diseases.

 Pregnancy

Normally pregnancy was contraindicated in 
patients with HCA due to the risk of disease pro-
gression and rupture and reports of maternal and 
fetal mortality [105]. However, the natural his-
tory of HCA from diagnosis to treatment has 
completely changed in the last 15  years, and 
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HCA is no longer considered to be a contraindi-
cation to pregnancy. We followed 15 pregnancies 
in 11 women including 9 with residual 
HCA. HCA did not recur in any of the women 
without residual HCA (six pregnancies), and two 
of those with residual HCA (n = 9) experienced 
moderate progression but with no complications. 
In another study, 17 pregnancies were followed 
in 12 women with HCA  <  5  cm. Progression 
occurred in four cases, requiring a cesarean in 
two (>34  weeks) and preventive percutaneous 
ablation [106]. When the diagnosis of HCA is 
known before pregnancy (primary diagnosis or 
residual HCA after resection), it is recommended 
to treat HCA including those between 3 and 
5 cm, and percutaneous ablation could probably 
play a role in these cases. When the diagnosis is 
made during pregnancy, the patients with HCA 
<5  cm can be monitored by ultrasound every 
2–3 months and closely observed in HCA >5 cm. 
In case of disease progression, treatment and 
indications depend upon the size of HCA and the 
week of gestation. Surgery should be avoided and 
replaced by percutaneous ablation or emboliza-
tion. OC use is not absolutely contraindicated, 
and low-estrogen content OC or progestative OC 
can be used once HCA has been managed and the 
effect of OC withdrawal has been observed on 
the size of HCA, especially if there are gyneco-
logical indications for this treatment.

 Follow-Up

After resection of a single HCA, new HCA 
(<3 cm) may develop in 10–15% of cases, but the 
patient can be considered cured. After incomplete 
resection, residual HCA has been shown to prog-
ress in 15% and regress in 9% [6, 64, 72, 74]. 
Follow-up should be mainly radiological, prefer-
able with MRI, but ultrasound can be performed 
if only the size must be followed. After diagnosis 
or management, a yearly CT scan or MRI and 
even ultrasound is sufficient following diagnosis 
and management. After 5 years and in case of sta-
bility, imaging study can be done every 2 years 
for 5 years, and follow-up may be discontinued 

after the age of 50 (menopause) because changes 
are rare after this age. In a recent study, radiologi-
cal follow-up in 48 women with HCA in the post-
menopausal period showed undetectable lesions 
(44%), stability (33%), or significant regression 
(19%); thus, follow-up can be discontinued in the 
postmenopausal period [107]. In all cases, it is 
very rare to observe complications of residual 
HCA or newly developed HCA.
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Regional Therapies for Hepatic 
Adenoma

Jack P. Silva and T. Clark Gamblin

Hepatic adenoma (HA) is a rare and benign hepatic 
tumor classically identified in women exposed to 
estrogen-based oral contraceptives. Men with ana-
bolic steroid use or glycogen storage disease are 
also at risk for hepatic adenoma, but prevalence is 
far lower than in females. Furthermore, obesity 
and general metabolic disorders have recently 
been associated with development of HA [1]. In 
Asian populations, the proportion of men with HA 
is much higher than in the United States, and con-
current hepatocellular carcinoma is far more prev-
alent [2]. Patient demographics may influence the 
course of management, and the treatment modali-
ties available for HA continue to evolve.

Hepatic adenomas in solitude can be an innoc-
uous finding, but can give rise to hemorrhage or 
malignant conversion. Identifying a patient’s risk 
is essential to the management of hepatic ade-
noma. As described in the previous chapter, his-
tological subtype is associated with differing 
outcomes in HA. An inflammatory or telangiec-
tatic adenoma is more likely to hemorrhage or 
rupture, while tumors with aberrant beta-catenin 
activation are most likely to harbor malignancy 
[1]. Despite these predictive variables, the treat-
ment pathway selected is based primarily on 
tumor size and anatomic location.

 Imaging and Biopsy

Although some HA patients first present with 
abdominal pain, an increasing number are identified 
incidentally on ultrasound or other abdominal imag-
ing. Proper recognition of HA on imaging is impor-
tant to distinguish it from other processes such as 
focal nodular hyperplasia (FNH) or hepatocellular 
carcinoma (HCC). In addition to providing useful 
information about the size, location, and vascularity 
of liver lesions, modern cross-sectional imaging can 
usually distinguish HA from FNH. If necessary, a 
hepatocyte-specific contrast agent like gadoxetic 
acid can differentiate between FNH and HA in the 
hepatobiliary phase [3]. In the rare case where 
imaging is insufficient and the tumor size necessi-
tates a definitive diagnosis to guide treatment, core 
needle biopsy may be considered. Alternatively, 
surgical resection is a diagnostic and therapeutic 
solution for radiologically ambiguous lesions.

 Classical Treatment and Clinical 
Factors

Following the diagnosis of hepatic adenoma, options 
for management have historically been either obser-
vation or hepatic resection. Most propose that male 
gender or a tumor size greater than 5  cm should 
guide resection, given the higher propensity for 
malignancy in men and increased risk of hemor-
rhage in larger tumors [4, 5]. If imaging reveals a 
small (<5 cm) HA, surveillance may be an accept-
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able course of management. In this pathway, oral 
contraceptives should be adjusted to minimize estro-
gen exposure. The presence of symptoms such as 
pain may also influence the choice to intervene. 
Surgical resection remains the standard intervention 
for hepatic adenoma because of the potential risk for 
hemorrhage and/or malignancy. Orthotopic liver 
transplantation may also be considered for adenoma-
tosis with suspicion of malignant transformation [6].

Hepatic adenoma carries about a 5–10% risk of 
malignant transformation. The most widely recog-
nized and easily identified risk factors are patient 
gender and tumor size. Men have a 6–10× higher 
malignancy rate than women, and tumors >5 cm 
are at greater risk of undergoing transformation 
[5]. Although beta-catenin mutations identified on 
tumor histology are also known to contribute to the 
risk of malignancy, diagnostic biopsies are unlikely 
to guide treatment and thus are rarely performed.

The incidence of hemorrhage associated with 
HA is 20–40% and also classically correlates with 
tumor size [1, 4, 5, 7, 8]. Pregnancy and inflamma-
tory/telangiectatic tumor histology have also been 
described as risk factors for hemorrhage. Tumor 
number does not appear to be related to malignant 
transformation or hemorrhage [5]. Most cases of 
hemorrhage are contained as an intratumoral 
bleed, but intraperitoneal rupture can occur and 
lead to hemodynamic instability. The mortality 
rate for emergency resection in the setting of HA 
rupture is as high as 10%, so initial stabilization, 
including embolization, is justified if possible [9].

The surgical management of HA is covered in 
depth in previous chapter, but the development of 
new treatment modalities and the improvement of 
existing ones has provided potential complements 
and alternatives to HA resection. Arterial emboliza-
tion has been well-described for the treatment of 
acute tumoral hemorrhage, and radiofrequency abla-
tion has been proposed as an alternative to resection 
in select cases. The remainder of this chapter primar-
ily focuses on the expanding role of these regional 
therapies in the management of hepatic adenoma.

 Regional Therapies

The concept of locoregional treatments for liver 
tumors has evolved significantly over the past 
30  years. Continued innovation in the field of 
ablation and embolization has driven the success 
in the management of HCC and other hepatic 
malignancies. These techniques are now being 
recognized for potential application in the man-
agement of hepatic adenoma.

 Ablation

Radiofrequency ablation (RFA) is an important tool 
for small hepatic tumors. In addition to being an 
intraoperative option (laparoscopically or open), 
RFA can also be performed percutaneously 
(Fig. 13.1). The technique places an image-guided 
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Fig. 13.1  
Radiofrequency ablation 
of a liver mass (http://
www.hopkinsmedicine.
org/healthlibrary/
GetImage.
aspx?ImageId=290447)
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needle electrode into the tumor, heats the surround-
ing tissue, and results in cell death necrosis in the 
ablative zone. The target size of the ablation zone 
often limits the use of RFA to tumors smaller than 
5  cm. A more recent development in the field of 
ablation is the application of microwaves. Microwave 
ablation (MWA) utilizes a technique similar to RFA, 
except the higher frequency achieves tumor necrosis 
in a shorter amount of time (Fig. 13.2). Both RFA 
and MWA have been described in small institutional 
reviews as a possible alternative to resection in select 
cases of HA.  Such studies often report 95–100% 
local tumor control after one or more treatments [3, 

10–13]. Other forms of ablation including high-
intensity focused ultrasound (HIFU) ablation, laser 
ablation, and cryoablation are less established for the 
treatment of HCC and have not been reported in the 
management of HA.

 Embolization

The other primary locoregional therapy for 
liver tumors is selective arterial embolization. 
While the portal system provides most of the 
blood supply to the liver parenchyma, tumors 

Pre-ablation MR
Ablation and

immediate post CT
3 month 

follow-up MRa b c

Fig. 13.2 Patient 5 was a 33-year-old woman planning 
pregnancy. (a) MR imaging performed before ablation 
shows a 2.3  cm T2 hyperintense arterially enhancing 
lesion (white arrows) in the right hepatic lobe, which is 
hypointense on the delayed phase image (examination 
was performed with gadoxetate disodium). (b) Gray-scale 
ultrasound image obtained before and during ablation 
demonstrate the MW antenna in the tumor and subsequent 

gas bubble formation (dashed white arrow). Ablation was 
performed using one gas-cooled MW ablation antenna 
powered at 65 W for 5 min. Contrast-enhanced CT image 
obtained immediately after ablation demonstrates com-
plete treatment of the lesion (black arrow). (c) MR imag-
ing performed 3 months after ablation demonstrates the 
nonenhancing ablation zone (dotted white arrows). J Vasc 
Interv Radiol 2016; 27:244–249, with permission
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rely primarily on arterial perfusion. Thus, 
embolization of hepatic arterial supply to a 
tumor occludes nutrient blood flow while spar-
ing the functional remnant (Fig. 13.3). Hepatic 
artery embolization (HAE) involves introduc-
ing a passing a microcatheter from the femoral 
artery up to the hepatic artery. The technique 
has evolved to allow superselective catheter 
access to maximize targeted isolation. The 
main indication for HAE in HCC is for unre-
sectable lesions not amenable to ablative thera-
pies or as a bridge to liver transplantation. HAE 
techniques are often considered palliative in 
oncologic patients, but bland particle emboliza-
tion serves a more primarily therapeutic role in 
HA management.

 Arterial Embolization for HA

The majority of literature reporting HA emboli-
zation focuses on stabilizing patients presenting 
with acute tumoral hemorrhage, but limited 
reports describe it as a bridge or alternative to 
resection.

 Hemorrhage

Hemorrhage and tumor rupture are risks for any 
hepatic tumor, but the lack of capsule in HA 
makes it especially susceptible to rupture. 
Emergency surgery for ruptured HA carries a 
5–10% mortality rate, but embolization may pro-
vide a first step in management to achieve hemo-
dynamic stability prior to resection. If the HA is 
under 5 cm and remains stable following emboli-
zation, a nonoperative approach involving strict 
radiological follow-up may be possible [14, 15]. 
Stoot et  al. reported their experience utilizing 
selective embolization for 11 patients with rup-
tured HA.  Ten of the patients had their hemor-
rhage controlled by a single embolization, while 
the one patient required three embolizations. All 
adenomas decreased in size or were undetectable 
following treatment, with the median diameter 
decreasing from 7.0 to 2.5  cm. The first two 
patients underwent elective resection following 
embolization, but after histopathological exam 
revealed complete necrosis, the remaining 
patients simply received frequent follow-up 
imaging in lieu of resection [16].

a b

Fig. 13.3 Angiographic images before (a) and after (b) 
bland embolization in a 22-year-old patient who was receiv-
ing treatment with growth and sex hormones. The patient 
underwent embolization for abdominal pain and increased 
risk of bleeding. (a) Selective catheterization of a hepatic 

arterial branch supplying the HA was performed. Note that 
the posteromedial portion of the tumor is relatively less well 
perfused by the selected branch (arrow). Journal of Vascular 
and Interventional Radiology 2011 22, 795–799 DOI: 
https://doi.org/10.1016/j.jvir.2011.02.027, with permission
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Hypervascular HA with non-emergent intra-
tumoral hemorrhage may be diagnosed on 
imaging. Embolization may also have a role in 
this type of patient, followed by interval elec-
tive resection. Similarly, elective embolization 
may also have a role in reducing the size and 
hemorrhagic potential of large HA prior to sur-
gery [17, 18]. In a report of 17 HA emboliza-
tions in eight patients, six patients were 
asymptomatic, one had abdominal pain, and 
one had active bleeding. Two of the six asymp-
tomatic patients underwent resection: one 
received preoperative embolization as a means 
of decreasing the vascularity of a large ade-
noma, and the other had an HA resected 
3  months after embolization due to persistent 
peripheral enhancement [19]. With a high rate 
of technical success, embolization can result in 
decreased tumor size and a lack of enhance-
ment uniformly. The authors concluded that ini-
tial embolization may simplify an eventual 
surgery, and perhaps resection may be avoided.

Some institutions have also identified malig-
nant potential as an indication for primary HAE 
in hepatic adenoma patients. Karkar et  al. 
reported 100 HA in 52 patients who underwent 
resection, embolization, or observation. 
Multifocal adenomas were more likely to be 
treated with embolization, while single tumors 
were more commonly resected. Of the 100 
lesions, 37 HAs in 13 patients were treated by 25 
embolizations, with suspicion of malignancy 
being the most common indication (14/25) [20]. 
Of the 37 embolized tumors, only 3 (8.1%) dis-
played persistent disease following initial treat-
ment, and all were successfully managed with 
reintervention. This report is evidence for multi-
focal HA management with HAE. Although 37 
HA in 13 patients is a small sample, a 92% initial 
effectiveness is noteworthy.

Hepatic arterial embolization has an important 
role in the management of acute tumoral hemor-
rhage or rupture and may also provide a benefit in 
unresectable patients. The role for HAE as an 
alternative to elective resection remains unclear 
given the paucity of reports comparing these two 
methods.

 Radiofrequency Ablation for HA

Unlike embolization, ablation is often catego-
rized as a curative treatment, rather than a pallia-
tive measure. The success of ablative therapies 
for hepatic malignancy has led to its possible use 
for HA, and some have proposed selective abla-
tion as an alternative to surgery.

RFA and other ablation techniques have been 
well-described for small, unresectable hepatic 
tumors. Whether as an isolated percutaneous 
therapy for a single lesion, or as an intraoperative 
adjunct to a resection, the technique has been 
proven safe and effective. As with other nontradi-
tional methods for HA treatment, descriptions of 
RFA are limited to small institutional reviews and 
case reports, but the results are promising. 
Ablation has been used in adenomatosis as an 
addition to surgical resection and also as an 
option for small unresectable HA [13, 21]. RFA 
has also been reported as a treatment option to 
impede HA growth in patients who desire preg-
nancy or cannot discontinue hormonal therapy. 
Furthermore, several case reports describe the 
use of RFA as an alternative to surgery, particu-
larly in patients who might decline resection. As 
an example, some patients especially concerned 
about esthetics and invasiveness may prefer RFA 
if their disease is deemed amenable [22, 23].

To justify replacement of elective surgery, 
RFA must be able to demonstrate comparable 
safety and efficacy. Rhim et  al. reported their 
experience with RFA for ten patients with asymp-
tomatic HA as an alternative to surveillance or 
elective surgery. Tumors ablated were all less 
than 5 cm, and none showed local tumor progres-
sion or new recurrence within a mean follow-up 
period of 17.5  months (range 2–35) [11]. In a 
cost analysis, van de Sluis et al. showed that RFA 
was more effective and cost less than hepatic 
resection, HAE, or surveillance in the manage-
ment of small hepatic adenomas [24]. Some cur-
rent literature supports ablation techniques for 
tumors under 5  cm [10, 11, 23, 25]. Although 
reported less frequently, other forms of ablative 
therapy like microwave ablation (MWA) and irre-
versible electroporation (IRE) have recently been 
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described as successful treatments for HA.  IRE 
may be an alternative technique for tumors 
located in an area unsuitable for thermal ablation, 
and MWA has the advantage of a short ablative 
time and less potential heat sink [12, 26].

Radiofrequency ablation has a valuable role in 
unresectable small HA requiring treatment, and 
its success has led some to consider it as a viable 
alternative to elective hepatic resection or watch-
ful waiting. However, until RFA can be compared 
directly to resection, it is unlikely to replace 
resection in common practice.

 Surveillance and Follow-Up

Following ablation or embolization for HA, 
cross-sectional imaging should be obtained to 
confirm effective management. Patients with HA 
under surveillance should minimize estrogen 
exposure and undergo interval follow-up scans 
every 3–6  months initially, depending on the 
planned observation time. Hemorrhagic HA 
treated initially with HAE should also be imaged 
and evaluated for subsequent resection. With 
appropriate surveillance or post-treatment fol-
low-up imaging, management of HA should 
carry a low risk of complication.

 Summary and Conclusion

Hepatic adenomas are a rare and benign disease 
primarily affecting a young and otherwise healthy 
patient population, but the risk of hemorrhage 
and malignant transformation makes identifica-
tion and treatment crucial. HA may present with 
abdominal pain but are most often discovered 
incidentally. Accurate diagnosis of HA is impor-
tant to properly risk stratify patients. Cross-
sectional imaging can often diagnose HA and 
distinguish it from FNH without the need for core 
needle biopsy. The most important characteristics 
guiding treatment of HA are the tumor size, ana-
tomic location, and the patient’s gender. Any 
patient presenting with an HA-associated hemor-
rhage or rupture should be treated emergently 
with hepatic artery embolization to stabilize the 

patient, and resection should be strongly 
considered.

Asymptomatic patients with HA deemed to be 
at risk for hemorrhage or malignancy should 
undergo a treatment of a definitive nature. 
Unresectable tumors may be treated with HAE or 
ablation. These regional therapies may result in 
long-term resolution of the disease or may 
improve the operative outcomes. Although most 
HA are currently resected, several institutions 
and small case series have reported success with 
HAE or RFA as an alternative.
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Pathologic Classification 
of Preinvasive Cystic Neoplasms 
of the Intra- and Extrahepatic Bile 
Ducts

Brian Quigley, Burcin Pehlivanoglu, 
and Volkan Adsay

 Introduction

Preinvasive neoplastic cysts of the liver and 
extrahepatic bile ducts can be regarded broadly in 
three groups: (1) those that occur in the bile duct 
system, i.e., intraductal neoplasms (viz., intra-
ductal papillary neoplasms of the bile ducts 
[IPNBs], and their close kindreds, intraductal 
oncocytic papillary neoplasms [IOPNs], and 
intraductal tubulopapillary neoplasms [ITPNs], 
(2) mucinous cystic neoplasms (MCNs, with 
ovarian stroma) which are de novo cystic neo-
plasms that do not visibly communicate with the 
native biliary ductal system, and (3) developmen-
tal or congenital cysts (including choledochal 
cysts) that end up developing intraepithelial 
neoplasia.

Under the 2010 WHO system, regardless of 
the setting in which they are encountered, dys-
plastic processes (preinvasive/intraepithelial neo-
plasia) of the intra- and extrahepatic bile ducts 
(and gallbladder) are classified similar to their 

pancreatic counterparts [1] and consist of two 
generic categories. The first are those that are 
non-mass-forming (macroscopically appearing 
as flat lesions and microscopically showing no 
more than micropapillary formations), which, in 
the bile ducts, are now classified as biliary 
intraepithelial neoplasia [BilIN]) [2, 3], which 
can develop in developmental/congenital cysts as 
incidental/microscopic lesions [2]. The second 
group are the clinically and radiologically detect-
able mass-forming dysplastic (preinvasive) 
lesions with grossly recognizable papillary/pol-
ypoid tumors, classified as tumoral intraepithelial 
neoplasm, which, as a conceptual category, 
encompasses the intraductal neoplasms (IPNBs, 
IOPNs, and ITPNs) [4–14], as well as mucinous 
cystic neoplasms [1]. In the ensuing sections, the 
clinicopathologic characteristics of these pro-
cesses will be discussed.

 Biliary Intraepithelial Neoplasia (BilIN) 
in Congenital/Developmental Cysts

 Definition and Terminology
Biliary intraepithelial neoplasia (BilIN) is by 
definition microscopic flat (non-tumoral) forms 
of dysplasia [2, 3]. Dysplastic (preinvasive) neo-
plasms that present as cystic masses (i.e., tumoral 
intraepithelial neoplasms) are discussed sepa-
rately below in detail and should not be classified 
as BilIN. BilINs can develop in and be detected 
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incidentally in congenital or developmental 
lesions such as choledochal cysts.

A three-tiered grading scheme has been pro-
posed for BilIN in 2007 and was also adopted by 
the WHO in 2010 (1, 2, and 3, corresponding to 
low-, intermediate-, and high-grade dysplasia/car-
cinoma in situ, respectively) [3]; however a two-
tiered system (low and high grade), which is more 
biologically and clinically relevant, is often used 
instead [15]. In the two-tiered system, BilIN-1 
and BilIN-2 correspond to low grade, and BilIN3 
is high grade (“carcinoma in situ”) [2, 16].

Early BilIN changes (BilIN-1 and BilIN-2, 
low-grade dysplasia)  are rather common inci-
dental findings in biliary resections performed 
for any cause, and they are believed to be of no 
clinical significance. BilIN-3 (high-grade dys-
plasia, CIS), on the other hand, in general is sel-
dom detected outside the setting of invasive 
adenocarcinoma, while it is commonly observed 
in the mucosa adjacent to invasive carcinomas 
of the bile duct [17–19]. However, in congenital 
or developmental cysts, especially choledochal 
cyst, high-grade BilIN can be encountered with-
out any invasive carcinoma (see below). The 
reported incidence of BilIN in different clinical 
settings varies greatly, possibly owing to the 
subjectivity in the application of pathologic 
diagnostic criteria or the well-known challenges 
in distinguishing dysplasia from its mimickers 
at the histopathologic level including epithelial 
ulceration/denudation leading to severe epithe-
lial atypia, or in some cases, to overgrowth by 
carcinoma, or less extensive sampling [20].

 BilINs Arising in Developmental/
Congenital Cysts
The main setting that BilIN-3/CIS can be encoun-
tered in isolation (without an accompanying 
invasive carcinoma) and thus becomes a manage-
ment issue is in choledochal cysts. This is 
reported to occur in about 10% of the resected 
choledochal cysts [21, 22]. Some of these cases 
are associated with pancreatobiliary maljunction 
(supra-Oddi union of main pancreatic duct and 
common bile duct that leads to reflux of pancre-
atic enzymes to the bile duct system). The litera-
ture on the clinical outcome of these cases is 

highly limited, but it is generally believed that 
such cases require close follow-up. It is also not 
clear as to what kind of approach is needed if this 
BilIN-3/CIS also appears at a margin. Thankfully 
this is a rare occurrence.

We have also seen patients with duplication/
congenital cysts occurring in the vicinity of dis-
tal biliary tract that contained high-grade dyspla-
sia/CIS. These are technically not designated as 
BilIN since they often are duplication of GI tract 
type and contain a muscular coat and respira-
tory- or intestinal-type epithelium. In some 
cases, the dysplastic process can form adenoma-
tous masses (tumoral intraepithelial neoplasms) 
and mimic intraductal papillary neoplasms dis-
cussed below.

 Histopathologic Diagnosis 
and Differential of BilIN
Reactive atypia (such as that induced by stones or 
stents) may closely mimic low- or high-grade 
dysplasia or even carcinoma on a microscopic 
level. In fact, it can be impossible to determine 
whether an atypical lesion is truly neoplastic or 
merely reactive. Low-grade dysplasia is charac-
terized by cells with pseudostratified nuclei 
showing slight enlargement and hyperchromasia. 
That said, some segments of the biliary epithe-
lium are pseudostratified even in the normal state; 
for this reason, low-grade dysplasia can show 
considerable morphologic overlap with non- 
dysplastic epithelium, particularly when it is 
either thickly sectioned or hyperplastic. Reactive 
epithelial cells maintain smooth nuclear mem-
branes and homogenous pale chromatin. Fine 
chromatin stippling of reactive biliary epithelial 
cells sometimes mimics neuroendocrine cell 
nuclei. In contrast, dysplastic epithelium shows 
large nuclei and coarse chromatin. True high- 
grade dysplasia often (but not always) shows loss 
of nuclear polarity and nuclear hyperchromasia, 
enlargement, and pleomorphism (variation in 
size and shape).

Dysplasia extending into and involving peribil-
iary mucous glands can mimic invasive carci-
noma. The most helpful distinguishing feature is 
retained lobular architecture of the  peribiliary 
mucous glands, which are also uniform and small 
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with narrow lumens in contrast to the irregular 
distribution, variable sizes, and irregular shapes of 
true invasive carcinoma glands.

Probably the most challenging aspect of 
high- grade dysplasia (CIS; BilIN-3), problem-
atic both clinically and for researchers, is how 
to distinguish it from the “colonization/cancer-
ization” phenomenon. It is now well estab-
lished that invasive carcinoma cells can 
retrogradely invade into the mucosa and colo-
nize the surface epithelium, in which case it 
becomes indistinguishable from “in situ” car-
cinoma although it is actually composed of 
cells that have proven the ability to invade. The 
importance of recognition of this phenomenon 
comes from the fact that any time a BilIN of 
high-grade is discovered in a cystic lesion, this 
cyst (and this patient) needs to be investigated 
very thoroughly in order to exclude the pres-
ence of invasive carcinoma associated with it 
(or perhaps colonizing the surface and mimick-
ing dysplasia).

In terms of pathologic diagnosis and molecular 
investigation of BilINs, there is a variety of mark-
ers that have been shown to be overexpressed in 
these lesions. Among the more routinely used 
diagnostic immunohistochemical markers, BilIN 
expresses CEA immunohistochemically. MUC1 
is also expressed, with degrees of expression 
roughly correlating with the grade of dysplasia 
[23–26]. BilIN does not express MUC2 [23–26], 
which is mostly confined to intestinal-type IPNBs 
(see below). Some high-grade BilINs express 
IMP3 (insulin-like growth factor II mRNA bind-
ing protein 3) [27]. Invasive adenocarcinomas that 
arise from BilIN3 are of tubular type and incite 
stromal desmoplasia [15]. Similar to IPNBs, low-
grade BilIN may harbor KRAS mutations, but 
this is at a far less frequency than in the pancreas, 
and it becomes more common as the lesion pro-
gresses [28–31]. Additionally, the frequency of 
KRAS mutation goes down with the distance 
from the pancreas (higher in distal CBD lesions 
and far less common in proximal tumors). Loss of 
SMAD4, nuclear TP53 expression, p16 inactiva-
tion, and altered p21 and cyclin D1 expression 
occur late [28–31].

 Tumoral Intraepithelial Neoplasms 
Presenting as Cyst

Tumor types that are by nature preinvasive (dys-
plastic) and cystic are regarded as tumoral forms 
of intraepithelial neoplasia. In essence, these are 
adenoma-carcinoma sequence. It is believed that 
whatever leads to these neoplastic cells to grow 
intraluminally/intraductally (before they become 
invasive carcinomas) impart a distinctive biology 
to these tumors. These entities (discussed below 
in detail) often present as cystic lesions. The cri-
teria for their grading are very similar to the grad-
ing described above for BilINs.

 Intraductal Papillary Neoplasms 
of the Bile Duct (IPNB)
Intraductal papillary neoplasms of bile duct 
(IPNBs) [3, 12, 32–36] are intraepithelial (pre-
invasive) neoplasms with papillary architecture 
(Fig. 14.1), and they often lead to cystic dilata-
tion of the ductal system and present as cystic 
masses. By definition, IPNBs are distinguished 
from BilIN by the formation of grossly detect-
able papillary/polypoid (and/or cystic) tumors 
measuring at least 1 centimeter. They are 
essentially the biliary counterpart of pancreatic 
intraductal papillary mucinous neoplasms 
(IPMNs) [36–43] although mucin production 
is relatively less in IPNBs. Intraductal papil-
lary neoplasms of bile ducts can result in 
extensive cystic distension of the bile ducts 
(similar to pancreatic IPMNs) [44], explaining 
why some cases had previously been referred 
to as cystadenocarcinoma. Ampullary or duo-
denal adenomas may grow into the bile ducts 
and mimic IPNBs; the distinction is made 
through careful gross examination and correla-
tion with imaging studies.

Patients with IPNBs present at a mean age in 
the early 60s [3, 12, 32–35]. The presenting 
symptoms (abdominal pain, jaundice, and chol-
angitis) tend to be related to biliary obstruction, 
and, consequently, cases that are disseminated 
or multifocal (the so-called papillomatosis) tend 
to present at a slightly younger age [45–47]. 
Stones can be present at any level of the biliary 
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tract in IPNB cases. Parasites (especially 
Clonorchis sinensis) may also be found. Twenty 
percent of cases had a history of prior cholecys-
tectomy. Approximately 10% of intra-or extra-
hepatic bile ducts resected for biliary neoplasia 
contain an IPNB component. About three-
fourths of IPNBs have an invasive component at 
the time of diagnosis [12, 35]; therefore, if an 
example is discovered in a biopsy, it should be 
regarded highly to suspect to harbor invasion, 
even if the invasive carcinoma may not be pres-
ent in the biopsy sample itself. At the time of 
diagnosis, most IPNBs have high-grade dyspla-
sia, although any grade of dysplasia may be 
observed. For the grading of dysplasia, the crite-
ria discussed above for BilINs are employed.

IPNBs display different types of epithelium 
that have been well described for their pancre-
atic counterparts, IPMNs. Some are intestinal 
type, resembling adenomas of the colon. These 
may lead to mucinous colloid-type invasive car-
cinoma. They typically show diffuse expression 
of intestinal lineage markers such as CDX2 and 
MUC2 [23]. A significant proportion of IPNBs, 
however, have gastric or gastro-pancreatobili-
ary lineage (and show MUC1 and/or MUC6 
expression), and these appear to be more 

aggressive. Oncocytic-type lesions have dis-
tinctive clinicopathologic characteristics and 
seem to warrant a separate classification [4, 48] 
(see below). The immunoprofile matches the 
epithelial phenotype [36, 49].
In the absence of invasion, IPNBs behave in an 
indolent fashion; the recurrence and metastasis 
that occasionally ensue may either be secondary 
to a small focus of invasion that was missed or to 
multifocality [3, 12, 32–36]. The cases with 
extensive papillary nodules and multifocality 
(“papillomatosis”) often occur in younger 
patients but more prone to have invasion. 
Invasive carcinomas arising in IPNBs are aggres-
sive, although their prognosis is better than that 
of conventional cholangiocarcinoma. Colloid-
type invasive carcinoma that is well described to 
develop in the pancreatic counterparts of these 
tumors (i.e., IPMNs), and which have more pro-
tracted clinical course, appears to have a more 
benevolent course in the bile ducts as well, but 
this impression needs to be confirmed in larger 
studies. Cases with minimal invasion seem to 
have an intermediate prognosis [45], highlight-
ing the necessity for detailed and proper patho-
logic reporting of cases with invasion. There is 
some evidence that invasive carcinomas arising 

a b

Fig. 14.1 Intraductal papillary neoplasm of the bile duct, 
low grade. The tumor is composed of compact papillary 
and glandular elements filling and markedly dilating the 
ductal system. The background liver is also seen and is 
unremarkable. The tumor itself is composed of innocuous 
cells with abundant apical mucinous cytoplasm showing 
the texture and color characteristic of gastric foveolar epi-
thelium and thus qualifies the lesion as gastric-type 

IPNB. Despite the prolific nature of the lesion and archi-
tectural complexity, the cytologic atypia is minimal. The 
nuclei are very well polarized and have very mature 
appearance (virtually indistinguishable from gastric 
mucosa) showing abundant apical mucin. There is no 
atypia to qualify the lesion as “high-grade dysplastic” by 
cytology. However, these low-grade cases may prove to be 
associated with (or progress into) invasive carcinoma

B. Quigley et al.



181

from IPNBs, which are morphologically indis-
tinguishable from conventional cholangiocarci-
nomas, may be less aggressive than ordinary 
cholangiocarcinomas (arising de novo or from 
BilINs) even when stage matched, which goes 
along with the impression that they represent a 
distinct pathway of carcinogenesis with a differ-
ent biology.

 Intraductal Oncocytic Papillary 
Neoplasms (“Oncocytic Papillary 
Cystadenocarcinomas”)
Cystic tumors with complex papillary nodules 
lined by oncocytic cells are relatively rare but 
increasingly being recognized as a distinct 
category also in the bile ducts [4, 48]. These 
tend to present as complex heterogeneous cys-
tic masses and are often also multifocal and 
thus typically misdiagnosed as ordinary chol-
angiocarcinomas (with metastasis). In fact, 
some cases are diagnosed only after the sur-
prisingly protracted clinical course (which 
would be unexpected from an ordinary cholan-
giocarcinoma of this complexity and size). 
Their morphology is highly distinctive. The 
papillae are unusually complex and arborizing 
and show either delicate cores that may acquire 
edematous change. In addition to the onco-
cytic cytology, these tumors also show the 
characteristic intraepithelial lumen formation 
described for their pancreatic counterpart [48]. 
Despite their complexity (that leads to the 
impression of an aggressive “cystadenocarci-
noma”), these tumors are proving to have a 
shockingly benevolent behavior. In fact, they 
are often cured with complete removal. And 
even when they are not resected, their growth 
and progression rate seem to be surprisingly 
slow.

 Intraductal Tubulopapillary Neoplasm 
of the Bile Ducts (ITPNs)
Intraductal tubulopapillary neoplasms of the 
bile ducts (ITPNs) are very similar to IPNBs 
clinically and grossly [50, 51]. They can pres-
ent with cystic dilatation of the ducts, although 
they are more commonly detected as multi-
nodular tumors with focal cystic changes [51]. 

They are distinguished from IPNBs by their 
predominantly tubular architecture and mini-
mal papilla formation and non-mucinous cells 
[51]. ITPNs are now regarded to be a distinct 
category. Some examples were published 
under the title of intraductal tubular neoplasms 
[50] although the term intraductal tubulopapil-
lary neoplasm (ITPN) is becoming the norm 
[51]. Having said that, it should be noted here 
that papilla formation is very limited, if any, in 
these tumors; they are typically composed of 
florid compact nodules of back-to-back tubu-
lar units. Over half are intrahepatic [3, 12, 
32–36, 50, 51]. Some solid examples have 
comedo-type (central) necrosis. They have 
other distinctive histomorphologic findings 
including intratubular acidophilic secretions, 
psammoma bodies, and calcifications that can 
impart a thyroid-like follicular appearance. 
Immunohistochemically, they usually express 
MUC1 and MUC6 [51]. They usually do not 
stain for MUC2 or CDX2, and in contrast to 
IPNBs many of which are of intestinal lineage. 
ITPNs do not express MUC5AC. Their molec-
ular makeup also appears to be different than 
IPNBs and ordinary cholangiocarcinomas. 
ITPNs present clinically in a similar fashion as 
IPNBs. Approximately 80% have associated 
invasive carcinomas. Nevertheless, true to 
their predominantly preinvasive nature, these 
seem to have a relatively protracted clinical 
course based on the currently available limited 
data [51].

 Mucinous Cystic Neoplasms  
(with Ovarian Stroma)

Mucinous cystic neoplasms (MCNs) are neoplas-
tic cysts defined by the presence of mural ovarian 
stroma according to the 2010 WHO criteria 
(Fig. 14.2) [1, 52–57]. This ovarian stroma has all 
the characteristics of the ovarian cortical cells, 
including progesterone receptor expression and 
the presence of scattered luteal-type cells. The 
requirement of ovarian stroma for the diagnosis 
of mucinous cystic neoplasm is based on the rec-
ognition that these neoplasms are clinically and 
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biologically distinct from other hepatobiliary 
cysts and mirrors classification of mucinous cys-
tic neoplasm of the pancreas [1, 57]. The anti-
quated term “hepatobiliary cystadenoma” is best 
avoided, as this term was previously used to refer 
to a variety of cystic liver lesions including those 
that did not all have the ovarian stroma that is a 
requirement for the diagnosis of mucinous cystic 
neoplasm according to the 2010 WHO criteria. 
Since the relatively recent definitional changes, 
the clinicopathologic characteristics of true hepa-
tobiliary MCNs with ovarian stroma are just 
beginning to be elucidated in more recent litera-
ture with studies that stringently apply the 
requirement for ovarian stroma [57]. The vast 
majority occur in adult women. They may involve 
the liver or the extrahepatic bile ducts; some 
involve the liver and prolapse into an extrahepatic 
bile duct [57–59]. Curiously, the majority of 
intrahepatic MCNs (72–75%) involve the left 
hepatic lobe, despite its smaller size [57]. The 
ovarian stroma may be diffusely present through-
out the lesion, or it may be focal. The cysts are 
epithelial-lined although in many examples the 
lining is at least focally denuded and in some 
cases epithelial denudation is extensive. The lin-
ing may be low cuboidal biliary-type or tall 

columnar mucinous. Given the occasional focal 
nature of the ovarian stroma, the frequent epithe-
lial denudation, and the frequent occurrence of at 
least focal non-mucinous cuboidal epithelial lin-
ing, it is important to bear in mind that mucinous 
cystic neoplasm cannot be excluded on a limited 
sampling of a cyst wall that happens not to have 
ovarian stroma, even if there is a non-mucinous 
cuboidal lining or no epithelium at all.

By definition, all mucinous cystic neoplasms 
are neoplastic and harbor at least low-grade dys-
plasia although cytologically the cells are typi-
cally very “normal-appearing,” closely resembling 
normal endocervical or gastric surface epithelial 
cells. Recent studies have shown that many MCNs 
that are defined by 2010 WHO criteria (with ovar-
ian-type stroma) actually have a substantial non-
mucinous biliary-type epithelial lining, and, in 
fact, this non-mucinous  cytology may predomi-
nate the picture in many cases [60].

Grading of dysplasia follows the criteria dis-
cussed above for BilINs and, following the trend 
in the pancreas, now uses a two-tiered system 
(low and high grade). Recent studies have shown 
that, defined by the presence of the ovarian-type 
stroma (as in the pancreas), high-grade dysplasia 
and invasive carcinoma are in fact relatively 

Fig. 14.2 Mucinous 
cystic neoplasm. The 
spindle cell stroma 
underlying the 
epithelium has all the 
characteristics of ovarian 
cortex, and as such it is 
diagnostic (and 
pathognomonic) for 
mucinous cystic 
neoplasm. The 
epithelium is tall 
columnar mucinous in 
this area; however, often 
in MCNs the cyst lining 
is composed of 
non-mucinous biliary- 
type cells which is the 
predominant pattern in 
some cases
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uncommon in hepatobiliary mucinous cystic neo-
plasms (reported combined frequency ranging 
from 2 to 10%) [35, 57, 58] compared to their 
pancreatic counterparts (combined prevalence, 
24%; invasive, 17%) [61]. Prior to the require-
ment of ovarian stroma for diagnosis, the term 
mucinous cystadenocarcinoma had been applied 
to lesions that would currently be called intra-
ductal neoplasms of the bile ducts (IPNBs, 
IOPNs, and ITPNs discussed above). Even chol-
angiocarcinomas with cystic degeneration have 
been classified as “hepatobiliary cystadenocarci-
noma.” A recent study suggests that high-grade 
dysplasia was not identified in any case that did 
not have tall columnar mucinous epithelium, sug-
gesting that transition from non-mucinous cuboi-
dal biliary epithelium to tall columnar mucinous 
epithelium may be a step in the progression 
toward higher-grade neoplasia [62]. As most hep-
atobiliary MCNs are low-grade, the lining is usu-
ally flat. When there are polypoid intraluminal 
projections comprising epithelium (tumoral 
intraepithelial neoplasia), these often harbor 
high-grade dysplasia/CIS; papillary/polypoid 
epithelial proliferation is uncommon in low- 
grade MCNs. That said, not all high-grade dys-
plasia or carcinoma will be grossly recognizable, 
and consequently, extensive (if not complete) 
sampling is often necessary for accurate patho-
logic assessment to exclude carcinoma. 
Conversely, not all mural nodules necessarily 
represent tumoral epithelial proliferation [57] 
(i.e., not all signify high-grade dysplasia or carci-
noma). Polypoid intraluminal projections/mural 
nodules may also comprise various combinations 
of protruding ovarian stroma with or without 
mural daughter cysts, fibrosis, hemorrhage, or 
inflammation; mural nodules of these types 
(sometimes measuring over 1  cm) occasionally 
occur in low-grade MCNs [57].

True to their neoplastic nature, MCNs tend to 
persist/recur when they are not completely 
excised. Therefore, procedures such as aspira-
tion, fenestration, or unroofing are not curative; 
complete resection is necessary to minimize the 
chances of recurrence and/or progression [57, 58, 
60]. We have seen examples to recur many years 
after the original incomplete removal [57].

In summary, there is a spectrum of cystic 
lesions that can harbor preinvasive neoplasia and 
thus progress into invasive cancer. Their biologic 
behavior can vary greatly by type, and their clini-
cal associations also differ depending on the entity. 
Therefore, it is important to make every attempt to 
classify such cases as accurately as possible.
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Indications for Resection 
of Preinvasive Cystic Neoplasms 
of the Intra- and Extrahepatic Bile 
Ducts

Jad Abou-Khalil and Flavio G. Rocha

 Introduction

A variety of liver lesions are cystic in nature, with 
the majority being of benign or parasitic etiology. 
Simple cysts are extremely common and have no 
malignant potential, with surgical indications 
focusing on relief of symptoms related to mass 
effect or hemorrhage. Cystic hamartomas are also 
described, usually small and with a universally 
benign course. In certain regions, parasitic cysts 
due to echinococcal infection are prevalent, and 
high suspicion is important to rule out this entity in 
patients from endemic areas presenting for the 
workup of a cystic liver lesion, as the unplanned 
entry into a parasitic cyst can be associated with 
intraperitoneal parasitic recurrence or anaphylac-
tic reactions. Metastasis of certain neoplasms, 
namely, those with cystic components such as 
mucinous carcinomas of the colon, cystadenocar-
cinomas of the pancreas, and ovarian cancer, pres-
ents as cystic liver masses, whereas solid liver 
tumors, whether primary or metastatic, that dis-
play central necrosis or degeneration can have a 
cystic appearance without being true hepatic cysts.

Primary cystic neoplasms of the liver are 
much rarer than the aforementioned lesions and 
constitute a minority of premalignant and malig-
nant liver lesions. These rare tumors will be the 
focus of this chapter. The different clinical and 
pathological entities will be reviewed with a 
focus on indications for surgical resection.

 Mucinous Cystic Neoplasms 
of the Liver

Mucinous cystic neoplasms of the liver [1] are rare 
cystic hepatic lesions affecting predominantly 
women in the fourth and fifth decade of life. 
Previously known as biliary cystadenomas, they 
have been reclassified by the World Health 
Organization (WHO) in 2010 to mirror similar enti-
ties found in the pancreas [2]. Histologically they 
are characterized by a biliary epithelial lining with 
mucin-containing and mucin-secreting cells, occa-
sional islands of atypia and micropapillary projec-
tions, and universally an ovarian-like stroma. The 
presence of this ovarian stroma is the defining char-
acteristic of this pathologic entity, similar to its cor-
ollary in the pancreas [3]. A key feature of MCN-L 
is their lack of communication with the biliary tree. 
The pathogenesis of MCN-L is unknown, with both 
intrahepatic peri-biliary glandular epithelium or 
endodermal remnants of embryonic biliary epithe-
lium proposed as the likely origin [4].
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These tumors are generally asymptomatic and 
are increasingly identified incidentally. When asso-
ciated with symptoms, these are often  non- specific 
and associated with stretch of the Glisson’s capsule 
or compression of adjacent organs. Very uncom-
monly, MCN-L can present with biliary obstructive 
symptoms such as jaundice. Less than 10% of 
lesions historically characterized as biliary adeno-
mas arise in the extrahepatic bile ducts, and some 
have been documented to grow as a tumor embolus 
along the bile duct and obstruct the biliary conflu-
ence. However it is possible that such tumors would 
not be classified as MCN-L today after the WHO 
reclassification [5] and that many series reporting 
on MCN-L associated intimately or growing into 
the biliary tree in fact represent intraductal papil-
lary neoplasms of the bile duct (IPNB).

Radiographically, MCN-L are multilocular, 
usually with thin or thick septations sometimes 
described as a “cyst-on-cyst” appearance. Only a 
third of MCN-L have mural nodules. Although 
upstream biliary tree dilatation can be present, it 
is much more commonly associated with IPNB 
[6] as MCN-L are not associated with down-
stream biliary dilatation.

MCN-L are mostly benign and have an indo-
lent course, but progression to their malignant 
counterpart, mucinous cystic carcinomas of the 
liver (previously known as biliary cystadeno-
carcinomas), is documented. The exact natural 
history of this progression, its risk factors, and 
its associated radiologic, pathologic, and bio-
chemical associations are not well defined but 
appear to be less frequent than in pancreatic 
MCN [7]. The proportion of MCN-L progress-
ing to carcinoma, estimated at 20% in early 
series, is likely overestimated due to misclassi-
fication of other tumors with higher malignant 
potential such as intraductal papillary neo-
plasms of the bile ducts and in series restricted 
to tumors with ovarian stroma is closer to 2%. 
In a series of 29 patients with true MCN-L with 
ovarian stroma, only 1 (3%) had malignancy at 
postoperative pathologic examination [3]. In 
older series of patients diagnosed with biliary 
cystadenocarcinomas, the absence of an ovar-
ian stroma and the equal proportion of men and 
women in this population suggest these tumors 
were in fact misclassified IPNB [8].

Every attempt should be made to excise these 
tumors completely with a negative margin [9]. 
Aspiration, fenestration, and sclerosant applica-
tion are associated with an unacceptable recur-
rence rate and may leave behind a potential 
malignancy. When MCN-L are diagnosed after 
cyst unroofing of lesions thought to represent 
simple cysts, a completion resection of the 
remaining lesion is prudent. Even though the risk 
of the remaining cyst wall harboring invasive car-
cinoma is low, the malignant potential means that 
all, but patients with the most prohibitive surgical 
risk, should undergo complete excision [10]. This 
approach is supported by a meta-analysis of 
reported MCN-L in the literature which demon-
strates a slight decrease in survival in patients 
undergoing incomplete resections—71% at 
2 years and 36% at 5 years, compared to 100% 
survival with complete resection [11].

However, occasionally these can be quite large 
and located either deep within the liver or adja-
cent to the hepatic vein or biliary confluence. In 
cases where the potential for significant morbid-
ity is present, we recommend a partial cyst exci-
sion with frozen section analysis to determine the 
need for complete resection. If benign, we have 
performed marsupialization with ablation of the 
retained interior of the cyst (see Fig. 15.1).

 Intraductal Papillary Mucinous 
Neoplasms of the Bile Duct

Intraductal papillary neoplasm of the bile duct 
(IPNB) is a newly defined clinical entity sharing 
many pathological and clinical characteristics of 
pancreatic IPMN. Both pancreatic and IPNB are 
thought to represent similar processes in different 
parts of the biliopancreatic system and share many 
histologic and biochemical characteristics [12]. 
Like pancreatic IPMNs, IPNB are classified into 
four histologic types: pancreaticobiliary, intesti-
nal, oncocytic, and gastric [13]. Unlike MCN-L, 
they communicate with the biliary tree, contain 
papillary projections and mural nodules, have no 
ovarian-like stroma, and are not more common in 
women. Significant geographic variation exists in 
the proportion of IPNB and MCN- L, with IPNB 
constituting the majority of mucinous liver cysts in 

J. Abou-Khalil and F. G. Rocha



189

Asia, whereas western Europe and North America 
report a predominance of MCN-L [7].

Radiographically, IPNB tend to have more 
central septations and are more often associated 
with mural nodules than MCN-L. Upstream bili-
ary dilatation is present in two thirds of IPNB but 
can also be seen in MCN-L, whereas downstream 
biliary dilatation is only seen with IPNB 
(Fig. 15.2) [6]. They tend to be located more fre-
quently in the left liver for unclear reasons but 
perhaps due to the longer course of the left extra-
hepatic bile duct.

A high proportion (40–80%) [14] of IPNB 
have a component of invasive carcinoma. No 
clinical, radiological, or biochemical markers can 
adequately predict the presence of carcinoma, but 
this may be due to most published series combin-

ing MCN-L and IPNB [15]. The prognosis of 
cholangiocarcinoma in this setting is better than 
that of cholangiocarcinoma arising in flat dyspla-
sia [13]. However, the depth of invasion is also 
predictive of survival. Given the significant 
malignant potential, complete surgical excision 
with a negative bile duct margin is indicated, as 
patients with residual dysplasia are at higher risk 
of recurrence [16].

 Intraductal Tubulopapillary 
Neoplasms of the Bile Duct

Intraductal tubulopapillary neoplasm of the bile 
duct (ITPN) is a newly described unique patho-
logic entity closely paralleling its homologous 

ba

Fig. 15.1 A 58-year-old female with a large, symptomatic MCN-L that was partially excised and cyst epithelium 
ablated given the extent of liver involvement

a b

Fig. 15.2 A 62-year-old female who presented with abnormal liver function tests and was noted to have a cystic mass 
causing biliary obstruction. A left hepatectomy with bile duct reconstruction was required given the presence of IPNB
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entity in the pancreas. Unlike IPNB which have a 
mostly papillary intraductal growth pattern, 
ITPNs show glands with a predominantly tubular 
growth pattern and minimal papillary architec-
ture [17, 18]. Often the intraductal tumor grows 
as a solid, compact polypoid mass preserving the 
ductal epithelium except where an invasive com-
ponent is found. In the largest series of 20 patients 
from multiple institutions, 80% of resected 
ITPNs contained invasive carcinoma [19]. 
Despite this, the 5-year survival was 90%, indi-
cating the possibly indolent nature of these 
tumors even in the presence of invasive carci-
noma. These unique tumors are unlikely to be 
distinguished preoperatively from other cholan-
giocarcinomas (Fig. 15.3). They should therefore 
be excised in their entirety with negative margins. 
The rarity of these tumors makes it difficult to 
posit on the ways in which their treatment should 
differ from the management of other 
cholangiocarcinomas.

 Choledochal Cysts

This cluster of entities present as cystic dilatation 
of the extrahepatic, the intrahepatic bile ducts, or 
both. The original Alonso-Lej classification [20], 
which only included cysts of the common bile 
duct, was then expanded to include intrahepatic 

cysts by Todani [21], who rapidly pointed out the 
association of these cysts with malignant trans-
formation of the abnormally dilated bile ducts 
and the necessity of excising the abnormal ducts. 
We will focus our discussion on the management 
of choledochal cyst types associated with the 
development of cholangiocarcinoma.

Type 1 choledochal cysts consist of cystic 
(1A) or fusiform (1C) dilatation of the entire 
extrahepatic portions of the biliary tree associ-
ated with an abnormal pancreaticobiliary junc-
tion (APBJ) or of focal segments thereof (1B and 
1D) without an association with APBJ.  Type 2 
and 3 choledochal cysts represent, respectively, 
true diverticuli of the extrahepatic bile ducts and 
choledochocele. Type 4 cysts consist of intra- and 
extrahepatic cystic dilatation of the bile ducts 
(4A) or multiple cystic dilatations of the extrahe-
patic ducts (4B) without associated APBJ. Type 5 
choledochal cysts, also known as Caroli’s dis-
ease, represent multiple cystic dilatations of the 
intrahepatic biliary tree.

Types 1 and 4 are the classes of choledochal 
cysts thought to be most at risk for malignant 
transformation (Fig. 15.4), whereas types 2 and 3 
are at a much lower risk. The exact risk conferred 
by such lesion is difficult to estimate. Early series 
appeared to describe a high lifetime risk of chol-
angiocarcinoma, with the risk increasing with 
age from 0.7% in the pediatric population to over 

a b

Fig. 15.3 A 66-year-old male with obstructive jaundice 
found to have an intrabiliary tumor at the confluence. 
Final pathology demonstrated a poorly differentiated 

intrahepatic cholangiocarcinoma arising in a background 
of ITPN extending into the hilum
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14% in by the third decade of life [22]. Some 
series calculate an even higher proportion of car-
cinoma—up to 30% [23], but it is likely that 
these estimates are biased and inaccurate due to 
the inability to capture the experience of all 
patients with clinically occult choledochal cysts.

In patients that are surgical candidates, a com-
plete resection of the extrahepatic biliary tree in 
its entirety, between the pancreaticobiliary junc-
tion and the confluence of the left and right hepatic 
ducts, is indicated. This is done to decrease the 
risk of developing cholangiocarcinoma. However, 
surgeons must remain vigilant while following 
such patients. Despite an adequate resection, the 
risk of cholangiocarcinoma in the remnant biliary 
tree remains high, estimated at 5% [24]. This may 

be due to a “field defect” within the remaining 
biliary epithelium, or possibly to the chronic low-
grade inflammation that accompanies the hepati-
coenterostomy itself.

 Ciliated Hepatic Foregut Cysts

This rare congenital cyst, equivalent to broncho-
genic cysts in its embryonic origin and its histo-
logic structure, presents in children and young 
adults. Generally asymptomatic and identified 
incidentally on imaging performed for other rea-
sons, they can also present with a variety of non- 
specific symptoms such as abdominal pain, early 
satiety, and occasionally jaundice [25]. The cysts 

a b

Fig. 15.4 Characteristic MRI/MRCP images of type I and type IV choledochal cysts

a b

Fig. 15.5 Ciliated hepatic foregut cyst found in the typical location of segment 4 along the falciform ligament. 
Pathologic examination reveals pseudostratified respiratory epithelium with fimbria and goblet cells
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are usually well circumscribed and mostly uni-
locular, although rare reported cases have multi-
locular cysts or solid components. Most are 
located in segment 4, but they have also been 
described in the porta hepatis and the falciform 
ligament. The cyst fluid can contain CA19-9 and 
CEA [26]. Histologically, they contain a classic 
four-layered structure of an inner lining of cili-
ated columnar epithelium overlying a smooth 
muscle and loose connective tissue layers, sur-
rounded by a fibrous capsule (Fig. 15.5). These 
cysts have the potential of developing squamous 
metaplasia as well as squamous cell carcinoma 
[27]. Surgical resection is therefore indicated and 
preferred over ablative or sclerosing techniques.
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 Introduction

Colorectal cancer (CRC) is the second leading 
cause of cancer-related mortality in the United 
States [1]. Although more than 50% of patients 
will develop liver metastases during the course of 
their disease, as few as 25% of patients with 
colorectal cancer liver metastases (CRLM) are 
thought to be resectable at initial presentation. 
On the other hand, response rates to contempo-
rary systemic chemotherapy have increased con-
siderably resulting in longer survival durations 
for many patients. In fact, multimodality therapy 
with margin-negative resection can be associated 
with 5-year survival rates as high as 50% at expe-
rienced centers, even in patients with complex 
bilobar CRLM [2, 3].

Over the past two decades, there has been 
exponential growth in the knowledge of and 
experience in the management of CRLM. While 
surgical options have expanded, so have non-
operative therapies. At the same time, advances 
in diagnostic imaging, future liver remnant (FLR) 
augmentation, perioperative anesthesia and med-
icine, and patient selection have made liver sur-

gery safer, enabling more complex liver resections 
without associated increases in morbidity and 
mortality [4, 5]. Finally, a better understanding of 
the tumor biology and the underlying molecular 
mechanisms have provided important prognostic 
information and soon should lead to more tar-
geted therapeutic options.

This chapter provides an overview of the man-
agement of complex CRLM with a particular 
emphasis on patient selection and surgical 
approaches.

 Patient Selection

Although the number of liver resections per-
formed for CRLM has increased over the past 
several decades, a critical concept in patient 
selection for surgery is acknowledging that, by 
definition, all patients have stage IV disease. 
Therefore, identifying which patients are “resect-
able” and most likely to benefit from surgical 
resection is imperative. In general, resectability 
of CRLM should be defined along three separate 
domains and in a particular sequence: (1) physi-
ologic, (2) oncologic, and (3) technical.

 Physiologic Assessment

Physiologic resectability refers to the patient’s abil-
ity to safely undergo one or more major abdominal 
operations. Although perioperative medicine, pre-

J. M. Cloyd
Division of Surgical Oncology, The Ohio State 
University Wexner Medical Center, Columbus, OH, USA
e-mail: jmcloyd@mdanderson.org

T. A. Aloia (*) 
Department of Surgical Oncology, University of Texas 
MD Anderson Cancer Center, Houston, TX, USA
e-mail: taaloia@mdanderson.org

16

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-91977-5_16&domain=pdf
mailto:jmcloyd@mdanderson.org
mailto:taaloia@mdanderson.org


198

habilitation, the application of minimally invasive 
surgery, and enhanced recovery after surgery pro-
tocols have helped foster safer surgery, patient 
selection remains paramount. Multiple risk calcu-
lators [6], frailty indices [7], and other tools [8] 
have been developed to identify patients with ade-
quate performance status to undergo major surgery 
with acceptably low risks of perioperative adverse 
events. If performance status is inadequate to toler-
ate hepatectomy, non-operative liver-directed ther-
apies can be considered.

 Oncologic Resectability

After a patient meets physiologic resectability 
criteria, a multidisciplinary assessment of onco-
logic resectability ensues. This concept refers to 
the selection of patients most likely to benefit 
from major surgery based on their underlying 
tumor biology. Patients considered candidates for 
resection of bilateral liver metastases should have 
minimal extrahepatic disease, stable or respond-
ing disease during preoperative systemic chemo-
therapy, and normal or improved CEA levels in 
response to chemotherapy. Although low-volume 
extrahepatic disease is not a contraindication to 
liver resection, these patients are at higher risk of 
recurrence and should demonstrate disease sta-
bility and favorable tumor biology prior to pro-
ceeding with hepatectomy [3, 9]. Emerging 
evidence regarding the poor prognosis of some 
tumor mutational profiles (e.g., KRAS or BRAF 
mutations) may also influence surgical decision-
making in the near future [10].

 Technical Resectability

After patients have met physiologic and onco-
logic resectability criteria, the ability to surgically 
resect all metastases with negative microscopic 
margins while leaving an adequate FLR must be 
critically assessed. In general, technical resect-
ability requires the retention of two contiguous 
liver segments with adequate vascular inflow, out-
flow, and biliary drainage. FLR volume serves as 
a surrogate for function, and an FLR ≥20% of 

standardized total liver volume (TLV) in chemo-
therapy-naïve patients and ≥30% in chemother-
apy-treated patients is considered necessary [11, 
12]. In cases where predicted FLR is inadequate 
based on liver volumetry, PVE may be used to 
stimulate hypertrophy of the FLR [13, 14].

 Technical Aspects

 Perioperative Chemotherapy

Although still controversial, there is a growing 
consensus that patients with CRLM should 
receive preoperative chemotherapy prior to resec-
tion. The EORTC 40983 trial randomized patients 
with ≤4 CRLM to perioperative FOLFOX (5-FU, 
leucovorin, oxaliplatin) and surgical resection 
versus resection alone and found an absolute 
increase in progression-free survival (PFS) of 
7 months in the perioperative chemotherapy plus 
surgery group [15]. While this modest increase in 
PFS is noteworthy, several other advantages to 
perioperative chemotherapy exist. First, a strategy 
of preoperative chemotherapy affords an opportu-
nity to select out patients who develop progres-
sive disease and select in those with favorable 
tumor biology and adequate personal physiology 
to undergo major hepatectomy. In fact, in the 
EORTC trial, 11% of patients in the surgery alone 
group underwent non-therapeutic laparotomy 
compared to 5% in the chemotherapy plus surgery 
group. Second, the mean reduction in tumor size 
among patients who received chemotherapy prior 
to surgery in EORTC 40983 was 26%, and there-
fore preoperative chemotherapy may enable suf-
ficient downstaging to convert unresectable 
disease to resectable in a subset of patients.

We routinely administer 4–6  cycles of 
FOLFOX to patients with CRLM as we have pre-
viously shown that rates of chemotherapy-associ-
ated liver injury and postoperative hepatic 
insufficiency (PHI) increase with longer durations 
of chemotherapy [16]. The antiangiogenesis agent 
bevacizumab is added to the first 3–5 cycles as it 
is associated with an improved response rate and 
partially protects against oxaliplatin-associated 
sinusoidal injury [17]. Importantly, the response 
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to preoperative chemotherapy provides useful 
prognostic information. Patients who experience 
a significant radiographic response [18], marked 
by homogenization of the tumor with a sharp 
tumor-liver interface, and/or a major pathologic 
response [19], defined as <50% of viable tumor 
cells, have significantly improved overall sur-
vival. The concept of disappearing liver metasta-
ses is important but in practice rarely occurs 
during short-interval chemotherapy. In excep-
tional circumstances, placement of fiducial mark-
ers prior to the administration of chemotherapy 
may help localize metastases that are small and/or 
located deeper than the subcapsular area [20].

 Margin Status

The goal of resection is complete removal of all 
known disease, as seen on pretreatment imaging, 
with microscopically negative margins. However, 
in the era of modern chemotherapy, the impor-
tance of negative margins and the optimal margin 
width continues to be controversial. Several stud-
ies have suggested worse survival in patients with 
an R1 resection margin [21, 22], and some have 
even demonstrated a stepwise increase in survival 
as the margin width increases [23]. These observa-
tions likely reflect biological phenomena as 
opposed to technical consequences. In fact, when 
stratified by response to preoperative chemother-
apy, the impact of R1 resection margin status is no 
longer significant in patients who experienced 
either a radiographic or pathologic response to 
induction systemic therapy [21]. Importantly, RAS 
mutations are associated with higher rates of mar-
gin positivity and narrower resection margins [24] 
as well as suboptimal responses to preoperative 
chemotherapy [25]. In practice, we aim for a 1 cm 
resection margin in KRAS wild type and 1.5 cm 
resection margin in KRAS-mutant metastases at 
the time of parenchymal transection in order to 
achieve optimal microscopic pathologic margins.

 FLR Augmentation

The need for extended hepatectomy (i.e., triseg-
mentectomy) occurs relatively frequently among 

patients with advanced CRLM. An FLR volume 
<20% of the standardized TLV is directly linked 
to postoperative hepatic insufficiency, and there-
fore attempts at increasing the size of the liver 
remnant preoperatively are justified. First 
described by Kinoshita and later refined by 
Makuuchi, PVE diverts portal flow away from the 
hemiliver to be resected and toward the liver rem-
nant thereby leading to compensatory hyperplasia 
of hepatocytes and organ hypertrophy [26, 27]. 
Utilized both prior to extended right hepatectomy 
[12] and part of a two-stage hepatectomy (TSH) 
strategy [2], PVE is associated with reductions in 
PHI as well as overall perioperative morbidity and 
mortality. Various techniques have been described, 
but we recommend an ipsilateral percutaneous 
approach, which may be extended to segment 4 
when applicable, using embolic microspheres and 
coils as the best strategy to maximize the FLR 
[28]. In patients who demonstrate inadequate 
hypertrophy, hepatic vein embolization may be 
considered to further optimize the FLR [29].

Liver augmentation strategies also allow the 
opportunity to evaluate hepatic growth capacity. 
CT-based volumetry should be calculated 
3–4 weeks following PVE with particular atten-
tion to the degree of hypertrophy (DH) and 
kinetic growth rate (KGR). The DH, defined as 
the change in FLR percentage based on CT volu-
metry before and after PVE, is independently 
associated with postoperative outcomes [30]. The 
KGR, defined as the DH divided by the length of 
time between PVE and first post-PVE volumetry, 
has been shown to be the most accurate predictor 
of postoperative morbidity and mortality second-
ary to liver insufficiency [31]. Confirming the 
importance of measuring hepatic regenerative 
capacity, patients with a KGR > 2%, in our expe-
rience, rarely develop PHI, and there have been 
no perioperative mortalities in this high-risk 
major hepatectomy group.

 Non-resectional Therapies

For patients who are not optimal surgical candi-
dates, either because of poor performance status, 
prohibitive comorbidities, significant previous 
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surgical history, or inadequate hepatic reserve, 
non-resectional therapies offer alternatives. 
Ablative techniques are probably the most fre-
quently utilized non-resectional therapy for 
CRLM. Ablation can be performed either percu-
taneously (guided by US, CT, or MRI) or via 
laparotomy or laparoscopy (guided by intraoper-
ative ultrasound). Ablation should be reserved for 
lesions <3 cm in size, as recurrence rates rise for 
larger tumors [32]. Most lesions are accessible 
via a percutaneous approach although optimal 
targets are non-peripheral, distant from the dia-
phragm, and separate from major vessels [33, 
34]. While cryotherapy has been used in the past, 
most centers utilize radiofrequency ablation 
(RFA, for which the most data is available) or the 
emerging technology of microwave ablation [35].

In addition to ablation, there has been a grow-
ing experience with transarterial chemoemboli-
zation (TACE)  for CLRM [36]. Selective 
targeting of the tumor-supplying vessels allows 
for the direct delivery of chemotherapy, while 
concomitant embolization aids in decreased che-
motherapy clearance and tumor perfusion. 
Various techniques are available including tradi-
tional chemoembolization using cytotoxic che-
motherapy (e.g., 5-fluorouracil, mitomycin C, 
doxorubicin, irinotecan) with an embolic agent 
(e.g., iodized oil, polyvinyl alcohol particles, gel-
atin sponge, or microspheres). More recently, 
drug eluting-bead (DEB)-TACE which permits 
controlled drug release of either doxorubicin or 
irinotecan has become popularized.

Finally, growing evidence suggests a role for 
external beam radiation therapy for CRLM. This 
may be especially helpful in unresectable disease 
and/or when previous hepatotoxicity prevents the 
use of additional systemic chemotherapy. 
Ongoing experience with newer forms of radio-
therapy, including proton beam radiation, may 
help spare normal liver parenchyma and expand 
the indications for radiation [37]. Nevertheless, 
traditional liver-directed radiation poses distinct 
challenges and limitations. An alternative is 
hepatic artery-based radioembolization, also 
known as selective internal radiation therapy 
(SIRT), typically using yttrium-90 (y90) resin 
microspheres. Most frequently, SIRT is used in 

unresectable patients after failure of first- or sec-
ond-line chemotherapy [36]. The SIRFLOX trial 
randomized treatment-naïve patients with unre-
sectable CRLM to FOLFOX chemotherapy with 
or without SIRT using y90 and found no differ-
ence in overall progression-free survival, though 
liver-specific progression was delayed in the 
group receiving radioembolization [38].

 Minimally Invasive Approaches

While the adoption of minimally invasive 
approaches to liver resection has been slower than 
in other fields, laparoscopic hepatectomy still 
affords the same benefits of minimally invasive 
surgery: less postoperative pain, shorter length of 
hospital stay, and earlier return to activity [39]. 
Furthermore, despite the absence of level I evi-
dence, oncologic outcomes appear to be similar to 
traditional open hepatectomy. In addition, hand-
assisted approaches share the same recovery ben-
efits as totally laparoscopic plus extraction 
incision approaches, with the added benefit of 
liver palpation for detection of radiographically 
occult lesions [40]. A steep learning curve persists 
especially in the performance of major hepatec-
tomy, hilar dissection, parenchymal transection, 
and the use of intraoperative ultrasound [41]. 
However, in experienced centers, laparoscopic 
ultrasound appears to be similar to open ultra-
sound with regard to sensitivity and specificity of 
identifying small CRLM [42].

 Surgical Approach

 Extent and Distribution

The number of surgical approaches for patients 
with CRLM, especially those with bilateral dis-
ease, has significantly increased in recent years. 
Surgical options for CRLM now include ana-
tomic hepatectomy, parenchymal sparing hepa-
tectomy (PSH), traditional TSH with or without 
PVE, associated liver partition and portal vein 
ligation for staged hepatectomy (ALPPS), local 
ablative techniques, and hepatic arterial infusion 
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(HAI) therapy. However, comparative studies 
demonstrating superiority of one approach over 
another are lacking. Rather than championing a 
single strategy, we recommend a tailored 
approach that takes advantage of all available 
surgical tools and individually applies them 
based on an algorithmic assessment of the extent 
and distribution of metastatic disease. In the case 
of bilateral disease, this conceptual framework is 
best understood by classifying the burden of 
intrahepatic disease in two dimensions, with 
assessment of the right versus left hemilivers and 
the peripheral versus central distribution of dis-
ease (Fig. 16.1).

 Parenchymal-Sparing Hepatectomy

While anatomic hepatectomy is often required 
based on the number and location of CRLMs, it is 
not necessarily associated with oncologic bene-
fits over non-anatomic hepatectomy. The advan-

tage of the latter is preservation of uninvolved 
liver tissue. Although initial concerns had been 
raised regarding higher rates of local (because of 
closer margins) and intrahepatic (because of 
greater “at-risk” residual liver) recurrence, stud-
ies have shown similar rates of recurrence and 
survival in parenchymal-sparing hepatectomy 
(PSH) compared to a strategy of anatomic hepa-
tectomy [43, 44]. In fact, through preservation of 
uninvolved liver tissue at the initial operation, 
PSH is associated with greater salvageability and 
survival in the case of subsequent liver-only 
recurrences [3]. For patients with bilobar CRLM 
that are all peripheral in nature, a one-stage PSH 
may be most appropriate.

 Resection + Ablation

Local ablation techniques can also be used in 
conjunction with surgical resection especially in 
patients with bilobar CRLM. In this strategy, the 

Bilateral Colorectal Liver Metastases

Right Peripheral

Right Peripheral
Left Peripheral

Right Peripheral
Left Central

Right Central 
Left Peripheral

Right Central 
Left Central Limited

Right Central 
Left Central Multiple

Right Central

PSH Single Stage
Hepatectomy

Two Stage
Hepatectomy +/- PVO

RH + Ablation HAI Therapy

Fig. 16.1 A systematic algorithm for assessing the distribu-
tion and extent of bilateral colorectal liver metastases that 
informs surgical treatment strategy. Each scenario is modeled 
with the right liver in blue (representing approximately 65% 
of total liver volume) and the left liver in red (representing 
approximately 35% of total liver volume). Tumors are repre-
sented as closed circles, parenchymal-sparing resections as 

open circles, and ablations as open stars. PSH parenchymal-
sparing hepatectomy, PVO portal vein occlusion, RH right 
hepatectomy, HAI hepatic arterial infusion. Used with per-
mission from: Cloyd JM, Aloia TA. Hammer vs Swiss Army 
Knife: Developing a Strategy for the Management of Bilobar 
Colorectal Liver Metastases. Surgery. 2017 doi: https://doi.
org/10.1016/j.surg.2016.11.035
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majority of metastases are resected (either via 
hemihepatectomy or multiple non-anatomic 
resections), and the residual small, deeply located 
lesion(s) are treated with percutaneous or opera-
tive ablation. Although inferior to surgical resec-
tion of all disease, a strategy of resection and 
ablation is associated with superior results com-
pared to nonsurgical therapies [45]. This approach 
might be most appropriate in the setting of right-
sided peripheral tumors and a solitary deep left-
sided metastasis in which a single-stage resection 
of the right-sided lesions and RFA of the left 
lesion is performed. In addition, while patients 
with bilobar centrally located metastases are typ-
ically not amenable to surgical resection of all 
disease, when left-sided metastases are limited 
(e.g., solitary lesion), a right hepatectomy may be 
combined with left-sided ablation.

 Two-Stage Hepatectomy

In its initial description, TSH was performed 
without PVE and was associated with high post-
operative mortality rates, most commonly due to 
liver insufficiency [46]. The addition of PVE 
between the two stages induced hypertrophy of 
the FLR and lowered postoperative morbidity 
and mortality after the second-stage procedure 
[14]. In the first stage, often performed with min-
imally invasive techniques, the FLR is cleared of 
metastatic disease, either via parenchymal-spar-
ing resections or ablation. One to four weeks 
after surgery, percutaneous ipsilateral transhe-
patic PVE is performed to induce hypertrophy of 
the FLR.  In patients who demonstrate adequate 
hypertrophy on CT volumetry 3–4  weeks after 
PVE, a second-stage operation, typically a right 
hepatectomy that may be extended to include all 
or part of segment 4, is performed.

In 2012, the novel approach to two-stage hep-
atectomy known as ALPPS was introduced by 
Schnitzbauer et  al. [47]. In the first stage of 
ALPPS, a right PVL is combined with parenchy-
mal transection and clearance of the FLR of met-
astatic disease. The second stage is performed 
during the same hospital admission 1–2  weeks 
after the first stage and involves complete hemi-

hepatectomy. While ALPPS is associated with 
rapid and significant hypertrophy of the FLR, as 
well as high completion rates of both stages of 
surgery, perioperative morbidity and mortality 
rates are significantly higher than in a traditional 
TSH approach [48, 49]. It also appears that the 
rapid hypertrophy seen after first-stage ALPPS is 
less reliably linked to adequate liver function 
compared to the hypertrophy experienced after 
percutaneous PVE. Furthermore, early oncologic 
outcomes suggest lower recurrence-free and 
overall survival rates compared to other 
approaches, with long-term data not yet available 
[50, 51]. For these reasons, the current standard 
of care for this distribution of disease remains 
TSH with PVE, which has consistently demon-
strated high completion rates, low perioperative 
morbidity and mortality, and good survival out-
comes [2, 52].

A TSH is most commonly required in the set-
ting of dominant right liver metastases and 
peripherally located metastases in the left liver. 
However, the need to perform a formal right hep-
atectomy and additional left-sided resections 
places this subset of patients with bilobar disease 
at the highest risk of PHI.  This risk is reduced 
with careful patient selection via assurance of 
adequate FLR and calculation of the DH and 
KGR following PVE.

 Unresectable Bilateral Metastases

The presence of multiple, bilobar, centrally 
located metastases likely represents true unre-
sectable disease and an indication for HAI ther-
apy. HAI allows for a higher concentration of 
cytotoxic drugs and/or radiation to be delivered 
directly to metastases while decreasing the poten-
tial systemic toxicities. When used in the first-
line setting, chemotherapy administered via a 
HAI pump results in tumor response rates of 
40–50% [53], with rates even higher when com-
bined with systemic chemotherapy [54] or when 
used after failure of first-line systemic chemo-
therapy [55, 56]. The use of HAI therapy in ini-
tially unresectable patients may also result in 
downsizing that permits subsequent resection in 
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a limited subset of patients [57]. Importantly, 
consensus guidelines recommend that HAI ther-
apy should be delivered as part of a multidisci-
plinary program at experienced centers only [58]. 
Other hepatic artery-based therapies, such as 
radioembolization and transcatheter arterial che-
moembolization, as well as ongoing systemic 
chemotherapy should also be considered [59].

 Conclusions
The management of complex CRLM continues 
to evolve as improvements in systemic chemo-
therapy, liver augmentation strategies, non-
resectional therapies, surgical technologies, 
and perioperative care occur. Critical to opti-
mizing patient outcomes is an orderly and con-
sistent approach to patient selection. Namely, 
resectability should be defined along three 
domains, physiologic, then oncologic, and then 
technical, in order to identify patients best 
suited to benefit from liver-directed therapies. It 
is important that surgeons not constrain them-
selves to a single treatment strategy, but rather, 
rely on a multidisciplinary approach and utili-
zation of all surgical tools available, permitting 
the extension of curative-intent treatments to 
the largest number of patients. Further advances 
in systemic therapy, as well as a better under-
standing of the genetic correlates to tumor biol-
ogy, should only continue to expand the 
opportunities to help patients with CRLM.
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Cancer Liver Metastases
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 Introduction

The use of extreme temperatures to treat tumors 
dates back over a century [1]. However, in paral-
lel with the dramatic evolution of liver surgery, 
the last three decades have seen an accelerated 
expansion of techniques and indications for liver 
tumor ablation, and they are currently considered 
complementary strategies in the treatment of pri-
mary and secondary liver malignancies. 
Moreover, ablation has become an accepted alter-
native to hepatic resection in a select group of 
patients with both primary and metastatic liver 
neoplasms. Indications for ablative therapies 
include patients considered unfit for surgery due 
to either location of the lesion or poor health, 
those with smaller lesions, or those in whom a 
small amount of remnant liver parenchyma pre-
cludes resection [2, 3]. These techniques have 
also been advocated as a bridge to transplantation 
in patients facing a long waiting list for a liver 
allograft [4, 5].

It is thus important for any practitioner 
involved in the treatment of liver malignancies to 

understand the basic principles, indications, 
operative techniques, as well as procedural and 
oncologic outcomes of patients treated in this 
fashion. This chapter discusses basic principles 
of radiofrequency ablation (RFA), microwave 
ablation (MWA), cryoablation (Cryo), and irre-
versible electroporation (IRE), which are the 
most commonly used ablation methods. Their 
indications in the management of colorectal can-
cer liver metastases (CRLM) and general techni-
cal approaches are outlined, and the outcomes in 
the different settings (i.e., solitary peripheral 
lesions, tumor recurrence, combined resection/
ablation, etc.) are analyzed. Furthermore, while 
there is scarce level I data directly comparing 
these techniques, important nuances that justify 
the use of one method over the others are 
reviewed.

 Techniques

Ablative techniques in liver surgery aim at the 
destruction of malignant cells within a tumor 
while preserving the surrounding liver paren-
chyma and protecting the adjacent structures. 
The generation of extreme temperatures that 
cause cell death is the principle behind RFA, 
MWA, and Cryo. While the former two tech-
niques generate heat that reliably induces coagu-
lative necrosis after temperatures reach 60  °C, 
the latter achieves cell death by consecutive 
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freeze-thawing cycles. IRE induces apoptosis-
mediated cell death in a nonthermal manner by 
disrupting the cell membrane potential and creat-
ing pores that allow the flow of micro- and mac-
romolecules that ultimately disrupt cellular 
homeostasis. These effects are limited to the tar-
get tissue while preserving blood vessels and bile 
ducts [6, 7]. In this chapter, we will review the 
basic mechanisms of action of these different 
techniques, as well as their applications and 
potential pitfalls.

 Approach

Liver ablation can be approached through the 
percutaneous route, laparoscopically, and via a 
laparotomy. While percutaneous ablations have a 
comparatively low morbidity compared to the 
other two approaches [8, 9], it can be challenging 
for radiologists to target lesions that are not eas-
ily seen on computed tomography or ultrasound 
and those in which a direct in-line plane for probe 
placement is not safely attainable percutaneously. 
Furthermore, not uncommonly, lesions are 
located in close proximity to vital structures such 
as the diaphragm, the heart, major blood vessels, 
or other abdominal viscera. While hydrodissec-
tion with saline is sometimes possible to create a 
safe ablation zone, all of these situations increase 
the procedural risk of percutaneous ablations [9]. 
Given these limitations, the percutaneous 
approach traditionally has the highest local recur-
rence rate. Laparoscopy provides the ability to 
isolate and expose the liver, to directly visualize 
the ablation probe placement, and has the ability 
to identify smaller tumors that would otherwise 
remain untreated with percutaneous ablation. 
Furthermore, it also allows for additional proce-
dures to be performed during the same interven-
tion (e.g., limited liver resection, cholecystectomy, 
etc.) and for immediate management of proce-
dural complications [9]. On the other end of the 
spectrum, ablation performed during laparotomy, 
albeit most invasive, has the lowest recurrence 
rates of the three approaches.

Image guidance is a key component of abla-
tive procedures ensuring precise ablation of the 
tissue of interest while avoiding injury to adja-

cent biliary and vascular structures. Ultrasound 
has become the gold standard modality for 
image-guided ablations in the operating room 
given its ease of use and availability. In addition, 
its ability to provide real-time feedback to the 
practitioner performing the procedure is valuable 
[3]. It is limited by lack of reproducibility, opera-
tor dependence, and the sonographic artifact pro-
duced by the ablation itself which limits ablation 
monitoring [10–19]. However, when systemati-
cally applied, ultrasound monitoring of ablations 
allows for the creation of an adequate ablation 
margin. Analogous to the concept of surgical 
margins, liver RFA aims to generate an ablation 
zone that includes a rim of normal tissue along 
the perimeter of the target tumor, to ensure com-
plete destruction and minimize the incidence of 
local recurrence.

 Indications

Colorectal cancer remains the third most com-
mon cancer in both men and women with a pro-
jected incidence of 130,000 new cases in 2017 
[20]. Approximately half of patients with colorec-
tal cancer either present with or will develop liver 
metastases during their disease course [21]. 
Complete resection remains the standard of care 
for the management of CRLM, and despite ele-
vated recurrence rates, it achieves 5-year survival 
rates close to 50% and cure rates that approxi-
mate 20% [22, 23]. Unfortunately, the vast major-
ity of patients (80–90%) present with unresectable 
disease [21]. Liver ablation is widely practiced in 
patients with CRLM who have unresectable dis-
ease, those with single or limited recurrence sites, 
and in patients who are otherwise unfit to tolerate 
a major liver resection due to comorbid diseases.

 Radiofrequency Ablation

Medical application of radiofrequency waves 
dates back to the early twentieth century. In 1910 
Dr. Edwin Beer reported on the use of radiofre-
quency energy to successfully ablate  unresectable 
papillary growths of the urinary bladder in two 
patients with significant hematuria [24]. Around 
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the same time, yet independently, Dr. William 
Clark in Philadelphia popularized the use of 
high-frequency desiccation and coagulation for 
the treatment of neoplasms of the skin, head, 
neck, oral cavity, breast, and cervix [25]. 
Furthermore, it was the modulated application of 
radiofrequency waves that allowed Bovie and 
Cushing to device the electrocautery as we know 
it today and successfully apply it in surgical pro-
cedures [26]. However, it would take several 
decades until the first preliminary description of 
the use of RFA of liver neoplasms in the early 
1990s [27, 28]. These early ablation probes were 
essentially modified Bovie electrocauteries with 
long insulated shafts that allowed guided place-
ment of the uninsulated tip into the tumor of 
interest mainly with the use of ultrasound [29].

Radiofrequency (RF) refers to the part of the 
electromagnetic spectrum bounded by the fre-
quencies of 3 Hz and 300 GHz. RF application 
causes thermal damage and induces coagulative 
necrosis of a defined volume of tissue. This stems 
from high temperatures generated by the rapid 
vibration of water molecules in contact with the 
RF electrode tip, which is induced by the applica-
tion of alternating current [29]. This technique 
relies on tissue conductivity to spread the heat 
generated by the tissue immediately adjacent to 
the probe; hence as the distance from the probe 
increases, the temperature decreases in an expo-
nential fashion. It is important to note that if tem-
perature rises too quickly with the application of 
RF energy, resultant tissue charring will act as an 
insulator which prevents the propagation of heat 
and likely limits the effectiveness of ablation. 
Thus, RFA is a methodical process which aims to 
gradually increase the temperature to a goal 
between 60 and 100 °C over a period of approxi-
mately 5 min. The reliance on tissue conductivity 
explains another important limitation of RFA: 
heat sink effect. Blood flow in vessels that are in 
close proximity with the target ablation dissi-
pates heat, thereby preventing tissue from reach-
ing lethal temperatures. This effect should be 
taken into consideration while planning and exe-
cuting liver tumor ablation as incomplete abla-
tion along blood vessels may cause residual 
tumor and potentially lead to increased risk of 
local recurrence [30]. Given these limitations, as 

a general rule, RFA is considered most effective 
for lesions ≤3 cm in diameter.

 Microwave Ablation

Similar to RFA, tissue heating in MWA is gener-
ated via the continuous realignment of polar mol-
ecules in the tissue (mainly water molecules) 
forced by the alternating current applied by the 
microwave probe. Thus, the efficiency of this abla-
tion modality is directly proportional to the water 
content of the target tissue. One of the key differ-
ences between MWA and RFA is the ability of 
microwaves to radiate from the antenna and affect 
a surrounding volume of tissue. As opposed to 
RFA which is only able to heat tissue in direct con-
tact with the electrode and thus relies on tissue 
conductivity to create and ablation zone, MWA 
induces heat generation by excitation of water 
molecules in a volume of tissue beyond the imme-
diate vicinity of the probe [31]. This ability over-
comes the limitation effected by the charring effect 
which hampers RFA.  Furthermore, MWA has 
been shown to be much less susceptible to heat 
sink effect which is of particular importance in 
ablation of CRLM given the highly vascular nature 
of the liver parenchyma [32]. In comparison with 
RFA, MWA achieves higher temperatures with 
significantly shorter ablation times (Fig. 17.1).
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Fig. 17.1 Microwave versus RF temperatures in porcine 
kidney in  vivo. Data collected with a fiber-optic sensor 
5 mm away from an RF electrode or microwave antenna in 
normal porcine kidney in vivo show higher temperatures 
(well greater than 100 °C) over time around the microwave 
antenna. Used with permission from Lubner 2010
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While RFA is a well-established technique and 
the most commonly used method for ablation of 
lesions ≤3 cm, the ability to achieve larger abla-
tions with shorter procedure times, less suscepti-
bility to heat sinking, and the ability to design 
overlapping ablation zones make MWA an attrac-
tive alternative for the treatment of lesions up to 
6.5  cm [31, 33]. There are limited randomized 
studies directly comparing these two methods for 
treatment of CRLM; however, retrospective series 
support the use of either modality as an effective 
treatment particularly for small lesions [34, 35]. 
In a single institution-matched cohort analysis 
evaluating 254 matched tumors treated with either 
RFA or MWA at a 1:1 ratio, the authors identified 
a lower ablation site recurrence rate in tumors 
treated with MWA (6% vs 20%; P < 0.01), while 
the follow-up time was significantly shorter for 
the MWA-treated patients, actuarial local failure 
estimations corroborated these findings [36].

 Cryoablation

Cryoablation was one of the earliest established 
methods of ablation. However, over the last sev-
eral decades, it has been slowly abandoned and 
replaced by RFA and MWA for ablation of 

tumors due to suboptimal oncologic outcomes 
and increased morbidity. The general mechanism 
of action will be discussed for historical interest 
only. Cryoablation probes induce tissue freezing 
temperatures by reliance on the Joule-Thompson 
effect, whereby rapid expansion of a compressed 
gas changes its temperature [37]. Current cryoab-
lation systems rely mostly on two different com-
pressed gases, argon and helium, which decrease 
and increase their temperature in response to 
rapid expansion, respectively. The change in tem-
perature is transmitted to the tissue of interest via 
the cryo-probe thus allowing for repetitive cycles 
of freeze-thawing. Three distinct mechanisms of 
cell injury and death are depicted in Fig.  17.2. 
Cell death occurs during the initial freezing when 
extracellular ice formation leads to relative extra-
cellular hypertonicity and cellular dehydration. 
Furthermore cellular freezing results in protein 
and membrane malfunction that lead to cell 
death. During thawing, the reverse process 
occurs: extracellular ice melts before intracellu-
lar ice crystals, and the resultant intracellular 
hypertonicity leads to osmotic fluid shift that 
induces cellular edema and death. Lastly delayed 
cellular death occurs as a result of could-induced 
cellular injury which activates caspases and leads 
to apoptosis [37].
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Fig. 17.2 Cryoablation-induced injury. (a) During freez-
ing, extracellular ice formation results in sequestration of 
free extracellular water, increasing the osmolarity of the 
extracellular space. This leads to cellular dehydration and 
cell shrinkage. Intracellular ice formation results in dis-
ruption of organelle and plasma membranes, impairing 
cellular function. (b) During thawing, extracellular ice 
melts before intracellular ice, creating an osmotic fluid 
shift of water into damaged cells, causing swelling and 

bursting. Growth of intracellular ice crystals can continue 
during thawing, exacerbating cellular damage. (c) Damage 
to the vascular endothelium results in tissue edema. 
Delayed cellular damage occurs because of the initiation 
of apoptosis by the cold-induced cellular injury. 
Thrombosis of blood vessels causes tissue ischemia, hin-
dering repair. Inflammatory cells, including macrophages 
and neutrophils, remove damaged cells and clear cellular 
debris Used with permission from Erinjeri et al. [37]
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Complication rates following liver cryoabla-
tion range between 30 and 40% which are 
exceedingly high when compared with rates in 
the single digits for RFA and MWA. Additionally, 
series comparing cryoablation with other thermal 
ablation techniques show that local recurrence 
rates are generally higher with cryoablation 
[38–40].

 Outcomes of Thermal Ablation

Even though there are no large randomized stud-
ies comparing complete resection and ablation 
for CRLM, a recent meta-analysis pooled data 
from 13 studies and compared oncologic out-
comes between the two approaches [41]. In this 
study, liver resection proved to be superior to 
RFA in every relevant metric. Namely, complete 
resection was significantly superior to RFA in 3- 
and 5-year OS (RR 1.4 and 1.5, respectively) and 
3- and 5-year DFS (RR 1.7 and 2.2, respectively). 
As could be anticipated, liver resection resulted 
in higher operative morbidity rates (18% vs 4%; 
P  <  0.001—RR 2.5) and longer hospital stay. 
However, there was no significant difference in 
mortality. Subgroup analyses were performed for 
small tumors (<3 cm) and solitary tumors as well 
as different analyses for patients undergoing 
open or laparoscopic ablations; in all cases liver 
resection exhibited superior oncologic outcomes 
than ablation.

An adequately powered randomized trial com-
paring thermal ablation and complete resection is 
unlikely to be performed due to lack of equipoise 
and the overwhelming evidence in favor of com-
plete resection. The main role of thermal ablation 
in CRLM remains as an adjunct to surgical resec-
tion in patients with extensive bilobar disease, in 
the treatment of recurrent disease, or as local con-
trol for patients who are otherwise considered 
unfit for surgery. In these appropriately selected 
scenarios, thermal ablation provides valuable 
opportunities for tumor control. To this end, it is 
imperative that surgeons, medical oncologists, 
and interventional radiologists caring for patients 
with CRLM reach multidisciplinary consensus as 
to who are the ideal patients to receive this treat-

ment. Recently a panel of experts published a set 
of guidelines derived from the critical appraisal of 
published studies reporting on the treatment of at 
least 100 CRLM and providing at least 3 years of 
follow-up [42]. This consensus statement based 
on the best available evidence and expert opinion 
provided recommendations regarding tumor size, 
number of tumors, overall liver tumor volume, 
relationship to central bile ducts and major blood 
vessels, and presence of extrahepatic disease.

As previously stated, lesion size is closely 
related to the effectiveness of ablation. Thermal 
ablation is optimal for lesions ≤1  cm. While 
some studies report on lesions of up to 5 cm that 
are adequately treated if they are located favor-
ably within the liver parenchyma and properly 
planned and monitored ablations are carried out, 
the most commonly cited threshold for complete 
ablation is 3 cm [40]. Local recurrence rates are 
reported around 3–15% for lesions ≤3 cm, while 
for lesions >5  cm local recurrence rates range 
between 30 and 45% [42]. Based on these unac-
ceptable failure rates, the authors recommend 
ablation for small lesions (<3 cm) or lesions up to 
5 cm in size as long as they can be readily acces-
sible, such that efficient ablation with clear mar-
gins can be achieved avoiding such limitations as 
heat sinking.

Beyond size itself which determines the tech-
nical feasibility of ablation, it is important to con-
sider the total number of lesions as the other 
determinant of total liver tumor volume. It has 
been well documented that the tumor burden has 
a direct correlation with survival after ablation of 
unresectable CRLM.  A prospective study from 
the UK which analyzed the outcomes of 309 
patients with unresectable disease treated with 
RFA found size and number of lesions to be these 
two variables to be independently correlated with 
overall survival on multivariate analysis. The 
only other significant variable in this model was 
the presence of extrahepatic disease [43]. Based 
on these findings, patients with five or fewer 
lesions are considered ideal candidates for ther-
mal ablation in the setting of unresectable dis-
ease. In certain scenarios, particularly in patients 
with small lesions, ablation of a greater number 
of tumors might be considered.
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Location of the target lesion has important 
implications both for the effectiveness of ablation 
and for the safety profile of the procedure. Thermal 
treatment of lesions that are within 1 cm of a major 
bile duct increases the risk of injury to the ductal 
system. Potential complications include develop-
ment of biloma, cholangitis, intrahepatic abscess, 
and biliary fistulization. Ablation is thus not recom-
mended in the vicinity of the common bile duct, 
common hepatic duct, or right and left hepatic 
ducts. Irreversible electroporation (see later) is a 
potential strategy that allows ablation of lesions in 
these locations while protecting biliary structures. 
Moreover, the location of the lesion in relationship 
to major blood vessels is an important determinant 
of the success and completeness of ablation. As 
previously discussed, the heat sink effect from ves-
sels >3 mm significantly impairs the ability of RFA 
(and MWA albeit to a lesser degree) to consistently 
generate and sustain tissue temperatures in the 
lethal range. Given the highly vascular nature of the 
liver parenchyma, it is important to keep these con-
siderations in mind while planning liver ablation of 
CRLM and for post-ablation monitoring, as lesions 
in the vicinity of blood vessels have a higher likeli-
hood of local recurrence. Lastly, in terms of loca-
tion, it is paramount to assess proximity to 
vulnerable extrahepatic structures (e.g., gallblad-
der, colon, diaphragm, stomach, right atrium, etc.) 
as these too can be injured by the heat generated 
resulting in significant complications. Ablation of 
liver surface lesions is particularly prone to this 
type of complication, and precise probe positioning 
often precludes the percutaneous route.

Additional recommendations aimed at maxi-
mizing local control are outlined in the consensus 
document. These include obtaining adequate 
ablation margins of at least 1 cm, precisely defin-
ing the extent of tumor by the use of contrast-
enhanced imaging, performing ablations by 
experienced operators, liberally using general 
anesthesia to allow for appropriate patient posi-
tioning and duration of ablation, planning abla-
tions based on updated scans, and using real-time 
contrast-enhanced imaging to monitor ablation.

A particularly advantageous application of 
liver ablation is in the treatment of patients who 
present with otherwise unresectable disease. 
Historically, these patients were treated with sys-

temic chemotherapy alone which is associated 
with a median survival of 20 months and does not 
allow the possibility of cure unless tumors are 
downstaged and become resectable which occurs 
in 25–30% of patients [44, 45]. However, with the 
advent and reliable application of ablation tech-
niques, lesions that were considered unresectable 
due to location are now potentially targetable. 
Furthermore, patients with unresectable disease 
due to extensive bilobar involvement who are not 
amenable to resection due to insufficient future 
liver remnant can now be treated with combined 
resection and ablation. In an attempt to prove the 
oncologic legitimacy of this approach, a recent 
study reports the long-term outcomes of patients 
with newly diagnosed CRLM who were treated 
with resection and ablation and compares them to 
those patients who underwent liver resection 
without the need for ablation. The cohorts were 
analyzed using propensity score matching [46]. 
Overall and disease-free survival among patients 
in the resection and ablation group were no differ-
ent from those for patients who had liver resection 
alone (5-year OS, 57 vs. 61%; P  =  0.6; 5-year 
DFS: 19 vs 17%; P = 0.9). There was no differ-
ence in intrahepatic disease-free survival despite 
higher overall local recurrence rate in the resec-
tion + ablation group (29 vs 12%; P, 0.03). This 
study supports the notion that patients with exten-
sive disease that is nonetheless amenable to local 
control with aggressive combined modality that 
includes thermal ablation might experience simi-
lar oncologic outcomes as those patients who are 
considered resectable at presentation. 
Furthermore, such a combined approach for 
patients presenting with unresectable disease has 
proven to provide superior oncologic outcomes 
compared with chemotherapy alone. The CLOCC 
trial randomized patients with initially unresect-
able disease to systemic chemotherapy vs sys-
temic chemotherapy plus RFA (+/− resection) 
[47]. In the recently published long-term out-
comes at a median follow-up of nearly 10 years, 
the CLOCC investigators report a statistically sig-
nificant difference in overall survival favoring 
patients treated with combined modality with sys-
temic chemotherapy and RFA +/− resection com-
pared to those treated with chemotherapy alone 
(HR 0.58 95%CI, 0.38–0.88; P, 0.01) [47, 48].  
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Of note, half of the patients randomized to com-
bined modality (30/60) underwent radiofrequency 
ablation alone (without liver resection). This is 
one of the few randomized studies to demonstrate 
a survival benefit for patients with unresectable 
disease treated with such an aggressive approach 
and underscores the utility of ablation techniques 
in carefully selected patients.

 Irreversible Electroporation

Irreversible electroporation has emerged as a safe 
ablative technique for liver lesions that are not 
amenable to RFA or MWA due to close proximity 
to bilio-vascular structures. IRE does not depend 
on thermal energy and thus is not limited by the 
heat sink effect and has a safer profile for ablation 
near sensitive structures. As the name indicates, 
this technique creates permanent nano-pores in 
cell membranes of the target tissue by delivery of 
electrical pulses of very short duration. Membrane 
physiology disruption leads to loss of homeosta-
sis and ultimately cell death [6]. This targeted cel-
lular injury explains the ability of IRE to achieve 
a complete ablation in the immediate vicinity of 
sensitive vascular or biliary structures without 
causing undue damage; structures mostly formed 
by proteins and connective tissue are not suscep-
tible to injury by IRE.  In our early experience, 
over half of 65 tumors treated with IRE were 
within a centimeter of either a major hepatic vein 
(n, 25) or a portal pedicle (n, 16). In this series, the 
overall morbidity was 3%, and there were no 
ablation-related deaths. Complete ablation was 
achieved in 98% of tumors [49].

In a recent single-institution experience, 
patients with liver tumors not amenable to RFA 
or MWA due to location, IRE ablation was asso-
ciated with a local recurrence rate of 13% at 
median follow-up 26  months [50]. This recur-
rence rate is promising particularly taking into 
consideration that these patients are by definition 
not amenable to resection or other ablation 
modalities. There are scarce data regarding long-
term outcomes of patients undergoing IRE for 
CRLM. There is an ongoing Phase II single-arm 
clinical trial aiming to accrue 29 patients with 
unresectable, centrally located CRLM. The pri-

mary endpoint of this study is treatment efficacy 
defined as percentage of tumors eradicated at 
12  months after IRE [51]. Results of trials of 
these kinds with carefully selected prospectively 
followed patients will be instrumental in further-
ing our understanding of this modality and iden-
tifying patients who can best benefit from this 
novel technique.

 Summary and Conclusions

Different ablative techniques are available for the 
treatment of patients with colorectal cancer liver 
metastases. While complete resection remains 
the standard of care for this patient, these tech-
niques provide good alternatives for local disease 
control in patients that are not eligible for surgery 
because of physiologic restrictions or unresect-
able disease. While thermal ablations (i.e., RFA 
and MWA) have different mechanisms of action, 
both methods induce necrosis by generating 
extreme heat within the tumor and immediate 
surrounding tissue. They are both limited by heat 
sink effect and the risk of injuring neighboring 
structures. While there are no large randomized 
studies directly comparing these two modalities, 
data suggest that MWA may be more effective 
and result in lower local recurrence rates than 
RFA. IRE has been recently applied to the treat-
ment of CRLM; while there is limited data on 
this technique and short follow-up, its ability to 
overcome some of the major limitations faced by 
thermal ablative techniques makes it a very 
promising technique worthy of further study.

Practitioners involved in the care of patients 
with CRLM should be familiar with ablative 
techniques, their ideal applications, limitations, 
and outcomes, as they constitute an excellent 
complement to surgical resection and are thus an 
essential tool in the therapeutic armamentarium.
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 Background

The presence and extent of colorectal cancer liver 
metastases (CLM) are major prognostic factors 
with respect to overall survival. A large percentage 
(25–50%) of patients exhibit liver metastases at the 
time of diagnosis with colon cancer, while approxi-
mately 80% of patients diagnosed with colorectal 
cancer will develop liver metastases on follow-up 
evaluation. A variety of therapies exist for the treat-
ment of for CLM—surgical resection, systemic 
chemotherapy, molecular therapy, and local abla-
tive treatments. Optimal treatment for a given 
patient depends on the biology of the disease, 
which is defined by tumor stage (IVa vs. IVb), tim-
ing, extent of, and pattern of metastases. Additional 
patient factors also play a role in relation to perfor-
mance status and patient preference [1, 2].

Hepatic resection currently constitutes the 
optimal first-line treatment and is discussed in 
detail in a previous chapter. At the time of diag-

nosis, fewer than 20% of patients have resectable 
CLM [3, 4], with 60–80% of those undergoing 
resection developing recurrence of their CLM on 
distant follow-up, of which half have an intrahe-
patic recurrence [5, 6].

The greater than 80% of patients who are not 
candidates for CLM resection at the time of initial 
diagnosis receive systemic chemo- and/or bio-
logic therapy according to current guidelines [1]. 
Currently, 5-fluorouracil (5-FU)-based regimens 
consisting of 5-FU, irinotecan, and/or oxaliplatin 
(e.g., FOLFOX, FOLFIRI, and FOLFOXIRI) 
result in response rates and median overall sur-
vival of 40–57% and 15–20 months, respectively. 
Still, reported 5-year overall survival rates are 
close to 0% [1, 2, 7–12]. The introduction of 
molecular-targeted therapies such as anti-epider-
mal growth factor receptor (EGFR) and anti-vas-
cular endothelial growth factor (VEGF) antibodies 
have further improved outcomes with or after the 
administration of systemic therapies, with ran-
domized control trials showing that the addition 
of a monoclonal antibody to systemic chemother-
apy regimens increased overall survival to more 
than 24 months [1, 13].

Current evidence suggests that systemic che-
motherapy with or without the use of biologic 
agents followed by liver resection is safe and 
effective for selected patients with initially unre-
sectable CLM [14–18]. The use of hepatic  arterial 
therapy to augment the response rates of systemic 
chemotherapy is an enticing concept, as it allows 
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for higher concentration of drugs or radiation 
therapy within a target liver area while decreas-
ing toxicity and adverse effects associated with 
systemic chemotherapy or external beam radia-
tion therapy [19].

 Transarterial Hepatic Embolization

 Rationale

While normal liver parenchyma draws >85% of 
its blood supply from the portal vein, malignant 
liver tumors primarily derive their blood supply 
from hepatic arterial branches [20]. Thus, trans-
arterial drug-eluting beads (chemotherapy or 
radiation therapy) deliver substantially greater 
concentrations of chemotherapy/radiation to the 
liver compared with systemic chemotherapy/
external beam radiation therapy while sparing 
normal liver parenchyma and minimizing both 
hepatic and systemic toxicity [19].

Chemotherapy-associated liver injury 
(CALI)—e.g., sinusoidal obstruction syndrome 
(SOS) and nonalcoholic steato-hepatitis 
(NASH)—limits the duration of cytotoxic ther-
apy and impacts preoperative treatment plans. 
For example, SOS may occur with oxaliplatin 
treatment, with increased severity associated 
with prolonged treatments (>6  cycles). 
Bevacizumab, meanwhile, can be used safely in 
the preoperative setting when discontinued at 
least 4–6 weeks before liver resection and seems 
to decrease the incidence of oxaliplatin-induced 
sinusoidal injury [21].

Since angiogenesis is integral to hematoge-
nous spread of primary tumors as well as growth 
of distant metastases, EGF, VEGF, angiopoietin, 
and cyclooxygenase all represent potential tar-
gets to modulate the arterial blood supply of 
CLM. The exact role of these pathways and tar-
geted biologic therapies with respect to treat-
ment of colorectal cancer remains nebulous. 
While cetuximab and bevacizumab have been 
used in the treatment of ependymoma and glio-
blastoma, respectively, no groups have reported 
transarterial use of biologic agents in treatment 
of CLM [22, 23].

 Reported Techniques

Due to the lack of an evidence-based treatment 
standard, multiple chemotherapeutics and 
embolic agents are used in different combina-
tions and doses [24–26]. Historically, transarte-
rial therapies have been classified as (1) 
conventional transarterial chemoembolization 
(cTACE), (2) degradable starch microscophere 
chemoembolization (DSM-TACE), and (3) 
hepatic arterial drug-eluting bead (HAT-DEB) 
therapy. Today, DSM-TACE and HAT-DEB com-
prise the majority of transarterial treatments for 
CLM.

cTACE involves direct injection of chemo-
therapeutics into the hepatic arterial system fol-
lowed by infusion of a vascular occlusive agent 
(e.g., Gelfoam) to induce embolization. In the 
case of DSM-TACE, one or more chemothera-
peutics (e.g., mitomycin C, gemcitabine, and/or 
irinotecan) are infused concurrently with DSM 
(as an admixture) or immediately prior to infu-
sion of DSM [27, 28]. In both cases, solutions are 
injected directly into the right and left hepatic 
arteries over a period of approximately 10  min 
after gaining access to the arterial circulation via 
the femoral artery. Pre-infusion embolization of 
gastric or duodenal arterial branches is performed 
in situations where there is concern for infusion 
overflow into these vessels. In cTACE, infusion 
of a solution containing a vascular occlusive 
agent is then performed; in DSM-TACE, that 
agent is DSM. cTACE results in permanent arte-
rial embolization, while DSM-TACE causes only 
temporary vascular occlusion since human serum 
amylase dissolves the DSMs. In Europe, avail-
able DSMs (EmboCept S; PharmaCept, Berlin, 
Germany) have a mean microsphere diameter of 
50 μm and a recanalization time of about 60 min. 
Table 18.1 lists various published studies assess-
ing the safety and efficacy of various cTACE and 
DSM-TACE regimens.

With respect to tumor response, the specific 
combination of drug and embolic agent that yields 
an optimal treatment result remains unclear and 
requires assessment with randomized controlled 
studies. The predefined calibration of microsphere 
size allows precise control of embolization depth, 
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as the occluded vessel diameters correspond to 
the nominal diameter of the microsphere. 
Furthermore, in contrast to permanent embolic 
agents, DSMs result in reduced ischemic effects 
and, therefore, less neoangiogenesis. Should 
future randomized trials demonstrate efficacy of 
angiogenesis inhibitors such as bevacizumab in 
the setting of HAT, inclusion of these biologics in 
cTACE or DSM-TACE regimens could further 
address the issue of neoangiogenesis.

 Hepatic Arterial Drug-Eluting Bead 
(HAT-DEB) Embolization

 Rationale

Recently, HAT-DEB has emerged as an increas-
ingly popular embolization-drug delivery tech-
nique. The concept is based on loading permanent 
microspheres with a cytotoxic chemotherapy 
such as irinotecan and doxorubicin. After intra- 
arterial injection of DEBs, the drug is released in 
a controlled manner over a period of hours to 
days within the target tissue [29]. Since the type 
and dose of the chemotherapeutic can be modu-
lated and combined with a particular microsphere 
size and volume, HAT-DEB is gaining significant 
popularity among HAT techniques in the treat-
ment of CLM.

After lobar, selective, or superselective injec-
tion of one or more chemotherapeutic drugs and 
one or more embolic agents into the blood supply 
to liver metastases, chemotoxic and ischemic 
tumor effects are observed. The combination of 
intra-arterial chemotherapy and hemostasis in 
embolized vessels can, however, lead to great 
toxicity and worse adverse effects [19, 30]. Some 
authors believe that halting the progression of 
metastatic colorectal disease can lead to improved 
outcomes, though this has not proven to reliably 
improve overall survival [4, 30–34]. According to 
the current guidelines, and in contrast to hepato-
cellular carcinoma, HAT-DEB is still not recom-
mended as a standard therapy for 
CLM.  Nevertheless, use of this technology for 
treatment of CLM is increasing. Recent studies 

have demonstrated the efficacy of repetitive HAT- 
DEB, placing greater emphasis on drug delivery 
and less on inducing stasis/anoxia in patients 
with liver-dominant CLM after failure of surgi-
cal, ablative, and/or systemic therapies or as an 
induction therapy to induce downsizing of dis-
ease for resection.

 Technique

HAT-DEB is indicated for patients with a life 
expectancy >3 months and an appropriate perfor-
mance status (e.g., Eastern Cooperative Oncology 
Group (ECOG) status ≤2) [20, 24]. Patients must 
have adequate liver function, generally defined as 
bilirubin <3 mg/dL, albumin >3 g/dL, and inter-
national normalized ratio (INR) <1.6. Pre- 
interventional staging within 1  month of 
treatment with high-quality, thin-slice, triphasic 
contrast-enhanced CT or dynamic magnetic reso-
nance imaging (MRI) before conventional cathe-
ter angiography is required to adequately assess 
the intra- and extrahepatic extent of disease.

During the peri-HAT period, analgesics and 
antiemetics can help prophylax against and/or 
treat common therapy-related side effects (pain 
and nausea). In case of large-volume tumors, 
intravenous corticosteroids (e.g., dexamethasone 
250  mg) can effectively treat the tumor edema 
often occurring after HAT-DEB.  Prophylactic 
antibiotics to prevent bloodstream and/or intrahe-
patic infections are recommended only in high- 
risk patients [35].

The correct choice of the catheter position for 
drug delivery and the DEB end point are key fac-
tors for safe and effective treatments. One must 
also consider both the nature and amount of drug 
to be delivered (i.e., number of vials of beads) as 
well as the size, location, and vascularization of 
the liver metastases. Treatment via the right or left 
hepatic artery is used for selective targeting of 
either the right or left lobe of the liver [33, 34, 36]. 
Diagnostic angiography and intra-procedural 
cone-beam computed tomography (CT) can help 
delineate the anatomy of all tumor-feeding arteries 
and allow operators to navigate the microcatheter 

N. Bhutiani and R. C. G. Martin II



221

accordingly. Catheter location is confirmed intra-
procedurally using fluoroscopy.

After HAT-DEB, patients are monitored for 
treatment effect and disease recurrence through 
use of clinical examination, blood tests, and 
contrast- enhanced imaging. Subsequent HAT- 
DEB treatments are commonly required and 
should be scheduled in conjunction with the off 
week of the patient’s systemic therapy, usually 
within 4–6 weeks of initial HAT-DEB, with exact 
timing based on patient tolerance of combined 
therapy. Oftentimes, the right lobe is treated 
twice and the left lobe once over a 10–12-week 
time interval before repeat imaging is obtained to 
assess for radiographic response. Official recom-
mendations such as the Standards of Practice 
Guidelines of the Cardiovascular and 
Interventional Radiological Society of Europe 
(CIRSE) can help to further standardize HAT- 
DEB for colorectal liver metastases [37].

 Technical Success, Complications, 
and Adverse Effects

In key studies of HAT-DEB for colorectal liver 
metastases, technical success—successful cathe-
terization with subsequent selective/superselec-
tive deposition of chemoembolic agents within 
the target region—is close to 100%. Dissection or 
thrombosis of the hepatic artery is extremely rare 
[20]. Temporary vasospasm during catheteriza-
tion is common but can be effectively treated with 
vasodilators (i.e., repetitive transarterial bolus 
injections of 0.25  mg nitroglycerin). Arterio-
portal and arteriovenous shunts should be 
occluded to avoid the risk for nontarget emboliza-
tion. After one or more HAT-DEB cycles, the che-
moembolics can alter the larger tumor- feeding 
arteries. Very small microspheres (e.g., irinotecan- 
loaded microspheres with a diameter of 
40 ± 10 μm) can then be employed to embolize 
the diffuse tumor vasculature, with concomitant 
use of DSMs as need to provide temporary pro-
tective embolization of nontarget liver tissue [38].

The “post-embolization syndrome” was a 
relatively frequent side effect of HAT-DEB and 

comprised one or more of the following: fatigue, 
nausea, vomiting, mild fever, and laboratory 
values indicative of tumor necrosis. Commonly, 
this phenomenon was associated with over- 
embolization (i.e., going to hard stasis), selec-
tive HAT-DEB, and irinotecan-based therapy 
[30]. A recent review compared relevant toxici-
ties of HAT-DEB, cTACE, systemic chemother-
apy (CTx), and hepatic arterial infusion (HAI) 
[20]. For HAT-DEB, cited toxicities were nau-
sea/vomiting (2–55%), hypertension (4–80%), 
liver dysfunction/failure (6%), cholecystitis 
(1%), gastritis (1%), anorexia (3%), abdominal 
pain (0–57%), hematologic toxicity (9–90%), 
fatigue (60%), and alopecia (5–35%). For 
cTACE, toxicities included nausea/vomiting 
(18–83%), fever (13–83%), fatigue (24–60%), 
abdominal pain (82–100%), liver dysfunction/
failure (13–33%), gastritis (17%), neurotoxicity 
(45%), diarrhea (9–31%), hematologic toxicity 
(13–33%), and renal failure (4%). Finally, for 
CTx and HAI, cited toxicities were chemical 
hepatitis (7–15% and 4–79%, respectively), bil-
iary sclerosis (not reported (NR) and 4–21%, 
respectively), peptic/duodenal ulceration (0–3% 
and 0–17%, respectively), gastritis/duodenitis 
(1–7% and 1–21%, respectively), diarrhea (16–
70% and 1–44%, respectively), nausea/vomitus 
(35–46% and 21–61%, respectively), and sto-
matitis (14–87% and 0–76%, respectively). 
Recent reports have outlined appropriate use of 
HAT-DEB in metastatic colorectal cancer, 
which can significantly reduce any and all side 
effects [30, 39].

As previously mentioned, complications of 
HAT-DEB—such as liver abscess and tumor 
rupture—are rare, particularly in experienced 
centers [25–27, 31]. Results of nontarget embo-
lization (e.g., pancreatitis or cholecystitis) can 
be avoided by sufficient evaluation of the arte-
rial anatomy through the use of high- resolution 
angiography or intra-procedural cone- beam CT 
and by using accepted hepatic embolization 
techniques such as flow-mediated embolization 
or balloon protection [24, 30]. In general, the 
procedure can be regarded as safe and well-tol-
erated provided that standard catheterization 
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and modern imaging techniques are used and 
that the appropriate perioperative medications 
are administered.

 Oncologic Outcomes

In summary, HAT-DEB for CLM is usually per-
formed after failure of at least one systemic and/
or surgical therapy. Elsewise, it is performed in 
conjunction with systemic therapy or in the 
period after hepatic resection. HAT-DEB regi-
mens can produce a tumor response rate of 89%, 
a progression-free survival (PFS) rate of 
13.6  months, and an overall survival (OS) of 
>28 months. Original studies assessing efficacy 
along with their relevant characteristics and 
disease- free and overall survival figures are 
detailed in Table 18.2.

Since 2011, a number of review articles 
addressing HAT-DEB for CLM have been pub-
lished [13, 20, 25, 26, 40–43]. Some authors 
emphasize an increased survival benefit and con-
clude that HAT-DEB should be implemented ear-
lier in treatment algorithms for CLM, specifically 
after patients fail first- and second-line systemic 
therapy [13]. Others, meanwhile, state that HAT- 
DEB cannot be definitively recommended for 
unresectable CLM because of the lack of pro-
spective, randomized trials that would allow for 
appropriate comparison with systemic regimens 
[25]. Regardless of their recommendations, all 
authors acknowledge the appeal of evolving 
HAT-DEB techniques but recognize the lack of 
prospective clinical data from randomized trials 
[4, 10, 26–31]. They also agree that the safety 
and toxicity profile of HAT-DEB are comparable 
to or better than that of salvage systemic 
chemotherapy.

In terms of oncologic long-term goals, the opti-
mal timing and utilization of HAT-DEB are based 
on the current disease biology and the short- and 
long-term plan for the patient (e.g., downstage to 
resection, control of chemorefractory disease, 
need for a systematic chemotherapy holiday). 
Thus, the patient’s multidisciplinary team of phy-
sicians should work together at the initial diagno-
sis of disease to establish these goals.

 HAT in Combination with Systemic 
Chemotherapy and/or Surgery

Few studies have reported outcomes of patients 
with CLM after HAT-DEB in combination with 
surgical resection. HAT, including HAT-DEB, 
does not confer additional risk in patients under-
going hepatectomy, with a retrospective study 
showing no differences in postoperative overall 
or liver-specific complication rate or grade [44]. 
Two prospective trials have been performed 
assessing outcomes following HAT-DEB and 
cTACE, respectively, prior to resection [31, 45]. 
In the HAT-DEB study, 55 patients with CLM 
underwent HAI as initial therapy, with 20% of 
patients demonstrating either downstaging or sta-
bility of their disease, thus enabling resection. In 
the cTACE study, 14 patients underwent preop-
erative cTACE, while 9 patients were treated with 
partial hepatectomy alone. Reported OS and 
tumor recurrence rates were 93 and 8% (mean 
follow-up 15.5  months) versus 67 and 67% 
(mean follow-up 17.5  months), respectively. In 
this context, cTACE was not associated with 
increased operating time, transfusion require-
ment, or perioperative complication rates. The 
authors concluded that preoperative cTACE 
reduces a 12-month recurrence rate after curative 
liver resection and may improve overall survival.

Two recent studies have assessed the radiologic- 
pathologic correlation of resection specimens in 
patients who underwent HAT-DEB prior to surgi-
cal resection. The first, a case- control series, 
involved three patients who were treated with HAT-
DEB (DEBIRI; 200 mg irinotecan loaded in a par-
ticle volume of 2 mL (particle size of 100–300 μm) 
(DC Bead; BTG, London, Great Britain)) [46]. 
Pathologic analysis of the surgical specimen dem-
onstrated 0% tumor viability for all targeted liver 
metastases. Nontargeted liver metastases as well as 
those detected at the time of operation also showed 
a response: two in the non-treated contralateral 
liver lobe (30% and 45% tumor viability, respec-
tively) as well as three in the ipsilateral liver lobe 
(0%, 0%, and 60% tumor viability, respectively). 
Such data support the hypothesis that HAT-DEB 
has the potential to treat nontargeted liver metasta-
ses as well as micrometastases. In the second study, 
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22 patients were treated with HAT-DEB for 
4 weeks prior to liver resection [46, 47]. Disease-
free survival was 13.6  months. However, the 
authors noted that the Response Evaluation Criteria 
in Solid Tumors (RECIST) failed to accurately pre-
dict either pathologic response or clinical outcome. 
Thus, clinicians have discussed the use of different 
modalities for response assessment, including 
cone-beam CT, angio-CT, hybrid imaging, and 
biomarkers.

Recent work has demonstrated the therapeutic 
potential of combining transarterial and systemic 
therapies [48]. Fifty-three patients with primarily 
unresectable CLM (defined as at least one of the 
following: >5 liver metastases, bilobar disease, ≥6 
involved segments) were treated with transarterial 
5-fluoro-deoxyuridine and dexamethasone as HAI 
along with systemic oxaliplatin and irinotecan. 
Tumor response rate was 92%, with 47% convert-
ing to resectability. Analogously, HAT- DEB plus 
Xeloda may confer a survival advantage without 
additional toxicity compared with patients under-
going HAT-DEB only (22 versus 13 months) [49].

A recent randomized controlled trial assessed 
the safety and efficacy of DEBIRI with FOLFOX 
and bevacizumab vs. FOLFOX and bevacizumab 
alone [50]. They demonstrated no difference in 
toxicity between the FOLFOX-DEBIRI and 
FOLFOX/bevacizumab treatment arms, a 
6-month ORR of 76 vs. 60% (p = 0.05), a conver-
sion to resectability of 35% vs. 16% (0 = 0.05), 
and a median progression-free survival of 15.3 
vs. 7.6  months. These findings suggest that 
DEBIRI represents a powerful adjunct to first- 
line systemic chemotherapy in patients with 
unresectable CLM, and further studies should be 
undertaken to assess the effects of combining 
HAT-DEB with various combinations of oral and 
systemic agents for the treatment of CLM.

 Yttrium-90 (Y-90) Radioembolization

 Rationale and Patient Selection

Initially described in the 1980s, radioemboliza-
tion represents another locoregional modality for 
the treatment of CLM [51]. Targeted arterial 

injection of Y-90 microspheres results in emboli-
zation and stasis of tumor blood supply as well as 
localized radiation delivery to hepatic tumors. As 
with patients being considered for HAT-DEB, 
candidates for Y-90 therapy should have meta-
static colorectal cancer with liver-predominant 
tumor burden and >3  months life expectancy. 
Absolute contraindications include the potential 
delivery of >30 Gy of radiation to the lung or the 
gastrointestinal tract as a result of the emboliza-
tion procedure. A pretreatment macroaggregated 
albumin (MAA) scan can help determine the 
likelihood of either of these occurrences. Relative 
contraindications include poor baseline liver 
function, persistently elevated serum bilirubin, 
portal venous compromise, and prior hepatic 
radiation therapy. As with HAT-DEB, pretreat-
ment planning should also include contrasted CT 
or MRI, tumor markers, and serum chemistries. 
Furthermore, hepatic arterial flow characteristics 
should be carefully delineated using both pre- 
procedural hepatic angiogram and intra- 
procedural fluoroscopy via percutaneously 
inserted intra-arterial catheters. Protective embo-
lization of feeding blood vessels to the gastroin-
testinal tract should be performed prior to 
radioembolization of the target hepatic lesions to 
protect the gastrointestinal tract from inadvertent 
delivery of Y-90 [52, 53].

 Treatment and Toxicity

Y-90 treatments can be performed in one of three 
ways: whole liver, sequential (treating one 
hepatic lobe followed by the other), and lobar 
(treating only a single lobe of the liver). The opti-
mal treatment varies based on disease burden and 
distribution, baseline hepatic function, and the 
patient’s overall performance status. Projecting 
Y-90 microsphere activity is generally performed 
using the body surface area (BSA) method. 
Dosing can be reduced by as much as 30% to 
account for impaired hepatic function or mar-
ginal hepatic reserve [52, 53].

Toxicity and complications of Y-90 treatment, 
much like DEBIRI, arise from the treatment 
itself, destruction of normal hepatocytes, and 
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aberrant delivery of Y-90 microspheres. Post- 
radioembolization syndrome, an analogue of 
post-embolization syndrome, consists of fatigue, 
nausea/vomiting, cachexia, and/or abdominal 
pain. Incidence ranges from 20 to 70%, though 
symptoms are rarely severe enough to warrant 
hospitalization [54, 55]. Additionally, while 
hepatic dysfunction occurs with 40–60% of Y-90 
treatments, the vast majority is mild (Grade I or 
II) and resolves within 30  days of treatment. 
Factors associated with persistent hepatic dys-
function are repeated radioembolization, prior 
external beam radiation therapy to the liver, and 
elevated pretreatment serum bilirubin and/or 
transaminases [54, 56]. Other sequelae include 
biliary complications such as cholecystitis and 
cholangitis, pancreatitis, and gastroenteritis [57–
59]. These occur in fewer than 5–10% of patients 
and result from aberrant deposition of micro-
spheres into arterial communications with bili-
ary, pancreatic, and/or enteric structures. They 
can be prevented through careful pre-procedural 
assessment of each patient’s arterial anatomy and 
prudent utilization of protective embolization 
prior to deposition of Y-90 beads [54].

 Efficacy and Response Evaluation

The safety and efficacy of Y-90 embolization for 
treatment of chemotherapy–refractory CLM have 
been demonstrated by several groups (Table 18.3) 
[60–67]. Median overall survival ranged from 6.1 
to 14.5  months with an adverse event rate of 
approximately 8% [65]. An increased survival 
benefit was shown in patients experiencing 
decrease in carcinoembryonic antigen (CEA) 
level as well as a response on posttreatment 
imaging [12]. When stratifying by hepatic burden 
of disease (HBD) and number of prior chemo-
therapy regimens, patients with less than 25% 
HBD have significantly greater median OS com-
pared to those with greater than 25% HBD 
(19.6 months vs. 3.4 months, p < 0.001) [66]. On 
multivariate analysis, factors associated with 
decreased OS were age, three or more lines of 
prior chemotherapy, HBD >25%, and higher 
CEA level.

Several groups have investigated the optimal 
means of assessing response to Y-90. A 2007 study 
found that use of combined necrosis and RECIST 
criteria resulted in the highest response rate and 
also detected responses earlier than size criteria 
alone [68]. PET also allowed for greater detection 
of treatment response than CT using RECIST or 
combined criteria. PET in conjunction with CT 
imaging has been shown to detect recurrence ear-
lier after treatment and should be considered a use-
ful tool in posttreatment follow- up of patients 
treated with Y-90 embolization for CLM [69].

Currently, Y-90 beads exist in two forms: glass 
(TheraSphere; MDS Nordion) and biocompatible 
resin (selective internal radiation, SIR-Spheres, 
SIRTeX). Given that SIR-Spheres were developed 
after their glass counterparts, most early studies 
report efficacy using TheraSpheres, while more 
recent studies largely employ SIR-Spheres. Given 
that little data exists to help guide physician selec-
tion of one type of Y-90 bead over the other, a 
recent study compared safety and efficacy in 
patients treated with TheraSpheres and SIR-
Spheres. For patients with CLM, treatment with 
SIR-Spheres was associated with a longer mean 
survival compared to treatment with TheraSpheres 
(26.8 vs. 16.3 months, log- rank = 0097). However, 
it was also associated with a higher incidence of 
Grade III side effects (16.3% vs. 0%). These 
results highlight the need for future prospective 
trials directly comparing these Y-90 embolization 
vehicles in treating patients with CLM.

 Concomitant Use with Systemic 
Chemotherapy, Surgery

As with HAT-DEB, several investigators have 
recently examined the use of Y-90 with systemic 
chemotherapy [70–73]. Combined Y-90 therapy 
with systemic FOLFOX4 in patients with CLM 
resulted in median progression-free survival of 
9.3  months and hepatic-specific progression of 
12.3  months. Rate of conversion to hepatic 
resection was approximately 9% [71]. Two 
groups are currently conducting randomized 
controlled trials assessing Y-90 therapy com-
bined with FOLFOX6  ±  bevacizumab vs. 
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FOLFOX6  ±  bevacizumab alone and OxMdG 
with or without Y-90 therapy for treatment of 
unresectable CLM, with a projected increase in 
PFS from 9.4 to 12.5 months [70, 73].

Finally, with respect to the safety of hepatic 
resection after administration of Y-90, a recent 
series of four patients who underwent Y-90 ther-
apy with good response and subsequently under-
went hepatic resection with or without 
concomitant hepatic ablation reported no hepatic 
dysfunction or hepatic-specific recurrence after 
hepatectomy. Median survival was 2 years [74]. 
As noted by the authors of this study, the utility of 
preoperative Y-90 therapy lies not only in down-
staging patients but also in assessing tumor biol-
ogy, informing prognosis, and guiding therapy.

 Conclusion
Recent years have seen a marked increase in 
the use of HAT-DEB in patients with therapy- 
refractory colorectal liver metastases. The 
emergence of calibrated microspheres, 
together with improvements in DEB technol-
ogy, has enabled physicians to perform both 

HAT-DEB and Y-90 embolization in a highly 
standardized and effective manner. 
Preoperatively, HAT may be used for tumor 
downsizing and conversion to resectability of 
CLM with minimal toxicity and fewer adverse 
effects compared with systemic therapy. In the 
postoperative setting, it may prevent recur-
rence and improve overall survival. However, 
to date, most published studies describe HAT-
DEB and Y-90 use either in the setting of con-
trolled trials with patients who had failed 
first- or second- line chemotherapy or as a sal-
vage intervention for patients who had failed 
multiple previous surgical, ablative, and/or 
systemic therapies. Though the results of a 
randomized trial demonstrating the benefit of 
adding HAT-DEB to first-line systemic che-
motherapy for unresectable CLM have 
recently been published and two similarly ori-
ented trials for Y-90 are currently underway, 
future prospective trials are needed to opti-
mally characterize the efficacy of HAT as 
first-, second-, or third-line and palliative ther-
apy in patients with CLM.

Table 18.3 Original studies of safety and efficacy of Y-90 Radioembolization for CLM

Study/year/
reference

Patients 
(n)

Therapy stage (first line, 
second line, third line, 
>third line)

Radioembolic 
agent

Median 
follow-up 
(months)

Median PFS 
(months)

Median OS 
(months)

Mantravadi 
et al./1982/[51]

15 NR TheraSpheres NR NR NR

Herba 
et al./2002/[64]

37 Second line or beyond TheraSpheres 8 NR NR

Murthy 
et al./2007/[91]

10 Third line or beyond SIR-Spheres 5 NR 5.8

Sharma 
et al./2007/[71]

22 First line SIR-Spheres 
(+FOLFOX4)

NR 9.3 NR

Jakobs 
et al./2008/[65]

36 Second line or beyond SIR-Spheres 7.9 NR 10.5

Mulcahy 
et al./2009/[67]

72 Second line or beyond TheraSpheres 26.2 15.4 14.5

Nace 
et al./2011/[92]

51 Third line SIR-Spheres NR NR 10.2

Lam 
et al./2013/[56]

8 First line or beyond TheraSpheres
SIR-Spheres

24.7 NR 3.1

Gunduz 
et al./2014/[93]

78 NR SIR-Spheres NR 4.4 10.1

Kalva 
et al./2017/[62]

45 Second line or beyond SIR-Spheres 4.9 NR 6.1

Abbott 
et al./2015/[66]

68 First line or beyond TheraSpheres NR NR 11.6
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 Introduction

Colorectal cancer (CRC) is a leading cause of can-
cer death [1]. Approximately 50% of patients with 
CRC will develop liver metastases (colorectal can-
cer liver metastases—CRLM) during their disease 
course, and about one-third of these patients have 
disease that is confined to the liver. Historically, 
CRLM were associated with high mortality rates 
due the lack of effective treatments. With the evo-
lution of liver surgery, resection has come to the 
forefront and is now routinely used in the treat-
ment of these patients. Complete resection is the 
most effective treatment for CRLM and is associ-
ated with a 5-year disease- specific survival of 
approximately 50% [2]. However, only a minority 
of patients (~20%) present with resectable disease. 
In the remaining patients, standard treatment 
involves cytotoxic chemotherapy and targeted 
therapy which are employed with the goal of 
response and disease control aiming at prolonged 
survival and potentially conversion to resectable 

disease. Furthermore, chemotherapy has been 
employed in the adjuvant setting after complete 
resection for CRLM with the aim of improving 
survival and cure rates.

Despite significant improvements, systemic 
chemotherapy has limited efficacy in this 
advanced setting. Modern combination regimens 
yield response rates (RR) around 50% in the first- 
line setting, but this drops to approximately 20% 
or less in the second-line setting. For patients 
with unresectable disease, systemic treatment is 
associated with a time to progression of under 
10  months and a median survival of roughly 
20  months [3]. Hepatic artery infusion (HAI) 
chemotherapy is an attractive alternative for 
regional treatment of liver malignancies that is 
currently used in combination with systemic che-
motherapy and has been demonstrated to have 
significantly higher response rates (RR) than sys-
temic chemotherapy alone. This has resulted in 
an associated substantial improvement in disease- 
specific survival (DSS), as well as rates of con-
version to complete resection [4, 5].

HAI is predicated on the fact that metastatic 
liver tumors derive their blood supply from the 
hepatic arterial circulation [6], whereas the nor-
mal liver has a dual blood supply from both the 
hepatic artery and portal vein. Furthermore, HAI 
therapy takes advantage of the high hepatic 
extraction rate of floxuridine (FUDR) which 
when directly infused into the hepatic artery min-
imizes systemic exposure and toxicity even when 
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administering high doses [7]. This chapter 
reviews the technical aspects of hepatic arterial 
infusion pump (HAIP) placement, as well as the 
outcomes in the adjuvant and unresectable 
settings.

 Technical Aspects

Totally implantable infusion pumps for adminis-
tration of intrahepatic chemotherapy have been 
safely used for many decades [7–10]. The out-
comes of our current placement technique have 
been previously published and shown to have an 
adequate safety profile [11, 12]. In essence, a 
mechanical reservoir with the ability to provide 
continuous or bolus infusion is implanted in the 
abdominal wall. This pump is connected trans-
peritoneally to the hepatic arterial circulation via 
a catheter that is most commonly (see below) 
placed in the gastroduodenal artery (GDA), thus 
allowing direct and exclusive drug delivery to the 
liver via the proper hepatic artery (PHA).

 Placement

After exclusion of extrahepatic disease, the most 
important consideration is each patient’s individ-
ual hepatic vascular anatomy. Approximately 
one-third of patients have anatomical variations 
that impact the placement of the catheter. It is 
thus imperative to obtain and carefully study 
angiographic images (now readily available from 
cross-sectional imaging reconstruction) in every 
patient being considered for HAIP placement. A 
variety of incisions, including right subcostal and 
upper midline, which provide adequate access to 
the porta hepatis, have been used for pump place-
ment. It is important to keep in mind the potential 
for future liver and/or colorectal resections when 
deciding which incision to use.

Once access to the hepatoduodenal ligament is 
gained, a standard cholecystectomy is performed. 
Since the cystic artery originates from the hepatic 
artery branches, it is imperative to perform a cho-
lecystectomy to prevent chemical cholecystitis. 
Next, the hepatic artery and its branches are cir-

cumferentially dissected. In the normal arterial 
configuration, the common hepatic artery (CHA) 
is palpated running anteriorly and to the right, 
parallel to the body of the pancreas. As it 
approaches the hepatoduodenal ligament, the 
CHA bifurcates into the GDA and PHA, which 
are found running parallel and immediately to the 
left of the common bile duct (CBD). The right 
gastric artery, which has a variable origin, is iden-
tified, ligated, and divided. The CHA, PHA, as 
well as the right and left hepatic arterial branches 
are circumferentially dissected, dividing all 
minor branches, and freed for at least 2 cm. It has 
been shown that the majority of post-HAIP place-
ment extrahepatic perfusion originates from the 
right hepatic artery and is within 2 cm of the ori-
gin of the GDA [13]. The GDA is dissected for a 
maximal distance to help with catheter place-
ment. A limited Kocher maneuver, division of 
any small vessels along the supraduodenal area, 
as well as resection of lymph nodes in the porta-
caval space and along the hepatic artery facili-
tates the dissection and minimizes the risk of 
extrahepatic perfusion. Vascular control is 
obtained with rubber vessel loops or vascular 
clamps. It is important to assess competency of 
the celiac axis by clamping the GDA and palpat-
ing pulses in the PHA to rule out critical stenosis 
at the origin of the celiac artery and retrograde 
flow through the GDA (Fig. 19.1).

Fig. 19.1 Common hepatic artery (CHA) and its 
branches are completely dissected in preparation for cath-
eter placement. Modified from Qadan [14], with 
permission
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The GDA is then ligated at its most distal 
aspect, and either the proximal GDA or PHA/
CHA is clamped for vascular control. A trans-
verse arteriotomy is made in the distal GDA with 
an 11-blade scalpel. The previously flushed arte-
rial catheter is inserted into the GDA up to, but 
not beyond, the junction with the hepatic artery. 
It is important to avoid protrusion of the catheter 
into the CHA or PHA, as turbulent flow in this 
location can lead to thrombosis and malfunction. 
Bilobar liver perfusion is assessed by injection of 
diluted methylene blue into the pump which 
should show uniform discoloration of the liver 
surface. This can also be achieved by using fluo-
rescein and a Wood’s lamp. At this point any 
extrahepatic perfusion should be ruled out by 
careful inspection of the duodenum, pancreas, 
and stomach for any sign of discoloration. If 
extrahepatic perfusion is detected, this mandates 
a search for the culprit vessel with further dissec-
tion, ligation, and retesting.

Our experience has shown that the GDA is the 
ideal location for catheter placement regardless 
of the presence of aberrant hepatic arterial anat-
omy. Abnormal anatomy was seen in 37% of 
patients analyzed in our series and was not asso-
ciated with catheter-related complications or 
inadequate pump function or survival. In patients 
with accessory or replaced hepatic vessels, liga-
tion of the aberrant vessel with catheter place-
ment in the GDA universally resulted in complete 
liver perfusion via cross-perfusion from the con-
tralateral hepatic artery. Cannulation of any ves-
sel other than the GDA was associated with 
increased pump-related complications and 
decreased pump survival [11, 12]. Therefore, our 
general rule is to place the pump catheter in the 
GDA and to ligate all replaced/accessory vessels 
in nearly all cases. On rare occasions, one has to 
consider using other conduits for the catheter. 
This includes the right or left hepatic artery or in 
rare situations an anastomosed vein graft to an 
aberrant vessel. In the case where a relevant 
celiac stenosis is found, an attempt at lysing the 
arcuate ligament should be considered. 
Alternatively, the catheter can be placed in the 
CHA up to the level of the GDA and rely on flow 
through the GDA.

One major hurdle for widespread adoption of 
HAI chemotherapy is the need for a laparotomy 
for HAIP placement. The development of mini-
mally invasive techniques for pump placement 
may overcome this barrier. Laparoscopic pump 
placement is feasible but technically challenging 
even in experienced hands and often results in 
conversion to laparotomy given the fine motion 
required for vascular dissection and precise 
placement of the catheter. The use of the robotic 
platform has the potential to overcome some of 
these issues with articulated wrist motion and 
elimination of fine tremor. In a single-center, 
early experience, Qadan et  al. reported on 24 
robotically placed HAIP and compared their out-
comes to patients undergoing open pump place-
ment by the same surgeon and laparoscopic 
placement by another single surgeon at the same 
institution. Technical outcomes and complica-
tions were comparable between the three groups, 
and the conversion to open surgery was lower in 
the robotic than the laparoscopic group (17% vs 
67%) [14]. The authors conclude that robotic 
placement of HAIP is feasible and safe, and this 
report provides support for continued study and 
analysis of this minimally invasive approach.

 Complications

The technical outcomes of HAIP placement were 
evaluated by Allen et al. [12]. The overall pump- 
related complication rate in this report was 22%. 
These were divided between early and late com-
plications which had implications for the likeli-
hood of HAIP salvage. Overall, in nearly half of 
all complications, the HAIP was salvaged, but 
early complications were more likely to be sal-
vaged than late complications (30% vs 70%, 
respectively). Early complications were most 
commonly misperfusions that were correctable 
by angiographic or surgical intervention, while 
late complications were most commonly catheter 
dislodgement or occlusions, or arterial thrombo-
sis for which effective interventions were not 
available. Overall, 12% of patients experienced a 
pump-related complication that deemed the 
pump not usable. In some cases, these occurred 
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after the patient had received therapy. HAI che-
motherapy was discontinued because of a pump- 
related complication in 9% of patients.

Biliary sclerosis (BS) is a well-documented 
late complication of HAI chemotherapy and 
deserves special mention. First described by 
Kemeny et al. in the 1980s, this complication is 
currently estimated to occur in approximately 
5% of patients treated with FUDR and dexa-
methasone. It is more common in the adjuvant 
setting when a liver resection has been per-
formed and is quite uncommon in the unresect-
able setting. The development of postoperative 
infectious complications, as well as the as the 
type and dose of intra-arterial chemotherapy, 
may contribute to the development of BS [15, 
16]. Since it is adequately salvaged by stenting 
or dilation, this complication is not associated 
with worse oncologic outcomes. Biliary sclero-
sis is often suspected by sustained elevation of 
liver function tests, which underscores the 
importance of frequent close monitoring of labo-
ratory values in these patients. It is critical that 
dose reduction algorithms are carefully followed 
during the administration of HAI chemotherapy. 
Of note, in several prospective studies, the addi-
tion of bevacizumab to systemic therapy and 
HAI FUDR resulted in unacceptable rates of 
biliary toxicity, and its use is thus not recom-
mended in this setting [5].

 Postoperative Assessment

Once the patient has recovered from surgery and 
before the initiation of chemotherapy, it is crucial 
to document adequate perfusion of the liver 
through the pump and rule out any extrahepatic 
perfusion. This is achieved by comparison of an 
intravenous technetium-99m sulfur colloid scan 
which defines the liver contour to the same scan 
obtained after injection of 99mTc-labeled macro-
aggregated albumin (MAA) through the bolus 
port of the pump. Incomplete hepatic perfusion 
or extrahepatic perfusion is readily identified 
with this method and should be investigated and 
corrected before initiation of pump therapy 
(Fig. 19.2) [17].

 Hepatic Arterial Infusion 
Chemotherapy in the Adjuvant 
Setting

While complete resection of CRLM is associated 
with long-term survival and cure, at least two- 
thirds of patients experience disease recurrence 
during follow-up. The most common pattern of 
recurrence is liver-only disease (31%), followed 
by lung-only disease (27%). Approximately 30% 
of patients present with multiple sites of recur-
rence, and less commonly, patients recur in other 

Fig. 19.2 The 
liver-spleen technetium- 
99m sulfur colloid scan 
on the left shows the 
normal liver. The 
macroaggregated 
albumin scan on the right 
shows extrahepatic 
perfusion to the 
duodenum and head of 
the pancreas. From 
Motaz Qadan; Nancy 
E. Kemeny in Blumgart’s 
Surgery of the Liver, 
Biliary Tract, and 
Pancreas (Chapter 
99—Regional 
Chemotherapy for Liver 
Tumors), with permission
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single sites (12%). These various patterns of 
recurrence, as well as the timing at which they 
occur after resection, are associated with differ-
ing survival rates [18]. The high recurrence rates 
seen after resection highlight the need for effec-
tive adjuvant therapy in this setting.

Randomized prospective studies evaluating 
systemic chemotherapy regimens in this setting 
have failed to demonstrate improvement in over-
all survival. Mitry et  al. pooled data from two 
prospective phase III trials in an attempt to evalu-
ate the impact of adjuvant 5-fluorouracil chemo-
therapy on survival [19]. This study demonstrated 
marginal improvements in PFS (28 vs 19 months; 
P, 0.058) and overall survival (62 vs 47 months; 
P, 0.095) which did not reach statistical signifi-
cance. In a large randomized controlled trial, 
Nordlinger et  al. reported a marginal improve-
ment of 7% in 3-year PFS for patients who 
received perioperative 5-FU  +  leucovo-
rin + oxaliplatin (FOLFOX4) compared with sur-
gery alone; this difference did not reach statistical 
significance [20]. Long-term follow-up of this 
cohort and assessment of overall survival revealed 
no difference at a median follow-up of 8.5 years. 
The estimated 5-year overall survival rates were 
51% and 48% for patients treated with periopera-
tive FOLFOX4 and surgery alone, respectively 
(P, 0.34) [21]. Furthermore, adjuvant modern 
chemotherapy regimens do not appear to improve 
survival as compared to standard regimens. In a 
randomized trial of adjuvant FOLFIRI versus 

5FU, there was no difference in outcome [22]. In 
a trial comparing adjuvant chemotherapy with 
and without cetuximab, there was also no differ-
ence in outcomes [23].

Four randomized controlled trials have evalu-
ated the impact of HAI chemotherapy after com-
plete resection of hepatic arterial metastases; their 
outcomes are summarized in Table 19.1 [24–28]. 
In a multicenter study conducted in Germany, 
patients were randomized to resection alone vs 
resection  +  HAI with 5-FU  +  leucovorin. This 
trial was halted before complete accrual due to an 
interim analysis that determined futility. Hepatic 
disease-free survival and disease-free survival 
favored patients receiving HAI; however, the dif-
ference did not reach statistical significance. 
Notably, patients in this trial received 5-FU HAI 
which has a low hepatic extraction rate and lower 
efficacy compared with FUDR which is generally 
used in North American trials [26]. Lygidakis 
et al. reported on 122 patients that were random-
ized to receive mitomycin C, 5-FU, and interleu-
kin-2 by both HAI and the systemic route versus 
systemic alone. This trial showed improved over-
all survival at 2  years (92% versus 75%) and 
5 years (73% versus 60%) for the HAI + systemic 
group compared to the systemic- alone group. 
Similarly, DFS and hepatic DFS were signifi-
cantly better for the combined treatment group 
[27]. The intergroup study (ECOG and Southwest 
Oncology Group) randomized patients with up to 
three resectable liver  metastases and adequate 

Table 19.1 Randomized controlled trials of adjuvant HAI chemotherapy for colorectal liver metastases

Hepatic disease-free survival Disease-free survival
Author (year) % 2-year % 5-year % 2-year % 5-year

No. of 
patients HAI Control HAI Control P value HAI Control HAI Control P value

Lorenz  
(1998)a [26]

186 Median (mo) 43 27 NS Median (mo) 20 12.6 NS

Lygidakis 
(2001) [27]

122 90 60 85 50 0.0001 66 48 60 35 0.0002

Kemeny 
(2002)a [24]

75 75 50 70 40a 0.0001 60 40 40 20a 0.03

Kemeny  
(2005) [25]

156 90 60 75 40 0.0001 55 45 40 30 0.02

Modified from Zervoudakis et al. [41]
HAI hepatic arterial infusion, mo months
aControl did not receive adjuvant systemic therapy
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functional status to resection plus adjuvant HAI 
FUDR  +  systemic 5-FU  +  leucovorin versus 
resection alone. At 4  years, recurrence- free sur-
vival (46 vs 25%; P, 0.04) and liver recurrence-
free survival rates (67 vs 43%; P, 0.03) were 
significantly improved for patients receiving HAI 
chemotherapy [24]. Lastly, in a single-institution 
randomized trial, Kemeny et al. randomized 156 
patients with resected CRLM to treatment with 
systemic 5-FU  +  leucovorin vs systemic 
5-FU +  leucovorin + HAI with FUDR. Primary 
end points were overall survival and progression-
free survival at 2 years. Patients in the HAI arm 
experienced better survival at the prespecified 
2-year time point (86% vs 72%; P, 0.03). 
Furthermore, in a subsequent analysis at a median 
follow-up time of 10 years, overall PFS was sig-
nificantly greater in the HAI group (31 vs 
17  months; P, 0.02), as was hepatic RFS (not 
reached vs 32 months; P < 0.01). This trial also 
demonstrated a large difference in median overall 
survival that did not reach statistical significance 
(68 vs 59 months; P, 0.10) [25, 28].

One common argument cited against HAI 
chemotherapy is that the randomized studies that 
justify its use were largely performed in 1990s 
and thus did not included patients treated with 
“modern” systemic chemotherapy. The term 
“modern” chemotherapy refers to regimens 
including oxaliplatin and/or irinotecan (i.e., 
FOLFOX, FOLFIRI, etc.), which were intro-
duced in the early 2000s. In this context it is 
important to recall that adjuvant FOLFOX and 
FOLFIRI were not proven to improve outcomes 
as compared to surgery alone and adjuvant 5-FU, 
respectively (see above) [21, 22]. The use of 
adjuvant HAI in combination with modern sys-
temic chemotherapy has been studied at our insti-
tution in two early phase studies with favorable 
results [29, 30]. In a phase I/II study, 96 patients 
were treated with HAI FUDR/dexamethasone 
plus escalating doses of irinotecan in the adjuvant 
setting. The 2-year survival rate was 89% at a 
median follow-up of 26 months [30]. In a sepa-
rate phase I trial, 35 patients were treated with 
HAI FUDR/dexamethasone with escalating 
doses of oxaliplatin and 5-FU.  With a median 
follow-up of 43 months, the 4-year survival and 

progression-free survival were 88% and 50%, 
respectively [29]. While these studies were not 
designed to detect survival differences, they 
showed promising outcomes and adequate safety 
profile for combined HAI/FUDR and modern 
systemic chemotherapy. Recently, the long-term 
survival of all patients included in four consecu-
tive adjuvant protocols of combined HAI and 
systemic chemotherapy between 1991 and 2009 
was evaluated by Kemeny et  al. [31]. Patients 
treated before 2003 had a median follow-up of 
15  years; 5- and 10-year survivals of 56% and 
40%, respectively; and median survival of 
71  months. Patients treated after 2003 had a 
median follow-up of 9 years and 5- and 10-year 
survivals of 78% and 61%, respectively; median 
survival has not been reached in these patients.

Further evidence supporting the use of HAI 
chemotherapy after complete resection in patients 
with CRLM in the modern era is derived from 
large nonrandomized institutional series that 
evaluate long-term outcomes and factors associ-
ated with survival on these patients. In a retro-
spective analysis, House et al. analyzed patients 
who received HAI FUDR/dexamethasone and 
concurrent modern systemic therapy between 
2000 and 2005 (n = 125) and compared their out-
comes with the latest consecutive cohort of 
patients (n = 125) undergoing complete resection 
of CRLM and receiving only systemic chemo-
therapy including oxaliplatin or irinotecan [32]. 
The cohorts were well-balanced in terms of 
extent of disease and other known prognostic fac-
tors. At a median follow-up of 43 months, adju-
vant HAI FUDR was associated with an improved 
overall and liver RFS, as well as DSS. The favor-
able effect of adjuvant HAI FUDR remained on 
multivariate analysis for all oncologic outcomes 
(liver RFS HR  =  0.34; RFS HR  =  0.65; DSS 
HR = 0.39; all P < 0.01) [32]. The largest institu-
tional experience with HAI for CRLM was 
recently published by our group [33]. In this large 
study spanning 20 years, the impact of adjuvant 
HAI chemotherapy on overall survival was evalu-
ated. This study included a propensity score anal-
ysis matching patients for known prognostic 
factors. A total of 2368 patients were included in 
this analysis (HAI n = 785; no HAI = 1583). At a 
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median follow-up of 55 months, patients treated 
with HAI FUDR had a significantly better OS 
compared with patients without HAI treatment 
(67 vs 44  months; P  <  0.001). This difference 
was nearly identical when only patients receiving 
modern systemic chemotherapy were analyzed 
(n = 1442 - 67 vs 47; P < 0.001). The propensity 
score (adjusting for sex, age, year of resection, 
presence of extrahepatic disease, number of 
treated tumors, size of largest resected tumor, and 
margin status) demonstrated longer OS with 
HAI, 0.67 (95% CI, 0.59–0.76; P  < 0.001). 
Interestingly, a very pronounced difference in 
median OS was found for patients with node- 
negative colorectal cancer (129 vs 51  months; 
P < 0.001) and those with low clinical risk score 
(89 vs 53 months; P < 0.001). Altogether, these 
data provide strong evidence supporting the use 
of adjuvant HAI FUDR in patients with com-
pletely resected CRLM. It is clear that a random-
ized trial evaluating the role of adjuvant HAI/
FUDR is justified.

 HAI Chemotherapy in the Treatment 
of Unresectable Colorectal Liver 
Metastases

While complete resection is associated with 
favorable outcomes in CRLM, the majority of 
patients present with unresectable disease. In this 
setting, chemotherapy is administered aiming to 
achieve disease control and improved survival. 
Furthermore, a subgroup of these patients will 
have enough volumetric response to be converted 
to a resectable state. Patients who achieve com-
plete resection after downstaging with chemo-
therapy are expected to have oncologic outcomes 
that mimic those of patients with extensive but 
resectable disease at presentation [34]. 
Conversion to resectability is thus an important 
goal of chemotherapy for patients with unresect-
able CRLM.

Historically, studies evaluating systemic che-
motherapy report conversion to resection rates 
ranging between 12 and 60% [5, 34]. Such a wide 
range is explained by multiple different trial 
designs with highly variable inclusion criteria, 

definitions of resectability, and what needs to be 
achieved to become resectable. In fact, many tri-
als do not explicitly provide such definitions. 
Furthermore, the true denominator of unresect-
able patients is often not reported, and there is 
heterogeneity in terms of previous treatment 
lines. In a systematic review of prospective stud-
ies published between 1998 and 2013, Jones 
et al. performed a pooled analysis of phase II and 
III trials of systemic chemotherapy for unresect-
able CRLM that reported RR and conversion to 
resectability [35]. A total of 25 studies were iden-
tified (15 single arm and 10 randomized trials). 
Only 20 studies explicitly defined criteria for 
resectability, and only 11 of these mentioned the 
involvement of a liver surgeon in this assessment. 
Furthermore, less than half (4/10) of the RCTs 
included resectability criteria upfront. Of note, 
they found that phase II trials were more likely to 
report high conversion rates (10–59%) than phase 
III trials (4–36%). Response rates in this system-
atic review ranged between 39 and 80% in single- 
arm studies and 33 and 76% in RCTs. For all 
included series, response rate demonstrated a 
strong correlation with rates of conversion to 
resectability (R2 = 0.44, P, 0.008) [35].

We have published several trials of combina-
tion HAI + systemic therapy in the treatment of 
unresectable CRLM [5, 36, 37]. Most recently, a 
phase II prospective trial was specifically 
designed to evaluate conversion to resectability 
as the primary outcome measure. This study pro-
vided strict definitions of irresectability and what 
is needed to be achieved to be considered resect-
able which was determined by consensus between 
two experienced liver surgeons and a radiologist 
with experience in hepatobiliary imaging. The 
initial cohort included 49 patients with a median 
of 14 tumors. Two-thirds of patients were previ-
ously treated. Overall RR was 76% (86% for 
chemotherapy-naïve patients and 67% for previ-
ously treated patients), and 47% of patients 
achieved conversion to complete resection [5]. 
Conversion was the only factor associated with 
prolonged OS and PFS in multivariate analysis. 
This cohort was expanded, and the long-term 
outcomes were analyzed [38]. The expansion 
cohort included an additional 15 patients (total n, 
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64), of which 10 achieved conversion to resection 
for an overall rate of 52% (33/64). At a median 
follow-up among survivors of 81 months, median 
PFS and OS were 12 and 37 months; 5-year-OS 
in the entire cohort was 36%. At last follow-up, 
21 patients were alive and 9 were free of disease. 
However, when only chemotherapy- naïve 
patients were analyzed, the 5-year-OS was 51%. 
Conversion to resection was the only indepen-
dent factor prognostic of improved PFS and 
OS. Furthermore, in a recent analysis of patients 
refractory to at least three standard chemotherapy 
regimens (oxaliplatin, irinotecan, and 5-FU), 
HAI chemotherapy achieved an objective 
response rate of 33% in those with liver only and 
36% in those with liver and low-volume extrahe-
patic disease [39].

A recent meta-analysis evaluated the impact 
of KRAS status and treatment with targeted 
monoclonal antibodies on response and conver-
sion rates. In a pooled analysis of 13 randomized 
controlled trials included in that study, KRAS 
WT (wild type) and treatment with either bevaci-
zumab or cetuximab were associated with RR 
and conversion in patients with unresectable 
CRLM [40]. In our recent experience, patients 
with KRAS WT tumors had improved RR com-
pared to KRAS mutant (68 vs 56%; P, 0.009). 
However, mutational status was not associated 
with a difference in conversion to resection, PFS, 
HPFS, or 5-year OS (41 vs 35%; P > 0.05) [38]. 
This robust data support the use of HAI in 
selected patients who present with unresectable 
CRLM.  Using this proactive treatment strategy 
combining HAI, systemic therapy, and aggres-
sive resection, long-term survival (and poten-
tially cure) can be achieved in this setting.

 Conclusion
Hepatic arterial infusion chemotherapy in 
combination with systemic chemotherapy is 
an extensively studied treatment strategy for 
patients with colorectal cancer liver metasta-
ses. It is based on sound anatomical and phar-
macological principles, and it has been proven 
to be safe. Over the last several decades, mul-
tiple studies have demonstrated improved 
oncologic outcomes in the adjuvant setting 

when compared to surgery alone or systemic 
therapy alone. Furthermore, in patients who 
present with unresectable disease, HAI 
achieves very high response rates (even as sec-
ond or third line), and conversion to resection 
occurs roughly 50% of the time. These patients 
have outcomes that are comparable to those of 
patients who are resectable at presentation and 
have a true chance of cure.
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Patient Selection and Surgical 
Approach to Neuroendocrine 
Tumor Liver Metastases

Kendall J. Keck and James R. Howe

 Introduction

Neuroendocrine tumors (NETs) are slow-
growing neoplasms of the thymus, lungs, stom-
ach, pancreas, small bowel, colon, and rectum 
that have been increasing in incidence, recently 
reported to affect 6.98 persons per 100,000 [1]. 
Many patients with these tumors will present 
with metastases at the time of diagnosis. For 
those diagnosed with gastroenteropancreatic 
NETs (GEPNETs), 50–60% of patients will be 
found to have metastases [2]. GEPNETs are the 
most common source of NETLMs, and up to 
95% of distant metastases in GEPNET patients 
are found in the liver [3].

NETLMs may present as large solitary lesions, 
but most patients have diffuse, bilobar disease 
(Fig.  20.1). Frilling et  al. divided 119 patients 
with NETLMs into three categories: (1) those 
with solitary metastases, which was made up 
19% of their patients; (2) those with isolated 

bulky disease as well as smaller bilobar metastases, 
which was 15% of their cohort; and (3) patients 
with disseminated bilobar disease, which accounted 
for the majority (66%) [4]. This study provided 
insight into the type and extent of disease seen in 
NET patients and illustrates the important fact that 
a large proportion of patients have bilobar 
NETLMs. These findings were similar to those of 
Glazer et  al. and Mayo et  al., who reported 
bilobar disease in 84 of 172 (49%) and 183 of 
309 (60%) of patients, respectively [5, 6]. The 
multiplicity of lesions and the generally long sur-
vival of these patients dictate that any surgical 
approach be carefully planned. Several options 
exist regarding the surgical resection of NETLMs, 
including major hepatectomies, segmentectomy, 
as well as the parenchymal-sparing procedures 
(PSPs) of wedge resection and enucleation. 
Ablative techniques are also effective for cytore-
duction, which include radio-frequency ablation 
(RFA), microwave ablation, and irreversible elec-
troporation. The goal of these interventions for 
NETLMs is to improve symptom control and sur-
vival, while minimizing morbidity. These proce-
dures will often require the use of multiple, 
complimentary techniques. Studies have demon-
strated that use of these strategies results in 
symptom improvement in up to 96% of patients 
[7] and 5-year survival rates ranging from 60 to 
90% [6, 8–10]. These survival rates represent a 
substantial improvement over the 5-year survival 
noted for historical controls, which range from 
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10 to 51% for patients with metastatic NETs, 
depending on the primary site [2, 11, 12].

 Patient Selection

As with any surgical procedure, surgical resection 
of NETLMs should only take place after careful 
patient evaluation, with the type and extent of sur-
gical intervention tailored to each patient. Similar 
to surgical resection for other liver tumors, comor-
bidities such as cirrhosis, atherosclerotic disease, 
pulmonary disease, and functional status should 
be thoroughly assessed prior to any surgery. Liver 
function should also be assessed, and the guide-
lines used for patients undergoing resection for 
hepatocellular carcinoma provide a good frame-
work for this evaluation, requiring patients to lack 
significant portal hypertension, be Child-Pugh 
class A or have a MELD <9, and have serum bili-
rubin <1 mg/dL [13]. Special attention should be 
given to patients who have previously undergone 
PRRT or hepatic artery embolization, and particu-
larly radioembolization, to ensure that they have 
not developed cirrhosis or liver dysfunction sec-
ondary to these therapies.

In 2014, the working group on neuroendocrine 
tumor liver metastases utilized the available data 
to develop criteria that should be met in order for 
patients to be considered for NETLM resection, 
in addition to the more general functional assess-

ments mentioned above. They recommended that 
patients selected for NETLM resection meet the 
following five criteria: (1) WHO tumor grade of 1 
or 2, (2) absence of unresectable extrahepatic dis-
ease, (3) type 1 or 2 NETLMs amenable to R0 or 
R1 resection while maintaining a viable liver rem-
nant of >30%, (4) no advanced carcinoid heart 
disease, (5) and that resections should be carried 
out at tertiary referral centers [14]. This collabora-
tive only considered the evidence with regard to 
formal hepatic resections and did not specifically 
consider PSPs or ablation. Thus, while these rec-
ommendations provide a good basis for judging 
patient suitability for resection, failure to meet all 
of these criteria is not an absolute contraindica-
tion to resection.

Aside from the above criteria, other studies 
have indicated that the percent of liver replace-
ment, number of NETLMs, size of NETLMs, and 
number of NETLMs treated affect prognosis, and 
these factors should also be considered. A 2003 
study by Elias et al. of 47 patients who underwent 
hepatic resection for NETLMs showed a trend 
toward increased survival when the percent of 
liver replacement was <25%, with 5-year sur-
vival rates of 68% for <25% replacement and 
40% for >25% replacement (p  =  0.10) [15]. 
Maxwell et al. expanded on this finding and dem-
onstrated that having more than five or ten lesions 
preoperatively as well as liver replacement >25% 
(as determined by radiologic assessment) was 

a b

Fig. 20.1 (a) T2 MRI sequence in a 53 years old with 
over 20 SBNET metastases to the liver, with this single 
image showing 5 of these lesions. (b) CT with contrast 
showing multiple liver lesions in a patient with a meta-
static SBNET diagnosed 5  years earlier, treated non-

operatively with somatostatin analogues, everolimus, and 
three hepatic embolizations 1.5 year earlier. Note the cen-
tral necrosis of several lesions but peripheral enhance-
ment, indicating viable tumors
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both significantly associated with worse progno-
sis. Their study included 108 patients with 
GEPNETs who underwent resection of NETLMs 
utilizing primarily PSPs [9]. Touzios et al. found 
similar results in 60 patients with NETLMs. 
Using a liver replacement cutoff of 50%, they 
noted that patients with greater than 50% replace-
ment had a 5-year survival of 8%, versus 67% for 
those patients with <50% replacement [16]. In a 
larger study, Ruzzenente and colleagues reviewed 
133 patients undergoing NETLM resection and 
found that the number of NETLMs, grade as 
determined by Ki-67%, and NETLM size <3 cm 
were all independently associated with survival, 
and they used these parameters to construct a 
nomogram to predict prognosis [17]. Frilling 
et al. excluded patients with >70% liver replace-
ment from resection, while Chamberlain et  al. 
reported very poor prognoses for the subset of 
their 85 patients who had >75% replacement and 
noted that they rarely performed surgical resec-
tions on these individuals [4, 18]. Thus, patients 
with >25–50% replacement generally will have a 
worse prognosis, and those with greater than 
50–75% liver replacement need to be even more 
carefully assessed and potentially not be offered 
surgery due to the increased risk of severe liver 
dysfunction and/or death after resection.

Summarizing this information, patients selected 
to undergo NETLM resection should be good sur-
gical candidates (ECOG performance status of 0 
or 1) with low-grade lesions (G1 or G2), lack signs 
of liver dysfunction, have >30% uninvolved rem-
nant liver parenchyma, and a tumor distribution 
amenable to significant cytoreduction. Other 
patient factors to be considered preoperatively 
should be the number of tumors to be treated, their 
distribution, amenability to significant cytoreduc-
tion (70–90%), and the total percentage of hepatic 
replacement. Once a patient is deemed to be a sur-
gical candidate, then the surgeon must plan the 
extent and type of cytoreduction to be performed.

 Extent of Resection

Unlike many other malignancies, the inability to 
completely remove all liver metastases is not a 

contraindication to resection in NET patients. 
Several studies have shown that complete resec-
tion of NETLMs does not confer a survival ben-
efit over incomplete resection [5, 6, 9, 15, 19]. In 
a study of 172 patients undergoing operations for 
NETLMs, Glazer et al. noted no significant dif-
ference in survival between patients who had an 
R0 resection when compared to patients with R1/
R2 resections [5]. This was confirmed by Graff- 
Baker et al., who noted similar survival rates in 
52 patients and statistically similar rates of liver 
progression between those having R0 resections 
and those having R2 resections [8]. A large, 
multi-institutional study of 339 patients came to 
the same conclusion, where they found that 
patients with nonfunctional tumors who under-
went R2 resections had a similar survival as 
patients undergoing R0/R1 resections (p = 0.64) 
[6]. Since R1/R2 resections give comparable 
rates of liver progression and survival, another 
important question is how much cytoreduction is 
needed to provide a survival benefit for patients.

The first mention of a threshold for adequate 
debulking of NETLMs was introduced by 
McEntee et al. in 1990, where in 37 patients, they 
observed that those with <90% debulking were 
less likely to have symptom improvement [20]. 
This was in a time prior to the common use of 
somatostatin analogues, and they were unable to 
identify any factors (including debulking thresh-
old) associated with survival, and these resec-
tions were performed for symptom relief only. 
Subsequent studies from the Mayo Clinic used 
this 90% threshold for patient selection, includ-
ing publications by Que et al. in 1995 (n = 74) 
and Sarmiento et  al. in 2003 (n = 170) [7, 19]. 
Que et al. noted that there was no survival benefit 
for R0 resections but suggested that there was an 
overall survival benefit with resection, while 
Sarmiento et  al. found an improved 5-year sur-
vival of 60% relative to historical controls using 
the same strategy. The Sarmiento study was one 
of the first studies to include asymptomatic 
patients, and the increase in survival reported was 
statistically similar for both those with and with-
out symptoms.

One of the issues with utilizing a threshold for 
cytoreduction that requires 90% of the metastases 
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to be amenable to resection is that 67–90% of 
patients will not be considered for a debulking 
procedure [18]. Subsequently, several centers 
have published results showing improved 5-year 
survival for NET patients undergoing liver resec-
tion without using any specific threshold for deb-
ulking [6, 21–24]. Therefore, this previously held 
threshold of 90% has been called into question, 
and it is possible that lower levels of cytoreduc-
tion may still provide benefit. One of the first 
studies that sought to address the use of a 
decreased debulking threshold was Graff-Baker 
et  al., who found similar recurrence rates in 
patients having cytoreduction percentages of 
70–90%, 90–99%, and 100%, using primarily 
PSPs. They reported 5-year disease-specific sur-
vival of 90% in their 52 patients, with no differ-
ences between these three levels of cytoreduction 
[8]. The 70% threshold was more thoroughly 
examined by Maxwell et al. in their analysis of 
108 patients undergoing NETLM resection 
whose extent of cytoreduction ranged from <50 
to 100%. Utilizing primarily PSPs, they demon-
strated that patients who had >70% of their 
NETLMs debulked (64% of all patients) had sig-
nificantly improved progression-free survival 
(PFS, median 3.2 vs. 1.3  years; p  <  0.01) and 
overall survival (OS, median not reached vs. 
6.5 years; p < 0.01) versus those with <70% cyto-
reduction. Those with >90% cytoreduction (39% 
of patients) had a PFS of 4.4 years vs. 1.3 years 
for those with <90% (p = 0.05), but the OS differ-
ence was not significant (not reached vs. 
6.1 years; p = 0.14). Lowering of the cytoreduc-
tion threshold allowed 102 of 142 patients (76%) 
to undergo debulking procedures in this study 

[9]. Therefore, if one believes that cytoreduction 
prolongs survival in patients with NETLMs, then 
reducing the target for cytoreduction from 90 to 
>70% will increase the number of patients who 
might benefit from these procedures.

In this pursuit of improved survival, it is 
important to recognize that many patients with 
NETLMs can have relatively long survival on 
medical therapy and minimizing morbidity and 
mortality is paramount in these patients. One also 
needs to recognize that recurrence rates are 
extremely high, 94% at 5 years in the report of 
Mayo et  al. [6], and therefore these procedures 
are not curative. Proper patient selection and 
minimization of operative risk are very important 
in providing benefit to patients with NETLMs.

 Anatomic Liver Resections

In order to achieve the 90% resection threshold 
that was believed to be necessary for NETLM 
management, many surgeons performed large 
resections such as hemihepatectomies in their 
attempt to accomplish adequate cytoreduction. 
While formal hepatic resections can be per-
formed laparoscopically by some, most surgeons 
prefer an open approach given the extent of dis-
ease in most patients. The open approach is pre-
ferred in order to gain better access to all tumors, 
as well as to allow for concurrent resection of the 
primary tumor(s) and nodal metastases 
(Fig.  20.2). Use of formal hepatic resections in 
the treatment of NETLMs can result in high lev-
els of debulking, but it also often results in higher 
rates of complications and/or mortality.

a b c

Fig. 20.2 (a) Transverse view of central liver lesion in a 
patient with NET of unknown primary. (b) Coronal view of 
the central liver lesion. (c) Transverse CT 30 months postcen-

tral liver resection with no evidence of liver recurrence. The 
patient was found to have a small bowel primary at explora-
tion, which was removed at the time of liver resection
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In their retrospective review of 47 patients 
undergoing formal hepatic resection for NETLMs, 
in which they found no survival difference based 
on resection status (R0 vs. R1 vs. R2), Elias et al. 
reported a complication rate of 45% and a 5% 
mortality rate [15]. They also demonstrated an 
improved 5-year overall survival of 71%. This 
was in a group of patients where 31 of 47 (66%) 
of patients underwent resection of >3 segments, 
while the remainder underwent resection of 3 or 
fewer segments, and 5 of 47 (11%) patients also 
had RFA performed. These complication and 
mortality rates were concerning, raising the ques-
tion of whether less extensive, parenchymal-spar-
ing techniques could also provide benefit.

In Sarmiento and colleagues larger cohort of 
170 patients, 91 (54%) underwent resection of 4 
or more segments, and the remainder had resec-
tions of <4 segments or underwent wedge 
 resection [7]. They were able to demonstrate 
symptom control in 96% of their patients and a 
5-year overall survival rate of 61%. The compli-
cation rate in this series was 21.1%, and the mor-
tality was 1.2%. They also found that despite 
these large resections, the majority of patients 
(143 of 170; 84%) had disease recurrence within 
5 years. In the multi-institutional series of Mayo 
et al., the mortality rate was 0.4% for patients with 
functional tumors and 1.1% for patients with non-
functional tumors [6]. While the majority (329 of 
339; 97%) had resection of 2 or more liver seg-
ments, 66 (19%) of those patients also had abla-
tion performed, and 10 patients (3%) had ablation 
only. The 5-year PFS for all patients was 5.9%, 
while the PFS for those patients only having abla-
tion was 4.5%. The high rate of recurrence and the 
preservation of survival benefit with R1 and R2 
resections invited the question of whether exten-
sive resections are necessary and whether PSPs, 
including ablation, may be equally effective. In 
order to address this question, several studies 
sought to determine the efficacy of PSPs.

 Parenchymal-Sparing Procedures

Parenchymal-sparing procedures provide a 
means of cytoreduction that address the liver 

lesions while preserving normal liver. Since most 
patients with metastatic disease will die of liver 
failure, it makes sense to try and preserve as 
much normal liver as possible. Since the distribu-
tion of lesions in most patients is bilobar and 
multifocal, one often needs to combine several 
techniques in the treatment of patients with 
NETLMs, including PSPs, which include wedge 
resection, enucleation, and ablation. Similar to 
formal liver resections, laparoscopic approaches 
can be performed, but the majority of cases are 
done in an open fashion because of the presence 
of multiple of lesions and concurrent resection of 
the primary tumor.

 Wedge Resection

Wedge resections utilize nonanatomic margins in 
order to resect tumors, with the advantage being 
that just the lesion and a small amount of normal 
liver are resected. The borders of resection are 
commonly marked on the liver capsule using 
electrocautery, and dissection is carried out using 
any number of devices, such as Aquamantys, 
Cavitron Ultrasonic Surgical Aspirator (CUSA), 
water dissection, and other methods to reduce 
blood loss (Fig. 20.3).

In a study of 52 patients undergoing resection 
of NETLMs, Graff-Baker et  al. described the 
efficacy of wedge resection [8]. They utilized the 
technique in 51 of 52 (98%) patients in their 
study with 15 of those 51 patients also undergo-
ing an anatomic hepatic resection. They found 
that they could achieve 90% disease-specific sur-
vival at 5 years with the type of resection having 
no effect on survival and younger age being the 
only factor independently associated with worse 
survival. Another technique, which removes even 
less normal liver parenchyma and can also be 
applied to individual lesions, especially those 
near the surface of the liver, is enucleation.

 Enucleation

Enucleation is a useful method for NETLM 
removal due to the fact that most tumors are firm 

20 Patient Selection and Surgical Approach to Neuroendocrine Tumor Liver Metastases



248

and push normal liver tissue away rather than 
infiltrate the adjacent liver. This allows one to 
remove these lesions at the tumor-liver interface 
with minimal normal liver tissue resected. With 
this technique, recurrence of NETLMs is rare 
even though the resection margins are always 
positive. This method is most readily accom-
plished in tumors located on or near the liver sur-
face. Enucleation is usually performed using 
cautery to essentially carve out lesions at the 
edge of the lesion-liver junction with hemostasis 
being achieved by argon beam and/or sutures 
(Fig. 20.4).

A 2016 study by Maxwell et  al. presented 
their results in 80 small bowel and 28 pancreatic 
NET patients undergoing treatment of NETLMs, 
with the majority undergoing wedge resection, 
enucleation, and/or ablation (97 of 108; 90%) 
[9]. They also included radio-frequency or micro-
wave ablation in their parenchymal-sparing 
approaches, with 70 of the 97 patients also hav-
ing some ablative technique used. They were able 
to demonstrate increased median progression- 
free (3.2 years) and overall survival (not reached) 
for patients undergoing >70% cytoreduction. 
This study reported a major complication rate of 

a b

Fig. 20.3 (a) Wedge resection of liver lesion; scoring of 
the liver capsule around the lesion. This is the larger lesion 
seen on the MRI in Fig. 20.1a. (b) Final stage of excision 

with ligation of a hepatic vein branch after dissection of 
liver tissue with Aquamantys device

a b

Fig. 20.4 (a) Surface NETLM amenable to enucleation. 
The liver capsule around the lesion has been scored with 
electrocautery. The gallbladder fossa after cholecystec-
tomy is at the left, and a previous enucleation site is seen 

on the right. (b) NETLM completely enucleated. Note the 
white edge of the tumor and color (and texture) difference 
relative to the normal liver parenchyma
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only 13%, which was lower than the complica-
tion rates of 21, 23, and 26% previously described 
by Sarmiento, Landry, and Chambers, respec-
tively [7, 9, 22, 23]. This study showed that PSPs 
could be done with good results in terms of sur-
vival and postoperative complication rates, which 
are generally higher for major resections. 
Furthermore, there were no mortalities reported 
in the Maxwell, Landry, or Chambers studies, 
which are important for patients with NETs, as 
they can still live a long time even without 
intervention.

 Ablative Techniques

Radio-frequency ablation (RFA) utilizes alternat-
ing current passed through a probe to create heat. 
This heat is produced at the edges of the tines of 
the probe. The probe is inserted into the center of 
the tumors and the tines gradually advanced out-
ward as the target temperature is reached. The 
goal is to induce cell death and coagulative 
necrosis within the tumor while sparing the sur-
rounding normal parenchyma. This technique is 
commonly used as an adjunct to other techniques 
and can be used to treat multiple lesions through-
out the liver. It is vulnerable to the heat-sink 
effect, where the edge of tumors along the major 
blood vessels remains cooler than the rest of the 
tumor and may not achieve the temperature 
required for inducing cell death.

Akyildiz et al. investigated the long-term out-
comes for the use of RFA in the treatment of 
NETLMs, which they performed laparoscopi-
cally in a cohort of 89 patients [25]. The majority 
of patients (65 of 89; 73%) underwent a single 
RFA treatment, while 19 patients (21%) under-
went 2 RFA treatments, 4 underwent 3 treat-
ments, and 1 patient underwent 4 RFA procedures. 
They were able to improve symptoms in 97% of 
these patients having RFA, which is similar to 
studies of surgical resection. The 5-year overall 
survival after the first RFA procedure was 57%, 
and the complication rate was 5.6%, with one 
mortality. Roughly 60% of these patients demon-
strated new hepatic lesions or extrahepatic dis-
ease during follow-up, and the 5-year recurrence 

rate was 84%, which the authors argue and dem-
onstrate the need for extrahepatic disease 
control.

Fairweather and colleagues performed a retro-
spective review of 649 patients with NETLM, of 
whom 58 underwent NETLM resection and 28 
underwent RFA. They found that while the 5-year 
overall survival for patients undergoing RFA 
(84%) was better than that for patients who 
underwent chemoembolization (55%, n  =  130) 
and systemic therapy (58%, n = 316), it still fell 
short of the 5-year survival for those patients who 
underwent surgical resection (90%, p  <  0.001) 
[10]. These findings, along with observations of 
Akyildiz, indicate that while RFA may improve 
survival, it may have the most impact when used 
in conjunction with surgical resections as 
reported in other studies. A summary of the stud-
ies and their use of ablative techniques and resec-
tions can be found in Table 20.1.

Ablation can also be performed utilizing 
probes that generate microwaves (Fig.  20.5). 
Microwave ablation (MWA) functions similar to 
RFA in that it creates heat, which in turn 
destroys tumor cells. Although both methods 
induce thermal destruction, MWA has several 
advantages over RFA, including increased intra-
tumoral temperatures, faster ablation time, and 
decreased heat-sink effect [26]. Groeschl et al. 
reported a multi-institutional experience of 473 
MWA procedures, of which 61 were for 
NETLMs. In the subset of patients with 
NETLMs, there was a local recurrence rate of 
3%, a median recurrence- free survival of 
33 months, and a median OS of 92 months [27]. 
For most surgeons, the decreased ablation time, 
reduction of heat-sink effect, and effectiveness 
of therapy have made MWA the preferred abla-
tive therapy for NETLMs at this time.

Irreversible electroporation (IRE) is a more 
recently developed method of ablation. This tech-
nique utilizes high-voltage electrical fields in 
order to induce cell membrane damage in the 
tumor cell and subsequent cell death. This is per-
formed using a single needle (bipolar electrode) 
or multiple (at least two) unipolar electrode nee-
dles. The advantage of this technique is the abil-
ity to treat tumors adjacent to blood vessels or 
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Table 20.1 Summary of studies addressing the surgical management of NETLMs [5–10, 15, 21–25, 35–40]

N Surgical procedures Survival
Postoperative 
morbidity*

Postoperative 
mortality

Elias, 2003 47 Minor resection: 34%
Major resection: 66%
Ablation: 10.6%

5-year OS: 71% Major and 
minor: 45%

5%

Sarmiento, 
2003

170 Major resection: 54% 5-year OS: 61% Major and 
minor: 21.1%

1.2%

Boudreaux, 
2005

82 Resection +/− 
ablation: 100%

4-year OS:
No NETLM or 
unilateral disease: 
89%
Bilobar hepatic 
disease: 52%

Major and 
minor: 56%

2.4%

Osborne, 
2006

Surgical: 61
Embolization: 
59

NR Median survival:
Curative: 
50 months
Palliative: 3 months
Embolization: 
24 months

Surgical: 3.3% Surgical: 
1.7%

Hibi, 2007 21 Resection: 100% 5-year OS: 41% Major only: 19% 0%
Landry, 2008 Surgical: 23

Nonsurgical: 
31

Major resection: 70%
Wedge resection: 17%
Major + wedge: 13%
Ablation: 17%

5-year OS:
Surgery: 75%
No surgery: 62%

Major only: 26% 0%

Chambers, 
2008

Surgical: 30
Nonsurgical: 
33

Major resection: 23%
Wedge resection: 57%
Ablation: 53%

5-year OS: 74% Major only: 23% 0%

Elias, 2009 16 Major resection: 56%
Minor resection: 44%
Ablation: 100%

3-year OS: 84% Major only: 47% 0%

Glazer, 2010 172 Resection: 73.3%
Ablation alone: 10.5%

5-year OS: 77.4% Major and 
minor: 22.1%

0%

Akyildiz, 
2010

89 1 Ablative procedure: 
73%
2 Ablative procedures: 
21%
3 Ablative procedures: 
4.5%
4 Ablative procedures: 
1.1%

5-year OS: 57% 
(after 1st 
procedure)

5.6% 1.1%

Mayo, 2010 339 Resection: 77.6%
Ablation: 2.9%
Resection + ablation: 
19.5%

Median OS
1st operation: 
125 months
2nd operation:
141 months from 
1st operation
89 months from 
2nd operation

NR NR

Norlen, 2012 162 Resection: 35.2%
Ablation: 42%

5-year OS:
Resection: 86%
RFA: 94%
No debulking: 53%

Major only: 
1.9%

Resection: 
1.8%
Ablation: 
2.9%

Taner, 2013 94 Minor resection: 81%
Major resection: 19%
Ablation: 100%

5-year OS: 80% Local 
complication in 
1 patient

0%

Boudreaux, 
2014

189 Resection: 72%
Ablation: 31%

5-year OS: 87% Major only: 13% 7%
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major bile ducts with less risk of injury. 
Implementation has been limited by the high ini-
tial cost of equipment, cardiac side effects 
(arrhythmias), and the inability to treat larger 
tumors. Early results of IRE treatment of several 
types of liver metastases in 44 patients (including 
3 NETLMs) reported by Cannon et  al. demon-
strated a 12-month local recurrence-free survival 
(LRFS) of 59.5% and trend toward higher recur-
rence with tumors >4 cm and use of a percutane-
ous approach [28]. Niessen et  al. published a 
series of 65 tumors (3 NETLMs) treated with 
IRE and demonstrated an increased 12-month 
LRFS of 75% [29]. Of note, Niessen excluded 
those patients with resectable tumors, multifocal 
hepatic lesions, and cardiac disease. Niessen 
et  al. performed all IRE treatments percutane-
ously, while Cannon and colleagues performed 
76% of their cases percutaneously. This is in con-
trast to the studies of the other ablative modalities 

where the majority of procedures were performed 
in an open fashion with a small proportion per-
formed laparoscopically. Percutaneous 
approaches are possible with all of the mentioned 
ablative techniques, but given that most patients 
with NETLMs have multiple lesions and possibly 
synchronous primary tumors, open approaches 
are usually preferred (or laparoscopic in selected 
cases). Percutaneous ablative techniques are dis-
cussed in more detail in a subsequent chapter.

 Liver Transplantation

In patients with diffuse hepatic disease who are 
not candidates for effective surgical cytoreduc-
tion, there remains another option: liver trans-
plantation. The Milan criteria and ENETs 
guidelines provide a framework for the selection 
of NETLM patients for liver transplantation. 

Table 20.1 (continued)

N Surgical procedures Survival
Postoperative 
morbidity*

Postoperative 
mortality

Graff-Baker, 
2014

52 Formal resection: 31%
Wedge resection: 98%

5-year PFS: 64% NR NR

Maxwell, 
2016

108 PSP only: 95%
PSP + major resection: 
4%
Major only: 1%

5-year OS: 72% Major only: 13% 0%

Fairweather, 
2017

86 Resection: 67%
Ablation: 33%

5-year OS:
Resection: 90%
RFA: 84%

NR NR

*The calculation of the morbidity rate was calculated as the total number of complications divided by the total number 
of patients. Major morbidity included complications that would fall into the Level III and IV classifications in the 
Clavien-Dindo classification system

a b c

Fig. 20.5 (a) Microwave ablation device within a needle 
guide attached to an intraoperative ultrasound probe. (b) 
Microwave ablation probe traversing the NETLM; yellow 
dotted lines indicate different potential paths within the 

ultrasound needle guide. (c) Microwave ablation proceed-
ing at 100 W after 1 min. Note that white (hyperechoic) 
area reflects boiling within the ablation zone
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These require that patients are <55  years old, 
have had their primary tumor removed, have no 
extrahepatic disease on advanced imaging 
(DOTATOC/DOTATATE, SPECT/CT-SRS, PET/
CT), have Ki-67 <10% (ENETS), have <50% 
liver involvement (Milan), and have had stable 
disease for 6 months [30, 31].

In 2015 Fan et al. performed a review of the 
available studies reporting results of liver trans-
plantation for NETLMs. They identified a total of 
706 patients, 514 of which came from 3 large 
series. These studies combined demonstrated a 
5-year disease-free survival rate of 30% and 
overall survival of 50% [32]. Mazzaferro et  al. 
sought to determine if there was a survival advan-
tage in 88 consecutive patients who were candi-
dates for transplant as determined by the Milan 
criteria [33]. A total of 42 patients underwent 
transplant, while the other 46 were treated with 
other modalities. After propensity matching 
patients in both groups, they identified that 
patients undergoing transplant had significantly 
better survival and that the transplant-related sur-
vival benefits at 5 and 10  years were 6.82 and 
38.4  months, respectively. They found a 5-year 
survival rate of 97.2% for transplanted patients 
versus 50.9% for non-transplanted patients. 
Norlen et  al. examined their patients under 65 
who had small bowel primary tumors and 
NETLMs and who underwent multimodality 
treatment (n  =  78) and observed that those 
patients who met the Milan criteria (n = 33) had a 
5-year OS of 97%, which is similar or better than 
the survival for patients undergoing liver trans-
plant [34]. Thus, the use of liver transplantation 
for patients with NETLMs is an option, but allo-
cation of organs to a population of patients who 
have long survival with other treatments and the 
possibility that immunosuppression will activate 
occult extrahepatic disease are factors which 
have limited its use.

 Conclusion
Patients with NETs often present with 
NETLMs upon initial evaluation. Resection of 
NETLMs in appropriately selected patients 
(those who do not have high-grade tumors, 
extensively replaced livers, or severe comor-

bidities) results in improved symptoms and 
prolonged survival in the majority of patients. 
The required extent of resection to provide 
benefit is still a matter of debate, but recent 
studies suggest that at least 70% cytoreduction 
should be performed in order to achieve a sur-
vival advantage. This can be achieved by for-
mal anatomic hepatic resections or 
parenchymal- sparing procedures such as 
wedge resection, enucleation, and ablations. 
Parenchymal-sparing procedures should be 
considered when possible given the decreased 
risk of these procedures, preservation of nor-
mal liver parenchyma, and nearly universal 
recurrence rates regardless of the method used 
for cytoreduction. Liver transplantation is an 
option for a small subset of patients with low-
grade tumors and diffuse hepatic disease who 
are not otherwise candidates for resection and 
who meet several very specific criteria.
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Liver-Directed Therapies 
for Neuroendocrine Metastases

Erica S. Alexander and Michael C. Soulen

Neuroendocrine tumors (NET) have historically 
been considered rare tumors, comprising about 
0.5% of all malignancies [1]. In spite of the rela-
tive rarity of NET, the incidence of diagnosis has 
been rising, which is thought to be secondary to 
increased detection [2]. According to Surveillance, 
Epidemiology, and End Results data, the inci-
dence of NET rose from 1.9 to 5.25 cases per 
100,000 people between 1973 and 2004 [3]. NET 
comprise a heterogeneous group of malignancies 
that arise from neuroendocrine cells throughout 
the body and are characterized by their ability to 
synthesize and secrete hormonally active poly-
peptides [4]. The clinical course of NET is vari-
able, with some tumors having an indolent course 
and others exhibiting aggressive behavior.

At the time of diagnosis, 46–93% of patients 
with NET have synchronous hepatic metastases 
[5]. The presence of hepatic metastases is the 
single most important prognostic indicator of 
survival in patients with NET, with an associated 
5-year survival rate of 0–40% [4, 6, 7]. Although 
no study has compared therapies for liver metas-

tases to natural history alone, local therapies such 
as resection and embolization appear to increase 
the 5-year survival rates as compared to historical 
controls [8–10]. Choice among the various liver-
directed therapies is largely dictated by localiza-
tion and the degree of tumor burden [8, 11]. 
When metastases are confined to a single hepatic 
lobe or two adjacent segments, surgery is consid-
ered the treatment of choice [11–13]. However, 
complete excision of NET liver metastases is 
only feasible in about 10–20% of patients pre-
senting with metastatic disease [5, 14]. For 
patients with diffuse and/or multifocal disease, 
treatment options have included liver transplanta-
tion, non-curative surgical debulking, medical 
therapy, ablation, hepatic artery (chemo)emboli-
zation, and radioembolization [15–19]. This 
chapter discusses minimally invasive therapies, 
including tumor ablation and transarterial thera-
pies, utilized by interventional radiologists to 
treat NET liver metastases.

 Tumor Ablation

Tumor ablation involves the percutaneous, lapa-
roscopic, or open surgical placement of an abla-
tion applicator into a tumor. Ablation utilizes 
thermal energy to create controlled coagulation 
necrosis of malignant cells. For the purpose of 
this chapter, we will discuss the percutaneous, 
image-guided approach to tumor ablation, which 
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utilizes either ultrasound, computed tomographic 
(CT), or magnetic resonance (MR) guidance. The 
three mainstays of ablation therapy are radiofre-
quency ablation (RFA), microwave ablation 
(MWA), and cryoablation (CA). Ablation is pri-
marily utilized for palliation of carcinoid symp-
toms and management of recurrent disease in 
patients with a limited tumor burden.

 Ablation Modalities

 Radiofrequency Ablation

RFA is the most researched ablation modality for 
the treatment of NET metastases to the liver. It 
utilizes high-frequency alternating current that 
passes from an electrode into surrounding tissues 
to create frictional heating of tissues to tempera-
tures between 60 and 100 °C. The goal of RFA is 
to produce instantaneous protein coagulation 
with irreversible damage to mitochondria and 
cytosolic cell enzymes [20, 21].

The largest study to date evaluating RFA for 
NET metastases to the liver evaluated 34 patients 
with a total of 234 metastases. Relief of symp-
toms was achieved in 95% of patients, and 41% of 
patients showed no evidence of progression [22]. 
Several other retrospective studies have observed 
symptom relief in patients treated with RFA for 
NET liver metastases [23–25]. Wessels et al. eval-
uated a small series of patients with unresectable 
NET liver metastases treated with RFA and noted 
that one of the three patients was able to discon-
tinue octreotide therapy and the other two patients 
were able to decrease their dosages [24]. A recent 
study, evaluating multiple modalities in the treat-
ment of liver metastases related to NETs, noted a 
median overall survival of 160 months in patients 
treated with surgical resection compared to 
123 months for those treated with RFA [26].

 Microwave Ablation

MWA utilizes alternative electromagnetic micro-
waves to produce rapid oscillation of water mol-
ecules. The molecules flip several billion times 

per second, which produces frictional, cytotoxic 
heating [27]. MWA may be superior to RFA in 
treating larger tumors, as it has broader energy 
deposition, a larger zone of active heating, 
achieves higher intratumoral temperatures, 
larger ablation volumes, faster ablation times, 
and is less susceptible to cooling from surround-
ing vessels [28–30]. There are no dedicated 
publications evaluating MWA in the treatment 
of NET metastases; however, several papers 
have shown promising safety and efficacy of 
MWA in the treatment of metastatic liver lesions 
[29, 31–36].

 Cryoablation

Cryoablation relies on alternating freeze-thaw 
cycles to create osmotic shifts that result in cel-
lular membrane rupture and cell death. 
Advantages of cryoablation include the creation 
of an ice ball, which can be visualized intraproce-
durally and is a surrogate for ablation zone size. 
Cryoablation preserves the collagenous struc-
tures within the parenchyma, making it safe to 
use near major vessels and bile ducts.

There are several small studies in the surgical 
literature evaluating cryoablation in the treatment 
of NET metastases to the liver [37–39]. The larg-
est series to date by Seifert et al. evaluated the use 
of intraoperative cryotherapy in 13 patients with 
NETS. Twelve of the treated patients were alive 
and mostly asymptomatic at 13.5 months, and all 
patients with elevated preoperative tumor mark-
ers saw a fall of >85% posttreatment [38].

 Patient Selection

Percutaneous image-guided ablation is generally 
considered best suited for nonsurgical patients 
with metastases less than 3  cm [40, 41]. Local 
failure rates increase as tumor size increases; 
however, several studies have shown that combi-
nation therapy with transarterial therapy can 
prove beneficial in the treatment of larger liver 
lesions [42–47]. Additionally, larger tumors can 
be adequately treated with the use of altered 
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 ablation parameters, including increasing the 
number of ablation antennae or applicators, 
increasing the treatment time, or utilizing MWA 
to achieve larger treatment sizes [48, 49].

There is no absolute upper limit for the num-
ber of hepatic tumors that can be ablated; how-
ever, for patients presenting with more than four 
tumors, there is a high probability of occult 
malignancy [50]. Contraindications to ablation 
include uncorrectable coagulopathy, liver failure, 
uncorrectable proximity to critical structures, or 
widely metastatic disease [41]. Caution should be 
used when treating patients with bilioenteric 
anastomoses, as studies have demonstrated an 
increased risk of developing liver abscesses and 
sepsis [51–54].

Prior to treatment, an interventional oncolo-
gist should assess patient’s health and treatment 
history. Laboratory tests, including a complete 
blood count, creatinine level, coagulation profile, 
liver function panel, and relevant tumor markers, 
should be obtained [50]. Additionally, recent 
cross-sectional imaging should be reviewed for 
treatment planning and as a baseline to assess 
posttreatment response.

 Procedure

To reduce the risk of sedation-related aspiration, 
all patients are instructed to fast overnight, prior 
to the procedure. Patients who take cardiac or 
hypertension medications are instructed to take 
their medications as directed. Those patients with 
diabetes should take half of their morning insulin 
dose. Patients should stop anticoagulant medica-
tions 2–7  days prior to ablation. Given that 
patients with NET can exhibit the release of vaso-
active hormones during ablation, patients should 
be premedicated with somatostatin analogs prior 
to ablation to avoid a carcinoid crisis [55]. 
Preoperative administration of octreotide can 
reduce the incidence of carcinoid crisis and 
should be used in patients with a history of carci-
noid crisis. If a carcinoid crisis occurs intra-pro-
cedurally, the blood pressure should be supported 
with infusion of plasma and octreotide [11, 
56–58].

Percutaneous ablation is generally performed 
as an outpatient procedure with the use of intra-
venous moderate sedation or monitored anesthe-
sia care. Heat-based ablation therapies, such as 
RFA and MWA, are associated with greater pain 
and may require deeper sedation with general 
anesthesia. Vital signs, including pulse oximetry 
and electrocardiogram, are monitored throughout 
the procedure.

Ultrasound is an efficient modality for abla-
tion guidance for those tumors that can be sono-
graphically visualized. Of note, the echogenic 
steam generated during the procedure can 
obscure the tumor and liver parenchyma, making 
targeting of subsequent activations difficult. CT 
generally provides the best depiction of the target 
tumor and the antenna or applicator, but the CT 
gantry can make probe positioning difficult and 
the procedures generally take more time. MR 
guidance can be used at institutions with MRI-
compatible ablation equipment. Regardless of 
modality, dynamic contrast-enhanced imaging is 
helpful to guide ablation and provide immediate 
assessment of efficacy.

Prior to the procedure, the skin is prepped and 
draped in a sterile fashion, and lidocaine is 
injected at the skin. For tumors adjacent to criti-
cal structures, such as adjacent organs, the body 
wall, or diaphragm, hydrodissection can be per-
formed. This involves direct infusion of dextrose 
solution or saline into the peritoneum, to create 
artificial ascites, which protects structures from 
thermal injury and is also associated with 
decreased post-procedure pain [59, 60].

The ablation parameters, including the num-
ber of probes and number of activations, are 
intended to achieve a total ablation zone that 
extends 5–10  mm beyond the periphery of the 
tumor. A consideration for treatment is the prox-
imity of the tumor to surrounding veins, as blood 
vessels near or within the treatment zone can cre-
ate perfusion-mediated cooling, also referred to 
as the “heat sink effect,” which can hinder com-
plete tumor eradication [61–63].

After treatment, the probe(s) are removed, and 
post-procedure imaging can be obtained to evalu-
ate for hemorrhage or complications and to deter-
mine if the targeted tumor was treated. Typical 
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CT features of a successful ablation on immedi-
ate posttreatment imaging include an area of low 
attenuation completely covering the tumor, as 
well as a 5–10 mm rim of ablated hepatic paren-
chyma around the treated tumor [64–66]. It is 
important to note that the immediate inflamma-
tory response associated with ablation can result 
in significant perilesional enhancement. For 
patients with persistent pain or post-procedural 
complications, inpatient admission can be 
considered.

 Treatment Follow-Up

In the immediate post-procedure period, patients 
should be monitored for possible complications. 
In general, ablation is very well tolerated, with 
major complication rates of 5–12% in several 
large studies evaluating RFA in the treatment of 
liver metastases [23, 67]. Complications can 
include carcinoid crisis, liver abscesses, bilio-
pleural fistulas, bile leakage, pleural effusion, 
postablation syndrome, and liver failure.

Clinical and laboratory assessment and triple-
phase enhanced imaging should be performed 
1 month after treatment to monitor for complica-
tions and to determine if the treatment was tech-
nically successful. Subsequent imaging follow-up 
should be performed at 3-month intervals for 
12 months thereafter. A complete lack of enhance-
ment in the ablation zone and evidence of the 
postablation coagulation volume covering the 
index lesion are indicative of a technically suc-
cessful ablation. Residual or recurrent disease 
most often occurs in the periphery of the ablation 
zone and generally presents as distortion and/or 
enhancement of the otherwise smooth interface 
with the liver parenchyma [64, 68, 69].

 Transarterial Therapy

Transarterial therapies, including transarterial 
embolization (TAE), transarterial chemoemboli-
zation (TACE), and radioembolization (TARE), 
exploit the vascular nature of NET. Liver metas-
tases are fed primarily by the hepatic artery, 
while healthy liver parenchyma is predominantly 

supplied by the portal venous system [70]. 
Current NANETS, ENETS, and NCCN guide-
lines recommend transarterial therapies in 
patients with unresectable NET metastases with 
symptoms related to tumor bulk, excess hormone 
production, and/or progression of disease [71].

 Transarterial Embolization

TAE therapy delivers targeted embolic agents to 
tumor microvasculature, resulting in blood vessel 
occlusion, which promotes tissue infarction and 
necrosis. TAE has been shown to improve bio-
physical markers, palliate symptoms, and reduce 
radiographic tumor burden [72, 73]. Embolic 
agents used include cyanoacrylate, gel foam par-
ticles, polyvinyl alcohol, and microspheres. It 
remains debatable if the addition of cytotoxic 
drugs to embolics is superior to bland emboliza-
tion alone [74–77]. A multicenter, retrospective 
review of 100 patients treated with TAE versus 
TACE, revealed no difference in overall survival, 
symptom improvement, morbidity, or mortality 
between treatment groups [76].

 Transarterial Chemoembolization

TACE delivers high doses of targeted chemother-
apy and embolic agents to intrahepatic tumors, 
while sparing healthy surrounding parenchyma. 
Most NET metastases are treated using doxorubi-
cin or streptozotocin, although the latter regimen 
requires general anesthesia due to significant 
pain during hepatic intra-arterial injection [78–
80]. Some reports have suggested that drug-elut-
ing beads (DEBs) are associated with increased 
complications, including bilomas and liver 
abscesses [81–83]. The drug(s) selected for 
TACE are combined with Lipiodol, an ethyl ester 
of iodized fatty acids of poppy seed oil, to form 
an emulsion. Embolic agents are injected after 
the Lipiodol TACE mixture. Embolics slow drug 
efflux from the hepatic circulation, which 
increases the delivered drug concentration, dura-
tion of delivery, and rate of tumor necrosis [84, 
85]. In general, patients undergo two sequential 
TACE procedures, performed 2–8  weeks apart. 
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For localized disease demonstrating incomplete 
necrosis on posttreatment imaging, the second 
session targets the same lobe or subsegmental 
location. For patients with bilobar disease, each 
lobe is targeted in two separate sessions.

Chemoembolization using Lipiodol has been 
used for over 30 years and has shown significant 
efficacy in treating NET metastases and associ-
ated carcinoid syndrome [75, 86–90]. Bloomston 
et al. conducted one of the largest single-center 
studies, evaluating TACE in 122 patients with 
metastatic carcinoid tumors.

Median follow-up was 21.5 months, and 94% 
of patients showed either no evidence of tumor 
progression or stabilization of disease on post-
treatment imaging. TACE was associated with a 
significant reduction in pancreastatin levels, and 
symptom improvement was reported in 92% of 
patients. A lack of symptom improvement corre-
lated with a lack of radiographic evidence of tumor 
regression. The median progression-free survival 
after TACE was 10.0 months and the median over-
all survival was 33.3  months. Complications 
occurred in 23% of patients, and there were six 
periprocedural deaths, which were related to mul-
tisystem organ failure, gangrenous cholecystitis, 
myocardial infarction, and carcinoid crisis [89]. 
The MD Anderson group evaluated prognostic 
factors for progression-free survival in patients 
with NET liver metastases who underwent bland 
embolization or transarterial chemoembolization 
and concluded that those patients with carcinoid 
tumors, compared to pancreatic NET, had a longer 
cumulative survival, better radiologic response 
rate, and a longer median progression-free sur-
vival. The only independent risk factor for mortal-
ity in carcinoid patients was male gender. Poor 
predictors for survival in patients with pancreatic 
NET included a persistent primary tumor, ≥75% 
tumor liver involvement, and the presence of bone 
metastases [87].

 Transarterial Radioembolization

TARE is a catheter-directed, targeted cancer 
treatment that uses high-dose radiation selec-
tively delivered to the tumor microvasculature. 
The technology utilizes 90Yttrium (90Y) micro-

spheres, which are pure beta emitters that deliver 
high doses of targeted radiation therapy in a short 
radius around each microsphere.

Several studies evaluating SIRT in the treat-
ment of NET liver metastases have shown that 
the therapy has a substantial and durable biologic 
and morphologic response rate [91–95]. Kennedy 
et al. conducted a multi-institution retrospective 
study that evaluated 148 patients with unresect-
able NET metastases treated with 90Y. Complete 
or partial response to treatment was demonstrated 
in 63.2% of patients, and the median survival was 
70 months [95]. In another study evaluating 34 
patients with liver metastases related to NET 
treated with SIRT, the mean overall survival was 
29.4  months, and chromogranin A levels 
decreased to 50%, with a sustained response last-
ing 30 months [94].

 Patient Selection

Patients should be evaluated by an interventional 
oncologist prior to treatment. All patients should 
undergo evaluation of cross-sectional abdominal 
imaging, thoracic imaging, complete blood 
counts, hepatic function panels, coagulation pro-
file, creatinine levels, and tumor markers.

Patients receiving transarterial therapies must 
have sufficient portal vein inflow to allow for 
hepatic artery occlusion. Relative contraindica-
tions include greater than 50% of liver volume 
being replaced by tumor, lactate dehydrogenase 
greater than 425  IU/L, aspartate aminotransfer-
ase greater than 100  IU/L, and total bilirubin 
greater than 2.0 IU/L [96, 97]. Absolute contrain-
dications to embolization include hepatic enceph-
alopathy and jaundice [84]. Presence of a 
bilioenteric anastomosis or stent increases the 
risk of postembolization liver abscess or 
cholangitis.

Prior to TARE, patients are required to have a 
celiac angiogram to map the vascular supply to 
the liver and identify any aberrant vasculature to 
the gastrointestinal tract that may need to be 
avoided or embolized. 99Technitium macro-albu-
min is infused intra-arterially into the selected 
hepatic artery, and the patient then has a single 
photon emission computed tomography (SPECT) 
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scan to evaluate for shunting to the lungs or gas-
trointestinal tract. The 99Technitium imaging is 
intended to avoid unintentional infusion of radio-
active materials outside of the targeted treatment 
zone, as radiation pneumonitis or enteritis are 
highly morbid complications. Several recent 
studies have indicated that a high lung shunt 
function (>10%) is associated with lower overall 
survival [98, 99].

 Procedure

All patients are instructed to fast overnight prior 
to the procedure. Preoperative medication 
instructions are identical to those provided to 
ablation patients. At our institution, patients are 
admitted to the hospital the morning of the proce-
dure. An intravenous (IV) line is placed and IV 
hydration is initiated, along with prophylactic 
antibiotics (cefazolin, 1  g; metronidazole, 
500  mg) and antiemetics (ondansetron, 24  mg; 
dexamethasone, 10  mg; diphenhydramine, 
50 mg). Prophylactic use of somatostatin analogs 
is recommended to avoid a carcinoid crisis.

Embolization procedures start with visceral 
arteriography for treatment planning. This is 
designed to identify the hepatic vasculature, 
patency of the portal vein, and location of tumors 
[84]. For TAE and TACE, the embolic regimen is 
injected into the selected artery until near com-
plete stasis of flow is achieved. For TARE, radio-
embolics are not infused until stasis of blood flow 
is achieved, as cell death through radiation 
requires normal oxygen tension [100].

Embolotherapy is performed as selectively as 
possible, particularly for patients with a single or 
localized tumors. A microcatheter is placed into 
segmental or subsegmental tumor-feeding arter-
ies. For patients with widespread disease involv-
ing an entire lobe, lobar treatment is required. 
Many institutions administer intra-arterial lido-
caine between each aliquot of drug and/or 
embolic to help alleviate pain.

Immediately after the procedure, patients 
receive vigorous intravenous hydration, antibiot-
ics, and antiemetic and pain medications as 
needed. Patients receiving TAE/TACE at our 

institution are admitted to an observation unit and 
are discharged the next morning if they have ade-
quate oral intake and pain is controlled. TARE is 
performed on an outpatient basis due to the low 
rate of postembolization syndrome.

 Treatment Follow-Up

The most frequent complication association with 
embolization is postembolization syndrome, 
which is marked by fever, abdominal pain, leuko-
cytosis, transaminitis, and hyperbilirubinemia. 
Postembolization syndrome is generally self-lim-
ited; the risk may be minimized by treating a sin-
gle lobe per session over several sessions [101, 
102]. Major treatment complications include gall-
bladder necrosis, liver infarction or insufficiency, 
hepatorenal syndrome, pancreatitis, liver abscess, 
biloma, gastrointestinal ulceration or hemorrhage, 
and aneurysm formation [8, 103]. Complications 
unique to TARE can result from nontargeted 
delivery of radioactive materials to other organs 
and include pneumonitis, cholecystitis, gastroin-
testinal ulcer, pancreatitis, and biliary injury [104, 
105]. In the literature the incidence of nontarget 
embolization ranges from 0 to 24%; these compli-
cations can be incredibly morbid for patients [95, 
106–110]. Scrupulous evaluation of the vascular 
anatomy on pretreatment angiography is essential 
to help minimize these risks.

Patients should be followed up post-procedure 
with clinical, laboratory, and radiologic exams, to 
assess tumor response and to identify any com-
plications. Cross-sectional imaging should be 
performed 1 month after treatment and then every 
3 months subsequently. There is no clear consen-
sus by which to evaluate the response of transar-
terial treatments for metastatic lesions to the 
liver; however, most institutions use a combina-
tion of World Health Organization (WHO), 
Response Evaluation Criteria in Solid Tumors 
(RECIST), modified RECIST (mRECIST), and/
or European Association for the Study of the 
Liver (EASL) guidelines [111–113]. Assessment 
of tumor response should take into account target 
index lesion size and the presence of necrosis 
[114, 115].
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An early imaging feature of TARE is the pres-
ence of a fibrotic, enhancing capsule around the 
lesion; this should not be mistaken for residual 
tumor [115]. In the 8–12  weeks after TARE, 
completely treated tumors should undergo 
shrinkage. Also, the surrounding parenchyma 
undergoes atrophy as a result of hepatic fibrosis 
and capsular retraction of the treated lesion; this 
atrophy, particularly after lobar treatments, 
results in a compensatory hypertrophy of the con-
tralateral lobe. Other common imaging features 
after TARE include perfusion abnormalities in 
the treated lesion and hypoattenuating perivascu-
lar edema near the hepatic and portal veins [116].

 Conclusion
The high incidence of patients with NET pre-
senting with inoperable hepatic metastases 
necessitates a broad range of treatment 
approaches to help improve patient outcomes. 
Minimally invasive interventional oncology 
procedures have been used for several decades 
and have shown promising efficacy in the 
treatment of carcinoid-related symptoms and 
in the overall survival of treated patients. 
Thermal ablation and transarterial therapies 
are important tools in the armamentarium of 
NET treatment and should be integrated with 
other surgical, systemic, and supportive 
therapies.
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 Introduction

Gastroenteropancreatic neuroendocrine tumors 
(GEP-NETs) are a rare, heterogeneous group of 
cancers with increasing incidence. As expected, 
the prognosis for patients with metastatic disease 
is worse than for those with localized disease. 
The use of systemic therapy is only indicated in 
patients with metastatic disease, and treatment 
options depend on tumor grade and site of the 
primary tumor. Somatostatin analogues are the 
mainstay of treatment in grade 1 and grade 2 
intestinal neuroendocrine tumors, and their com-
bination with targeted therapies, liver-directed 
therapies, and peptide receptor radionuclide ther-
apy has resulted in extended overall survival. 
Treatment options for grade 1 and grade 2 pan-
creatic NETs include somatostatin analogues, 
liver-directed therapy, targeted therapies, cyto-

toxic chemotherapy and peptide receptor radio-
nuclide therapy. Grade 3 neuroendocrine 
carcinomas are aggressive and associated with 
poor survival. While systemic chemotherapy is 
the mainstay of therapy for patients with this dis-
ease, the data for effective therapies in this dis-
ease are very limited, and clinical trials assessing 
chemotherapy regimens are ongoing.

 Epidemiology and Clinical 
Presentation

Gastroenteropancreatic neuroendocrine tumors 
are rare malignancies; however they have 
demonstrated increasing incidence over the 
last few decades. A retrospective study of the 
Surveillance, Epidemiology, and End Results 
(SEER) database reported that from 1973 to 
2007, the incidence of GEP-NETs in the United 
States increased from 1.00 per 100,000 to 3.65 
per 100,000 [1]. This phenomenon may be the 
result of increased awareness of the disease 
among physicians and improved diagnostic 
testing.

As diagnostic tools improve, it is increasingly 
evident that GEP-NETs represent a heteroge-
neous group of cancers, arising from neuroendo-
crine cells throughout the gastroenteropancreatic 
system and demonstrating a range of histopatho-
logic features and clinical behavior. In an attempt 
to lessen ambiguity in defining neuroendocrine 
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neoplasms, the World Health Organization 
(WHO) published a classification scheme in 
2010, stratifying GEP-NETs based on their pro-
liferation rate (Table 22.1) [2].

In addition, GEP-NETs demonstrate a range 
of clinical manifestations. Functional tumors can 
produce symptoms related to hormone secretion, 
whereas nonfunctional tumors do not secrete hor-
mones but can be symptomatic due to tumor bulk 
[3]. Functional tumors arising from the midgut 
(jejunum, ileum, appendix, proximal colon), also 
called carcinoids, may result in carcinoid syn-
drome. These patients have symptoms related to 
increased serotonin production including flush-
ing and diarrhea [4]. Symptoms often develop 
after the tumor is metastatic, and patients with 
bulky liver disease have an increased risk of 
developing cardiac carcinoid, a rare syndrome 
characterized by the right-sided endocardial 
deposition of fibrous plaques [4]. A small propor-
tion, approximately 10%, of pancreatic NETs are 
also functional and can produce a variety of 
symptoms based on the type of cell involved and 
hormone produced [5]. Such tumors may include 
gastrinomas, VIPomas (vasoactive intestinal pep-
tide), glucagonomas, insulinomas, and 
somatostatinomas [3]. Treatment strategies for 
these tumors are directed toward symptom con-
trol as well as antiproliferation.

Among all types and grades of tumor, the 
presence of metastatic disease is common, par-
ticularly involving the liver. At diagnosis, an esti-
mated 40–50% of tumors are already metastatic, 
likely due to the indolent behavior of many GEP-

NETs [6, 7]. As would be expected, the presence 
of metastasis is a poor prognostic factor, with pri-
mary tumor site and tumor grade also carrying 
prognostic significance [8, 9]. In a retrospective 
SEER database study of 35,618 patients, those 
with metastatic disease had a markedly worse 
median overall survival (OS) as compared with 
those with localized disease. Patients with meta-
static well-differentiated tumors had a signifi-
cantly worse median OS of 33  months as 
compared to 223 months in patients with local-
ized disease. Among patients with poorly differ-
entiated tumors, median OS was 5  months in 
patients with metastatic disease as compared to 
34 months in patients with localized disease [9]. 
In addition, pancreatic neuroendocrine tumors 
(PNETs) carry a worse prognosis than intestinal 
primary tumors, with a median OS of 24 months 
in metastatic PNETs and 56 months in those with 
metastases from a small bowel primary [9].

Given that patients with metastatic disease 
do not have a curable condition, there is ongo-
ing investigation for effective treatment strate-
gies. While curative surgery is available for 
resectable tumors and may at times be used in 
patients with metastatic disease to debulk tumor 
burden and/or provide palliative benefit, multi-
modality therapy for unresectable or metastatic 
tumors is aimed at controlling symptoms and 
prolonging life. Treatment modalities for each 
group of tumors are discussed in detail below. 
Table  22.2 summarizes the major phase II/III 
studies, and Table  22.3 summarizes ongoing 
clinical trials.

Table 22.1 2010 WHO classification scheme

WHO class Definition Ki-67 index (%) Mitotic count (per 10 hpfa) Grade
1 NETb ≤2 <2 G1

2 NET 3–20 2–20 G2
3 NECc >20 >20 G3
4 MANECd N/Ae N/A N/A
5 Hyperplasia/dysplasia N/A N/A N/A

ahpf high-powered field
bNET neuroendocrine tumor
cNEC neuroendocrine carcinoma
dMANEC mixed adeno-neuroendocrine carcinoma
eN/A not applicable
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Table 22.3 Ongoing clinical trials

Type of 
study

Estimated 
completion 
date

Estimated 
enrollment

Patient 
population Treatment arms

Primary 
endpoint

NCT01841736
(A021202)

Phase II Dec 2016 165 G1/G2 GI 
NETs

• Pazopanib
• Placebo

PFSa

NCT01824875
(E2211)

Phase II Jul 2017 145 Advanced 
PNETs

• Temozolomide
• Temozolomide + capecitabine

PFS

NCT02820857 Phase II Jan 2020 124 G3 NEC, 2nd 
line setting

• FOLFIRI + bevacizumab
• FOLFIRI

OSb

NCT02113800 Phase II Feb 2018 40 G3 NEC, 2nd 
line setting

• Everolimus AEc

NCT02595424
(EA2142)

Phase II Jan 2018 126 G3 NEC, 1st 
line setting

• Temozolomide + capecitabine
• Cisplatin + etoposide

PFS

aPFS progression-free survival
bOS overall survival
cAE adverse effects

 Grade 1 and 2 Gastrointestinal 
Neuroendocrine Tumors

 Somatostatin Analogues

Grade 1 and grade 2 gastrointestinal neuroendo-
crine tumors, also called carcinoids, are slow-
growing cancers generally unresponsive to 
cytotoxic chemotherapy, and the mainstay of 
treatment is somatostatin receptor inhibition. 
Given their high levels of expression on intestinal 
NETs, somatostatin receptors are a natural target 
for somatostatin analogues and provide benefit in 
the form of both symptom relief for functional 
tumors and antiproliferative benefit [10]. The 
binding of somatostatin to its receptors on the 
tumor surface results in the inhibition of sero-
tonin production by the tumor. While the body 
does produce somatostatin, the therapeutic use of 
endogenous somatostatin is limited by its half-
life, as it is rapidly inactivated [10]. Octreotide 
was the first synthetic somatostatin analogue and 
was eventually developed into a long-acting 
repeatable (LAR) octreotide acetate. Octreotide 
and other somatostatin analogues are effective in 
controlling hormone secretion from functional 
NETs and thus were initially approved for symp-
tomatic management of carcinoid syndrome.

In addition to symptom control, octreotide has 
an antitumor effect in well-differentiated midgut 

carcinoids. The PROMID phase III trial random-
ized 85 patients with treatment-naïve well-differ-
entiated metastatic midgut NETs to receive either 
octreotide LAR or placebo [11]. This approach 
demonstrated a benefit in median progression-
free survival (PFS) of 14 months in the octreotide 
group versus 6 months in the placebo group (HR 
0.34, 95% CI 0.20–0.59, p = 0.000072). A sub-
group analysis suggested no difference in time to 
progression between patients with a functional 
and a nonfunctional tumor (HR 1.38, 95% CI 
0.81–2.37, p = 0.24). This study overall reported 
an antitumor benefit for octreotide in both func-
tional and nonfunctional well-differentiated met-
astatic midgut NETs, and as a result, it is the 
current frontline standard of care therapy for 
treatment of this disease [12].

To further evaluate the antiproliferative bene-
fit of somatostatin analogues in a broader group 
of well-differentiated NETs, lanreotide was 
tested in patients with nonfunctional tumors in 
the phase III CLARINET trial [13]. A total of 
204 patients with an advanced grade 1 or 2 NET 
of the pancreas, midgut, hindgut, or unknown 
origin were randomized to receive lanreotide or 
placebo. A clear benefit in median PFS was 
shown in the lanreotide group (median PFS not 
reached) versus 18 months in the placebo group. 
Eighty-eight patients continued on an open-label 
extension study and ultimately showed a median 
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PFS in the lanreotide group of 32.8 months [14]. 
Of note, this study included more patients with a 
large hepatic tumor volume compared with the 
PROMID study. Positive results from this study 
confirmed that treatment with a somatostatin ana-
logue could be initiated as treatment for patients 
with well-differentiated NETs arising in a pri-
mary site beyond just the midgut and also in 
patients with either a functional or nonfunctional 
tumor. Patients harboring a large tumor volume 
in the liver also derived survival benefit.

 Targeted Therapies

The mammalian target of rapamycin (mTOR) path-
way has been implicated in neuroendocrine tumor 
pathogenesis [15]. As such, everolimus, an oral 
inhibitor of mTOR, has been studied extensively as 
a treatment option in G1 and G2 NETs. An initial 
phase II study combining everolimus and octreotide 
showed a modest response rate of 20% in 60 patients 
with carcinoid and PNETS [16]. The combination 
was further evaluated in RADIANT-2, a phase III 
trial that randomized 429 patients with previously 
treated advanced carcinoid to everolimus plus 
octreotide or placebo plus octreotide [17]. The 
median PFS for the everolimus group compared 
with the placebo group was 16.4  months versus 
11.3 months; however this did not achieve statistical 
significance (HR 0.77, 95% CI 0.59–1.00, 
p = 0.026). RADIANT-4 was subsequently designed 
to test everolimus as a monotherapy in patients spe-
cifically with nonfunctioning tumors. A total of 302 
patients with previously treated G1 and G2 non-
functional NETs of intestinal and lung origin were 
randomized to everolimus or placebo [18]. Median 
PFS was 11 months in the everolimus group com-
pared with 3.9 months in the placebo group (HR 
0.48, 95% CI 0.35–0.67, p < 0.00001), confirming a 
role for everolimus in nonfunctioning low- to inter-
mediate-grade NETs of the lung and GI tract.

 Interferon-Alpha

Interferon (IFN) was first studied as a therapeu-
tic strategy in neuroendocrine tumors in the 

1980s, when it was becoming clear that cyto-
toxic agents were largely ineffective. Interferon-
alpha was felt to be a promising antiproliferative 
agent, but its use was limited by its toxicity. A 
phase II trial enrolling patients with progressive 
well-differentiated GI and pancreatic NETs 
showed that pegylated-interferon-alpha (PEG-
IFN) produced a partial response or stable dis-
ease in 13 of 17 patients, with no grade 3 or 4 
toxicities [19]. Interest in combining interferon 
with octreotide and comparing it to new anti-
angiogenic targeted agents led to the SWOG 
0158 study. In this phase III trial, 427 patients 
with an advanced G1 or G2 NET were random-
ized to octreotide plus IFN versus octreotide 
plus bevacizumab. Although there was a higher 
radiographic response rate in the bevacizumab 
group compared with the interferon-alpha group 
(12% versus 4%), there was no PFS difference 
between the two treatment arms (HR 0.93, 95% 
CI 0.73–1.18, p = 0.55). While one arm did not 
appear superior to the other, given that inter-
feron-alpha and octreotide both have activity in 
this disease entity, this study suggested that bev-
acizumab and interferon-alpha likely have simi-
lar antitumor activity [20].

 Peptide Receptor Radionuclide 
Therapy (PRRT)

With the many attractive features of somatosta-
tin analogues—an effective antiproliferative 
agent, an effective therapy for reducing hor-
mone-mediated symptoms, a tumor-specific tar-
geted therapy, and the ability to use radiolabeled 
somatostatin analogues to visualize NETs radio-
graphically—peptide receptor radionuclide 
therapy (PRRT) was developed as a treatment 
strategy in carcinoids. PRRT was initially stud-
ied using [111In-DTPA0]octreotide, the radiola-
beled somatostatin analogue used for the 
octreotide scan. Unfortunately, tumor responses 
with this agent were uncommon [21]. However, 
interest in this modality continued as more radio-
labeled somatostatin analogues were developed. 
[90Y-DOTA0,Tyr3]octreotide showed promise 
in inducing partial and complete remissions 
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[22–24], and the newest radiolabeled soma-
tostatin analogue, [177Lu-DOTA0,Tyr3]octreo-
tate, showed similar activity but less hematologic 
toxicity than [90Y-DOTA0,Tyr3]octreotide in a 
phase I/II trial comparing the two [25–27]. 
PRRT utilizing [177Lu-DOTA0,Tyr3]octreotate, 
or 177Lu-Dotatate, ultimately showed a progres-
sion-free survival benefit over octreotide in the 
phase III NETTER-1 study [28]. In this trial, 
229 patients with well-differentiated (Ki-
67  <  20%) metastatic midgut NETs, with the 
presence of somatostatin receptors confirmed by 
octreotide scan and progression on previous 
octreotide LAR, were randomized to 
177Lu-Dotatate plus octreotide LAR 30 mg ver-
sus high-dose octreotide LAR 60 mg alone. At 
the time of initial analysis, the 20-month pro-
gression-free survival rate was 65.2% in the 
177Lu-Dotatate group (95% CI 50.0–76.8) versus 
10.8% in the control group (95% CI 3.5–23.0), 
with the median PFS not yet reached in the 
177Lu-Dotatate group and 8.4 months in the con-
trol group (HR 0.21; 95% CI 0.13–0.33, 
p  <  0.0001). The response rate, a secondary 
objective, was 18% in the PRRT group vs 3% in 
the octreotide alone group (p < 0.001). The most 
common adverse effects in the PRRT group 
were nausea (59%) and vomiting (47%), com-
pared with the control group (12% and 10%, 
respectively). Grade 3 or 4 toxicities were 
uncommon in the PRRT group, including lym-
phopenia (9%), vomiting (7%), diarrhea (3%), 
fatigue (2%), and thrombocytopenia (2%), com-
pared with no grade 3 or 4 hematologic toxici-
ties in the control group. These results 
demonstrate that PRRT is strikingly efficacious 
in terms of its progression-free survival benefit 
without significant added toxicities as compared 
with previous therapies making it an exciting 
new treatment modality for the management of 
metastatic carcinoid. A great unknown at this 
time, however, is where this modality should be 
used in relation to other treatment options. This 
is of significant importance as there is some 
overlap in toxicity profiles, and it would be ideal 
to minimize toxicities experienced so as to allow 
patients to ultimately receive all forms of avail-
able treatment.

 G1/G2 Pancreatic Neuroendocrine 
Tumors

 Somatostatin Analogues

While somatostatin analogues are used for symp-
tom control for carcinoids and functional G1 and 
G2 pancreatic neuroendocrine tumors (PNETs), 
the data is less clear on an antiproliferative tumor 
benefit in nonfunctional PNETs. While the 
PROMID study excluded PNETs, the phase III 
CLARINET study included 91 well- and moder-
ately differentiated PNETs with a Ki-67 < 10% 
(out of a total n = 204). The progression-free sur-
vival in the overall study population of patients 
lanreotide as part of the open-label extension 
study was reported as 32.8 months [14], versus a 
median PFS of 18  months in the placebo arm 
from the core study [13]. As such, there is con-
sensus that somatostatin analogues may be used 
as an antiproliferative agent in the management 
of PNETs, particularly in patients with a 
Ki-67 < 10%. Despite the Ki-67 cutoff identified 
in this study, this is generally not used to make 
treatment decisions for patients receiving PNETs, 
and a large majority of patients with a well- or 
moderately differentiated PNET will receive 
treatment with a somatostatin analogue. Further 
studies delineating a Ki-67 cutoff value are 
needed in order to stratify patients to receive 
somatostatin analogues versus initiation of more 
aggressive therapy [6].

 Targeted Therapies

Prior to the advent of targeted therapies, cyto-
toxic chemotherapy was the only approved treat-
ment option in this disease. The activity of 
everolimus in intestinal NETs as discussed previ-
ously prompted evaluation in advanced PNETs. 
A single-arm phase II study assessing daily 
everolimus in patients with PNETs who had 
developed disease progression while on cytotoxic 
therapy demonstrated a median PFS of 16 months 
[29]. The activity of everolimus was subsequently 
confirmed by comparing it to placebo in the 
phase III RADIANT-3 study, which randomized 
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410 patients with advanced G1 and G2 PNETs to 
receive either everolimus or placebo. Median 
PFS was 11 months in the everolimus group ver-
sus 4.6 months in the placebo group, establishing 
everolimus as a therapeutic standard for patients 
with advanced PNETs [30].

In addition to mTOR inhibitors, inhibition of 
angiogenesis has been investigated in G1 and G2 
PNETs, which are highly vascular tumors and are 
known to express vascular endothelial growth 
factor (VEGF) and platelet-derived growth factor 
receptors (PDGFR) [31]. Sunitinib, a small mol-
ecule tyrosine kinase inhibitor with activity 
against VEGFR, PDGFR, as well as other growth 
factor receptors, was evaluated in a phase II 
study, demonstrating a response rate of 16.7% 
and maintaining stable disease in 68% of patients 
with PNETs (n = 66) [32]. Of note, there did not 
appear to be activity in carcinoids, with a response 
rate of only 2.4% in 41 carcinoid patients. A 
phase III study confirmed the efficacy of suni-
tinib in PNETs, randomizing 171 patients to 
receive either sunitinib or placebo [33]. The study 
was stopped early in favor of the sunitinib group, 
with a median PFS of 11.4 months compared to 
5.5  months in the placebo group, establishing 
sunitinib as a treatment standard in PNET. Based 
on the success of sunitinib, another VEGF inhibi-
tor, bevacizumab, was found in a single-arm 
phase II study to have a median PFS of 
13.6 months in 22 patients with G1/G2 advanced 
PNETs [34], similar to the progression-free sur-
vival from the phase III sunitinib study.

As both mTOR and angiogenesis pathways 
had been implicated in the pathogenesis of this 
disease and agents targeting both of these path-
ways had shown treatment benefit, dual pathway 
inhibition has been investigated. Bevacizumab 
was studied in combination with temsirolimus in 
a single-arm, phase II study, showing a response 
rate of 41% and a median PFS of 13.2 months in 
58 patients with advanced G1/G2 PNETs [35]. In 
PNETs, combination therapy with bevacizumab 
and everolimus was studied in CALGB 80701, a 
phase II trial that randomized 150 patients with 
advanced PNETs to everolimus plus bevaci-
zumab or everolimus alone [36]. The authors 
demonstrated an improved progression-free sur-

vival in the combination arm as compared to 
everolimus alone with a PFS of 16.7 months ver-
sus 14 months, respectively (α = 0.15; HR 0.80, 
95% CI 0.55–1.17, p = 0.12). Also observed was 
an increased response rate in the combination 
arm, as compared to single-agent everolimus at 
31% and 12%, respectively (p = 0.005). Despite 
these positive results, the overall rate of grade 3 
or 4 adverse events was much higher in the com-
bination arm compared with everolimus alone at 
81% vs 49%. This degree of toxicity, along with 
a modest PFS benefit, is likely to limit the use of 
combination therapy with an mTOR inhibitor 
and an anti-angiogenic agent in clinical practice. 
However, aside from cytotoxic chemotherapy, 
this regimen does show one of the better response 
rates so may be used in particular cases where a 
reduction in tumor burden is desired.

Additional tyrosine kinase inhibitors have also 
been investigated in early clinical trials. In a 
phase II study of advanced PNETs and carci-
noids, sorafenib, a multi-targeted kinase inhibi-
tor, demonstrated a modest response rate of 10% 
[37]. A phase II study of pazopanib, a multitar-
geted agent against VEGF, PDGFR, and c-KIT, 
in 52 patients with advanced G1 and G2 NETs 
showed a 21.9% response rate in PNETs (n = 32); 
however no response was detected in the carci-
noid group (n = 20) [38]. Median PFS, a second-
ary endpoint, was promising in both groups, 
14.4 months in the PNET cohort (95% CI 5.9–
22.9) and 12.2  months in the carcinoid cohort 
(95% CI 3–19.9). Finally, cabozantinib, a multi-
targeted kinase inhibitor against VEGF, MET, 
AXL, and RET, has been studied in a single-arm 
phase II trial that enrolled 61 patients with 
advanced PNETs (n = 20) and carcinoids (n = 41) 
[39]. Response rate, the primary endpoint, was 
found to be 15% in the PNET cohort (95% CI 
5–36) and 15% in the carcinoid cohort (95% CI 
7–28). Median PFS, a secondary endpoint, was 
21.8 months in the PNET cohort (95% CI 8.5–
32) and 31.4 months in the carcinoid cohort (95% 
CI 8.5-not reached), suggesting an improvement 
in survival with cabozantinib compared with his-
torical results. A randomized phase III study 
assessing pazopanib versus placebo in patients 
with advanced carcinoid has been conducted with 
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results pending at this time (A021202, 
NCT01841736). A phase III study assessing 
cabozantinib in PNETs and carcinoids is cur-
rently in development.

 Cytotoxic Chemotherapy

The main goal of cytotoxic therapy in PNETs is 
to reduce the tumor burden in bulky or progres-
sive disease. This can be beneficial in regard to 
controlling tumor growth as well as decreasing 
the level of hormone production in patients with 
functional tumors. As such, response rate is an 
important endpoint in these clinical trials. 
Initially, streptozocin combinations were 
assessed for tumor response in PNETs. Moertel 
et  al. randomized 105 patients with advanced 
PNETs to streptozocin plus 5FU versus strepto-
zocin plus doxorubicin versus chlorozotocin 
alone [40]. The combination of streptozocin plus 
doxorubicin offered a PFS benefit of 20 months 
as compared with 6.9 months in the streptozocin 
plus 5FU group. In another single-arm phase II 
study, the triplet regimen of streptozocin, doxo-
rubicin, and 5FU produced a response rate of 
30% in 84 patients with advanced PNETs and a 
median PFS of 9.3  months [41]. Despite the 
favorable results observed in these studies, strep-
tozocin-based regimens are not commonly used 
in clinical practice due to the unfavorable side 
effect profile including nausea, vomiting, myelo-
suppression, renal insufficiency, and fatigue.

Temozolomide-based regimens have demon-
strated promising results in several early clinical 
studies. A combination of temozolomide and tha-
lidomide was evaluated in a single-arm phase II 
study of 29 patients with advanced NETs. In this 
study, a response rate of 45% was observed in 
PNETs (n = 11), whereas 7% of carcinoid patients 
showed tumor response (n  =  14) [42]. 
Temozolomide in combination with bevacizumab 
also showed promise in a single-arm phase II 
study of 33 patients with advanced NETs, with a 
response rate of 33% in PNETs (n = 15) and 0 
carcinoid patients showing a response [43]. The 
combination of temozolomide and capecitabine 
was studied in a single-center retrospective study 

of 30 patients with PNETs. In this study a 
response rate of 70% was reported [44]. As this 
was the highest response rate observed among 
any treatment regimen for treatment of this dis-
ease, a large prospective study was conducted 
assessing temozolomide vs temozolomide plus 
capecitabine in patients with advanced PNETs 
(E2211). The results of this important trial are 
pending at this time.

 G3 Neuroendocrine Carcinomas

 Cytotoxic Chemotherapy

G3 neuroendocrine carcinomas (NECs) are 
aggressive cancers, and treatment is limited to 
cytotoxic chemotherapy. There is little data to 
guide therapy; however much of the guidelines 
for high-grade neuroendocrine carcinomas are 
extrapolated from clinical trials in small cell car-
cinoma [45, 46]. Furthermore, most of the data 
evaluating a NEC-specific population are retro-
spective or small phase II studies. In 1999, a ret-
rospective study examined the response rates of 
53 patients with well-differentiated NETs or 
poorly differentiated NECs after receiving cispla-
tin plus etoposide chemotherapy [47]. The poorly 
differentiated group had a much higher response 
rate of 41% as compared with 9% in the well-
differentiated group. The three-drug combination 
of carboplatin, etoposide, and paclitaxel was 
evaluated in a phase II study of 78 patients with 
poorly differentiated NECs. The reported 
response rate in this study was 53%, with no 
obvious advantage in efficacy over standard dou-
blet therapy [48]. As such, this three-drug combi-
nation is not commonly used; however 
taxane-based therapy is a common choice for 
second-line therapy.

Regimens other than platinum and etoposide 
have been investigated in small retrospective stud-
ies in the second-line setting. FOLFOX showed a 
partial response of 29% in a French single-center 
retrospective study of 20 patients [49]. 
Temozolomide, alone or in combination with 
capecitabine and with or without bevacizumab, 
showed a partial response of 33% in a retrospec-

S. M. Kim and J. R. Eads



275

tive study of 25 patients from two oncology cen-
ters in Norway and Sweden [50]. Based on the 
results of this study, a temozolomide-based regi-
men has been thought by many to be a potential 
alternative treatment strategy to platinum and eto-
poside chemotherapy. The efficacy of these regi-
mens needs further evaluation; however 
prospective studies have historically been difficult 
due to the rarity of this disease. As platinum and 
etoposide have not ever been officially evaluated 
in G3 NECs previously, there is an ongoing ran-
domized phase II clinical trial of cisplatin or car-
boplatin and etoposide versus temozolomide and 
capecitabine (EA2142, NCT02595424). The 
results of this study should finally provide some 
prospective data regarding the role of each of 
these treatment regimens in patients with 
advanced G3 NECs.

Whether this group of heterogeneous cancers 
can be further stratified is an ongoing question in 
G3 NEC. The NORDIC study in 2012 analyzed 
clinical data from 74 studies in G3 NEC for pre-
dictive and prognostic factors [51]. This study 
identified a possible subgroup of patients with an 
improved survival. Patients with a Ki-67 less than 
55% had a median survival of 14 months com-
pared with 10  months in patients with Ki-67 
greater than 55%. The data also suggested that 
patients with a Ki-67 less than 55% are not as 
responsive to platinum-based chemotherapy 
compared to patients with a Ki-67 greater than 
55% (RR 15% versus 42%). These results under-
scored the idea that NECs are a heterogeneous 
group of cancers that are not fully classified and 
with a wide range of clinical behavior and prog-
nosis [52]. Further delineating tumor types in this 
group and offering treatment that best fits their 
clinical risk would greatly benefit this patient 
population, and this is an area of active 
investigation.

 Conclusion
GEP-NETs are a diverse group of cancers, and 
systemic therapy for metastatic disease is an 
ongoing area of clinical investigation. In par-
ticular, PRRT in well-differentiated carcinoids 
and PNETs has made a dramatic improvement 
in extending progression-free and overall sur-

vival. Targeted small molecule therapies in 
combination with somatostatin analogues have 
proved to be effective in G1/G2 intestinal and 
pancreatic NETs. With the rapid evolution of 
treatment options for patients with both PNETs 
and carcinoids, one unknown question at this 
time is how to best sequence these agents so as 
to provide patients with the greatest longevity 
while keeping toxicity to a minimum. As 
patients with these diseases have relatively long 
periods of survival, this question will likely 
take many years to answer, but it is an active 
area of investigation. G3 NECs continue to be 
associated with poor survival and limited treat-
ment options, and ongoing clinical trials may 
help to further risk stratify this group.
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Patient Selection and Guidelines 
for Resection and Liver-Directed 
Therapies: Non-colorectal, Non- 
neuroendocrine Liver Metastases

Zhi Ven Fong, George A. Poultsides, 
and Motaz Qadan

 Introduction

The liver represents a common site of metastatic 
disease, particularly from gastrointestinal neo-
plasms, given its role in the portal circulation. 
Hepatic resection and liver-directed therapies 
have been associated with favorable survival for 
patients with colorectal cancer liver metastases, 
with most contemporary studies reporting a 
5-year survival rate of 40% or higher [1–3]. 
Similarly, surgical treatment of hepatic metasta-
ses from well-differentiated neuroendocrine 
tumors has been shown to be beneficial, with 
5-year survival rates reaching 70% [4, 5]. For both 
diseases, these improved outcomes have largely 

been a result of a multidisciplinary approach, 
including advances in systemic chemotherapy, 
patient selection, preoperative staging, and intra-
operative and perioperative management.

With these encouraging results, surgeons have 
been exploring the indications of liver resections 
for metastatic disease from other primary tumors. 
However, little is known regarding the appropri-
ateness of surgical treatment of non-colorectal, 
non-neuroendocrine (NCNN) liver metastases. 
This is largely due to the rarity of isolated liver 
metastases from such primaries and the fact that 
most studies have reported on outcomes of liver 
metastasectomy from a multitude of primary 
sites without a specific focus on individual histo-
logic subtypes [6, 7]. In this chapter, we aim to 
review the current literature on the surgical treat-
ment of NCNN liver metastases with emphasis 
on prognostic indicators and patient selection 
strategies for treatment.

 Epidemiology of Non-colorectal, 
Non-neuroendocrine Liver 
Metastases

In a recent large systematic review of all NCNN 
liver metastasis cohort studies, Uggeri and col-
leagues identified 30 studies encompassing 3849 
patients with NCNN liver metastases, of whom 
83.4% underwent surgical treatment. In their 
review, the most common primary site for patients 
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with NCNN liver metastases was the breast (917 
out of 3849 patients, 23.8%), followed by the 
genitourinary (840 out of 3849 patients, 21.8%) 
and gastrointestinal tract (763 out of 3849 
patients, 19.8%). Genitourinary primaries 
included organ sites such as gonads, kidneys, and 
uterine. Gastrointestinal primary sites included 
esophagus, stomach, pancreas, small bowel, gall-
bladder, and the biliary tract. Melanoma prima-
ries comprised 7.7% of the cohort, and lung 
primaries 2.2%. Other less commonly reported 
primary lesions included soft tissue sarcomas, as 
well as head and neck, and adrenal primary sites.

 Survival Outcomes

Of all the categories of NCNN liver metastasis 
primary sites, the genitourinary group appears to 
be associated with the best overall survival out-
comes, with studies demonstrating a median sur-
vival of more than 60 months (Table 23.1) [8–14]. 

Within this subgroup, resections of NCNN liver 
metastases of ovarian [8, 9, 11, 15] and renal [8, 
13, 16–20] primary sites were associated with the 
best outcomes, demonstrating pooled median sur-
vivals of 67.8 and 67.9 months, respectively. This 
was followed by those of testicular origin, with a 
pooled median survival of 61.7 months [8, 11, 12, 
14, 21]. Conversely, those of uterine origin were 
associated with poorer survival, with studies 
reporting a median survival of 32 months [8]. It 
should be noted, however, that these data were 
limited to results provided by a single retrospec-
tive study of 43 patients, and more data points are 
likely needed to better identify the role of surgical 
treatment of NCNN liver metastases from the 
uterus [8]. As expected, all stated outcomes 
appear favorable at face value when compared 
with patients who were not felt to be candidates 
for surgical resection, with expected survival rates 
for patients with ovarian, renal, and uterine cancer 
being in the 10- to 20-month range with chemo-
therapy alone [22, 23].

Table 23.1 Pooled survival outcomes after resection of non-colorectal, non-neuroendocrine liver metastases

Category Tumor type No. of studies No. of patients Survival (months)
Median Minimum Maximum

Breast Breast 27 1281 44.3 8 75
Gastrointestinal 31 684 22.3 5 58

Esophagus 2 23 16.3 16 18
GE junction 1 25 14 14 14
Gastric 18 481 20.6 8.8 58
Pancreas 2 55 18.1 13 20
Duodenum 3 38 32.4 23 38
Cholangiocarcinoma 1 13 28 28 28
Gallbladder 3 21 26.2 5 42
Small bowel 1 28 58 58 58

Genitourinary 16 549 63.4 5.4 142
Testicular 4 153 61.7 5.4 82
Ovary 4 119 67.8 26.3 98
Renal 7 234 67.9 16 142
Uterine 1 43 32 32 32

Others 35 1082 23.7 10 72
GIST 5 106 31.9 28.8 40
Sarcoma 4 189 53.8 23 72
Melanoma 19 646 21.8 10 41
Lung 2 36 16.1 16 17
Head and neck 1 15 18 18 18
Adrenal 4 90 40.9 22.8 63

Adapted from Fitzgerald TL, Brinkley J, Banks S, et  al. The benefits of liver resection for non-colorectal, non- 
neuroendocrine liver metastases: a systematic review. Langenbecks Arch Surg 2014; 399:989–1000
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The category with the second longest survival 
outcomes was breast as the primary site of 
NCNN liver metastases. In the largest study of 
breast cancer liver metastases treated surgically, 
Adam and colleagues evaluated long-term out-
comes in 460 patients, and reported 5- and 
10-year survivals of 41% and 22%, respectively, 
with an impressive median survival of 45 months 
[8]. These findings have been fairly congruent 
with other smaller series [6, 24–27], with more 
than 20 other studies reporting on 1281 patients 
pooling a median survival of 44.3 months [28]. In 
a comparative study, Mariani and colleagues 
reported an 80.7% 3-year survival rate in patients 
undergoing liver resection for metastatic breast 
cancer, which was significantly higher than the 
50.9% survival in a matched cohort of patients 
who underwent observation [29]. This translated 
to a threefold lower risk of death in a subsequent 
adjusted analysis. A recent Markov model cost- 
utility analysis by Spolverato and colleagues 
demonstrated that liver resection followed by 
postoperative conventional systemic therapy in 
patients with breast cancer liver metastases was 
more cost-effective when compared with sys-
temic therapy alone, particularly in patients with 
estrogen receptor-positive tumors [30]. Similarly, 
Sadot and colleagues demonstrated improved 
recurrence-free survival for patients undergoing 
surgical treatment versus medical therapy alone, 
thereby providing patients with significant peri-
ods of time off of systemic chemotherapy [31].

In contrast to patients with genitourinary and 
breast-derived liver metastases, patients with 
liver metastases originating from the non- 
colorectal gastrointestinal tract have been 
associated with poorer survival, with reported 
median survivals of approximately 20  months. 
This is largely driven by the dismal prognosis 
after liver resection of metastases from esopha-
geal and pancreatic cancer, with reported median 
survivals of 6–8 months [8, 32, 33]. These figures 
are similar to expected survivals of patients with 
metastatic esophageal and pancreatic cancer who 
do not undergo resection [34, 35]. In a rare case- 
controlled study by Slotta and colleagues, the 
authors demonstrated no difference in survival in 
patients with metastatic liver cancer of gastroin-

testinal origin when undergoing surgical resec-
tion versus observation [36]. There are, however, 
certain subsets of gastrointestinal primaries that 
are associated with more favorable survival out-
comes. For example, resection of small bowel 
adenocarcinoma liver metastases can be associ-
ated with prolonged survival, with median sur-
vival ranging from 32  months to as high as 
58 months in selected patients [8, 33]. Along the 
same lines, liver metastasectomy for intestinal- 
type peri-ampullary cancers (intestinal-type 
ampullary or duodenal) has been shown to be 
associated with longer survival (median 23 ver-
sus 13  months) compared with their 
pancreaticobiliary- type counterparts (pancreatic, 
distal cholangiocarcinoma or pancreaticobiliary- 
type ampullary) [33]. Last, resections of liver 
metastases from gastrointestinal stromal tumors 
(GIST) have been associated with a median sur-
vival ranging from 28 to 40 months in the pre- 
imatinib era [37–40]. However, since its 
discovery, this agent has drastically altered the 
natural history of this disease in both the local-
ized and metastatic settings, and in a later study 
of patients who received adjuvant imatinib, the 
5-year survival after liver metastasectomy was 
shown to exceed 50% (Fig. 23.1) [41].

Survival outcomes for melanoma-derived 
liver metastases reported in the literature have 
been largely incongruent. In a cohort study of 
148 patients performed by Adam and colleagues, 
the authors reported a 5-year and median survival 
of 21% and 20 months, respectively, in resected 
patients [8]. However, in a separate multi- 
institutional study by Groeschl and colleagues, 
the 5-year and median survival was 36% and 
39 months, respectively [6]. This difference may 
be explained by the site of the primary mela-
noma; ocular melanomas are more likely to 
metastasize to the liver as the sole site of metas-
tases, whereas cutaneous melanomas are usually 
more widely disseminated by the time they are 
detected in the liver [42, 43]. In addition, it is 
important to understand that ocular melanoma is 
largely unresponsive to immunotherapy agents, 
which have recently been demonstrated to have 
significant efficacy for stage IV cutaneous malig-
nant melanoma. As such, whereas the surgical 
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treatment of cutaneous melanoma liver metasta-
ses may be considered the last resort, resection of 
liver ocular melanoma may generally be viewed 
as the first-line option. In an analysis of 255 
patients with ocular melanoma liver metastases 
who underwent liver resection, the median sur-
vival reported was 27 months if microscopically 
complete (R0) resection is achieved [44]. 
However, the presence of miliary disease often 
precludes the performance of an R0 resection for 
this disease [43, 44].

 Prognostic Factors of Survival

Perhaps the most comprehensive assessment of 
prognostic factors in patients with NCNN liver 
metastases treated surgically is the assessment of 
1452 patients performed by Adam and colleagues 
[8]. As demonstrated above, among the most 
important prognostic factors is the primary tumor 
site, as evidenced by large differences in outcomes 
seen between patients with genitourinary primary 
cancers compared with gastrointestinal cancers 

Fig. 23.1 Liver metastasectomy for GIST. A 65-year-old 
woman who presented with acute-onset right upper quad-
rant pain and anemia, 3  years s/p resection of a jejunal 
GIST. Computed tomography imaging (top row) revealed 
a large liver metastasis replacing the right hepatic lobe 
with intratumoral hemorrhage. The tumor was resected 

with a right hepatectomy via the anterior approach. The 
specimen is shown in the bottom left image. Note the sta-
pled origin of the right hepatic vein (arrow) and the groove 
of the retrohepatic vena cava (triangle). Imaging 6 weeks 
postoperatively (bottom right) shows adequate hypertro-
phy of the liver remnant

Z. V. Fong et al.
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such as pancreatic ductal adenocarcinoma. 
Patients with breast cancer were also associated 
with favorable outcomes, with a 1.3 times greater 
adjusted likelihood of 5-year survival when com-
pared to other primary sites.

Next, and largely similar to colorectal and 
neuroendocrine liver metastases, a longer 
disease- free interval from the diagnosis of the 
primary tumor to the diagnosis of liver metastasis 
is typically suggestive of favorable tumor biology 
and improved survival after metastasectomy. 
Patients who develop hepatic metastases greater 
than 24 months after initial primary cancer diag-
nosis had a better prognosis compared to those 
diagnosed within 12  months, with a 1.8 times 
higher likelihood of improved survival compared 
with a disease-free interval of less than 12 months.

Additionally, the presence of extrahepatic dis-
ease at the time of surgical resection of NCNN liver 
metastases is also associated with a worse survival 
[8]. These factors, which reflect tumor biology, rep-
resent the strong independent prognostic factors, 
which are critical in the evaluation of patients for 
surgical resection. In addition, chemoresponsive-
ness and growth rate of metastases are additional 
alternative measures of tumor biology that possess 
independent prognostic capacity in the evaluation 
of patients for hepatic surgical resection.

Finally, treatment- and tumor burden- 
related factors are independent predictors of 
long-term survival as well. Patients who had a 
limited hepatectomy were 1.3 times more likely 
to achieve 5-year survival when compared to 
those requiring an extended hepatectomy. 
Similarly, patients who had an R0 resection were 
1.9 times more likely to achieve long-term sur-
vival compared to patients with an R1 or R2 
resection [8]. These factors are likely surrogates 
of disease extent and tumor biology rather than a 
reflection of the true impact of technical factors 
associated with liver resection. This is evident by 
other studies consistently demonstrating the asso-
ciation between number and size of liver metas-
tases, and margin status, with overall survival 
[45–48]. Table 23.2 provides a comprehensive list 
of identified prognostic factors for patients under-
going resection of NCNN liver metastases, along 
with supporting studies for each factor.

 Selecting Patients for Surgical 
Resection of NCNN Liver Metastases

It is critical to note that almost all of the cited 
studies above are small, descriptive, and retro-
spective. In addition, most lack a control group 
for comparison. As such, conclusions derived 
from such studies must be interpreted with 
extreme caution. For example, systemic therapies 
for stage IV cutaneous malignant melanoma have 
evolved dramatically in the last 5 years. In addi-
tion, these studies represent highly selected 
cohorts of patients in whom tumor biology has 
been determined to be favorable enough to sug-
gest surgery, and arguably patients might have 
survived long even without surgical resection.

Table 23.2 List of identified prognostic factors in 
patients with resected non-colorectal, non- 
neuroendocrine liver metastases and supporting citations 
for each factor

Prognostic factor

Citations demonstrating 
association with overall 
survival

Gender [32]
Preoperative liver-directed 
therapy

[49]

Synchronous vs. 
metachronous

[45, 48, 50–52]

Primary site and 
histological subtype

[8, 12, 32, 36, 45–47, 
49–57]

Symptomatic at the time 
of resection

[57]

Extent of hepatectomy [8, 32, 45, 57]
Macroscopically 
incomplete resection (R2)

[45, 52, 55]

R1 margin status [8, 45, 46, 51, 53]
Adjuvant treatment [8, 12, 45, 47, 49, 

54–56]
Extrahepatic disease [8, 48, 49, 53, 55, 58]
Disease-free interval prior 
to metastatic presentation

[7, 46, 47]

Postoperative 
complications

[45, 59]

Number of metastases [32, 45–48, 59]
Size of metastases [6, 47, 57, 60, 61]
Presence of vascular 
invasion

[6]

Lymph node metastases [6, 32, 60]
Disease-free survival [8, 47, 52, 57]
Blood transfusion [59]
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The decision to proceed with surgical treat-
ment of patients with NCNN liver metastases 
should be based on very cautious evaluation in 
the multidisciplinary setting, taking into account 
the potential morbidity and mortality of the pro-
posed liver resection, the alternative treatment 
strategies, and the aforementioned prognostic 
factors. Although there are no clearly defined 
guidelines to determine patient selection in 
patients with NCNN liver metastases, the deci-
sion to proceed with liver metastasectomy in this 
setting should be based on multiple factors, 
which can be summarized below:

 1. Tumor biology (pace of disease, disease-free 
interval, and response to systemic therapies)

 2. Site and histology of the primary tumor
 3. Tumor burden (size of lesions, number of 

lesions, and presence of extrahepatic disease)
 4. Patient-related factors, such as need for “che-

motherapy holiday” or intolerance of nonsur-
gical therapies

 5. The understanding that surgical resection may 
not represent cure, but could “set the clock 
back” and offer a period of time off of 
chemotherapy

 6. A clear understanding of surgical morbidity 
and mortality during informed consent

 7. Consensus agreement at multidisciplinary 
tumor board of tertiary academic referral 
center

Figure 23.2 depicts a suggested framework to 
select patients for surgical treatment of their 
NCNN liver metastases. The first level of 
decision- making considers assessment of the 
patient’s tumor biology. This includes assessing 
the disease-free interval, which is defined by the 
time between the resection of the primary tumor 
and the development of the liver metastases. The 
longer the disease-free interval, the more indo-
lent the tumor biology, and the more likely a 
patient is to benefit from surgical treatment of 
their liver disease. Additionally, tumor biology 
should incorporate patients’ response to chemo-
therapy, with chemosensitivity representing a 
predictor of improved survival, in diseases where 
effective systemic therapies are available.

Next, the site of the primary tumor should be 
evaluated. Patients with tumors of genitourinary 
and breast primary are typically better suited for 
surgical resection for their metastatic liver dis-

Primary tumor site

Favorable:
Genitourinary, breast,
small bowel, ocular
melanoma

Unfavorable: Non-
small bowel
gastrointestinal
organs, cutaneous
melanoma

Size of liver
metastases

Number of liver
metastases

Presence of extra-
hepatic disease

Disease-free interval
from time of 
resection of primary
lesion

Response to systemic
therapy

Age

Comorbidities

Wishes with full

disclosure

Patient factors

Tumor burden

Tumor biology

Fig. 23.2 Suggested framework for selecting patients for surgical resection of their non-colorectal, non- neuroendocrine 
liver metastases
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ease. Considerations should be given to patients 
with small bowel or ocular melanoma primaries 
as well. Patients with gastrointestinal (aside from 
small bowel) origins will likely not benefit from 
hepatic resection for their metastatic disease, thus 
sparing them the unnecessary morbidity and mor-
tality from an extensive operation.

The third level of decision-making centers 
around the extent of tumor burden. This includes 
the number and size of liver metastases, vessel 
involvement, and presence of extrahepatic dis-
ease. Patients with multifocal, extensive, bulky 
disease, with macroscopic vessel involvement, 
will likely not benefit from resection. In general, 
resection should be reserved for patients with 
solitary or limited NCNN hepatic metastatic 
disease.

The fourth and final stage includes patient- 
related factors. Patients’ comorbidities and 
functional status are used to determine opera-
tive candidacy prior to embarking on a major 
abdominal operation. In addition, intolerance 
to chemotherapy and the desire to seek a break 
from chemotherapy (“chemotherapy holiday”) 
are patient factors that must be compassion-
ately considered in the evaluation for hepatic 
resection. Above all, it is important to ensure 
that patients and their families understand that 
liver resection in this setting is aimed at mini-
mizing tumor burden and prolonging survival, 
but is not typically curative per se. A detailed 
discussion of morbidity and mortality, fully 
disclosing the expected outcomes in terms of 
survival and recurrence, should take place. As 
highlighted above, input from a multidisci-
plinary tumor board should  routinely be 
obtained when considering liver resection for 
NCNN metastases.

 Summary

Hepatic resection for NCNN liver metastases 
remains a controversial topic in surgical oncol-
ogy, given the heterogeneity of histologies and 
the limited high-quality data on the best approach 
to patient selection. Liver resection appears to be 
beneficial in a highly selected group of such 

patients, with the greatest survival benefit dem-
onstrated in patients with prolonged disease-free 
intervals between resection of primary disease 
and liver metastases, limited liver disease burden 
with no extrahepatic metastases, and those with 
tumors responsive to systemic therapy. Patients 
benefiting most from surgical treatment appear to 
be those with metastases arising from genitouri-
nary and occasionally breast cancer, ocular mela-
noma, and small bowel primary cancers. The 
decision to proceed with surgical resection 
should be individualized and made in a center 
with expertise in hepatic resection and with con-
sensus sought in the multidisciplinary setting.
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 Introduction
Cholangiocarcinoma (CCA) arises from epithe-
lial cells of the intrahepatic and extrahepatic bile 
ducts. These tumors are classified in three groups: 
perihilar, or Klatskin tumors accounting for 60% 
to 70% of all CCA; distal CCA, usually treated 
with Whipple resection when feasible, account-
ing for 20–30% of the cases; and intrahepatic 
CCA accounting for the remaining 5–10% of 
CCA [1]. Cholangiocarcinoma represents 3% of 
all gastrointestinal malignancies and is the sec-
ond most common primary malignancy of the 
liver after hepatocellular carcinoma. The inci-
dence and mortality of CCA has been increasing 
worldwide [2]. More than 3000 Americans are 
diagnosed with cholangiocarcinoma each year 
[3, 4]. Primary sclerosing cholangitis (PSC), 

polycystic liver disease, chronic intrahepatic 
stone disease (hepatolithiasis), and chronic liver 
disease are some of the predisposing risk factors 
for development of CCA.  The association 
between PSC and cholangiocarcinoma, espe-
cially perihilar disease, is now well established. 
The strong association between chronic intrahe-
patic stone disease and intrahepatic CCA (ICCA) 
has also been observed in a large number of 
patients. Chronic liver disease such as cirrhosis 
and viral infection are also recognized as risk fac-
tors, especially for development of ICCA. CCA 
from any location has historically been consid-
ered a contraindication for liver transplantation 
(LT), but based on the promising results of sev-
eral studies, today it is considered as an indica-
tion for liver transplantation in highly selected 
cases in some centers.

 Clinical Presentation and Diagnosis
As mentioned above, CCA can arise from differ-
ing locations in the biliary tree, and this will influ-
ence clinical manifestations. Extrahepatic CCA 
(perihilar and distal CCA) usually become symp-
tomatic when the biliary tract becomes obstructed. 
Symptoms for these tumors include jaundice, pru-
ritus, dark urine, and/or cholangitis, although 
cholangitis is uncommon unless the biliary tree 
has been instrumented. On the other hand, ICCA 
often manifests differently; some patients can be 
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asymptomatic with the tumor being detected inci-
dentally, or they may present with a history of 
abdominal pain, malaise, and weight loss. On 
physical examination, patients with extrahepatic 
CCA may be jaundiced at presentation, some-
times with a palpable mass in the right upper 
quadrant, or present with fever, while right upper 
quadrant tenderness or weight loss are more com-
monly seen in patients with ICCA [5].

The first step in the diagnosis of CCA is sus-
pecting it. Patients with a compatible clinical pre-
sentation, such as jaundice or other symptoms/
signs of biliary obstruction, and patients with 
underlying diseases at high risk of CCA (e.g., 
PSC) should have liver biochemical tests and 
tumor markers (CA 19-9, CEA, and AFP) [5, 6]. 
Laboratory studies will show a cholestatic pat-
tern with elevated bilirubin, as well as elevated 
alkaline phosphatase levels in patients with an 
extrahepatic CCA, while ICCA patients usually 
have a normal bilirubin level. The increase in 
gamma-glutamyl transpeptidase (GGT) levels 
will confirm the hepatic origin of elevated alka-
line phosphatase. CA 19-9 is a consolidated 
tumor marker for CCA diagnosis, although its 
specificity is limited and it may be elevated in 
benign conditions such as cholangitis, or in other 
malignancies such as pancreatic cancer. CEA 
may be elevated in CCA but it’s neither suffi-
ciently sensitive nor specific to make the diagno-
sis of CCA. Serum levels of AFP may be checked 
to consider the presence of biphenotypic tumors 
(combined CCA with hepatocellular carcinoma) 
[7]. Once the diagnosis of CCA is suspected as a 
possibility based on laboratory testing and clini-
cal features, imaging studies are used to confirm 
the diagnosis [8]. Ultrasound often represents the 
initial imaging test that is performed, especially 
when the treating physician is concerned about 
possible gallstone disease. Ultrasound may dem-
onstrate the presence of a mass, with or without 
biliary tract dilatation, and can rule out gallstones 
as a possible cause or contributor to the biliary 
obstruction. An obstructing malignant lesion is 
suggested by ductal dilatation in the absence of 
stones. ICCA are often seen as a solitary solid 
mass within the hepatic parenchyma. Contrast- 
enhanced cross-sectional imaging is mandatory 

in all cases of suspected CCA [1, 5]. CT or MR/
MRCP has similar utility, although MR/MRCP 
often provides slightly more information than CT 
and has less associated nephrotoxicity. CT has 
shown higher accuracy diagnosing ICCA than 
extrahepatic CCA [9]. MRCP provides a superior 
anatomical assessment of the bile ducts and 
tumor characteristics for hilar CCA.  In patients 
with an extrahepatic lesion, ERCP is often per-
formed (after cross-sectional imaging) to confirm 
diagnostic information (i.e., biliary obstruction), 
perform tissue sampling, and allow for therapeu-
tic intervention (stent placement) when needed 
[8, 10].

 Cholangiocarcinoma Resection
Surgical resection represents the best option for 
curative treatment of CCA. As a highly aggres-
sive tumor, CCA is usually unresectable at the 
time of diagnosis in the majority of cases. Distal 
CCA have the highest resectability rate, while 
perihilar and intrahepatic tumors present lower 
rates [11].

Patients must meet certain requirements to be 
eligible for resection. Absence of disseminated 
disease, including absence of lymph node 
involvement beyond the usual boundaries of 
planned pancreatic resection (e.g., para-aortic 
nodal metastases) and distant hematogenous 
metastases, is required for resection [12, 13]. 
These criteria are necessary to consider the tumor 
suitable for resection but, sometimes, the pres-
ence of advanced liver disease (PSC) and/or 
insufficient hepatic functional reserve may result 
in resectable tumors but nonsurgical candidates.

Outcomes after resection vary based on tumor 
location. Distal CCA can reach survivals as high 
as 55–62% at 5-year post-resection in selected 
patients with complete resection (R0) and early- 
stage tumors (need reference). In patients with 
regional lymph node involvement survival rates 
are significantly worse. The usual procedure for 
these tumors is a Whipple resection. The proce-
dure for ICCA usually involves liver resection in 
an attempt to obtain negative margins (complete 
resection, R0). Again, survival rates vary based 
on tumor stage [14, 15]. For localized tumors, 
with complete resection and absence of regional 
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lymph nodes, survival rates reach 44–63% [12, 
16–19]. Perihilar CCA present high early recur-
rence rates if the resection is limited to the bile 
duct. Outcomes after resection are improved 
when modifying the surgical technique and add-
ing partial hepatectomy to the bile duct resection, 
which is required in almost all cases of hilar chol-
angiocarcinoma. With the practice of this more 
aggressive surgery, 5-year survival rates have 
become as high as 50%, but they are accompa-
nied by an increase in surgical mortality and mor-
bidity [20–23].

 Liver Transplantation
Initially, liver transplantation for CCA was asso-
ciated with low survival and high recurrence rates 
after LT (need reference). For this reason, CCA 
was considered an absolute contraindication for 
liver transplantation for many years. The Pittsburg 
group published their experience with LT for 
perihilar cholangiocarcinoma during 1980–1996 
[24]. They reported 1-, 3-, and 5-year survival 
rates of 60%, 32%, and 25%, respectively, after 
LT compared to survival rates of 74%, 34%, and 
9%, respectively, after liver resection. These sur-
vival rates significantly improved in early-stage 
tumors with R0 resection and uninvolved regional 
lymph nodes. After promising results in highly 
selected patients, the Mayo Clinic group devel-
oped a well-defined and highly specific protocol 
to select hilar CCA patients for LT, starting their 
protocol in 1993 [25].

Mayo Protocol for Perihilar 
Cholangiocarcinoma
In 2000, the Mayo Clinic group, published a 
study of LT in 11 CCA patients after neoadjuvant 
therapy with chemoirradiation [25]. Inclusion 
criteria for the study included patients with dem-
onstrated CCA by cytology or biopsy or patients 
with a mass lesion suspicious of malignancy and 
CA 19-9 greater than 100 U/mL. The presence of 
a resectable tumor was not an exclusion criteria 
in patients with PSC. Patients without PSC were 
not included in the study if their tumor was 
resectable. Patients with tumors below the cystic 
duct were excluded, as well as patients with more 
advanced disease (i.e., any involved lymph nodes 

except for periductal nodes in the hilum which 
are not generally sampled, intrahepatic, or extra-
hepatic metastatic disease). Their protocol con-
sisted of external beam radiation over 3  weeks 
plus chemotherapy with 5-FU for three consecu-
tive days during the first week of radiation as the 
initial phase. Two to 3 weeks later, transcatheter 
irradiation (brachytherapy) was used as a local 
boost. Subsequently, oral 5-FU (Xeloda) is given 
as maintenance therapy until transplantation 
occurs or until the patient develops a contraindi-
cation (e.g., metastatic disease) with a pattern of 
5  weeks with treatment, 1  week off (doses are 
shown in Fig. 24.1). Two to 6 weeks after brachy-
therapy, patients undergo staging laparotomy to 
evaluate for possible disease outside the bile 
ducts and liver. If there was no evidence of extra-
hepatic disease (i.e., peritoneal or nodal disease), 
patients continued with oral 5-FU until LT.

The results of this study significantly improved 
outcomes observed in patients undergoing LT 
with unresectable perihilar CCA, and were sig-
nificantly better than outcomes described in other 
studies using adjuvant therapy after LT in CCA 
patients. This protocol was associated with a 
92% disease-free survival with a median follow-
 up of 37 months, compared to 1-year survival of 
53% showed by Baylor group using adjuvant 
therapy with radiation and 5-FU after LT [26]. 
After this successful experience with the Mayo 
protocol, patients with extrahepatic CCA could 
undergo LT when resective surgery is not an 
option because of underlying liver disease, 
including PSC, or due to unresectable but local-
ized hilar tumors. The number of LT for CCA has 
increased since that time with reported 5-year 
survival rates >60% [27].

Current Organ Allocation and Patient 
Selection
In 2009, the United Network for Organ Sharing/
Organ Procurement and Transplantation Network 
(UNOS/OPTN) approved the granting of routine 
exception MELD points for patients with perihi-
lar CCA that meet general protocol requirements. 
The MELD score was set equal to the current 
standard assigned for HCC for approved patients. 
In 2017, OPTN policies determine that  candidates 
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for LT will receive 22 MELD exception points if 
they meet all the conditions described in 
Table 24.1, including the following: neoadjuvant 
therapy; absence of lymph node metastasis/extra-
hepatic disease/intrahepatic metastasis; a cholan-
giography study showing a stricture suspicious of 
malignancy plus CA 19.9  >  100 or cytology/
biopsy of CCA; a CT study with no mass, or if a 
mass is present, it must be <3 cm; possible metas-
tasis must be studied and excluded; and operative 
staging after neoadjuvant therapy must be done 
before LT [28].

Liver Transplantation for Perihilar 
Cholangiocarcinoma
As previously described, surgery represents the 
unique opportunity of cure for patients with peri-
hilar CCA. Despite this fact, outcomes after stan-
dard surgical resection are not encouraging. 
Complete resection is an option in only 25–40% 
of patients presenting with hilar cholangiocarci-
noma. And in those who do undergo curative sur-
gical resection, overall survival rates after 5-year 
post-resection are around 50%, in the best 
reported series [20–23]. The benefit of adjuvant 

therapy after compete resection is uncertain. 
There are no prospective randomized clinical tri-
als that determine the benefit of chemotherapy or 
chemoradiation after complete resection and ret-
rospective studies that have been published 
describe conflicting results [29–32]. Regarding 
adjuvant chemoradiotherapy, several retrospec-
tive studies have shown better outcomes after 
complete and microscopically incomplete resec-
tion compared to cases that did not receive adju-
vant chemoradiotherapy [33–35]. Similarly, there 
is no level one evidence that adjuvant chemother-
apy alone improves survival after complete 
resection.

Tumors with invasion of major vessels, bilat-
eral second order duct involvement, or low 
hepatic reserve that are unresectable, can be con-
sidered for LT.  As previously indicated, initial 
experiences with LT for CCA were not satisfac-
tory until the Mayo Clinic group published its 
experience, and neoadjuvant therapy with chemo-
radiation was established as mandatory before LT 
for CCA [25]. Following the establishment of 
this neoadjuvant protocol, several groups reported 
their experience with LT and outcomes were 
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Fig. 24.1 Mayo Clinic protocol
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comparable to those obtained by the Mayo group. 
In 2005, the Mayo Clinic group reported the 
results of 71 patients with perihilar cholangiocar-
cinoma; 26 underwent resection and 38 under-
went liver transplantation [36]. The neoadjuvant 
protocol was updated: patients initially received 
external-beam radiation (45  Gy in 30 fractions, 
1.5 Gy twice daily) and continuous infusion of 5-flu-
rouracil administered over 3 weeks. Brachytherapy 

(20 Gy at 1 cm in approximately 20–25 h) was 
administered 2  weeks following completion of 
external beam radiation therapy. After that, 
patients were treated with oral capecitabine, 
administered until the time of transplantation. 
Exploratory laparotomy was always performed 
to ascertain the absence of metastasis. One-, 3-, 
and 5-year survival rates in the transplant group 
were 92%, 82%, and 82%, respectively. They 
were significantly higher compared to 1-, 3-, and 
5-year survivals found in the resection group 
(82%, 48%, and 21%, respectively). They also 
described a lower recurrence rate in the trans-
plant group. They concluded that LT should be 
considered for patients with localized node- 
negative perihilar CCA as an alternative to resec-
tion. Predictors for tumor recurrence were 
analyzed; CA 19-9 > 100 units/mL at transplan-
tation time, prior cholecystectomy, tumor grade, 
advanced age, the presence of a mass on imaging, 
perineural invasion, and residual tumor >2  cm 
were associated with higher risk of recurrence. A 
multicenter study for localized CCA with neoad-
juvant chemoradiotherapy followed by LT was 
performed in 12 centers in the USA [27]. This 
study showed 2- and 5-year overall survival rates 
of 68% and 53%, respectively, whereas post-LT 
recurrence-free survival were 78% and 65%, 
respectively (Fig.  24.2) [27]. In conclusion, LT 
remains a controversial treatment, but it should 
be considered an alternative option in highly 
selected patients with unresectable perihilar CCA 
that are able to receive appropriate neoadjuvant 
treatment.

Liver Transplantation for Intrahepatic 
Cholangiocarcinoma
Similar to perihilar CCA cases, complete resec-
tion of the tumor with negative margins (R0) rep-
resents the only potential curative treatment for 
ICCA. Lymph node involvement has been dem-
onstrated as an important prognostic factor. 
Outcomes after liver resection depend on tumor 
stage and achievement of complete resection. 
Five-year survival after resection varies among 
series, ranging between 11 and 40% [31, 37]. 
These percentages increase in a selected group of 
patients with no lymph node involvement and 

Table 24.1 OPTN policies for MELD exception

1.  Submit a written protocol for patient care to the 
Liver and Intestinal Organ Transplantation 
Committee that must include all of the following:

    (a)  Candidate selection criteria
    (b)  Administration of neoadjuvant therapy 

before transplantation
    (c)  Operative staging to exclude any patient with 

regional hepatic lymph node metastases, 
intrahepatic metastases, or extrahepatic 
disease

    (d)  Any data requested by the Liver and 
Intestinal Organ Transplantation Committee

2.  Document that the candidate meets the diagnostic 
criteria for hilar CCA with a malignant appearing 
stricture on cholangiography and one of the 
following:

    (a)  Biopsy or cytology results demonstrating 
malignancy

    (b)  Carbohydrate antigen 19-9 greater than 
100 U/mL in absence of cholangitis

    (c) Aneuploidy
The tumor must be considered unresectable because of 
technical considerations or underlying liver disease
3.  If cross-sectional imaging studies demonstrate a 

mass, the mass must be less than 3 cm
4.  Intrahepatic and extrahepatic metastases must be 

excluded by cross-sectional imaging studies of the 
chest and abdomen at the time of the initial 
application for the MELD/PELD exception and 
every 3 months before the MELD/PELD score 
increases

5.  Regional hepatic lymph node involvement and 
peritoneal metastases must be assessed by 
operative staging after completion of neoadjuvant 
therapy and before liver transplantation. 
Endoscopic ultrasound- guided aspiration of 
regional hepatic lymph nodes may be advisable to 
exclude patients with obvious metastases before 
neoadjuvant therapy is initiated

6.  Transperitoneal aspiration or biopsy of the 
primary tumor (either by endoscopic ultrasound, 
operative, or percutaneous approaches) must be 
avoided because of the high risk of tumor seeding 
associated with these procedures

The candidate must meet all the qualifications
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Fig. 24.2 Kaplan-Meier curves for intent-to-treat survival for the total population (left); recurrence-free survival for all 
transplanted patients (right)

complete resection with negative margins after 
surgery. For this group of patients, 5-year sur-
vival rates have been described between 44 and 
63% [18, 38]. On the other hand, complete resec-

tion in these patients is achieved just in 30% of 
the cases, likely related to the advanced stage at 
presentation for most patients. A French group 
reported a study with 163 patients who underwent 
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liver resection, and they analyzed the 5-year sur-
vival stratified by tumor stage. A significant drop-
off in survival was showed between T1 and T2 
tumors; 5-year survival for stage I (T1N0) tumors 
was 62%, while 5-year survival for stage II 
(T2N0) and stage III (T3N0, T1-3N1) tumors 
were 27% and 14%, respectively. The 5-year sur-
vival rate for the whole series was 32% [19]. In 
other studies, recurrence rates have been 
described as high as 60–65% [18].

Liver transplantation for ICCA demonstrated 
low survival rates and high recurrence rates in the 
1990s. In several of the first series, the 5-year sur-
vival rates were below 20%, with recurrence 
rates of 60–84% [39, 40]. Based on these out-
comes, liver transplantation for ICCA was con-
sidered a contraindication for LT.  More recent 
studies have shown improved outcomes through 
in highly selected patients [41–43]. Most of these 
studies describe results of liver transplantation 
for ICCA and perihilar CCA in a combined fash-
ion. Becker et  al. reported, in a registry-based 
study, the outcomes in 280 patients who under-
went LT for ICCA or perihilar CCA between 
1987 and 2005, and 5-year survival rate was 68% 
for patients with diagnosed CCA [41]. Fu et al. 
showed a 3-year disease-free survival of 52% and 
recurrence rate of 45% in a retrospective study of 
11 patients who underwent LT for ICCA [42]. 
Hong et al. presented a study in 2011, comparing 
results in patients with perihilar and ICCA who 
underwent LT or liver resection [43]. The study 
included 38 patients who underwent LT; 25 pre-
sented with ICCA and 13 patients presented with 
perihilar CCA and 19 patients who underwent 
liver resection; 12 of them presented with ICCA, 
and the other 7 had perihilar CCA. They reported 
a significantly higher 3- and 5-year recurrence- 
free rate in the LT group; 39% vs 6% and 33% vs 
0%, respectively. Thirty-four patients of 38 
(89%) who underwent LT presented with locally 
advanced tumors. They also reported better 
 survival rates using neoadjuvant and adjuvant 
therapy compared with no therapy or adjuvant 
therapy alone. Regardless, LT for ICCA still 
remains controversial, and ICCA cannot be con-
sidered a standard indication for LT at this time. 
More studies are necessary to achieve suitable 

neoadjuvant/adjuvant protocols and an appropri-
ate case selection to reach better outcomes.

 Incidental Intrahepatic 
Cholangiocarcinoma and Biphenotypic 
Tumors
Cirrhosis and viral hepatitis B (HBV) and C 
(HCV) have been demonstrated to have a strong 
association with ICCA. This association is stron-
ger for HCV than HBV. HCV also represents one 
of the main risk factors for the development of 
HCC.  The incidence of HVC and cirrhosis is 
increasing, as well as its prevalence in patients 
diagnosed of ICCA. All these factors contribute 
to the occurrence of incidental ICCA and the 
diagnosis of biphenotypic tumors, intrahepatic 
cholangiocarcinoma  +  HCC (ICCA  +  HCC) in 
patients primarily diagnosed with HCC.  These 
tumors, ICCA-HCC, are an uncommon type of 
primary liver malignancy, originating from the 
hepatocytes and cholangiocytes. Biphenotypic 
tumors account for 1–14% of all primary liver 
cancers, and they present histologic characteris-
tics of both cholangiocarcinoma and hepatocel-
lular carcinoma [44]. Most of these tumors are 
diagnosed and initially managed as either HCC 
or ICCA due to the lack of well-characterized 
radiologic properties, and they are correctly diag-
nosed after resection of the liver tumor or from 
liver explant specimens at the time of transplant. 
Improved cross-sectional imaging, especially 
with MR, has allowed more frequent suspicion of 
this variant compared with even 10 years ago.

Sapisochin et al. described recurrence rates of 
60% after LT in a study that included ten patients 
with incidental biphenotypic tumors or incidental 
ICCA found in liver explants of patients initially 
diagnosed with HCC [45]. They compared this 
group of patients with a control group who under-
went LT for HCC alone. One- and 5-year survival 
rates were lower in those with ICCA compared to 
the control group; 79% and 47% compared to 
90% and 62%, respectively. Several studies have 
analyzed the outcomes after LT in cases of inci-
dental ICCA or ICCA-HCC in patients initially 
thought to have HCC. Facciuto et al. presented a 
retrospective study with 32 patients that were 
found to have ICCA or biphenotypic tumor in 
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liver explants [44]. Twenty-eight of them were 
originally incorrectly diagnosed as HCC. Tumor 
recurrence rate was 38%. They also analyzed 
5-year recurrence rates based on tumor character-
istics; tumors that met Milan size criteria (inde-
pendently if there were ICCA or ICCA-HCC) 
had significantly lower recurrence rates than 
tumors that did not meet Milan criteria (10% vs 
50%, respectively). Similarly, tumors within 
Milan criteria showed significantly higher sur-
vival rates than tumors beyond Milan criteria; 
5-year survival rate for tumors within Milan was 
78% compared to 32% in tumors beyond Milan. 
Again, these results showed that by improving 
patient selection criteria, LT could become a suit-
able therapeutic option for CCA patients achiev-
ing similar outcomes to those obtained with LT 
for HCC.

 Liver Transplantation 
for Hepatoblastoma in Children

Hepatoblastoma is the most common primary 
hepatic malignancy in children. Its incidence is 
increasing in the USA with approximately 100 
cases per year [46, 47]. Patients with hepatoblas-
toma are usually younger than 5 years old, and 
hepatoblastoma represents 1.2% of malignancies 
in patients younger than 15 years [48]. Diseases 
with an increased incidence of hepatoblastoma 
include Beckwith-Wiedemann syndrome, tri-
somy 21 and trisomy 18, Li-Fraumeni syndrome, 
von Gierke’s disease, and familial adenomatous 
polyposis (FAP) [49]. Hepatoblastoma is also 
been associated with very low birthweight and 
maternal tobacco. There are several factors asso-
ciated with treatment response and survival; if 
the tumor can be completely removed by resec-
tion, the presence of metastasis and histology of 
the tumor (pure fetal cell tumors are less aggres-
sive than the ones with undifferentiated cells) are 
important predictors of outcome.

 Staging
Previously utilized in the USA, the surgery-based 
Evans staging system required an exploratory 
laparotomy and an attempt to resection at diagno-

sis for all patients. Stage I included resected 
tumors with microscopically negative margins. 
Stage II classified resected tumors with 
 microscopically positive margins. Stage III 
included unresectable tumors without metastasis, 
and stage IV was used to designate patients with 
unresectable tumors with metastasis.

Currently, the pretreatment extent of disease 
(PRETEXT) classification is used to determine 
the stage of the tumor. The PRETEXT classifica-
tion is a radiology-based staging system and uses 
the number of hepatic sections free of disease to 
determine the stage of the tumor. It classifies hep-
atoblastomas in four groups (Table 24.2).

PRETEXT I and II are usually resectable at 
diagnosis or become resectable after neoadjuvant 
chemotherapy. PRETEXT III and IV may present 
vascular invasion, and chemotherapy is given to 
try to decrease the number of sections involved 
and/or eliminate vascular involvement.

 Liver Resection
Liver resection aims to achieve a margin nega-
tive resection of the tumor (i.e., R0). This is 
achieved in less than half of the cases, as 60% of 
these tumors are unresectable at diagnosis. 
PRETEXT I and II tumors that present >1 cm of 
margin from major vessels usually undergo liver 
resection at diagnosis. Tumors that do not fit in 

Table 24.2 Pretreatment extent of disease classification 
(PRETEX)

PRETEXT 
number Definition
I One section is affected; three 

adjacent sections are disease-free
II One or two sections are involved, 

but two adjacent sections are free
III Two or three sections are involved, 

and No 2 adjacent sections are free
IV All for sections are involved
Plus 
(additional 
criteria)

C—caudate lobe involvement
E—extrahepatic disease
H—tumor rupture or intraperitoneal 
hemorrhage
M—distant metastases
N—lymph node metastases
P—portal vein involvement
V—vena cava and/or hepatic veins 
involvement
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these categories undergo neoadjuvant chemo-
therapy, and after treatment, tumors that become 
PRETEXT (tumor stage after neoadjuvant che-
motherapy) I, II, or III with no major vessels 
involvement are candidates for liver resection. 
When tumors remain unresectable after neoadju-
vant therapy, LT represents an alternative treat-
ment for these children [50].

 Chemotherapy
Neoadjuvant treatment with chemotherapy in 
patients with unresectable hepatoblastomas at 
diagnosis has demonstrated a significantly 
improvement in resection rates. Cisplatin is the 
first-line agent used for these tumors since it is 
the most active in hepatoblastoma. Besides 
improvement in resection rates, cisplatin has 
shown better survival rates, in comparison with 
other agents that have been used in this disease. 
Doxorubicin is the second most commonly used 
agent, and it’s usually combined with cisplatin 
when this is not administered alone [51]. Several 
studies have described the outcomes after treat-
ment with different agents, but due to the pres-
ence of different risk stratification guidelines and 
surgical approaches, it’s difficult to compare dif-
ferent chemotherapy lines directly. American 
groups show a greater predisposition for liver 
resection at diagnosis, whereas the European 
groups have favored delayed resection following 
neoadjuvant chemotherapy. The International 
Childhood Liver Tumors Strategy Group 
(SIOPEL) reported resection rates of 95% after 
chemotherapy among patients designated for 
neoadjuvant therapy before resection. There is no 
single chemotherapy regimen for patients with 
unresectable hepatoblastoma at diagnosis. In the 
USA, the chemotherapy regimen is based on cis-
platin combined with 5-fluorouracil, vincristine, 
and doxorubicin [52], while European groups 
tend to favor cisplatin alone in patients with low 
risk and carboplatin combined with doxorubicin 
for patients with high risk (PRETEXT IV, meta-
static tumor) [53, 54].

 Liver Transplantation
In spite of the improvement obtained after the 
neoadjuvant treatment with chemotherapy, some 

tumors will remain unresectable after this treat-
ment. These patients are the ones who will be 
considered for LT.  The use of LT in pediatric 
patients for hepatoblastoma has increased over 
the last 30  years. Five LT were performed in 
1990  in the USA for hepatoblastoma, while 43 
LT were performed in 2013 [55]. The major crite-
ria to consider LT in these cases are the presence 
of major vascular involvement and tumors that 
affect all four sections. Although initial studies 
described mixed outcomes for LT for hepatoblas-
toma, multiple studies have reported the efficacy 
of this treatment [30, 56, 57].

Patients with POSTEXT IV (PRETEXT IV 
after chemotherapy) with unifocal tumor and 
PRETEXT IV with multifocal tumors and 
absence of metastasis should be considered LT 
candidates. Patients with POSTEXT III with 
multifocal tumors and/or major vessels involve-
ment should be also considered for LT.  Some 
patients with POSTEXT III and major vessels 
involvement may be considered for nonconven-
tional resection. Progression of metastatic dis-
ease or development of metastasis during 
neoadjuvant chemotherapy is usually considered 
a contraindication for liver transplantation. 
Despite these indications, all patients with 
PRETEXT III or IV should be referred to a center 
with liver transplantation to be able to consider 
that option if it’s indicated.

Chemotherapy is continued while the patient 
is waiting for liver transplantation. Administration 
of prolonged chemotherapy should be avoided in 
patients with hepatoblastoma who are possible 
candidates for LT. The early referral to a special-
ized center with liver transplantation for consul-
tation helps to avoid excessive toxicity due to 
prolonged chemotherapy. Four cycles of chemo-
therapy prior to transplantation are usually rec-
ommended [34], although this indication may be 
influenced by unpredictable factors such as organ 
availability or time between treatments.

The first cases of LT for hepatoblastoma were 
associated with poor outcomes mainly to the high 
rate of recurrence. In addition, most patients were 
not considered for adjuvant therapy during the 
initial series [58]. After neoadjuvant and adjuvant 
chemotherapy was introduced, these results 
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improved showing higher survival and lower 
recurrence rates. Further studies have reported 
5-year survival rates as high as 93% in patients 
who receive chemotherapy [30, 56, 57, 59]. In 
spite of this improvement, recurrence rates after 
LT for hepatoblastoma are still a concern. Poorer 
outcomes have been described once recurrence is 
developed after LT and recurrence rates have 
been reported up to 25% in some series.

Salvage liver transplantation has been also 
considered in children with previous attempt of 
resection. Several studies have compared LT in 
the setting of salvage treatment after surgery vs 
primary LT and poorer results have been shown 
in salvage LT [60–63]. Results in these studies 
are uniformly in favor of primary LT: all have 
described a lower survival rate and a higher 
recurrence rate in patients with salvage LT than 
patients receiving primary LT. A recent review of 
292 patients from 29 centers report an overall 
survival rate of 76%. In this review, the authors 
compared survival rates between patients who 
underwent primary and salvage LT. At the time of 
publication 85% of patients who underwent pri-
mary LT were alive, compared to 41% of patients 
who underwent salvage liver transplantation [55].

 Liver Transplantation to Treat 
Secondary Liver Cancers

Orthotopic liver transplantation (OLT) has been 
performed to treat secondary liver malignancies, 
such as neuroendocrine liver metastases, colorec-
tal cancer liver metastases, and some other rare 
malignant liver metastases. However, the overall 
survival of patients with metastatic malignancies 
after OLT is substantially limited by tumor recur-
rence. OLT for liver metastases must achieve a 
comparable outcome as the patients without can-
cer to overcome the ethical dilemma posed by the 
mismatch of a relatively stable pool of deceased 
donors and the prolonging waitlist owing to the 
advanced surgical techniques and perioperative 
singe management. Unfortunately, there are no 
standard criteria of OLT for liver metastases, as 
for HCC with Milan criteria of OLT for hepato-
cellular carcinoma (HCC), although several 

guidelines have been proposed. In this section, 
we will briefly review the outcomes previous 
studies, current selection criteria for liver 
 transplantation to treat metastases, and potential 
strategies to curb tumor recurrence in the future.

 Liver Transplantation 
and Neuroendocrine Tumor Liver 
Metastases

The incidence of neuroendocrine tumor (NET) is 
less than 5 per 100,000, and the distribution of 
NET is highly variable with around 60% in the 
gastrointestinal tract, 30% in the pancreas, and 
10% locating at other sites, for instance, the liver, 
endocrine organs, lungs, breasts, and skin [64]. 
The World Health Organization classified NET 
based on the mitotic index (MI) and Ki67 label-
ing index: low-grade G1 with an MI less than 2 
per 10 high-power fields (HPF) and Ki67 positiv-
ity less than 3%, intermediate-grade G2 with and 
MI of 2–20 per 10 HPF and Ki67 positivity 
3–20%, and high-grade G3 with an MI greater 
than 20 per 10 HPF, Ki67 positivity greater than 
20% [65]. Multiple therapeutic modalities includ-
ing cytotoxic chemotherapy, somatostatin ana-
logs, interferon alpha therapy, molecular targeted 
therapy, locoregional therapies, and surgical 
strategies have been applied to treat NET [66].

 Liver Transplantation to Treat 
Unresectable NET Liver Metastases
OLT has been performed to treated NET hepatic 
metastases for decades across North America and 
Europe, but it remains highly controversial. To 
date, liver transplantation is not routinely consid-
ered for NET liver metastases, and it is deemed 
as an investigational indication of unresectable 
NET liver metastases by the guideline of National 
Comprehensive Cancer Network, acknowledging 
the considerable tumor recurrence-associated 
risk (NCCN) [67].

Mazzaferro et  al., famed for defining the 
Milan criteria of liver transplantation for patients 
with HCC, proposed the Milan criteria of liver 
transplantation for unresectable NET liver metas-
tases; the 5-year overall survival (OS) and 
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recurrence- free survival (RFS) were, respec-
tively, 90% and 77% under this criteria after OLT 
for NET liver metastases [68]. In other studies, 
the 5-year OS and RFS ranged from 36% to 88% 
and 9% to 77%, respectively; one of the possible 
explanation of the excellent outcome in 
Mazzaferro et al.’s study is that only 10% patient 
in their cohort were symptomatic, while this pro-
portion in all the other studies ranged from 32 to 
100% [69–75], suggesting less hepatic involve-
ment by NET in Mazzaferro et  al.’s study. 
Unfortunately, some extensive studies using the 
UNOS database demonstrated the 5-year OS 
ranged from 47 to 58%, without complete RFS 
data [76–78]. Furthermore, a recent meta- analysis 
also suggested that the majority of patients under-
going liver transplantation ultimately developed 
NET recurrence although the 5-year survival 
rates were encouraging [79]. The overall and 
disease- free survival (DFS) rates of a representa-
tive study of OLT for NET liver metastases are 
shown in Fig. 24.3 [76]. These variable outcomes 
highlight the importance of patient selection for 
OLT to achieve better oncological outcome after 
liver transplantation to treat unresectable NET 
liver metastases.

Based on the best knowledge, the 2007 Milan 
criteria [68] and the 2012 European 
Neuroendocrine Tumor Society guidelines [80] 
recommended the following selection criteria for 

transplant candidates with unresectable NET: age 
less than 55 years, well-differentiated NET (Ki- 
67 less than 10%), absence of extrahepatic 
 disease, primary tumor removed before trans-
plantation, stable disease for at least 6  months 
before LT, and less than 50% liver involvement. 
Similarly, the OPTN/UNOS criteria for the con-
sideration of exception is summarized as the fol-
lowing: recipient age less than 60 years; resection 
of primary malignancy and extrahepatic disease 
without any evidence of recurrence for at least 
6  months; neuroendocrine metastasis limited to 
the liver, bilobar, not amenable to resection; 
tumors in the liver should meet the specified 
radiographic characteristics and negative meta-
static workup, with metastatic surveillance every 
3 months; tumor of origin gastroenteropancreatic 
with portal system drainage; well-differentiated 
and moderately differentiated (G1 and G2), 
mitotic rate less than 20/10 HPF with Ki-67-
positive markers less than 20%; tumor metastases 
should not exceed 50% of the total liver volume; 
and presence of extrahepatic solid organ metasta-
ses should be an absolute contraindication [81].

In summary, unresectable NET liver metasta-
ses are ethically justifiable for OLT in some 
highly selected patients at present, and it is fea-
sible to achieve comparable survival outcome as 
liver transplantation for noncancer patients. 
However, further studies are necessary to opti-
mize the selection of transplant candidates and 
decrease the risk of long-term tumor recurrence. 
In addition many patients with hepatic neuroen-
docrine metastases have very long survival with 
regional therapy only, making it difficult to dem-
onstrate the advantages of LT in this setting.

 Strategies to Limit Tumor Recurrence 
After OLT for Unresectable NET Liver 
Metastases
OLT is investigationally indicated for candidates 
with unresectable NET liver metastases. Given 
the metastatic nature and late stage of most 
patients presenting for consideration of LT, tumor 
cells are very likely having been seeded into the 
systemic blood stream. Theoretically, only 
patients with tumors blood draining into the liver 
and tumors cells confined to the liver could have 
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Fig. 24.3 The 5-year OS and DFS of patients underwent 
OLT for unresectable NET liver metastases
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tumor-free survival after OLT. One of the possi-
ble techniques at this time but not yet included in 
the current guidelines is detecting the circulating 
tumor cell DNA and RNA. It has been shown that 
early changes in circulating tumor cells were 
associated with response and survival following 
treatment of metastatic neuroendocrine neo-
plasms [82, 83]. Moreover, enthusiasm also has 
been expressed in a consensus article of biomark-
ers for neuroendocrine tumor disease regarding 
the novel results of circulating DNAs and miR-
NAs from genomic technologies.The circulating 
multianalyte biomarkers were considered to be 
providing the highest sensitivity and specificity 
necessary for minimum disease detection [84], 
which may serve as a sufficient tool to select 
transplant candidates with minimized risk of 
tumor recurrence after OLT for unresectable 
NET liver metastases in the future.

Locoregional therapies such as radiofrequency 
ablation (RFA) and transarterial chemoemboliza-
tion (TACE) as well systemic therapy including 
somatostatin analogs, interferon alpha therapy, 
cytotoxic chemotherapy, and targeted molecular 
therapies have been applied to relieve symptoms 
and reduce tumor burden [66]. However, it also 
remains unknown and to be investigated whether 
neoadjuvant therapies including neoadjuvant 
LRT could play an equal role in unresectable 
NET liver metastases as it does in HCC patients 
to downstage tumors or select transplant candi-
dates with low risk of tumor recurrence.

Appropriate immunosuppressive therapy after 
liver transplantation is essential to maintain graft 
survival, and calcineurin inhibitors are the most 
used immunosuppressants. Studies have found 
that higher levels of immunosuppression were 
associated with higher tumor recurrence after 
liver transplantation for HCC [85–88], suggest-
ing that a reduction in immunosuppression 
appears to be a reasonable approach to decrease 
the risk of HCC recurrence after transplantation. 
This method could apply to patients with unre-
sectable NET liver metastasis after liver trans-
plantation, although there is no clinical data 
available at this time [79]. Another promising 
approach is the application of antineoplastic 
immunosuppression as shown in a multicentric 

study with a high-level evidence; sirolimus 
improved the OS and RFS in the first 3–5 years 
especially in low-risk patients, but didn’t improve 
long-term RFS after liver transplantation for 
HCC [89].

In summary, novel technologies and therapeu-
tic modalities may be able to optimize the selec-
tion of transplant candidates with unresectable 
NET liver metastases and minimize the risk of 
tumor recurrence after liver transplantation in the 
future.

 OLT and Colorectal Cancer Liver 
Metastases

 Liver Transplantation and Unresectable 
CRC Liver Metastases
The primary metastatic site of patients diagnosed 
with colorectal cancer (CRC) is 60–70% in the 
liver, and up to 35% of metastatic CRC patients 
have metastases only in this organ [90]. Liver 
transplantation has been performed attempting to 
treat unresectable CRC liver metastases in the 
early stages of transplantation. However, the 
results in these cases discouraging, with very high 
recurrence rates and poor survival [91]. Before 
1995, the 1- and 5-year survival rate after liver 
transplantation for unresectable CRC liver metas-
tases according to the European Liver Transplant 
Registry was 62% and 18%, respectively [92]. 
Virtually, all the patients transplanted for unre-
sectable CRC liver metastases suffered from 
tumor recurrence; thus liver transplantation was 
abandoned for unresectable CRC liver metasta-
ses at the majority of transplant centers [93]. In 
addition, there have been ethical concerns in 
light of the scarcity of liver donors and extremely 
high rate of tumor recurrence after transplanta-
tion [92, 94]. Currently, unresectable CRC liver 
metastases are still considered as an absolute 
contraindication for liver transplantation [95].

While many renowned experts of liver trans-
plantation have called for extreme caution, 
efforts to utilize OLT for CRC liver metastases 
have not been entirely halted [93, 96–98]. In 
2013, Hagness et  al. from the Oslo University 
Hospital reported their experiences with liver 
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transplantation in 21 patients performed over a 
4.5-year time interval, and with 40% of patients 
evaluable at 3  years of follow-up and only 1 
evaluable patient 5  years after transplantation. 
The estimate of the OS rates at 1, 3, and 5 years 
were 95%, 68%, and 60%, respectively. The dis-
ease-free survival was 35% at 1 year after liver 
transplant, and no patients had long-term dis-
ease-free survival [99]. This study was updated 
in 2015, and it was shown that the 5-year OS rate 
was 56% in patients treated by liver transplanta-
tion versus 9% in patients treated with first-line 
chemotherapy (Fig. 24.4a). However, no signifi-
cant difference of DFS/PFS (progression-free 
survival) was found between transplantation and 
chemotherapy group (Fig.  24.4b). The authors 
explained the large difference in OS despite sim-
ilar DFS/PFS was likely due to the recurrence or 
metastases in the liver transplantation group 
were often small, slowly growing lung lesions, 
whereas progression in the chemotherapy group 
was nonresectable liver metastases [100]. In this 
setting, liver transplantation is essentially a sal-
vage surgery for debulking. Salvage liver resec-
tion for hepatocellular carcinoma has been 
shown to be able to provide disease control for a 
small number of unresectable HCC after down-
staging [101], and perhaps in the setting of CRC 
liver metastases, LT may provide potential sur-
vival benefit [102].

Interestingly, the investigators from the same 
group from Oslo also initiated a phase III clinical trial 
to compare liver transplantation in selected patients 
with resectable CRC liver metastases to determine 
benefit compared to patients receiving liver resec-
tion, and it is estimated to be completed in 2027. 
Technically resectable patients would be random-
ized to arm A receiving either liver transplantation 
or resection; nonresectable patients with the meta-
chronous or synchronous disease would be 
assigned to arm B or C, receiving either liver trans-
plant or chemotherapy only, respectively (www.
clinicaltrials.gov, NCT01479608). This ongoing 
trial remains highly controversial as it is difficult to 
be ethically justified at present. In an ideal setting, a 
patient with resectable CRC liver metastases could 
benefit more from liver transplantation oncologically 
over resection only if the radiologically visible and 
invisible metastatic tumors are limited to the native 
liver. Technically, it is  currently almost impossible to 
select such a perfect candidate for liver transplanta-
tion. It is also highly unlikely that tumors cells are 
only limited in the liver given the metastatic nature 
and the often late stage of the disease.

 Strategies to Limit Tumor Recurrence 
After OLT for Unresectable CRC Liver 
Metastases
To date, nearly all the patients with unresectable 
CRC liver metastases have suffered tumor recur-
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Fig. 24.4 The OS and PFS of CRC liver metastases after OLT (SECA study) or chemotherapy (Nordic VII study)
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rence after liver transplantation, and there is 
insufficient selection criteria and treatment to 
decrease the tumor recurrence. However, ongo-
ing studies of CRC and liver transplantation for 
other cancers such HCC and NET liver metasta-
ses could provide some clues.

Similar to NET, circulating CRC tumor cell 
[103], cell-free DNA [104, 105], and miRNA 
[106] have been reported as promising biomark-
ers for detection, monitoring, and survival pre-
diction of patients with colorectal cancer. These 
emerging techniques might be helpful to select 
transplant candidates with unresectable CRC 
liver metastases in the future. It is also reported 
that 12.5% of patients with unresectable CRC 
liver metastases were downstaged to be resect-
able by chemotherapy; the 5-year survival was 
33% overall despite a high rate of recurrence 
[101, 107, 108]. It remains unclear whether this 
strategy, the biomarkers cited above, would work 
in the setting of liver transplantation for unre-
sectable CRC liver metastases. Avoidance of 
over- immunosuppression and consideration of 
immunosuppression with antineoplastic proper-
ties (e.g., m-TOR agents) might also be helpful 
to decrease the risk of tumor recurrence after 
liver transplantation for unresectable CRC liver 
metastases; these approaches will require further 
basic and clinical study. Studies have also been 
showing several promising novel treatment 
modalities for CRC, such as immune checkpoint 
therapies like PD-1 blockade [109], VEGF and/
or EGFR antibody therapy, and genomic-driven 
treatments [110].

In summary, novel diagnostic methods and 
therapeutic agents may be able to optimize the 
selection of transplant candidates with unresect-
able CRC liver metastases and minimize the risk 
of tumor recurrence after liver transplantation.

 Liver Transplantation and Other Liver 
Metastases

Liver transplantation cases also have been spo-
radically reported attempting to treat other unre-
sectable malignant liver metastases from sarcoma 
(n = 13) [111], pancreatic pseudopapillary tumors 

(n = 4) [112–115], hemangiopericytoma (n = 2) 
[116, 117], breast cancer (n = 1) [118], and gas-
tric cancer (n = 1) [119]. Essentially, almost all 
patients have developed tumor recurrence, and 
these liver metastases remain as contraindica-
tions for OLT.

 Summary and Future

The scarcity of deceased-donor organs has led to 
strict allocation indications for liver transplanta-
tion for malignancies. Although liver transplanta-
tion may significantly increase the quality of life 
and overall survival, long-term tumor recurrence 
remains extremely high in the setting of meta-
static disease to the liver. In the USA, the UNOS 
community has currently considered that trans-
plantation for malignant liver diseases should 
receive exception points only when outcomes are 
substantially equivalent to results with standard 
indications, and only highly selected patient with 
liver malignancies can receive an exception 
MELD points at this time. Ongoing basic and 
clinical research of transplantation oncology may 
expand the indications of OLT for primary and 
secondary malignant liver diseases in the future.
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 Introduction

Metastatic liver disease may originate from mul-
tiple primary malignancies, most commonly 
colorectal, lung, and breast cancers [1]. In colorec-
tal cancer, up to 15–25% of patients present with 
synchronous metastases at diagnosis, and 50–70% 
will develop metastases to the liver at some point 
during their clinical course [2]. Cancers of the 
gastrointestinal tract commonly metastasize to the 
liver due to the draining blood supply via the por-
tal circulation. Historically, metastatic disease to 
the liver was often treated with systemic therapy 
alone. Over time, however, oncologists have 
begun to recognize the broad continuum of meta-
static disease ranging from single, solitary sites to 
diffuse disease. The term “oligometastases” [3, 
4], which is now commonly used, refers to an 
intermediate stage of metastases where the num-
ber and site of metastatic disease is limited and 
potential local forms of treatment including sur-
gery, radiation, and thermal ablation can be effec-
tively used with curative intent. The rationale for 
adding local ablative therapies in certain meta-
static patients who otherwise have well-controlled 

systemic disease is that many can progress at sites 
of increasing tumor burden including the liver.

With better combination of chemotherapy and 
targeted agents available today, median survival 
has more than tripled for patients with metastatic 
colorectal cancer from 10 to 30  months [5, 6]. 
Therefore, better control of systemic disease has 
led to the need for more ablative local therapy 
options, such as stereotactic body radiation ther-
apy (SBRT), for unresectable hepatic tumors. Up 
to 40% of patients with metastatic colorectal can-
cer have been found to have disease confined to 
the liver and could therefore possibly benefit from 
liver-directed therapy. Even for patients with 
well-controlled extrahepatic disease, but liver-
dominant metastases, the most likely cause of 
death is from local progression in the liver [7–9].

Prior to the introduction of intensity- 
modulated radiation therapy (IMRT) and SBRT, 
radiation oncologists were limited by the toler-
ance of the liver to radiation. In the past several 
decades, tremendous advances in the field of 
radiation oncology such as more sophisticated 
treatment planning software and improved imag-
ing modalities that can be performed real time 
with treatment have led to the overall ability to 
more accurately deliver radiotherapy to the target 
lesion. With the emergence of these improved 
techniques, more focal treatments with higher 
doses of radiation can be delivered to metastatic 
liver lesions while sparing normal liver 
parenchyma.
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 Unique Morphologic and Clinical 
Features of the Liver

The structure of the liver’s functional subunits, or 
lobules, which are arranged in parallel makes it 
more sensitive to the volume effect of radiother-
apy. Thus, historically, liver irradiation was lim-
ited due to toxicity concerns since liver 
radiotherapy was delivered using very large 
fields, often encompassing the entire organ. The 
primary dose-limiting toxicity from whole-liver 
radiation was radiation-induced liver disease 
(RILD). RILD is a clinical syndrome first 
described nearly 50 years ago in patients under-
going whole-liver radiation [10]. RILD is defined 
as a triad of anicteric hepatomegaly, ascites, and 
elevated liver enzymes, typically occurring 
3 months after completing of radiation [11, 12]. 
Histologically, RILD involves veno-occlusive 
injury with fibrin deposition in the central veins 
[13]. Modern studies have demonstrated that 
transforming growth factor-β (TGF-β) leads to 
the stimulation of fibroblast migration and devel-
opment of liver fibrosis in RILD [14]. This com-
plication thus far has rarely been observed with 
modern techniques of radiation delivery, such as 
SBRT.  Early reports demonstrated patients 
treated to doses exceeding 30 Gy had higher rates 
of RILD [15, 16]. The Radiation Therapy 
Oncology Group (RTOG) conducted a dose- 
escalation whole-liver radiation study (RTOG 
8405) and reported rates of RILD for doses of 
27–30  Gy and 33  Gy of 0% and 10%, respec-
tively. However, these low doses of radiation 
were ineffective in controlling gross disease; thus 
palliative whole-liver RT was used infrequently 
in the management of liver metastases.

A unique aspect of the liver is its potential for 
regeneration after injury. Liver regeneration as a 
parallel organ has been well-established in surgi-
cal series after partial hepatectomy [17]. While 
there is limited data demonstrating liver regen-
eration following radiation, one can extrapolate 
that partial liver radiation could stimulate a simi-
lar mechanism of repair. With the introduction of 
computed tomography (CT)-based radiation 
planning, investigators began exploring partial 
liver radiation and found higher doses could be 

achieved while sparing normal liver paren-
chyma, potentially allowing for regeneration and 
repair. This leads to a series of trials evaluating 
higher- dose conformal radiation to the liver [18, 
19]. Dawson and colleagues [18] reported partial 
liver irradiation to doses as high as 70–90  Gy 
(1.5 Gy twice daily fractions) could be tolerated. 
In a subsequent report of 203 patients [20], they 
found no cases of RILD when the mean liver 
doses were maintained below 31 Gy. While these 
studies demonstrated improvement in tumor 
control, sustained local response continued to be 
suboptimal [21].

 Overview of Stereotactic Body 
Radiation Therapy

The introduction of SBRT allows for more inten-
sive tumor dose escalation delivered over fewer 
treatments with high conformality. With these 
newer treatment planning techniques, the dose can 
be delivered to the tumor with steep dose gradients 
outside the target to limit the amount of normal 
liver parenchyma receiving radiation, thereby 
decreasing complication rates from the effect of 
the radiation dose to the uninvolved liver and adja-
cent normal structures. The integration of SBRT 
into the management of liver metastases can only 
be accomplished with sophisticated treatment 
planning systems, tumor motion control, and 
localization techniques to allow for accurate and 
consistent targeting of the tumor. These allow for 
ablative tumor doses while minimizing toxicity to 
critical organs at risk including uninvolved liver 
parenchyma, the chest wall, and the gastrointesti-
nal tract.

There is also a theoretical benefit of delivering 
higher doses with each fraction of SBRT based 
on the direct effect of high-dose RT on tumor 
vasculature shown in preclinical models. For 
example, high-dose radiation with 10  Gy or 
higher in a single fraction has been shown to 
cause severe vascular damage in human tumor 
xenografts [22, 23]. Additionally, the vascular 
injury and ensuing chaotic intra-tumoral environ-
ment caused by high-dose fraction SBRT may 
significantly hinder the repair of radiation dam-
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age [24]. As the survival and proliferation of 
tumor cells are directly dependent on the blood 
supply, the vascular effects of SBRT may lead to 
the ablative effects seen clinically.

There are now several prospective trials 
(described later in this chapter) using single- 
fraction versus multifraction SBRT for liver 
metastasis (Table 25.1). The majority of these tri-
als treated 1–5 liver metastases, with tumors 
measuring no greater than 6 cm in largest diam-
eter. The trials included patients with both favor-
able and unfavorable prognoses and the majority 
of metastatic liver lesions were from colorectal 
cancer [25]. Results from these studies showed 
1- and 2-year local control rates ranging from 70 
to 100% and 60 to 90%, respectively.

There are several potential mechanisms 
accounting for the higher rate of local control in 
comparison with older radiation techniques. 
Fractionated SBRT allows for delivery of highly 
conformal treatment of targets that are in close 
proximity to critical structures, and this has been 
hypothesized to improve the therapeutic ratio, 
thereby reducing the risk of late complications 
potentially associated with a large single dose 
[26]. Lastly, from a radiobiologic standpoint, the 
higher dose per fraction with SBRT-based treat-
ments has been shown to provide improved local 
control over standard fractionation [27].

 Patient Selection for SBRT

Patients with liver metastases from colorectal 
cancer should be discussed in a multidisciplinary 
fashion to identify cases that may be resectable as 
well as to determine if patients have adequate 
hepatic function to be eligible for liver 
SBRT.  Based on data from current prospective 
trials treating liver lesions with SBRT, patients 
considered for SBRT should typically have five 
or fewer lesions with a size of no more than 6 cm 
in maximum diameter [28]. All patients should 
have adequate baseline liver function tests and a 
sufficient uninvolved proportion of liver which 
can be spared. Tumors which are in close prox-
imity to adjacent radiosensitive structures, such 
as those close to the hilum, can potentially be 

treated with SBRT, but the total dose and frac-
tionation scheme may need to be adjusted to meet 
the dose constraints of the adjacent organs/struc-
tures. Outside of current published studies, SBRT 
to lesions that are large (>6 cm) or patients who 
present with multiple lesions need to be consid-
ered on a case by case basis and undergo therapy 
under the guidance of an established protocol/
study.

 Image-Guided Radiation Therapy 
(IGRT)

IGRT is the use of daily imaging prior to radiation 
to ensure proper treatment setup and is performed 
daily for patients undergoing SBRT. With the reli-
ance on image guidance during delivery of radio-
therapy, there is a greater need for accurate target 
localization. As opposed to lung lesions, visual-
ization of tumors in the liver is limited based on 
non-contrast cone beam CT (CBCT) scan. Hence, 
radiation oncologists often recommend that fidu-
cial markers be placed prior to the radiation plan-
ning session or simulation process (referred to as 
CT simulation) to allow for accurate identification 
of the target and to assess the motion of the target 
during respiration. Gold fiducials are often placed 
percutaneously into or around the liver lesion to 
assist in target identification; it is recommended 
that at least 2–3 markers be placed in order to tri-
angulate where the tumor is located and for 
improved tumor tracking during treatment [29]. 
Occasionally, postoperative clips can also be used 
to localize the treatment target.

Most new linear accelerators can obtain 
higher-quality diagnostic X-rays and have 
onboard three-dimensional (3D) CT imaging, 
known as CBCT, which is the common modality 
used for IGRT during SBRT. This provides real- 
time assessment of tumor positioning, while the 
patient is lying on the treatment table. IGRT 
using imaging such as CBCT has significantly 
advanced the radiation oncology field, allowing 
for better target alignment, which is critical when 
treating with SBRT to organs such as the liver, as 
there is a substantial degree of inter- and intra- 
fraction variability.

25 Radiation Therapy for Liver Metastases
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 Motion Management During 
Treatment

The small, focal radiation fields used for SBRT 
could potentially miss the liver target if tumor 
motion with respiration is unaccounted for as 
this motion can be quite significant. Studies 
have shown that the liver can move as much as 
1–8 cm in the superior-inferior direction and to 
a lesser degree from the anterior-posterior direc-
tion with respiration [30]. Variations in hollow 
organ filling due to gastric contents may also 
contribute to both inter- and intra-fraction 
motion. Because of the possibility of substantial 
liver motion, simply aligning the treatment field 
to bony landmarks during radiation delivery is 
not optimal. IGRT in combination with motion 
management is therefore frequently used for 
liver SBRT. Motion management incorporated 
in the radiation oncology clinic today can 
broadly be categorized as motion compensating 
or motion restricting [29].

Respiratory gating is a motion compensating 
technique consisting of beam radiation delivery 
at specific phases of the breathing cycle, usu-
ally during the expiratory phase where motion 
is the smallest and reproducibility is better. 
Tumor tracking is another motion compensat-
ing technique. For instance, the CyberKnife® 
system utilizes fiducial markers to localize the 
tumor [31, 32] and can track tumors in real 
time.

Motion restricting includes techniques such 
as abdominal compression and active breathing 
control (ABC). Abdominal compression uses a 
belt that compresses the abdominal cavity, 
increasing intra-abdominal pressure and limit-
ing diaphragmatic respiratory motion, which 
translates to decreased liver motion during res-
piration. This technique can reduce the superior-
inferior tumor motion by as much as 50% [33]. 
ABC is a technique used to deliver treatment 
while a patient holds his or her breath during a 
specific phase of the breathing cycle. This 
requires patient instruction on proper respira-
tion patterns in addition to video tracking to 
deliver radiation at indicated points of the 
breathing cycle.

 Patient Setup and Treatment

The radiation planning session, also referred to as 
the simulation process, should be done at least 
3–5 days after placement of the fiducial markers to 
minimize any potential changes due to local inflam-
mation or migration of the fiducial marker after the 
planning process. The simulation is the basis for 
the treatment planning process and includes the 
preparation of appropriate immobilization devices 
to keep the patient in the exact same position for 
treatment. A diagnostic CT scan with intravenous 
(IV) contrast and oral contrast if the target lesion(s) 
is near bowel is performed in the radiation oncol-
ogy department. The CT images are taken, which 
are used for radiation planning purposes. Many 
institutions now employ four-dimensional (4D) CT 
to better delineate the motion of the liver lesion. 4D 
CT is acquired using a modified CT scanning tech-
nique that is synchronized with the respiratory pat-
tern of the patient. The respiratory cycle of a patient 
is divided into numerous breathing phases, with 
end inspiration, end expiration, and interval phases 
between inspiration and expiration. For each 
breathing phase, a 3D construction is created, and 
these imaging sets at different breathing phases are 
constructed and analyzed to determine organ posi-
tions at all phases of respiration.

Most patients will also have a diagnostic mul-
tiphasic contrast-enhanced helical CT scan to 
assist in target localization. For liver tumors in 
particular, CT scans alone may not clearly delin-
eate disease. Therefore, incorporation of a fluoro-
deoxyglucose positron emission tomography 
(FDG-PET) scan and magnetic resonance imag-
ing (MRI) during planning can be helpful in bet-
ter identifying the target. These additional images 
are fused to the simulation CT in the radiation 
oncology planning software.

 Clinical Studies for Stereotactic 
Body Radiation Therapy for Liver 
Metastases

One of the first reports of the use of SBRT in extra-
cranial tumors including liver was published by 
Blomgren and colleagues in 1998 [34, 35]. The study 
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included 17 primary tumors and 21 liver metastases. 
Total radiation dose delivered was 20–45 Gy (mean 
34.1 Gy) in 2–4 fractions. Actuarial local control of 
liver metastasis at 1- and 2-year intervals was 76% 
and 61%, respectively. There were no reported 
grade 3 or higher toxicities. A subsequent study of 
34 patients with 42 lesions (13 lung, 6 hepatocellu-
lar, 23 lung or liver metastases) treated to 45 Gy in 
three fractions demonstrated a 2-year tumor control 
probability of 83.6% [36]. Tumor size appeared to 
be the greatest predictor of response with 95% local 
control rate in tumors <3  cm and only 58.3% in 
tumors ≥3 cm.

A summary of select prospective trials using 
SBRT for liver metastases is presented in 
Table 25.1. The majority of these trials treated 1–5 
liver metastases, with tumors measuring no greater 
than 6 cm in the largest diameter. The trials included 
patients with both favorable and unfavorable prog-
noses [25]. The majority of metastatic liver lesions 
were from colorectal cancer. Overall, 1- and 2-year 
local control rates ranged from 70 to 100% and 60 
to 90%, respectively. Median survival ranged from 
10 to 34 months, with 2-year overall survival rates 
of 30–83%. The majority of these patients on long-
term follow-up would later develop out-of-field 
metastases. The studies vary in dose heterogeneity, 
primary histology included, tumor volumes, total 
radiation dose, dose per fraction, and dosimetric 
planning criteria. Total radiation doses typically 
ranged from 30 to 60 Gy in 1–6 fractions. The fol-
lowing are all phase I or II trials. To date, there are 
no published phase III data.

 Single-Fraction Stereotactic Body 
Radiation Therapy

There was early interest in single-fraction treat-
ment for liver SBRT, similar to the single- fraction 
approach used in stereotactic radiosurgery for the 
brain. Herfarth and colleagues [37] from the 
University of Heidelberg were the first to report 
prospective outcomes of SBRT for liver metasta-
ses. The study enrolled 37 patients, with 55 liver 
metastases treated with single-fraction SBRT at a 
dose of 14–26  Gy. Local control at 18  months 
was reported to be 67%. No significant toxicities 

were recorded. There was a statistically signifi-
cant difference in  local tumor control between 
tumors treated with 14–20  Gy vs. 22–26  Gy, 
though this may have been due to a learning 
phase as investigators had noted local control 
also improved in patients who were enrolled later 
in the study, as more proper margin expansions 
were performed; patients enrolled in later years 
had an actuarial local control rate of 81% at 
18 months [28, 37].

Goodman and colleagues [38] at Stanford 
University performed a phase I single-fraction 
dose-escalation study for primary and metastatic 
liver tumors. Of the 26 patients included, 19 
patients had hepatic metastases. Total radiation 
dose was escalated from 18 to 30  Gy at 4-Gy 
increments. At a median follow-up of 17 months, 
there were no dose-limiting toxicities reported. 
There were nine acute grade 1, one acute grade 2, 
and two late grade 2 gastrointestinal toxicities 
observed. Local control at 1 year was 77%. For 
liver metastases patients, the 1- and 2-year over-
all survival rates were 62% and 49%, respec-
tively. Investigators concluded that single-fraction 
SBRT is feasible with promising local control 
rates and tolerable side effects from treatment.

 Hypofractionated Stereotactic Body 
Radiation Therapy

While the results of single-fraction liver SBRT 
appeared promising, the potential toxicity of the 
ultrahigh-dose radiotherapy in the abdomen leads 
many groups to evaluate the use of 
 hypofractionated SBRT [39, 40]. Hoyer and col-
leagues [39] reported outcomes of 44 hepatic 
lesions treated with SBRT to 45  Gy divided in 
three fractions, with a 2-year actuarial local con-
trol of 79%. One- and two-year overall survival 
was 67% and 38%, respectively. Treatment-
related toxicity included one patient who died of 
hepatic failure, one patient with colonic perfora-
tion requiring surgical management, and two 
patients with duodenal ulceration treated conser-
vatively. In the trial by Méndez-Romero and col-
leagues [40], 34 liver metastases were treated to 
37.5 Gy in three fractions. They reported a 2-year 
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local control rate of 86%. One- and 2-year overall 
survival was 85% and 62%, respectively. There 
were three grade 3 toxicities documented among 
the patients with liver metastases.

In a phase I/II trial, investigators at the University 
of Colorado prospectively evaluated patients with 
three or fewer liver metastases, measuring less than 
6 cm [41]. In the phase I portion of the trial which 
included 18 patients, the dose of SBRT was esca-
lated from 36 to 60 Gy in three fractions, and no 
dose-limiting toxicity was observed. In the subse-
quent combined phase I/II multi-institutional trial, 
47 patients with 63 liver metastases were enrolled 
and treated at seven participating institutions to 
60  Gy in three fractions; 13 patients received 
<60 Gy, and 36 patients received 60 Gy [42]. Of 
patients with at least 6 months of radiographic fol-
low-up after SBRT, only 3 infield local failures 
among 47 lesions occurred. At 2 years, the actuarial 
local control of all SBRT-treated lesions was 92%; 
among lesions <3  cm, the 2-year actuarial local 
control was 100%. Two-year overall survival was 
30%. One patient experienced late grade 3 soft tis-
sue breakdown. There were no reported grade 4–5 
toxicities or RILD.

Investigators from Princess Margaret Hospital 
[43] also published their phase I trial of SBRT 
delivered in six fractions (median prescription 
dose of 41.8 Gy) to 68 patients with metastatic 
liver disease. Individualized radiation doses were 
chosen based on normal tissue complication 
probability (NTCP)-calculated risk of RILD at 
three risk levels (5%, 10%, and 20%). Observed 
1-year local control was 71%, and no dose- 
limiting toxicity was observed. Two patients 
experienced acute grade 3 liver enzyme changes, 
and six patients had additional acute grade 3 tox-
icities including gastritis (2), nausea (2), lethargy 
(1), and thrombocytopenia (1). There was one 
grade 4 thrombocytopenia reported.

Ambrosino and colleagues [44] prospectively 
evaluated 27 patients with liver metastases treated 
with 25 to 60  Gy (median 36  Gy) delivered in 
three fractions. Mean tumor volume was 
81.6  ±  35.9  ml. At a median follow-up of 
13 months, crude local control was 74%. Mild to 
moderate transient hepatic dysfunction was 
observed in nine patients, pleural effusions in two 

patients, and partial portal vein thrombosis, pul-
monary embolism, and upper gastrointestinal 
tract bleed in one patient each. Rule and col-
leagues [45] from the University of Texas 
Southwestern reported results from their phase I 
SBRT dose-escalation trial, with three dose 
groups, 30 Gy/3 fractions, 50 Gy/5 fractions, and 
60 Gy /5 fractions. At 2 years, local control was 
56%, 89%, and 100%, respectively. Two-year 
overall survival was 56%, 67%, and 50% accord-
ingly. Further, there appeared to be a significant 
dose-response relationship between 30 and 60 Gy 
(p  =  0.009). There were no grade 4–5 toxicity 
and one grade 3 asymptomatic transaminitis 
occurring in the 50 Gy cohort.

Investigators from Milan [46] reported on 
their phase II trial of 61 patients with 76 liver 
metastases treated to 25 Gy in three fractions. At 
a median follow-up of 12  months, the overall 
local control rate was 95%. One- and two-year 
overall survival was 80% and 70%, respectively. 
There were no reported events of RILD; one 
patient experienced late grade 3 chest wall pain.

 Additional Studies

Chang and colleagues [47] performed a multi- 
institutional analysis reporting on prognostic fac-
tors following SBRT for colorectal cancer liver 
metastases. The study included 65 patients 
treated at three institutions. All patients had 1–4 
lesions and received 1–6 fractions of SBRT to a 
median total dose of 42  Gy (range 22–60  Gy). 
The median follow-up was 1.2 years. On multi-
variate analysis, total dose of radiation, dose per 
fraction, and the BED were significantly associ-
ated with local control. Local disease control also 
appeared to be a borderline significant factor 
associated with improved overall survival under 
multivariate analysis (p  =  0.06), demonstrating 
the impact local ablative therapy can have on 
overall survival. Chang and colleagues [47] fur-
ther examined the correlation between total radi-
ation dose and local control in a tumor control 
probability (TCP) model. Results from the TCP 
curves demonstrated that a 1-year local control 
rate exceeding 90% could be achieved when 
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doses of 46–52 Gy in three fractions were deliv-
ered, concluding doses of 48  Gy or higher in 
three fractions should be offered if feasible.

Several studies have also evaluated the role of 
hypofractionation using more than five fractions. 
In one of the earlier studies, Sato and colleagues 
[48] evaluated 18 patients with 23 primary or 
metastatic liver lesions treated to a total dose of 
50–60 Gy in 5–10 fractions. At 10-month follow-
 up, the crude local control rate was 100% with a 
5% grade 1–2 and 5% grade 3–4 toxicity rate. A 
subsequent study by Wurm and colleagues [49] 
with three patients treated to a total dose of 74.8–
79.2 Gy in 8–11 fractions also noted a local con-
trol rate of 100% (unspecified follow-up time). 
More recently, Katz and colleagues [50] pub-
lished results of 174 metastatic liver lesions 
treated to a median total dose of 48 Gy (range, 
30–55 Gy), delivered in 2–6 Gy fractions. At a 
median follow-up of 14.5 months, actuarial local 
control rates were 76% and 57% at 10 and 
20 months accordingly. For liver metastases, the 
median overall survival was 14.5  months, and 
progression-free survival at 6 and 12 months was 
46% and 24%, respectively. There was no grade 3 
or higher toxicities reported.

The RTOG 0438 was a phase I trial of dose- 
escalated hypofractionated radiotherapy for 
hepatic metastases and is currently presented in 
abstract form only [51]. There were 26 patients 
enrolled, and four dose levels were achieved: 
35–50  Gy in 5  Gy increments delivered in ten 
fractions. No dose-limiting toxicities were 
reported, although four patients (two patients at 
45 Gy, two patients at 50 Gy) developed grade 3 
toxicity. Investigators concluded that a hypofrac-
tionated regimen of 50  Gy in ten fractions is a 
reasonable and safe approach to treat metastatic 
liver lesions. Local control and survival outcomes 
have not been reported to date.

 Long-Term Sequelae from Radiation

Most published series of liver SBRT have rela-
tively short follow-up due to the nature of treat-
ing metastatic disease. Thus, the question remains 

as to what the long-term effects of SBRT may be 
on the biliary tree as well as the impact on overall 
liver function. The late effects of SBRT may 
become more significant as patients live longer 
with better systemic therapies. Fortunately, sev-
eral small retrospective studies have reported 
data on long-term follow-up and toxicity from 
SBRT to the liver. Gunvén and colleagues [52] 
reported long-term radiation sequelae in 11 
patients with up to 13-year follow-up. Follow-up 
tests included regular blood chemistry panels in 
addition to clearance of indocyanine green, and a 
segmental function study by single-photon emis-
sion computed tomography (SPECT) using 
hepatic iminodiacetic acid (HIDA) derivatives, 
including mebrofenin, to evaluate uptake by nor-
mal functioning hepatocytes. Their findings dem-
onstrated overall elevations in liver serum values 
including alanine aminotransferase were uncom-
mon, transient, and typically occurring within 
2  years after SBRT; these findings were more 
common in patients with preexisting liver dam-
age. Late liver function did not appear to be 
affected by treatment, even in the presence of cir-
rhosis. Two patients received equivalent 2  Gy 
(EQD2) doses of 40 and 161  Gy to hilar struc-
tures, and no long-term bile duct damage was 
found. In two cases, moderate late liver dysfunc-
tion occurred – one patient after three courses of 
radiation and a second patient with cirrhosis after 
two liver resections and radiation.

One of the largest analyses of oligometastatic 
patients treated with SBRT with long-term fol-
low- up was recently published by Fode and col-
leagues [53]. Their study included 321 patients 
(68% with liver metastases) with 587 lesions 
treated with SBRT over a 13-year period. The 
median follow-up was 5 years. Reported overall 
survival at 1, 3, 5, and 7.5 years was 80%, 39%, 
23%, and 12%, respectively. Prognostic factors 
for overall survival in this study included perfor-
mance status, solitary metastasis, metastasis 
measuring 30 mm or less, metachronous metasta-
ses, and pre-SBRT chemotherapy. Severe acute 
grade 3–4 toxicity occurred in 11 patients (3%), 
and late grade 3–4 toxicity occurred in 3 patients 
(1%). Specific to liver SBRT, one patient devel-
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oped grade 3 gastritis and chronic skin reactions, 
and a second patient developed grade 3 chronic 
skin reaction after SBRT for liver metastases. An 
additional ten patients receiving SBRT to lung or 
liver experienced rib fractures 6–18 months after 
SBRT and were managed with pain medications. 
There were three possible treatment-related 
deaths: patient no. 1 deteriorated and died 
6 weeks after SBRT; patient no. 2 died of hepatic 
failure 7  weeks after SBRT; and patient no. 3 
developed a fistula from the stomach to the skin 
and died 15 months after SBRT. All three patients 
received total radiation dose of 45  Gy in three 
fractions (Fig. 25.1).

In a recent published quality of life analysis, 
Klein and colleagues [54] evaluated 222 patients 
treated with SBRT for hepatocellular carcinoma, 
liver metastases, or intrahepatic cholangiocarci-
noma. SBRT total dose ranged from 24 to 60 Gy 
in six fractions. Prospective quality of life forms 
based on the European Organization for Research 
and Treatment of Cancer Quality of Life 
Questionnaire Core 30 (QLQ-C30) and/or 
Functional Assessment of Cancer Therapy- 
Hepatobiliary (FACT-Hep, version 4) question-
naires were provided at baseline and up to 
12 months after treatment. Appetite and fatigue 
were clinically and statistically worse by 1 month 
but appeared to recover by 3 months after treat-
ment. At 12 months, quality of life had improved 
in 23%, worsened in 39%, and was stable in 38%.

 Future Directions

There are currently no randomized studies com-
paring SBRT and surgery for metastatic liver 
lesions, and there will likely not be one for some 
time, due to limited patient numbers and diffi-
culty in accruing. Extrapolating from recent data 
published in non-small cell lung cancer (NSCLC), 
there appears to be promising results with SBRT 
when compared to surgery [55]. These results in 
lung cancer demonstrate the need for prospective 

trials evaluating outcomes comparing surgery to 
SBRT, for metastatic liver lesions are very much 
needed to assess local control rates, overall sur-
vival, and quality of life metrics. Further, given 
the heterogeneity in the currently published trials 
evaluating SBRT for liver metastases, multi- 
institutional prospective studies to evaluate the 
appropriate dose, fractionation scheme, and 
appropriate margins are urgently needed.

Additional data will also be needed to assess 
which noninvasive or minimally invasive modal-
ity to perform in select patients with liver metas-
tases. There is currently at least one ongoing 
phase III randomized trial (NCT01233544) com-
paring radiofrequency ablation (RFA) to SBRT in 
colorectal cancer liver metastases [56]. The pri-
mary endpoint of the study is local progression- 
free survival.

Novel radiation delivery techniques including 
charged particle-based therapy may also provide 
an avenue for highly conformal dose-escalated 
treatment in liver tumors. Currently, most stud-
ies evaluating proton beam and carbon ion beam 
therapy have been in primary hepatocellular car-
cinoma. In several small, nonrandomized stud-
ies, for example, high-dose radiation with 
protons has demonstrated similar local control 
and survival rates to photon-based treatment in 
hepatocellular carcinoma [57–59]. Hong and 
colleagues evaluated respiratory-gated proton 
beam therapy for liver tumors, including primary 
hepatocellular carcinoma, intrahepatic cholan-
giocarcinoma, and liver metastasis, and found 
comparable local control rates and toxicity out-
comes [60].

Delivery of SBRT with systemic therapies is 
also an integral part of the management for 
patients with metastatic liver disease. In patients 
with oligometastatic disease, the goal of SBRT is 
to minimize macrometastases, while systemic 
treatment is used to control micrometastases. 
Future studies evaluating combined modality 
treatment with SBRT and systemic therapies are 
needed.
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MRI-Guided Laser Ablation  
of Liver Tumors
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 Introduction

Ablative treatment, along with other forms of 
locoregional therapy, has become an integral part 
of the treatment paradigm for primary and second-
ary liver malignancies. Numerous reports [1–4] 
have demonstrated similar overall survival rates 
following ablative treatment and surgical resection 
for the management of small (≤3 cm) liver tumors.

Small hepatic tumors are being increasingly 
identified during metastatic work-ups and in the 
setting of evaluating patients with liver cirrhosis 
due to the vast improvements in diagnostic imag-
ing capabilities. Advanced anatomic and func-
tional abdominal MR imaging has become the 
primary imaging approach for evaluating liver 
disease at many institutions due to an established 
superiority over other imaging modalities [5].

Several options are currently available for abla-
tive treatment of liver tumors, including tissue 
heating (e.g., radiofrequency (RFA) [6], laser [7], 
microwave [8], and focused ultrasound (HIFU) 

[9]), tissue freezing (cryoablation [10]), and tissue 
damage by electric currents (irreversible electro-
poration (IRE) [11]). Most liver tumor ablations 
are currently performed with RFA or microwave 
ablation. In terms of efficacy in achieving tumor 
necrosis, no comparative series is available in the 
literature to support the use of one ablative tech-
nology versus the other. In our experience, the effi-
cacy of ablation is not typically associated with the 
choice of ablative energy but is primarily related to 
the soundness of the technique and to the ability to 
identify the target, unequivocally clarify its mar-
gins, and adequately gauge the energy required to 
eradicate all the viable cells. Some inherent char-
acteristics of the ablative energy may, however, 
favor its utilization in particular situations such as 
the use of microwave to achieve a larger ablation 
zone with a fewer probe punctures in a time-effi-
cient manner [12] and the use of IRE to avoid heat 
sink while treating neoplasms in the vicinity of 
larger vascular structures [13].

Several reports of percutaneous laser ablation 
of hepatic tumors have surfaced more than a 
decade ago [7, 14, 15]. The technique has, how-
ever, subsequently fallen out of favor due to the 
complexity and invasive nature of introducers 
and the lack of advantage over simpler compet-
ing technologies when insertions were performed 
under CT guidance.

The approach for laser ablation discussed in this 
chapter represents a significant departure from 
those early practices and involves MRI identifica-
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tion of subtle, typically otherwise  undetectable, 
liver tumors, followed by interactive MRI-guided 
insertion of smaller, minimally invasive, laser fibers 
and real-time monitoring of energy deployment, 
where the treatment endpoint is dictated by the indi-
vidual tumor response rather than by predetermined 
vendor- recommended ablation parameters.

 Principles of Laser Ablation

(Latin ablat “taken away,” from ab “away” + lat 
“carried”) [16].

Although the physical phenomenon producing 
tissue heating varies according to the source of 
thermal injury, the subsequent cascade of events 
leading to cell necrosis is quite similar regardless 
of the initial source of heating.

When using laser energy for deep tissue abla-
tion, a laser applicator is inserted into the target 
tissue. When the laser system is operated, a flux 
of light photons is released in the tissues sur-
rounding the laser applicator. The molecular ele-
ments in the tissues that absorb the light energy 
are called the “chromophores,” which are the ele-
ments interacting with the laser photons deployed 
in the tissue during ablation. Numerous compo-
nents of normal and abnormal tissues serve as 
naturally occurring chromophores, such as hemo-
globin, myoglobin, bilirubin, melanin, and mito-
chondrial pigments [17, 18].

The absorbed energy excites orbital electrons 
from their original resting state. The difference in 
orbital energy levels inherent to each molecule 
dictates its affinity to absorb energy from a partic-
ular spectrum of light. The final three- dimensional 
distribution of laser power deposition in tissues is 
therefore the sum of photon absorption, scattering, 
and reflection and is primarily dependent on (a) 
laser wavelength, (b) tissue composition, and (c) 
applied energy level and duration.

 Laser Wavelength

Laser lights come in a wide spectrum of wave-
lengths that serve different treatment goals when 
applied to human tissues. At one end of the spec-

trum are the short wavelength ultraviolet excimer 
lasers (wavelengths between 193 and 300  nm). 
These are highly absorbed by amino acids and have 
a limited power of tissue penetration (approxi-
mately 1 μm). The rapid water vaporization associ-
ated with the application of these short wavelength 
lasers does not allow sufficient time for heat radia-
tion to create a meaningful ablative damage [19]. 
At the other end of the spectrum are the long wave-
length lasers toward the infrared range and beyond. 
These are absorbed by a variety of natural tissue 
chromophores and are capable of deeper tissue 
penetration. As such, these are suitable lasers for 
controlled deep tissue ablation. Typically, several 
millimeters of depth penetration (up to 10–12 mm) 
are achievable with laser energies in the range of 
600–1100 nm [19, 20]. Examples of lasers used for 
deep tissue ablation include diode lasers (wave-
length 800–980  nm) and Neodymium: Yttirum 
Aluminum Garnet (Nd: YAG) lasers (wavelength 
1064 nm) [17, 18, 21].

 Tissue Composition

Laser-tissue interactions also depend on tissue 
composition, including the degree of tissue perfu-
sion, proximity of target to large adjacent vessels, 
amount of pigment, fibrosis, necrosis, and the 
presence of distinct tissue interfaces (e.g., CSF 
space, diaphragm, etc.) adjoining the treated field. 
These variants should be considered when pre-
dicting the response of various tissues to deep 
laser ablative therapy. Tumor tissues have been 
shown to exhibit 33% more affinity to optical pen-
etration compared to normal tissue at 1064  nm 
wavelength [17, 22]; however, the effects of many 
of the tissue composition factors have not been 
studied in a measured way and therefore require 
sufficient expertise of the treating physician with 
laser energy and familiarity with the treated 
organ(s) to ensure safe and efficacious treatment.

 Applied Energy Level and Duration

The applied laser energy level and duration are 
other important factors in determining the abla-
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tive treatment effect. Interstitial tissue ablation is 
achieved by the continuous deposition of laser 
energy, usually in the range of 3–20 W over dura-
tions of 2–20 min [17], although higher energy 
levels have been also safely applied to achieve 
interstitial thermal tissue coagulation [23, 24]. 
The author’s institution applies cycles of 12  W 
over 90–290 s for intracranial ablations [23] and 
21–27 W over 120–180 s for extracranial appli-
cations [24]. Rapid heating delivered over a short 
duration of time results in tissue carbonization, 
steam buildup, and explosive ruptures at the laser 
fiber/tissue interface [19]. This impedes optical 
penetration in the tissues by up to 25% [17, 22] 
and leads to an ineffective ablation outcome, in 
the form of linear charring along the laser fiber 
rather than a sizeable zone of thermal damage. In 
order to avoid this effect, cool-tip technology is 
used, where the laser fiber’s diffusing tip is 
housed within an applicator that contains circu-
lating saline.

 Role of MR Imaging Guidance

The ability to perform a focused percutaneous 
thermal treatment of liver tumors under image 
guidance has changed thermal ablation from an 
adjuvant surgical technique to a minimally inva-
sive alternative to surgery that is more suited to a 
large sector of poor surgical candidates. 
Traditionally, image guidance during percutane-
ous thermal ablation is performed with CT or 
ultrasound to help a safe and precise placement of 
the ablative device into the targeted pathology. The 
ideal access trajectory during actual procedure 
execution is frequently different from that sug-
gested on pre-procedure imaging data due to the 
shift of anatomical structures when using modified 
patient positions during treatment. Additionally, 
the guided approach provides updated information 
regarding the development of new pathological 
conditions that may alter treatment decision-mak-
ing, such as the appearance of other tumor foci or 
the development of ascites.

A few institutions have added “interventional 
MRI” capabilities to their minimally invasive 
procedural armamentarium. At the author’s insti-

tution, MRI-guided interventions have become 
an integral component of the routine procedural 
services and have contributed to a new refined 
approach to liver tumor ablation [25]. The new 
approach utilizes intra-procedural interventional 
MRI technology for (a) accurate mapping of 
hepatic tumor burden, (b) interactive navigation 
of the laser applicator into the target tumor(s), 
and (c) real-time monitoring of individual tumor 
response to the deposited ablative energy.

 Accurate Mapping of Hepatic Tumor 
Burden

This is typically the initial step in MRI-guided 
laser ablation and is analogous to performing 
intraoperative high-resolution ultrasound on the 
exposed liver prior to surgical metastatectomy. 
This standard surgical step is performed intraop-
eratively, immediately before executing the sur-
gical plan in order to detect any additional small 
liver tumors that were below the resolution of 
preoperative imaging work-up. Similarly, we use 
intra-procedural MRI to obtain high-resolution 
scans while inducing controlled apnea under gen-
eral anesthesia and enhancing the visualization 
by using liver-specific contrast medium, gadox-
etate disodium (Eovist®), to achieve accurate 
quantification of liver disease and confirm or 
modify the preexisting ablation plan. This 
approach has changed liver ablations from proce-
dures geared toward identifying and treating 
known disease to a more comprehensive assess-
ment that accounts for subtle previously unknown 
or newly developed disease.

 Interactive Navigation of the Laser 
Applicator into the Target Tumor(s)

Percutaneous ablation procedures can be per-
formed under ultrasound (US), computed 
 tomography (CT), or magnetic resonance (MR) 
imaging guidance, all of which usually allow 
accurate placement of the ablative device into the 
targeted tumor. However, the additional specific 
features of MRI such as its excellent soft tissue 
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contrast, high spatial resolution, multiplanar 
capabilities, and inherent sensitivity to tempera-
ture and blood flow [26–28] facilitate a greater 
suitability for accessing a wide variety of “diffi-
cult access” lesions in terms of tumor visibility, 
trajectory limitations, or proximity to vital 
structures.

MRI is being increasingly used for hepatic 
metastatic tumor work-up and for surveillance 
of patients with chronic liver disease. As such, 
it is not uncommon to identify sub-centimeter 
tumors that are too small to detect on CT or 
ultrasound scans. Some larger tumors also pos-
sess tissue characteristics that render them dif-
ficult to delineate except on MRI scans. MRI 
guidance becomes a necessity in these cases to 
ensure accurate tumor targeting during abla-
tion. Without the availability of interventional 
MRI technology, the only alternative would be 
using surrounding tissue landmarks to access 
the approximate location of the tumor. This 
approach can result in either ineffective abla-
tion due to missing part of or the entire targeted 
tumor or unnecessarily aggressive treatment 
due to the desire to eradicate all viable tissue 
of an originally unseen target. This latter sce-
nario can be associated with a negative 
impact on liver reserve in patients who have 
already had prior surgical metastatectomies 
and/or multiple similarly aggressive ablative 
treatments.

In terms of trajectory limitations and proxim-
ity to vital structures, MRI guidance enables a 
safe and time-efficient navigation of the ablative 
device toward those “difficult-to-reach” targets. 
Examples include tumors at the extreme liver 
dome under the diaphragm. Access to these 
tumors under CT guidance requires expertise in 
triangulation techniques and is associated with a 
significant risk for the development of pneumo-
thorax. Ultrasound is more suitable than CT for 
real-time ablative device guidance in oblique tra-
jectories but can be hampered by air artifacts 
from the lung bases when targeting high sub-
phrenic lesions. Other examples where MRI 
guidance is usually beneficial include tumors 
abutting the heart, gallbladder, colon, or liver 
hilum.

 Real-Time Monitoring of Individual 
Tumor Response to the Deposited 
Ablative Energy

In addition to its role in accurate mapping of 
tumor burden and in interactive device navigation 
toward the target tumor, the major contribution of 
MR imaging to thermal ablation technology lies 
in its ability to monitor the zone of thermal tissue 
destruction during the procedure. This allows a 
real-time feedback on the status of energy depo-
sition in the tissues and thereby facilitates direct 
control and adjustment of the thermal ablation 
zone size and configuration during the procedure. 
This technical refinement over the current stan-
dard of care practices translates to an added abil-
ity of the interventionist to compensate for 
deviations from preoperative predictions and to 
define the treatment endpoint without moving the 
patient from the interventional suite. As such, the 
treatment paradigm does not follow universal 
“vendor-recommended” ablation parameters but 
rather titrates the delivered treatment to the indi-
vidual tumor response.

This ability to interactively monitor the zone 
of thermal tissue destruction may be achieved 
either by direct anatomical imaging of the zone 
of ablation or by creating a “thermal map” allow-
ing real-time updates of temperature changes to 
be superimposed on the image of the ablation 
zone. This is achieved by computing and display-
ing phase changes during the deposition of heat-
ing energy in near real-time. These data are 
assigned color codes based on temperature 
thresholds and are displayed over the initial phase 
and/or magnitude (anatomical) image to reflect 
topographic updates in tissue temperature. The 
“total damage estimate map” is a modification of 
the “thermal map” that allows delineating tumor 
areas that have been exposed to lethal tempera-
tures for a certain amount of time rather than 
highlighting the actual temperature distribution 
at the time of sampling. These features are exclu-
sive to MR imaging and could not be reliably 
duplicated by any other currently used imaging 
modality.

With this elaborative and multifaceted role, 
the use of MRI to guide liver tumor ablation rep-
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resents more than the utilization of a different 
imaging modality to guide the insertion of the 
ablative device. MRI guidance should rather be 
viewed as a comprehensive approach to percuta-
neous ablation technology that offers accurate 
pre-procedural quantification of tumor burden; 
allows a precise placement of the ablative device 
into the target tumor(s), with particular value in 
small, poorly visualized, and difficult-to-reach 
tumors; and facilitates a well-titrated energy 
deposition based on the actual response of the 
target tumor.

 Rationale for Choosing Laser 
Ablative Energy

It has been our experience, as well as the experi-
ence of others, that effective treatment of liver 
tumors may be achieved with a variety of energy- 
based ablative technologies and that the treat-
ment outcome is more dependent on the technique 
rather than on the actual source of utilized energy. 
In the previous section, we explained how the 
technique of thermal ablation can be markedly 
enhanced by incorporating modern interventional 
MRI technology into the various steps of the 
process.

As a relatively new mode of intervention that 
is being practiced exclusively in a limited num-
ber of institutions, interventional MRI is cur-
rently challenged by the lack of a dedicated MRI 
scanner design that offers a true procedural plat-
form. As such, space restriction is always a com-
plicating factor during MRI-guided interventions, 
even with the use of open-configuration scanners. 
The delivery system for deep tissue laser ablation 
consists of a thin flexible fiber optic, housed 
within a flexible cooling applicator. A short 
(14.5 cm), 14 gauge, introducing needle is typi-
cally used to carry this delivery system across the 
body wall into the target tumor within the liver. 
The laser fiber/applicator system exiting the body 
through the hub of the introducing needle can be 
easily bent to fit within the bore of the scanner. 
This arrangement requires only minimal addi-
tional space beyond the hub of the short introduc-
ing needle and circumvents the challenges of 

fitting the bulky handles and cables of other abla-
tive devices (radiofrequency, microwave, etc.) 
within the magnet bore, particularly when 
attempting to treat larger patients.

In addition to simplifying the physical logis-
tics of ablative treatment within the MRI environ-
ment, laser is also well-suited for MRI-guided 
ablation due to the lack of interference with 
imaging, allowing simultaneous treatment and 
scanning. This is the key feature in facilitating 
real-time ablation monitoring and constitutes the 
basis of offering a titrated, response-based, abla-
tive treatment.

The sensitivity of MR imaging to the immedi-
ate changes occurring at the ablation zone and to 
the surrounding reactive tissue changes does, in 
fact, apply to all modes of thermal ablation. 
However, capturing these changes during some 
other treatments, such as radiofrequency (RF), is 
a complicated task due to RF interference with 
the scanner. This limitation can be circumvented 
during MRI-guided RF ablation by implementing 
intermittent MR scanning between the ablation 
cycles or by employing a special radiofrequency 
switching circuit to allow simultaneous RF abla-
tion and MR imaging [29]. Microwave ablation 
may be monitored with simultaneous MRI scan-
ning similar to laser ablation; however, there is 
no currently available commercial platform for 
real-time temperature mapping during micro-
wave ablation. MRI has been reported to provide 
a reliable interactive visualization of the growing 
ice ball during cryoablation procedures. Early 
experiences with this phenomenon have been pri-
marily based on monitoring of MRI-guided renal 
cryoablations [30–32]. MRI monitoring can pro-
vide the real-time feedback necessary to adjust 
the gas flow to individual cryoprobes in order to 
modify the size and shape of the forming ice ball. 
It is important, however, to note that the visual-
ized leading edge of the ice ball during the proce-
dure corresponds to 0  °C, which is a sublethal 
freezing point and results in incomplete treat-
ment if used to indicate the treatment margin. 
Therefore, a 5–10 mm of ice ball, or more in the 
vicinity of large vessels, should be planned to 
extend beyond the margin of the target tumor to 
ensure proper coverage [33–35].
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 Interventional MRI Setup for Liver 
Laser Ablation

Performing liver laser ablation under MRI guid-
ance and monitoring requires a dedicated “inter-
ventional MRI suite” that offers:

 1. The ability to access the patient and perform 
the intervention within the bore of the scanner 
through an open biplanar or a wide-bore cylin-
drical magnet design

 2. The ability to operate the scanner and review 
images at the patient’s bedside

 3. The ability to apply modern imaging tech-
niques to achieve rapid near real-time interac-
tive guidance of the introducing needle and 
laser applicator while maintaining sufficient 
image quality for continuous visualization of 
the typically small and/or difficult-to-reach 
target tumor

 4. The ability to implement temperature map-
ping techniques for real-time monitoring of 
the intensity and distribution of deposited 
energy

In addition, the suite should be designed to 
accommodate general anesthesia and MRI- 
compatible versions of all instruments, and 
equipment should be readily available.

In their pioneering report on MRI-guided 
radiofrequency (RF) ablation, Lewin et  al. [36] 
described the use of a biplanar low-field (0.2 T) 
magnet design that allows an abundant space for 
handling and navigating the RF probes. The low 
spatial and temporal resolutions of those low- 
field magnet designs have imposed a limitation 
on the level of complexity of supported interven-
tions and on the practicality of subsequent larger- 
scale adoption. The trend in the field of 
interventional MRI have then favored a shift to 
higher-field interventions albeit at the expense of 
a relatively tighter room within the “wide-bore, 
open-configuration” 1.5  T interventional 
scanners.

The laser generator and saline pump are typi-
cally placed outside the MRI scanner room with 
the laser fibers and cooling tubes extended 
through the waveguide. As opposed to other abla-

tive devices (e.g., radiofrequency or microwave), 
laser fibers do not contain any metallic compo-
nents and do not require special attention to using 
an MRI-compatible version of the device. 
Additionally, bending the thin flexible laser fiber 
to fit within the magnet bore is not associated 
with the potentially damaging torque that occurs 
when attempting to bend the marketed flexible 
MRI-compatible RF probes. In the author’s expe-
rience, this torque results in a significant shift of 
hepatic tissue and may cause inaccurate tip place-
ment and potential tissue injury.

An adequate access trajectory can usually be 
planned while the patient is placed in the supine 
position on the MRI table. In some instances, a 
supine right anterior oblique or a prone position 
might be necessary to secure a safe trajectory. A 
flexible six-channel surface abdominal coil is 
used in conjunction with the built-in table coil to 
receive the MRI signal, which we typically 
accentuate by injecting gadoxetate disodium 
(Eovist®) at the beginning of the procedure as 
described above under accurate mapping of 
hepatic tumor burden. The surface coil we use 
(Siemens Healthcare, Erlangen, Germany) fea-
tures four square-shaped openings, each measur-
ing 4  ×  4  in. It is important to realize that 
following the identification of the skin entry 
point (described below under guidance phase), 
the entire procedure field will be limited to the 
prepped and draped 4  ×  4  in. square allowed 
through one of the coil openings. When placing 
the patient in the oblique position, it is advisable 
to place a second flexible coil between the patient 
and the lifting wedge to compensate for the lost 
signal at the relatively distant built-in table coil.

MRI-guided liver laser ablation can techni-
cally be performed under conscious IV sedation. 
Our practice at the Emory Interventional MRI 
Program has focused on offering this resource to 
patients who are otherwise not suitable candi-
dates for conventional interventional radiologic 
procedures as a unique resource that maintains 
the minimally invasive treatment option for that 
subset of patients. This practice philosophy natu-
rally filters referrals to the interventional MRI 
service to those medically and/or technically 
challenging cases. As such, the vast majority of 
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procedures at our practice are performed under 
general anesthesia. In either case, the nurse 
administering conscious sedation and the general 
anesthesia team should be familiar with the 
requirements and limitations of working in the 
MRI environment. Performing interventional 
procedures within the MRI unit is associated 
with heightened traffic of personnel and hence an 
increased concern about MR safety issues, com-
pared to the standard diagnostic MRI environ-
ment. All the staff involved in interventional 
procedures should receive formal MRI safety 
training and be issued card access to the scanner 
area (MRI Zone II). MRI-safe stretchers should 
be used to transport the patients from the pre- 
procedure care area (MRI Zone I) all the way to 
the interventional MRI suite (MRI Zone IV). 
Clipboards, pens, and paperclips are examples of 
small ferromagnetic items that are not infre-
quently overlooked even in the presence of expe-
rienced staff.

We perform our interventional MRI proce-
dures on a 1.5 T cylindrical high-field, short-bore 
interventional MRI scanner (Magnetom Espree, 
Siemens Healthcare, Erlangen, Germany) while 
accessing the patient from the backside of the 
scanner. When using general anesthesia, the 
patient lays on the scanner in the “feet first” posi-
tion allowing the anesthesia team to have access 
to the patient’s head and to utilize the entire space 
around the front of the gantry.

 Procedure Guidance and Treatment 
Monitoring

The procedure of MRI-guided liver laser abla-
tion, similar to other MRI-guided ablation proce-
dures, can generally be described under three 
distinct phases: the guidance phase, the confirma-
tion phase, and the ablation/monitoring phase 
[37, 38].

 The Guidance Phase

Following the initial gadoxetate disodium 
(Eovist®) scan, an updated map of the actual 

hepatic tumor burden is obtained, and the final 
decision on the number and location(s) of the 
tumor(s) to be targeted is made. The surface coil 
is placed over the patient’s abdomen in such a 
way that one of the 4 × 4 in. coil openings resides 
over the approximate skin entry point and the 
margins of that coil opening are marked by fidu-
cial markers. A rapid triorthogonal imaging 
sequence [39, 40] (usually a short repetition time 
(TR)/short echo time (TE) gradient echo 
sequence, such as fast low-angle shot (FLASH) 
or equivalent) is then planned in such a way that 
the three imaging planes intersect at the target 
tumor, while two of the planes are extended 
through safe trajectories to the same point at the 
skin surface. The next step is to test the entry 
point and the planned trajectory, usually with a 
syringe filled with dilute gadolinium. The coil 
opening is then fine-adjusted to bring the skin 
entry point to the center of the opening in order to 
allow room for subsequent angulations of the 
introducing needle during the guidance phase. 
When the procedure involves ablation of more 
than one tumor, the same process is then repeated 
for each target before prepping and draping the 
access site. In these cases, we typically try to con-
verge all trajectories to the same entry point or to 
cluster them in close proximity to each other in 
order to fit within the small (4 × 4 in.) procedure 
field.

The introducing needle (14G, 14.5-cm-long) 
is then inserted through the skin and advanced 
into the targeted tumor under near-real-time 
interactive MR “fluoroscopic” guidance, apply-
ing repeated cycles of the same rapid triorthogo-
nal imaging sequence used for the initial 
trajectory planning. This guidance phase consists 
of continuous imaging with automated sequential 
acquisition, reconstruction, and in-room display. 
The triorthogonal image plane MR guidance 
 continuously acquires sets of adjustable sagittal, 
coronal, and axial scans that could be acquired 
relative to the needle axis, relative to the target 
tumor itself, or in any three arbitrary planes rela-
tive to each other and to the patient’s body. In this 
method, the reconstruction and display program 
was modified to simultaneously project the three 
planes immediately as they were acquired. 
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Typically, the introducing needle is initially seen 
on only one or two of the three planes. The in- 
room monitor and controller are then utilized to 
co-localize the missing plane or planes on the 
planes where the electrode is already visualized. 
This process can be repeated whenever the nee-
dle is deflected out-of plane on any of the three 
planes.

The process of guiding an MR imaging- 
compatible introducing needle into a targeted 
tumor under MR fluoroscopy requires attention 
to the certain user-defined imaging parameters 
and needle trajectory decisions [41] because they 
can significantly affect needle visibility and 
thereby the accuracy and safety of the procedure. 
The guidance phase is typically performed using 
the freehand technique, although other modes of 
MR imaging guidance are technically applicable. 
Once the introducing needle has been placed into 
the target tumor, the stylet is removed and 
replaced by the laser applicator.

 The Confirmation Phase

When the laser applicator is deemed in place 
within the target tumor on the rapid guidance 
scans, it is recommended that the applicator tip 
position be confirmed on various planes using 
higher spatial resolution, relatively lengthier 
turbo spin echo (TSE) scans prior to laser energy 
deployment. We typically use the Visualase™ 
(Medtronic, MN, USA) laser system for MRI- 
guided liver ablations. The 600-μm diode laser 
fiber used for liver ablations features a 15-mm- 
long diffusing tip and can generate up to a 
2 × 3 cm oval-shaped ablation zone per applica-
tion. For tumors smaller than 2 cm in diameter, 
the ideal placement of the laser applicator entails 
an applicator tip at the distal (furthest) margin of 
the tumor and an applicator shaft bisecting the 
width of the tumor. Larger tumors (2 or more cm 
in diameter) are expected to require more than 
one ablation cycle at different applicator posi-
tions, and the adequacy of initial placement 
should be assessed in light of the predetermined 
plan for the ablation procedure. Subsequent 
applicator placement(s) are typically based on 

feedback on the actual ablation progress as evalu-
ated on intra-procedural temperature maps and 
intermittent magnitude (anatomical) MR 
imaging.

 The Ablation/Monitoring Phase

When adequate placement of the laser applicator 
has been confirmed within the targeted tumor, the 
cooling pump is operated in order to provide a 
continuous flow of room-temperature saline 
around the laser fiber (housed within the cooled 
laser applicator). The purpose of this cooling is to 
prevent excessive heating and charring around 
the diffusing tip of the laser fiber. The building 
carbon at the laser/tumor interface would initially 
impede the transmission of light photons into the 
tumor, precluding an effective ablation and would 
eventually result in damage of the laser tip and its 
housing applicator.

The last safety check prior to embarking in the 
actual full ablation procedure consists of apply-
ing a small and brief test dose of laser (usually 
9 W for 30 s) and simultaneously monitoring the 
location of the nidus of heating relative to the tar-
get tumor on real-time temperature maps. After 
confirming or adjusting the final location of the 
laser fiber to the ideal position, one or several 
laser ablation cycles are applied and monitored 
with real-time temperature maps and damage 
estimate maps, displayed over high-resolution 
anatomic images of the target tumor. This moni-
toring process can be performed and displayed 
on two perpendicular imaging planes simultane-
ously (typically axial and sagittal scans along the 
plane of the laser applicator) to ensure adequate 
coverage of all tumor margins, along with a sur-
rounding rim of normal liver tissue. The laser 
ablation parameters can be adjusted for each 
cycle based on target size, adjacent vital struc-
tures, and user’s experience and preference. We 
typically apply cycles of 21–27 W for 120–180 s 
and repeat/reposition as necessary based on the 
feedback from temperature/damage estimate 
monitoring. Electronic calipers can be placed 
over adjacent vital structures to trigger an auto-
matic halt of laser energy deposition when a pre-
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determined temperature threshold has been 
reached.

Once the induced thermal ablation zone is 
believed to encompass the entire tumor and a 
5–10-mm cuff of normal adjacent tissue, we 
acquire a T1-weighted 3D imaging sequence 
(volumetric interpolated breath-hold examina-
tion (VIBE)) in axial, sagittal, and coronal planes 
and compare them to similar scans acquired 
immediately prior to ablation. This scan is sensi-
tive to blood products, which is a constant finding 
within recently ablated tissues, and the identifica-
tion of a bright signal encasing the circumference 
of the tumor on all three imaging planes has been, 
in our experience, a reliable indicator of the ade-
quacy of ablation. Once this confirmation is 
achieved or additional repositioning and treat-
ment of under-ablated margins is performed, the 
laser fiber/applicator system is withdrawn, and 
the final post-ablation/new baseline (TSE T2 and 
post-gadolinium VIBE) scans are acquired.

The patient is usually observed for 4–6  h 
before discharge unless admission is needed to 
manage complications.
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Hepatic Artery Infusion Therapy 
for Primary Liver Tumors

Matthew S. Strand and Ryan C. Fields

 Introduction

Liver cancer is the second most common cause of 
cancer death worldwide [1]. The two predomi-
nant types of primary liver tumors are hepatocel-
lular carcinoma (HCC), accounting for 85% of 
primary liver cancers, and cholangiocarcinoma 
(CCA), which makes up most of the remaining 
15% [2]. The incidence of both cancers is rising 
worldwide and in the United States [1, 3], yet 
while HCC is typically treated with resection for 
early, localized disease and transplant for 
advanced, non-resectable cases (generally in the 
setting of cirrhosis), fewer options exist for the 
treatment of locally advanced intrahepatic CCA 
(iCCA) or perihilar CCA.

The rationale for the use of HAI for liver tumors 
is that high doses of cytotoxic agents can be admin-
istered directly to tumors, while first- pass metabo-
lism of many of these agents limits systemic 

toxicity. Additionally, tumors in the liver rely heav-
ily on hepatic arterial inflow, while normal hepato-
cytes depend more on portal venous blood; thus 
arterial delivery of antineoplastic agents preferen-
tially affects liver tumors [4]. Furthermore, both 
HCC and CCA have a propensity to spread or recur 
intrahepatically: since HAI therapy also treats the 
remaining liver, it also addresses a major site of dis-
ease progression [5, 6].

Sullivan and colleagues appear to be among 
the first to use arterial infusions of chemotherapy 
to treat tumors [7] beginning in the 1950s, includ-
ing the treatment of liver metastasis from colorec-
tal cancer [8]. Early experience with HAI in the 
United States in the 1970s included patients with 
both metastatic liver disease and primary liver 
tumors and was often combined with hepatic 
artery ligation [9]. These procedures appeared to 
induce responses but often incurred substantial 
morbidity [10]. Since then, a growing body of lit-
erature has validated HAI (without vascular liga-
tion) for the treatment of advanced metastatic 
colorectal cancer [11] (see Section 3: Metastatic 
liver tumors; subsection E: Colorectal Cancer 
Liver Metastases; Chap. 17: Hepatic artery infu-
sion therapy). This chapter will first review 
briefly the evidence for HAI therapy in HCC, 
predominantly from Asia, where it remains an 
important therapeutic modality. Attention will 
then be turned to the use of HAI therapy for 
cholangiocarcinoma.
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 Hepatic Artery Infusion Therapy 
for Hepatocellular Carcinoma

Mainstays of treatment for HCC include surgical 
resection, liver transplantation, transarterial che-
moembolization (TACE), radioembolization or 
bland embolization, and microwave or radiofre-
quency ablation. Patients with HCC not amena-
ble to resection or transplantation, with lesions 
too numerous or large for ablation and too wide-
spread for TACE, or refractory to prior treatment 
have been considered candidates for hepatic arte-
rial infusion (HAI) therapy. While early experi-
ence in HAI for HCC was reported in the United 
States, recent experience is described almost 
exclusively in Asia, where a much higher inci-
dence of HCC and comparatively low rates of 
liver transplantation provide a larger candidate 
population.

The modern Asian experience with HAI for 
HCC appears to originate in 1995 with a report 
from Toyoda and colleagues [12]. They utilized a 
continuous infusion of 5-FU and cisplatin every 
other week in patients with advanced HCC, 
achieving a 1-year survival of 61.1%, compared 
to 8.2% in patients treated with a single arterial 
infusion of adriamycin and mitomycin C.

Subsequently, a multitude of studies have 
been conducted in Asia using HAI therapy for 
patients with unresectable HCC, advanced 
tumors (bilobar, diffuse, or vascular involve-
ment), or recurrent disease (see Table  27.1). A 
variety of agents including 5-FU, cisplatin, epiru-
bicin, etoposide, carboplatin, and IFN-α have 
been evaluated, either alone or in combination; 
for a summary of toxicities, see Table 27.2. While 
small (most studies involve fewer than 100 
patients) and retrospective, nearly every study 
concluded that HAI therapy was effective, 
whether it was compared to systemic chemother-
apy, best supportive care, or historical control 
cohorts. In general, HAI therapy with combina-
tions of 5-FU, cisplatin, and either intramuscular 
or subcutaneous IFN-α appeared to confer the 
most benefit [12–28], while intra-arterial epirubi-
cin did not appear effective [29, 30]. As a general 
rule of thumb, 5% of patients will have a com-
plete response, and of the remaining patients, one 

third will have a partial response, one third will 
have stable disease, and one third will progress. 
Predictably, patients that demonstrated a radio-
graphic response, whether complete or partial, 
had significantly better survival than those with 
stable or progressive disease on therapy. For this 
reason, efforts have been made to identify predic-
tors of therapeutic response, and regular cross- 
sectional imaging to assess therapeutic response 
is indicated to inform prognosis and decide 
whether to continue, alter, or cease therapy. 
Multiple studies confirmed that patients with cir-
rhosis had a poorer overall survival [31], while 
those with hepatitis C had improved outcomes 
compared to those without hepatitis if concomi-
tant ribavirin treatment was administered. For 
patients with portal vein tumor thrombus, HAI 
therapy remained effective [13, 32, 33]. While 
study populations and the treatments they 
received were heterogenous, median progression- 
free survival (PFS) ranged from 1.1 to 
11.7 months, averaging 5.4 months across these 
studies. Median overall survival (OS) ranged 
from 3.5 to 19.7 months, averaging 11.2 months.

 Hepatic Artery Infusion Therapy 
for Cholangiocarcinoma

For patients with CCA, locoregional therapy 
options are often fewer than in HCC, in part 
because of a historically limited candidacy for 
transplant but also because of the high incidence 
of perihilar CCA with invasion or abutment of 
hepatic vasculature, which are relative contrain-
dications to ablative therapy. About 60% of all 
cases of CCA are intrahepatic or perihilar [34], 
but less than one third of these patients present 
with surgically resectable disease [35], with few 
eligible for transplant. With high recurrence rates 
of approximately 68–71% at about 2 years [36, 
37], and a poor overall prognosis with 5-year sur-
vival rates of about 10–30% [38–45], transplant 
for CCA is less attractive compared to HCC, 
though improved 5-year survival rates of up to 
82% can be obtained in a highly selected popula-
tion [46] (see Section 4, Chap. 23: “Liver 
Transplantation for Other Cancers”). Thus a large 
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number of patients with intrahepatic or perihilar 
disease are not candidates for surgical resection 
or transplant. For this reason, alternative locore-
gional therapies have been sought to fill this 
treatment gap, including HAI therapy.

No randomized trials have compared systemic 
chemotherapy to HAI therapy for CCA to date. 
Therefore, as a benchmark for understanding the 
efficacy of HAI therapy for iCCA, we will first 
briefly review the natural history of patients 
receiving only systemic chemotherapy for this 
disease. One caveat is that most patients receiv-
ing chemotherapy alone have either unresectable 
or metastatic disease, whereas most centers con-
sider metastasis to be a relative contraindication 
for HAI therapy. Studies of patients undergoing 
systemic chemotherapy therefore may have a 
higher overall stage compared to those undergo-
ing HAI therapy.

Studies of systemic chemotherapy in CCA are 
limited to small series, often with inclusion of 
patients with other biliary, pancreatic, or ampul-
lary cancers. Valle and colleagues established the 
superiority of cisplatin and gemcitabine over 
gemcitabine alone for patients with biliary tract 
cancer [47]. This randomized controlled trial 
allocated 410 patients with locally advanced or 
metastatic biliary tract cancer to receive either 
gemcitabine and cisplatin or gemcitabine alone. 
Patients receiving gemcitabine and cisplatin had 
a median survival of 11.7 months, compared to 
8.1 months in the patients receiving gemcitabine 
alone. Among study enrollees, one quarter had 
locally advanced disease, while the remainder 
had metastases. A second study reported a median 
survival of 9.3 months for patients treated with 
chemotherapy for cholangiocarcinoma [48]. 
Thus the expected survival for a patient with 
unresectable or metastatic CCA treated with sys-
temic chemotherapy is approximately 
9–12 months.

Just as with studies of systemic chemotherapy, 
the results of HAI therapy in the treatment of 
CCA are difficult to interpret for several reasons. 
First, a relatively low incidence of disease means 
that most reports consist of small case series. 
Second, study populations are very heterogenous 
in terms of disease stage and overall tumor bur-

den and prior systemic or local treatment. Last, 
treatment regimens vary widely in terms of 
agents used, dosage, frequency, and duration of 
treatment. Studies that employ HAI therapy for 
CCA are summarized in Table 27.3.

One of the first modern studies of HAI for 
CCA was reported by Tanaka and colleagues in 
2002 [49]. HAI was administered to 11 patients 
with unresectable, liver-predominant stage II–IV 
intrahepatic CCA.  Three drug regimens were 
used: one consisted of 5-fluorouracil (5-FU) adri-
amycin or epirubicin and mitomycin C and/or 
cisplatin, another contained 5-FU only, and a 
third consisted of 5-FU and cisplatin. Delayed 
complications were seen in three patients, includ-
ing hearing deficit, pancytopenia, and cholangi-
tis. Survival rates were 90.9% at 1 year, 50.5% at 
2 years, 20.2% at 3 years, and 10.1% at 4 years, 
with a median survival of 26 months.

Mambrini and colleagues used oral 
capecitabine plus intra-arterial epirubicin and 
cisplatin in 20 patients with unresectable biliary 
cancer [50]. There were no complete responses 
(CR). Partial response (PR), stable disease (SD), 
and progressive disease (PD) were observed in 
31.5%, 47.5%, and 21%, respectively. Despite a 
low response rate, median PFS and OS were 11.6 
and 18 months, respectively.

Shitara and colleagues [51] treated 20 patients 
with unresectable iCCA with mitomycin C and 
degradable starch microspheres via intra-arterial 
infusion weekly until disease progression or 
unacceptable toxicity. There was one CR, nine 
PR, eight SD, and two PD for an overall response 
rate of 50%. Median PFS and OS were 8.3 and 
14.1 months, respectively.

Jarnagin and colleagues treated 34 patients 
with unresectable iCCA or HCC with HAI con-
sisting of FUDR and dexamethasone every 
4 weeks until progression, excessive toxicity, or 
resectability occurred [52]. Of the 26 patients 
with iCCA, 14 had a PR, 11 had SD, and 1 had 
PD.  There were no radiographic complete 
responses; however, one patient underwent resec-
tion which revealed complete tumor necrosis. 
Median PFS was 7.4 months, and disease- specific 
survival was 29.5  months, with patients with 
iCCA having a higher response rate (53.8%) 
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compared to patients with HCC (25%). They also 
showed that pretreatment and early posttreatment 
tumor perfusion characteristics using dynamic, 
contrast-enhanced MRI could be used to predict 
treatment outcome.

Inaba and colleagues conducted a phase I/
phase II dose-finding study for the use of gem-
citabine HAI therapy in patients with unresect-
able iCCA. Infusions were given every 4 weeks 
for a maximum of five infusions. Of 13 patients 
who received the recommended dose of 1000 mg/
m2, there were no CRs, only one PR, and three 
PDs. Although many included patients had prior 
treatment, median survival time was just 
12.8  months. Given the lack of observed treat-
ment response, the authors concluded that HAI 
therapy with gemcitabine could not be defini-
tively recommended for iCCA and that it was 
unclear if it provided any benefit over standard 
chemotherapy in this heavily pretreated 
population.

Kemeny and colleagues [53] conducted a 
study in which they added systemic bevacizumab 
to HAI therapy with FUDR and dexamethasone 
in patients with primary liver cancer. Twenty-two 
patients were treated with HAI and bevacizumab, 
18 with iCCA, and 4 with HCC. Seven patients 
(31.8%) had PR, while 15 (69.2%) had SD. No 
patients experienced CR or PD. Median PFS was 
8.45 months, and median OS was 31.1 months. 
The addition of bevacizumab increased biliary 
toxicity without a clear benefit in PFS or OS.

Sinn and colleagues conducted a phase II clin-
ical trial using HAI therapy with biweekly oxali-
platin, 5-FU, and folinic acid in patients with 
advanced biliary tract cancer (predominantly 
iCCA) [54]. Thirty-seven patients received a total 
of 432  cycles of therapy. Median PFS was 
6.5 months and median OS was 13.5 months.

Subbiah and colleagues treated 40 patients 
with advanced cholangiocarcinoma or gallblad-
der cancer with a variety of targeted agents and 
locoregional therapies, including HAI therapy, 
anti-angiogenic, anti-HER-2/neu, and MAPK/
ERK (MEK) inhibitors [55]. Of these patients, 17 
received HAI therapy, of which 7 had either 
SD > 6 months or PR, the highest rate among any 
treatment group.

Ghiringhelli and colleagues evaluated the effi-
cacy of HAI therapy with gemcitabine and oxali-
platin as second-line therapy in 12 patients with 
unresectable iCCA [56]. Patients received infu-
sions every 2  weeks until disease progression, 
limiting toxicity, or technical problems were 
encountered. Median PFS and median OS were 
9.1  months and 20.3  months, respectively. 
Despite all patients having previously received 
the same chemotherapy systemically, the overall 
response rate was 66%, and tumor control rate 
was 91%. Two patients had responses sufficient 
to undergo surgical resection with curative intent.

Massani and colleagues treated 11 patients 
from 2008 to 2012 with unresectable iCCA with 
HAI therapy consisting of fluorouracil and oxali-
platin and compared their results with published 
results of patients treated with systemic chemo-
therapy during the same time period [57]. After 
six cycles, five patients experienced PR, two had 
SD, and four had PD. Mean OS was 17.6 months 
for patients treated with HAI, which included 
two patients who responded sufficiently to 
undergo surgical resection.

With respect to adverse events, the most com-
monly reported toxicities involved nausea and 
vomiting, anorexia, leukopenia and thrombocy-
topenia, and derangements in liver function tests 
(see Table  27.4). Hepatic decompensation and 
cholangitis were rare but severe complications. 
Implant or implantation-related complications 
were reported as infrequent and generally resolv-
able and included port thrombosis, dislocation, 
and infection.

As for any chemotherapy, bone marrow toxic-
ity and the resultant cytopenias may occur, so 
routine hematology studies are prudent. Hepatic 
decompensation and cholangiopathy are rare but 
potentially fatal complications, so routine liver 
function testing is warranted. In addition, regular 
assessment of treatment response by cross- 
sectional imaging may be useful for prognosis 
and triaging nonresponders to other therapies.

In summary, evidence supporting the use of 
HAI therapy for patients with unresectable iCCA 
is sparse. Because of the rarity of iCCA, many 
studies group patients with advanced biliary tract 
cancers (intra- and extrahepatic CCA,  gallbladder 
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cancer, and ampullary cancer) together. 
Additionally, disease heterogeneity (with respect 
to prior treatment, tumor burden, and vascular 
involvement) and treatment heterogeneity (with 
respect to chemotherapeutic agents employed, 
doses, and frequency) also make conclusive 
interpretation difficult. Though selection bias and 
other potential confounders preclude a definitive 
conclusion, the range of median OS for patients 
with CCA treated with HAI is 12.8–31.1 months, 
which compares favorably with the median OS of 
9.3–11.7 months reported in studies of systemic 
therapy.
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Resection
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 Introduction

Surgery offers the greatest likelihood of cure for 
primary and secondary liver tumors. Both surgi-
cal resection and liver transplantation are uti-
lized, but liver transplantation is typically 
reserved for patients with hepatocellular carci-
noma in the context of cirrhosis. The main limita-
tion of extensive surgical resection is the risk of 
postoperative liver failure due to a small future 
liver remnant (FLR). Systemic chemotherapy has 
contributed to treatment by controlling tumor 
growth and revealing cancer biology, but hepato-
toxic agents raise further concerns in the context 
of major liver resection. Multiple techniques 
have emerged to address the problem of a small 
predicted FLR, and the development of two-stage 
hepatectomy represents the forefront of evolving 
therapeutic approaches.

In 1996, Bismuth and colleagues described a 
cohort of patients undergoing hepatectomy for 
primarily unresectable disease in which various 

techniques for achieving resectability were 
employed including what is now commonly 
known as two-stage hepatectomy [1]. Later, in 
2000, Adam and colleagues elaborated on the 
technique in a paper dedicated to two-stage resec-
tion, describing 13 patients in whom the approach 
was feasible [2]. In Japan, Makuuchi had intro-
duced portal vein embolization (PVE) in 1990 as 
a method for facilitating hypertrophy of the non-
embolized liver segments prior to extended hepa-
tectomy in order to minimize the risk of 
postoperative liver dysfunction [3]. In 2003, 
Jaeck and associates combined the two concepts, 
generating the classical description of two-stage 
hepatectomy with PVE [4]. This approach, as it 
was initially defined, involves resection of metas-
tases in the FLR during the first stage, followed 
by right PVE and right or extended right hepatec-
tomy (trisectionectomy) once adequate FLR 
hypertrophy is achieved. Over the subsequent 
decade, the indications and techniques for TSH 
continued to evolve.

The early and rapid development of this 
aggressive surgical approach arose from a need 
to innovate on the existing methods for achiev-
ing curative resection in patients with dissemi-
nated colorectal cancer. It was already 
well-recognized that liver resection is the only 
hope for cure in patients with colorectal cancer 
liver metastases (CRLM) and that patients with 
favorable tumor characteristics may achieve 
long-term survival [5–7]. In patients with ini-
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tially unresectable CRLM, due to bilobar and 
multiple metastases or lesions located near major 
vascular or biliary structures, various surgical 
and nonsurgical techniques have emerged with 
the aim of achieving curative resection. In initial 
publications, a FLR size of 20% of the total liver 
volume was felt to be necessary, but, with more 
widespread usage of hepatotoxic chemothera-
peutic agents and the rising prevalence of cho-
lestasis, steatosis, and fibrosis, preserving a 
higher postoperative liver volume is essential. 
Consequently, a FLR of 30% is recommended 
based on the current evidence [8–10]. In order to 
achieve resectability in patients who initially 
have inadequate liver volumes, newer chemo-
therapeutic regimens have been applied with 
successful tumor response in a portion of patients 
initially deemed unresectable [11–13]. 
Furthermore, combining surgery with additional 
local techniques, including radiofrequency or 
microwave ablation in conjunction with chemo-
therapy, in order to allow complete treatment of 
the tumor load has also been performed, but out-
come data remain limited [14]. The develop-
ment of TSH, using PVE to exploit the potential 
of liver regeneration, has provided an alternate, 
and more convincing, option for feasible cura-
tive treatment in patients with extensive tumor 
volume [3].

 Liver Regeneration

The liver’s capacity for regeneration has been 
known and studied for many years. Although the 
clinical applications of this remarkable function 
are continuing to develop, interest in utilizing 
liver regeneration has existed for several decades. 
For patients requiring TSH, the success of surgi-
cal resection without postoperative hepatic dys-
function relies on the extraordinary ability of the 
liver to restore its mass and function, maintaining 
adequate metabolic function despite significant 
parenchymal loss or ischemic injury. The mecha-
nisms underlying this unique and complex phe-
nomenon are multifactorial and involve 
hemodynamic changes, release of growth factors, 
and cellular proliferation [15]. Liver regenera-

tion, although commonly referred to as hypertro-
phy, actually occurs by hyperplasia, an increase 
in the number of liver cells by a precise and mod-
erated process of cellular regeneration that 
responds to a proliferative stimulus and termi-
nates once the original liver volume has been 
achieved [16]. Interestingly, this extraordinary 
potential for regeneration is restricted to a thresh-
old of injury beyond which further resection or 
parenchymal insult results in limited restoration 
of hepatic mass and resultant liver dysfunction. 
This threshold has been explored in mouse mod-
els and may help to explain the etiology of small-
for-size syndrome and post-hepatectomy liver 
failure in humans [17, 18].

The multiple mechanisms of hepatic regen-
eration have been most thoroughly studied in 
rodent models of two-thirds partial hepatectomy 
(PH). PH induces a profound hemodynamic 
shift toward the residual liver. While arterial 
flow relative to amount of liver tissue does not 
change, the portal vein must continue to drain 
the entire venous outflow of most of the gastro-
intestinal tract, spleen, and pancreas. This 
results in a tripling of the portal supply relative 
to liver volume. Subsequently, these hemody-
namic shifts result in a dramatic increase in 
hepatocyte exposure to growth factors [19]. 
There are a myriad of growth factors involved in 
hepatic regeneration, but hepatocyte growth fac-
tor appears to be the most fundamental contrib-
utor in conjunction with epidermal growth 
factor rector ligands [19]. Interestingly, unlike 
in the skin, intestine, and blood, the main medi-
ator of cellular hyperplasia in the liver is mature 
hepatocytes, and the role of liver progenitor 
cells is incompletely understood [16].

Portal vein occlusion (PVO) results in a simi-
lar hyperplastic response. Comparable hemody-
namic changes occur; however, the 
hemodynamic shift is less pronounced follow-
ing PVO. This is because, while PH results in 
complete redirection of arterial and portal flow 
to the residual liver, PVO causes a redistributive 
effect leading to complete portal vein flow to the 
non-embolized liver with increased arterial flow 
to the embolized segments due to the hepatic 
arterial buffer response [20, 21]. An overall 
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increase in arterial flow in the common hepatic 
artery, mediated by the hepatic arterial buffer 
response, maintains constant flow to the non-
embolized liver, resulting in an overall increase 
in blood flow to the FLR [22, 23]. The subse-
quent growth factor signaling, activation of pro-
liferative quiescent hepatocytes, and 
self-limiting hyperplasia proceed in a similar 
fashion to PH.

 Criteria for TSH

The criteria for feasibility of liver resection have 
undergone considerable evolution over the past 
decade. Aggressive resection for CRLM is a rela-
tively new concept that challenges traditional 
resectability conditions that were based on num-
ber and size of hepatic tumors. More general cri-
teria focusing on the remnant liver have 
previously been proposed: (1) preserving two 
contiguous hepatic segments; (2) preservation of 
adequate vascular inflow and outflow, as well as 
biliary drainage; and (3) preserving >30% FLR 
[24]. Adoption of PVO and TSH has further 
attenuated these principles, with technical feasi-
bility relying on a careful appraisal of FLR vol-
ume and function. Consequently, in some cases, a 
single healthy liver segment may be sufficient to 
mitigate liver failure [25].

The decision to offer TSH should be based on 
an oncological and technical evaluation with 
multidisciplinary input. More specific criteria for 
TSH are based on the feasibility of complete 
tumor resection with pathologically cancer-free 
margins; the ability to preserve adequate FLR 
volume (usually ≥30% at completion of TSH); 
adequate inflow, outflow, and biliary drainage of 
the FLR; absence of extrahepatic disease, except 
for technically resectable lung metastases in 
selected patients; and satisfactory patient func-
tional status. Lastly, the application of the TSH 
technique in patients with primary liver tumors 
(i.e., hepatocellular carcinoma and cholangiocar-
cinoma) is controversial due to the risk of post-
hepatectomy liver failure in the context of 
underlying liver disease including cholestasis 
and/or fibrosis.

 Assessment of FLR

Determining the need for two-stage hepatectomy 
requires accurate assessment of the FLR volume. 
The absolute volume of the FLR as well as the 
total liver volume can be measured using com-
puted tomography (CT) volumetry [26]. 
Techniques for CT liver volumetry include semi-
manual delineation of liver borders using tradi-
tional software or automated segmentation with 
more modern technology [27, 28]. Further vali-
dation of newer software is necessary, but auto-
mated segmentation and three-dimensional 
image reconstruction are likely to result in more 
efficient and specific measurement.

Since the volume of liver required to maintain 
homeostasis and prevent post-hepatectomy liver 
failure (PHLF) varies from patient to patient 
based on body size, FLR should be expressed as a 
proportion of the total liver volume (TLV). This 
proportion is defined as the standardized FLR 
(sFLR) and can be calculated by dividing the FLR 
by the TLV.  In order to calculate the sFLR, an 
accurate estimation of the TLV must be obtained. 
CT volumetry can be applied to measure the total 
liver volume; however, the presence of tumors 
complicates this assessment since the total tumor 
volume must be subtracted from the liver volume 
in order to obtain the true TLV. This process has a 
number of important limitations. In addition to 
being tedious, the existence of multiple liver 
lesions or lesions with ill-defined borders can 
make the process error-prone and imprecise. In 
order to address this, a number of formulas have 
been proposed to estimate the TLV based on 
patient characteristics [29]. Most formulas rely on 
the relationship between TLV and the patient’s 
body surface area (BSA) or body weight (BW). 
The most widely used is the Vauthey formula 
(TLV  =  1267.28(BSA) −  794.41) [30], but the 
formula proposed by Johnson and colleagues 
(TLV = 1000(0.72√BSA + 0.171)3) has also been 
shown to have high accuracy [29, 31].

While assessment of future liver remnant 
 volume is essential, it serves only as a surrogate 
for post-resection function and may be poorly 
 correlated with function in compromised livers. 
Although improvements in preoperative assessment, 
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 perioperative care, and surgical technique have 
reduced the incidence of PHLF, it continues to be 
the main factor underlying mortality following 
liver resection [32]. To reduce liver failure-related 
morbidity, several tools have been proposed to 
quantify liver function independently of volume. 
These include biochemical classifications such as 
the Child-Pugh classification or Model for End-
Stage Liver Disease (MELD score) [33]. In TSH, 
biochemical models which predict PHLF can be 
applied in the inter-stage period to identify patients 
at risk of liver failure following completion of stage 
two. These include 50–50 criteria, peak bilirubin 
>7  mg/dL, and the International Study Group of 
Liver Surgery (ISGLS) definition [34–37]. In addi-
tion to these biochemical tools, indocyanine green 
retention rate at 15  min (ICG R15) and 99mTc-
mebrofenin hepatobiliary scintigraphy (HIDA) 
scan allow further stratification of liver function 
and have been more commonly utilized in Asian 
centers [38–40]. These technologies require further 
validation in North America and are being studied 
at several centers. At our institution, HIDA scan is 
routinely obtained prior to completion of TSH 
stage two. A hepatic uptake cutoff of 2.69%/min/
m2 has been validated, and patients with a FLR 
function greater than this value are unlikely to suf-
fer PHLF-related mortality; however, further cor-
roborating research is necessary [41].

 Surgical Approach to TSH

 First Stage

At the first stage, exploratory laparotomy is per-
formed to exclude the possibility of peritoneal dis-
ease and to confirm the preoperative assessment of 
liver resectability. Ultrasound is used to confirm 
the preoperative imaging findings. If indicated, the 
FLR is then cleared of tumors with nonanatomical 
resection in order to preserve liver volume.

 Portal Vein Occlusion

Portal vein ligation can be completed intraopera-
tively during the first stage. Alternatively, percu-
taneous portal vein embolization can be 

performed within a few days or weeks of stage 
one completion. The sFLR volume is then calcu-
lated 4–8 weeks after PVO using CT volumetry.

 Inter-stage

In the initial description of TSH without PVE, 
chemotherapy was administered between stages 
[2], and administration of inter-stage chemother-
apy does not appear to affect liver hypertrophy 
[42]. While some centers continue to advocate 
for this protocol in order to reduce the risk of dis-
ease progression between stages, its efficacy has 
not been proven [42–44]. The decision to offer 
inter-stage chemotherapy should be made with 
multidisciplinary input, and the potential advan-
tages of additional systemic treatment should be 
weighed against the risk of delaying the second 
stage of TSH.

 Second Stage

Once adequate FLR volume and function has 
been confirmed, the second laparotomy is com-
pleted. Typically, resection involves right hepa-
tectomy or right trisectionectomy, depending on 
the tumor distribution (Fig. 28.1). Although less 
common, a left hepatectomy or left trisectionec-
tomy can be performed using a right-sided FLR.

 Techniques for Portal Vein Occlusion

Both PVL and PVE have been employed to 
induce hypertrophy of the FLR during 
TSH. Conflicting reports regarding the superior-
ity of either technique have been published [45, 
46]. Meta-analyses comparing PVE to PVL, 
without specifically limiting the analysis to 
TSH, suggest that FLR hypertrophy may be 
similar irrespective of the occlusion technique 
used [47, 48]. Nonetheless, it is generally 
believed that PVE is the superior technique for 
achieving reliable FLR hypertrophy. This is 
because PVE can more robustly occlude all por-
tal vein branches, including occlusion of the 
segment IV portal vein branch, which is thought 
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b

Fig. 28.1 (a) Illustration demonstrating extensive, chal-
lenging colorectal liver metastases. The dotted line demar-
cates the future liver remnant. Resection of metastases in 
the future liver remnant (left lateral section) is performed 
during the first stage of two-stage hepatectomy. 
Embolization of the right portal vein and segment IV por-
tal vein branch is then performed, as illustrated. Extended 
right hepatectomy is performed during the second stage. 
(b) Illustration demonstrating the future liver remnant 
after two-stage hepatectomy with portal vein emboliza-
tion (extended right hepatectomy)

to improve left lateral section regeneration [49]. 
As such, at centers with experienced interven-
tional radiologists able to accomplish consistent 
embolization of all diseased segments, includ-
ing segment IV, PVE should be preferred. 
Otherwise, PVL may offer adequate portal 
occlusion in most patients and has the advan-
tage of reducing the total number of interven-
tions required since it can be performed during 
the first stage of TSH.

PVE has been performed using various 
embolic materials [50, 51]. Excellent hypertro-
phic response has been obtained with the use of 
n-butyl 2-cyanoacrylate (NBCA), nonspherical 
polyvinyl alcohol particles (PVA), sodium tetra-
decyl sulfate foam (STS), and fibrin glue with 
iodized oil [52–55]. Distal tris-acryl microsphere 
embolization with proximal portal vein coiling 
has been shown to provide improved hypertrophy 
when compared with nonspherical PVA and may 
represent the best embolic material; however, no 
studies have compared microspheres with NBCA 
[56]. Overall, few studies have directly compared 
embolic agents, and the choice of agent is depen-
dent on local availability and expertise.

 Outcomes Following Classical TSH

While the two-stage approach to liver resection 
can be applied in a variety of primary and sec-
ondary liver tumors, the vast majority of pub-
lished outcomes relate to its application for the 
treatment of CRLM. This reflects the most com-
mon and universally recommended indication for 
TSH.  Several centers have published observa-
tional studies reporting the outcomes of 
TSH. Perioperative morbidity and mortality fol-
lowing TSH are acceptable, with poorer out-
comes observed following the second stage 
during which the deportalized liver is removed. 
Pooled analysis of results has identified a first-
stage morbidity of 17% and mortality of 0.5%, 
with a second-stage morbidity of 40% and mor-
tality of 3%. Disease-free survival (DFS) tends to 
be poor following TSH, with a reported 3-year 
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DFS of 20%; however, 50% 3-year overall sur-
vival (OS) is excellent compared to historical 
controls treated with chemotherapy alone [12, 
43, 57, 58]. Unfortunately, approximately one-
third of patients do not reach the second stage 
due to disease progression and/or inadequate 
hypertrophy [59].

 Associating Liver Partition 
and Portal Vein Ligation for Staged 
hepatectomy (ALPPS)

The conventional approach to two-stage hepa-
tectomy is constrained by the major drawback of 
a prolonged waiting period between stages dur-
ing which FLR hypertrophy occurs. While fea-
sible in most patients, approximately 30% of the 
time the second stage cannot be completed [59]. 
The two main reasons for failure to complete 
two-stage hepatectomy are inadequate hypertro-
phy of the FLR or, more commonly, disease pro-
gression during the inter-stage hypertrophy 
period [57, 59]. Modifications of the original 
PVE technique, including embolization of seg-
ment IV provide an answer to the problem of 
inadequate hypertrophy [49]; however, short-
interval disease progression continues to result 
in patient dropout between stages. The causes 
and implications of disease progression during 
conventional two-stage hepatectomy are topics 
of ongoing debate. It is unknown whether dis-
ease progression following portal vein occlusion 
is related to underlying tumor biology, or if 
tumor growth is stimulated by the prolonged 
period of liver ischemia and FLR hypertrophy. 
While the inter-stage period in conventional 
TSH has been hypothesized to act as a test of 
time for disease biology, this has not been 
proven, and some patients who may benefit 
oncologically from complete resection do not 
reach stage two with classical PVE or PVL.

Recently, ALPPS has emerged as an innova-
tive technique to accelerate and intensify FLR 
hypertrophy, thereby reducing the time interval 
between stages and mitigating the risk of short-
interval disease progression while avoiding post-
operative liver failure. ALPPS was first reported 

in 2011 as a novel variation of two-stage hepatec-
tomy [60, 61], and, since its introduction, it has 
generated considerable controversy and garnered 
mounting interest within the international hepato-
biliary community. Enthusiasm for ALPPS has 
been moderated by concerns over elevated mor-
bidity and mortality. Furthermore, due to its recent 
emergence, few long-term outcomes have been 
reported and many unanswered questions exist.

ALPPS was initially performed unintention-
ally in 2007 during a planned extended right hep-
atectomy for a perihilar cholangiocarcinoma 
[62]. An in situ division of the liver parenchyma 
along the falciform ligament combined with liga-
tion of the right portal vein resulted in surpris-
ingly accelerated and amplified growth of the left 
lateral section within 1  week. This facilitated 
subsequent right trisectionectomy, and the tech-
nique was later employed in planned approaches 
to patients with extensive, bilateral, or centrally 
located malignancies. The initial experience was 
published in 2012 [63], and, despite its infancy, 
the ALPPS approach has undergone considerable 
evolution since its introduction.

 Technical Points

The initial description of ALPPS outlines the 
general approach, but many subsequent technical 
modifications have been suggested. The author’s 
description of classical ALPPS is (Fig. 28.2):

• Stage one
 – Exploratory laparotomy with intraopera-

tive assessment of resectability, including 
intraoperative liver ultrasonography

 – Cholecystectomy
 – Complete mobilization of the right lobe 

and caudate lobe including ligation and 
division of small venous branches draining 
directly into the inferior vena cava

 – Clearing of lesions from the FLR (if 
applicable)

 – Right portal vein ligation, approaching 
from behind the common hepatic duct, 
with preservation of the right hepatic artery 
and bile duct
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Fig. 28.2 (a) Illustration demonstrating extensive, chal-
lenging colorectal liver metastases, with a large central 
tumor and a small future liver remnant (FLR). Resection 
of the metastasis in the FLR (left lateral section) is 
required, with subsequent right trisectionectomy. ALPPS 
facilitates the necessary rapid hypertrophy of the FLR. (b) 
During ALPPS stage one, the metastasis in the left lateral 
section has been resected with a nonanatomic wedge 
resection, and an in situ parenchymal division has been 

performed starting anteriorly between segment IV and the 
left lateral section and targeting the right hilar plate. The 
right portal vein has been ligated along with the segment 
IV portal vein branch. (c) Hypertrophy of the future liver 
remnant is demonstrated. Right trisectionectomy has been 
completed during stage two of ALPPS.  The middle 
hepatic vein, right hepatic vein, right bile duct, and right 
hepatic artery have been ligated
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 – Total parenchymal division at the right of 
the falciform ligament between segment IV 
and the left lateral section, targeting the 
right hilar plate

 – Preservation of the right and middle hepatic 
veins, encircled with vessel loops

• Stage two
 – Division of the right hilar plate
 – Division of the right and middle hepatic 

veins
 – Completion of extended right hepatectomy 

(trisectionectomy)
 – Fixation of the left lateral section to the 

anterior abdominal wall

 Variations

Numerous variations on the initial description 
have been reported [64]. Although limited data 
and no experimental studies exist comparing any 
of the modifications, several technical variants 
warrant mention. Firstly, portal vein ligation 
may be replaced with postoperative portal vein 
embolization in a modification termed hybrid 
ALPPS [65]. This approach may be applied in 
patients with tumors involving the right hilar 
plate in whom dissection around the right portal 
vein is not feasible. Secondly, the mechanism for 
achieving liver parenchymal splitting varies 
widely. While the initial technique of complete 
parenchymal transection continues to be com-
monly employed, partial transection of the 
parenchyma (typically, at least 50%), called par-
tial ALPPS, has been proposed with the aim of 
improving the safety profile of stage one while 
inducing similar hypertrophy [66]. Other alter-
native methods, including radiofrequency abla-
tion, microwave ablation, and tourniquet 
placement along the future line of liver transec-
tion, are practiced. The tourniquet modification 
has been termed associating liver tourniquet and 
portal ligation for staged hepatectomy (ALTPS) 
and offers an alternative technique for occluding 
vascular circulation during the first stage [67]. 
Lastly, due to the rapid hypertrophy induced by 
ALPPS, feasibility of TSH has been expanded to 
include patients with monosegment FLRs. Even 

some atypical FLRs, such as monosegment VI 
with venous drainage via an accessory right 
hepatic vein, have sufficed [68]. These resec-
tions are termed monosegment ALPPS, and indi-
vidual cases may be named after the segment 
constituting the FLR [25].

In order to prevent segment IV ischemia and 
resultant infectious and biliary complications, 
specific attention should be paid to the blood sup-
ply and venous drainage of segment IV. During 
liver partition, the segment IV portal vein branch 
is transected; however, segment IV will have 
 preserved blood supply through the segment IV 
arterial branch which usually arises from the left 
hepatic artery. Therefore, avoiding dissection of 
the hepatoduodenal ligament will minimize the 
risk of injury to the segment IV hepatic artery and 
prevent dearterialization. Moreover, preservation 
of the middle hepatic vein prevents postoperative 
venous congestion of segment IV and subsequent 
ischemia. If segment IV ischemia can be pre-
vented, the hypothetical cascade of necrosis, bili-
ary leak, severe sepsis, and death may be avoided 
in some patients. The author’s preference is to 
preserve both the right and middle hepatic veins, 
in addition to the right hilar plate, placing vessel 
loops around all three structures during ALPPS 
stage one.

Laparoscopy has been used in one or both 
ALPPS stages and can be considered in the hands 
of surgeons highly experienced in both ALPPS 
and complex laparoscopic liver surgery [69]. 
Simultaneous ALPPS and colorectal resection 
for patients with synchronous colorectal liver 
metastases have also been performed at several 
high-volume ALPPS centers; however, the mor-
bidity and mortality of this approach appear to be 
higher than after ALPPS alone [70].

 Inter-stage Course

The principle advantage of ALPPS is extensive 
and accelerated FLR hypertrophy during the 
inter-stage interval. Compared to classical TSH, 
ALPPS achieves a FLR kinetic growth rate sever-
alfold greater than conventional PVE and results 
in larger overall hypertrophy [71]. The two main 
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explanations for accelerated growth are division 
of the microcirculation after liver partition and 
generation of circulatory growth factors. An 
experimental model in mice suggests that the 
later mechanism is the predominant driver of 
liver regeneration [72]. In this model, injection of 
plasma containing systemically released growth 
factors from ALPPS mice resulted in a compara-
ble degree of liver hypertrophy in mice who were 
treated with PVL alone. The ensuing clinical sig-
nificance is a truncated hypertrophy time of as 
little as 1 week with ALPPS, compared to several 
weeks with PVE.

The FLR size should be assessed before and 
after stage one with CT volumetry. However, it is 
important to recognize that volume alone is not 
necessarily an adequate indicator of function and 
that the majority of complications following 
ALPPS are related to sepsis associated with post-
operative liver failure [37]. As such, assessment 
of FLR function prior to completion of stage two 
is important. For this purpose, the use of hepato-
biliary scintigraphy (HIDA) or indocyanine green 
clearance may be considered. A mismatch 
between volume and function growth suggests a 
higher likelihood of liver failure, and, in these 
patients, stage two should be delayed or 
abandoned.

The inter-stage course is an important predic-
tor of outcomes. Patients undergoing ALPPS 
who have an inter-stage course complicated by 
severe morbidity or signs of liver failure are at 
significantly higher risk of mortality if stage two 
is completed [73]. Specifically, those who meet 
International Study Group for Liver Surgery 
(ISGLS) criteria for postoperative liver failure or 
have a MELD score greater than 10 in the inter-
stage period are at increased risk [37]. In those 
patients, as well as patients who have a compli-
cated inter-stage course, consideration should be 
given to delaying or abandoning the second stage.

 Indications for ALPPS

Since ALPPS has only recently been introduced, 
specific indications have yet to be defined. 
Typically, patients considered for ALPPS will 

have bilateral, extensive hepatic tumor load that is 
initially unresectable. Furthermore, the FLR 
should be less than 30% and require rapid hyper-
trophy to facilitate two-stage resection. Regarding 
patient selection, the available evidence suggests 
that patients older than 60 and those with non-
CRLM tumors have higher morbidity and mortal-
ity, perhaps due to cholestasis and/or parenchymal 
disease [37]. As such, until further evidence is 
available, ALPPS should generally be restricted to 
patients with CRLM.  Nonetheless, some 
 high-volume ALPPS centers may contemplate 
applying ALPPS in other tumors with caution and 
within a clinical trial setting. Lastly, in light of the 
higher perioperative risk associated with ALPPS, 
it should only be offered to patients without major 
comorbidities and good functional status. Based 
on the senior author’s experience, specific criteria 
for ALPPS are suggested (Table 28.1).

 Rescue ALPPS

In the subset of patients who fail to progress to 
stage two of conventional two-stage hepatectomy 
due to insufficient FLR hypertrophy during the 
4–8-week growth period, few options exist. These 
options include repeated PVE with inclusion of the 
segment IV branches, embolization of the hepatic 

Table 28.1 Suggested criteria for ALPPS

Criteria
Oncological characteristics
  Colorectal liver metastases
  Absence of extrahepatic metastases (excluding 

resectable lung metastases)
  Radiographical evidence of response to systemic 

chemotherapy after 4–6 cycles
  Biochemical response to chemotherapy with 

reduction in serum carcinoembryonic antigen 
(CEA) level

Patient characteristics
  Eastern Cooperative Oncology Group (ECOG) 

performance status 0 or 1
  Absence of major medical comorbidities
Technical characteristics
  Extensive bilobar metastases necessitating extended 

hepatectomy
  Future liver remnant <30%
  Technical feasibility of R0 resection
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artery, and hepatic vein embolization. Hepatic 
vein embolization has been shown to be safe, 
while inducing additional hypertrophy in the set-
ting of insufficient FLR growth following PVE, 
but there is limited evidence regarding the effi-
cacy of these techniques and no comparative stud-
ies have been conducted [74, 75]. The rapid and 
reliable hypertrophy achieved by ALPPS has pro-
vided an alternative option [76]. In those patients 
with inadequate hypertrophy, but no evidence of 
inter-stage disease progression, laparotomy with 
liver partition results in accelerated FLR growth 
in a short period of time, facilitating reliable and 
expeditious completion of two-stage hepatectomy 
[77].

 ALPPS Outcomes

Any discussion of ALPPS outcomes must be 
prefaced by acknowledging that ALPPS is in rel-
ative infancy and that a limited amount of high-
quality evidence is available. Initial case series of 
ALPPS identified high morbidity and mortality 
[63, 78–82]. Subsequently, international registry-
based studies have identified perioperative mor-
tality of 9% and severe morbidity of 27% [37, 
83]. These results are somewhat counterbalanced 
by other single center series demonstrating mini-
mal perioperative morbidity and mortality with 
careful patient selection [84, 85]. Although no 
randomized controlled trial has been conducted, 
pooled analysis of observational studies suggests 
that ALPPS continues to have elevated periopera-
tive risk compared to conventional TSH [86].

Evidence on long-term outcomes is even more 
limited. A case series on intermediate oncologi-
cal outcomes reported 2-year overall survival of 
59% [87]. Studies with longer follow-up examin-
ing both oncological outcomes and quality of life 
are eagerly anticipated.

 Conclusion on ALPPS

Although some centers have adopted ALPPS as 
the primary approach to two-stage hepatectomy, 
the current paucity of data on long-term out-

comes and the absence of experimental studies 
comparing conventional TSH with ALPPS do not 
support this decision. The good outcomes seen in 
some high-volume liver resection centers are 
encouraging and, if replicated in larger series, 
support the proliferation of ALPPS [84, 85, 88]. 
Perhaps the best current indication for ALPPS is 
in the setting of initially unresectable CRLM fol-
lowing failed PVE/PVL or in patients with 
 monosegmental FLRs; however, ALPPS contin-
ues to be a topic of rich investigation and is cur-
rently in a phase of growing acceptance. While 
data from experimental, comparative studies are 
pending, TSH with PVE remains the gold stan-
dard for patients with extensive, bilobar or cen-
tral liver tumors, and a very small predicted FLR.

 Conclusion
TSH is an option for curative resection in 
patients with a very small predicted 
FLR. Careful patient selection and preopera-
tive and inter-stage assessment of FLR func-
tion are essential. Conventional TSH with 
PVE remains the gold standard; however, 
ALPPS is adopting a growing role.
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