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Foreword

It is a great pleasure and an honor to write the preface for this outstanding book
dedicated to the therapy of hepatocellular carcinoma (HCC). This tumor, which
is a major health problem worldwide, has stimulated the energy of several disci-
plines. The liver is a massive and complex organ requiring an excellent knowledge
of its anatomy and physiology, with an exquisite comprehension of its impact on
cardiovascular, pulmonary, and renal function.

Initially, the treatment of HCC was limited to surgical approaches with liver
resection being the only option with curative intent. The development of HCC in
chronic liver disease was associated with a high risk of technical difficulties and a
high morbidity/mortality rate. This has challenged liver surgeons to improve their
knowledge regarding liver anatomy, assessment of liver function, use of intraopera-
tive imaging, tolerance of vascular clamping, and better anticipation of postoperative
liver recovery. As shown in several chapters of this book, progress in liver surgery
for HCC has expanded its development, yielding a true specialty. Imaging of liver
parenchyma was motivated by two different goals including an efficient screen-
ing along with an accurate evaluation of the tumor in a background of abnormal
parenchyma. Interventional radiology was initially focused on the treatment of
this tumor with substantial technical advances allowing an efficient destruction of
larger tumors. In parallel, radiologists developed transarterial chemoembolization
and radioembolization. Those two locoregional approaches can stabilize the tumors,
allowing in some cases for subsequent resection or transplantation. These multiple
therapeutic approaches have contributed to expand the indications for liver trans-
plantation, which remains the best curative treatment for limited HCC in patients
with advanced chronic liver disease. However, this luxury treatment is restricted to
very few countries, with a discrepancy between the increasing number of candi-
dates and the limited number of grafts. Therefore, there is a considerable need for
alternative treatments which are extensively developed in this textbook.

There is no efficient treatment without an accurate comprehension of the devel-
opment of HCC. Beyond viral infections of the liver, the role of other potential
causes is emphasized in an important chapter. There is no doubt that etiologies of
HCC will not be considered similarly in the future, given more attention to both
environmental and chronic medical conditions. These emerging factors, such as
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vi Foreword

metabolic syndrome, will probably highlight future targets relevant to the screening
of high-risk patients.

The chapter on staging of HCC is very comprehensive. As such, J.N. Vauthey
dedicated a great part of his initial studies to the stratification of patients with
similar prognostic factors. The ongoing debate on transplant candidates confirms
that stratification of patients is a prerequisite before considering any therapeutic
modalities.

Indeed, our clinical experience shows that HCC is often a heterogeneous dis-
ease with variable outcomes. The chapter on pathologic considerations confirms
that HCC has multiple histological components which will be clarified in the future
by molecular classifications.

The last chapters of this remarkable book highlight that management of patients
with HCC relies necessarily upon multidisciplinary effort involving the skills of
radiologists, pathologists, oncologists, gastroenterologists, hepatologists, anesthe-
siologists, hepatobiliary, and transplant surgeons. In addition, these specific areas
of knowledge and experience are guided by the important innovations from Asian
countries and efficiency of medical treatment to an increasing degree. Of note in
this book, supervised by eminent US authors, an entire chapter is devoted to the
guidelines for treatment in Japan. Sorafenib has been approved as a standard of
care for advanced HCC. Several studies evaluating other antiangiogenic agents and
multi-target inhibitors are at various phases of their development with promising
results. However, the most fascinating forthcoming issue will be the appropri-
ate combination of medical treatment with surgical and radiological procedures.
The improvement of resectability and survival observed in patients with colorectal
liver metastasis treated by novel active chemotherapy was a major therapeutic step.
Recent results in HCC strongly support that similar expectations might be achieved
to improve outcome by including neoadjuvant or adjuvant therapy.

Jacques Belghiti Clichy, France
October 2010



Preface

Hepatocellular carcinoma (HCC) is a major cause of cancer mortality world-
wide. Because early detection is rare, the overall prognosis is generally poor.
Understanding of the etiology, epidemiology, pathophysiology, molecular biology,
and clinical features of HCC is important in providing optimal patient care. In addi-
tion, understanding of the limitations of our current knowledge and therapeutic
capabilities is essential in order to guide future research efforts. Management of
patients with HCC is necessarily a multidisciplinary effort which involves the skill
of radiologists, pathologists, gastroenterologists, anesthesiologists, surgeons, med-
ical oncologists, radiation oncologists, nurses, and other health professionals. This
book is dedicated to the researchers, clinicians, and support staff involved in the
fight against HCC, with admiration and appreciation for the work that is done every
day to prevent, detect, and treat this disease. Most of all, this book is dedicated to
the patients we treat, in the hope that sharing the collective wisdom of this esteemed
group of experts will stimulate and encourage collaborative efforts to combat this
formidable cancer.

Kelly M. McMasters, MD, PhD Louisville, Kentucky
Jean-Nicolas Vauthey, MD Houston, Texas

January 2010
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Chapter 1
Epidemiology and Pathogenesis
of Hepatocellular Carcinoma

Manal M. Hassan and Ahmed O. Kaseb

Keywords Hepatocellular carcinoma · HCC · HCC incidence · HCC risk factors ·
Diabetes mellitus · HBV · HCV

Liver cancer is the sixth most common cancer worldwide and the third most com-
mon cause of cancer mortality, with more than 500,000 deaths annually [1, 2].
Hepatocellular carcinoma (HCC), which comprises most primary liver cancer cases,
is rarely detected early and is usually fatal within a few months of diagnosis [3]. A
recently published study indicated that the incidence rates of HCC tripled in the
United States from 1975 through 2005 [4].

Hepatocellular cancer has been shown to have wide variations in the geographic
distribution, and there is a marked difference in the incidence between different
races and genders. The highest incidence rates of HCC are in sub-Saharan Africa
and Eastern Asia (>80% of all HCC), with China accounting for over 50% of the
cases [5]. The low incidence countries include North and South America, Australia,
and Northern Europe. HCC incidence varies among people of different ethnicity.
For example, Chinese men have rates 2.7 times that of Indian men in Singapore [5].
In the United States, HCC rates are the highest in Asians, Hispanic, and African
American middle-age men [4]. In most populations, the incidence of HCC is higher
in males as compared to females. Surprisingly, the largest differences between the
two genders are in the low-risk populations of central and southern Europe [6].

The peculiar pattern of HCC, that is the rise in the disease incidence among
young persons and its varied incidence among different populations and races, sug-
gests that this tumor is caused by several etiologic factors and that interactions
among these factors may significantly increase the risk for HCC.

Many environmental and genetic factors have been identified as increasing one’s
risk for the development of HCC. Furthermore, the synergy between these factors
has been shown to be significant in hepatocarcinogenesis. This chapter reviews the

M.M. Hassan (B)
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2 M.M. Hassan and A.O. Kaseb

available data on these risk factors and generally discusses the pathogenesis of HCC
development.

Risk Factors of HCC

Hepatitis Virus Infection

Hepatitis B Virus

The hepatitis B virus (HBV) genome is a partially double-stranded, circular DNA
molecule. Since the identification of hepatitis B surface antigen (HBsAg) and its
importance as a marker of chronic HBV infection, several epidemiological stud-
ies have established the significant hepatocarcinogenicity of chronic infection with
HBV in humans; all were summarized by the International Agency for Research
on Cancer (IARC) of the World Health Organizations (WHO) [7]. The associa-
tion between HBV and HCC is not restricted to those who are positive for HBsAg;
other studies have shown that some patients with hepatitis B core antibodies (anti-
HBc)-positive and HBsAg-negative continue to be at risk for HCC development
[8]. Meanwhile, after the initiation of HBV vaccination, significant declines in the
incidence of HCC have been documented in high-risk countries like Taiwan [9].

The mechanism whereby HBV may induce HCC has been investigated through
different approaches. The HBV-DNA integration has been detected in hepatocytes
prior to tumor development among patients positive for HBsAg, which may enhance
chromosomal instability and facilitate HCC development [10, 11]. In addition, the
oncogenic role of the HBs and HBx proteins has been documented. HBx protein
has been shown to transactivate both HBV and cellular genes, which may alter host
gene expression and lead to HCC development [12]. In addition, the direct necrotic
and inflammatory effect of viral hepatitis with cirrhosis cannot be excluded [13].

By using the complete nucleotide sequence of the viral genome, eight genotypes
of HBV have been identified (A–H) [14]. The prevalence of HBV genotypes varies
by geographical areas [15]. Genotype A is common in Europe, India, and Africa.
Genotypes B and C are common in China, Japan, and Southeast Asia. Genotype
D is common in Mediterranean areas and in the Middle East [16]. Genotypes
E–G are common in Central and South America [15]. In the United States, all types
are present with prevalence of 35, 22, 31, 10, and 2 for genotypes A, B, C, D,
E–G, respectively [15]. A study showed that patients with genotype C infection
may develop advanced liver disease rather than with genotype B or D. Genotype B
was associated with hepatitis B e antigen (HBeAg) seroconversion at earlier age and
less active hepatic inflammation. In addition genotypes A and B are associated with
higher rate of HBeAg seroconversion during interferon therapy [17].

Hepatitis C Virus

Hepatitis C virus (HCV) is a small, single-stranded RNA virus [18]. The preva-
lence of HCV infection varies widely according to geographical areas. It represents
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a major public health problem in the United States; approximately four million
Americans are infected with HCV [19]. Several studies have demonstrated the
significant role of HCV in the development of HCC. Antibodies against HCV
(anti-HCV) can be detected in up to 90% of HCC patients [20]. A previously pub-
lished meta-analysis of 21 case–control studies indicated that HCC risk was 17
times higher among HCV-positive individuals as compared to HCV-negative indi-
viduals [21]. HCV increases HCC risk by promoting progressive end-stage liver
diseases. About 60–80% of anti-HCV-positive HCC patients were found to have
liver cirrhosis [22].

It has been suggested that oxidative stress is one of the mechanisms involved in
inflammation-related carcinogenesis in patients with chronic HCV infection [23]. In
response to viral antigens, the activated macrophages and other recruited leukocytes
release powerful reactive oxygen species (ROS) such as HOONO (from NO and
O2

–), HOCl, and H2O2, at sites of infection, causing areas of focal necrosis and
compensatory cell division [24]. These oxidants not only kill target cells but may
also overwhelm the antioxidant defenses of neighboring cells, leading to damage of
important biomolecule, such as DNA, RNA, and proteins; if these relate to critical
genes such as oncogenes or tumor suppressor genes, the initiation of cancer may
result. In addition, ROS may serve as proinflammatory mediators [25].

Hepatocellular damage induced by oxidative stress may result in the recruitment
of inflammatory cells and the activation of Kupffer cells and hepatic stellate cells
(HSCs), which may enhance the inflammatory responses. Factors involved in this
early phase are the release of proinflammatory and antiinflammatory cytokines [26,
27]. If oxidative stress persists, hepatic injury will also persist, and the activated
HSCs will migrate and proliferate. As a consequence, extracellular matrix protein
may accumulate in the damaged tissues, and the disease may progress to cirrhosis.

Like other RNA viruses, HCV displays a high genetic variability. On the basis
of nucleotide sequence homology, whole-sequenced HCV isolates are classified as
type I (1a), type II (1b), type III (2a), and type IV (2b). Provisionally, type V (3a)
and type VI (3b) isolates were reported on the basis of data on partially sequenced
genomes [28]. The geographic distribution of these genotypes demonstrated that
genotypes I, II, and III are predominate in Western countries and the Far East,
whereas type IV is predominant in the Middle East [29].

There is some evidence that the HCV genotype 1b is more aggressive and more
closely associated with advanced chronic liver diseases such as liver cirrhosis and
HCC [30, 31], although high prevalence of HCV type 1b has been reported among
patients with HCC and no cirrhosis [32]. This information may indicate that in
some cases the neoplastic transformation in type 1b infection may not require tran-
sition through the stage of cirrhosis. The observation that many HCC can develop in
patients with HCV with no cirrhosis and that many of the HCV structural and non-
structural proteins have not been entirely investigated indicates that the molecular
mechanism of HCV in hepatocarcinogenesis is not well established.

Although HBV and HCV are the major etiologic factors for HCC develop-
ment, approximately 60% of HCC patients are negative for HBV and HCV which
implicates that other factors are involved (Fig. 1.1).
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Fig. 1.1 Proportion of HCC related to hepatitis virus infection (HBV and HCV) and non-viral
factors between 1992 and 2006 (Hassan M, unpublished data)

Environmental Risk Factors

Alcohol Consumption

Numerous studies included in a review by the international agency for research
on cancer have concluded that alcohol consumption is important risk factor for
HCC development [33]. The alcohol–liver disease relationship correlates with the
quantity of alcohol consumed over a drinking lifetime, with heavy alcohol consump-
tion being the main risk for HCC and not social drinking [34]. Previous European
studies [35, 36] reported a steep dose-dependent increase in relative risk of alcohol-
induced liver disease above a “threshold” of 7–13 drinks per week in women and
14–27 drinks per week in men. Association between alcohol consumption and
chronic liver diseases including HCC is partially related to ethanol metabolism and
its major oxidation product, acetaldehyde [37], which modifies macromolecules in
the cell by acetylation, leading to generation of free radicals, possible chromosomal
abnormalities, and DNA mutation.

Our results from a US case–control study demonstrated approximately three-fold
increase in HCC risk among individuals who consumed more than 60 ml ethanol
per day [38]. The association between heavy alcohol consumption and HCC was
larger in women than in men, which may be partially attributable to the synergism
between female sex and heavy alcohol consumption. A recent review by Mancinelli
et al. [39] suggested that women may experience a more rapid progression of alco-
hol damage than men. The lower body mass index and body fluid content in women
than men may contribute to lowered ethanol diffusion and high blood concentra-
tion in women [40]. Moreover, the activity of gastric alcohol dehydrogenase, which
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is responsible for the first-pass metabolism of ethanol in the stomach, is signifi-
cantly lower in women than in men, which implies that large amounts of alcohol
will be metabolized by hepatic alcohol dehydrogenase [41, 42]. It is also possi-
ble that genetic variations in carcinogen metabolism, inflammatory response, DNA
repair, and cell cycle regulation play a role in determining individual susceptibil-
ity to alcohol carcinogenesis, which may partially explain variations in HCC risk
by sex.

Seroepidemiological studies have demonstrated a high frequency of anti-HCV
and HCV RNA in alcohol users and those among them who develop alcoholic
liver diseases [43]. Despite this close relationship, there is little understanding of
how HCV and alcohol may interact in the development of HCC. In most stud-
ies, anti-HCV in alcoholics was found to be closely associated with the presence
of HCV RNA in serum, a marker of HCV replication [44], which may suggest
that immunosuppression associated with chronic alcohol consumption may enhance
HCV replication.

Smoking

Cigarette smoking is significantly associated with HCC development [45]. A meta-
analysis on the association between smoking and liver cancer [46] concluded
an overall OR of 1.6 (95% CI, 1.3–1.9) for current smokers and 1.5 (95% CI,
1.1–2.1) for former smokers. The recently released report by IARC had confirmed
that smoking is considered a risk factor for liver cancer [47]. Despite evidence
sufficient to judge the positive association between active smoking and liver can-
cer, smoking–HCC relationship in men and women separately has not been widely
addressed. A US study suggested that smoking is more likely associated with HCC
in men and not women [38]. Moreover, synergistic interactions between cigarette
smoking and alcohol consumption, HBV, or HCV infection were reported by dif-
ferent studies [38, 48, 49]. Despite the significant association between cigarette
smoking and the risk of HCC, passive smoking exposure is not associated with
HCC development [38]. The use of chewing tobacco and snuff was also not related
to HCC development in general or in nonsmokers [38].

The exact mechanism of tobacco hepatocarcinogenesis is unknown; however,
of approximately 4,000 components identified in tobacco smoke, at least 55 are
known carcinogens. The major chemical carcinogens include polycyclic aromatic
hydrocarbons, such as benzo[a]pyrene; aromatic amines, such as 4-aminobiphenyl;
and nitrosamines, such as 4-(methylnitrosamine)-1-(3-pyridyl)-1-butanone. A case–
control study demonstrated that 4-aminobiphenyl DNA adducts contained in
tobacco smoke is a liver carcinogen [50]. In addition, tobacco smoke contains
volatile compounds (e.g., benzene), radioactive elements (e.g., polonium-210), and
free radicals that may also play a role in hepatocarcinogenicity [51, 52]. Substantial
evidence supports the notion that oxidative stress has been linked to tobacco use.
In vitro studies demonstrated that the gas phase of cigarette smoke caused lipid per-
oxidation of human plasma, which was preventable by the addition of ascorbic acid
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[53, 54]. This may support the smoking synergism with alcohol consumption and
chronic viral hepatitis on HCC development.

Aflatoxin Exposure

Aflatoxins (AFs) are toxic secondary fungal metabolites (mycotoxins) produced by
Aspergillus flavus and A. parasiticus. There are four AF compounds: B1, B2, G1,
and G2 [55]. The most common and most toxic AF is AFB1, and the most important
target organ is the liver, where the toxicity can lead to liver necrosis and bile duct
proliferation [55].

In order for AFB1 to exert its toxic effects, it must be converted to its highly
reactive 8,9-epoxide metabolite by the action of the mixed function monooxy-
genase enzyme systems in the liver (CYP450 dependent) [56, 57]. Therefore,
the development of AF biomarkers is based on detection of the AFB1 active
metabolites, which can covalently interact with cellular molecules, including DNA,
RNA, and protein. Epidemiologic research has documented a significant risk for
HCC development among individuals who consumed highly AF-contaminated diets
[58, 59].

Hormonal Intake

The use of oral contraceptive pills and risk for HCC development is inconclusive.
A recent review of 12 case–control studies that included 739 HCC cases and 5,223
controls [60] yielded an overall adjusted OR of 1.6 (0.9–2.5); however, six stud-
ies, included in the analysis, showed a significant increase in HCC risk with longer
duration of exposure of oral contraceptives (>5 years). The observed association
between liver cancer and oral contraceptive in animals is believed to be related to
the proliferative effect of estrogen on hepatocytes where estrogen receptors exist
and are highly expressed in HCC [61]. On the other hand, a protective effect of
hormonal replacement therapy on liver cancer was determined by some studies
[62, 63].

Occupational Exposures

Meta-analyses of epidemiological studies indicated a slightly increased risk of
HCC with high level of occupation exposure to vinyl chloride [64]. However,
such risk elevation can be a function of disease misclassification bias, since HCC
was not analyzed separately from other liver tumors. Reviewing the epidemiolog-
ical and experimental studies for the association between vinyl chloride and HCC
indicated no evidence of biological plausibility for the risk of vinyl chloride on
HCC [65].
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Chronic Medical Conditions

Diabetes Mellitus

Because the liver plays a crucial role in glucose metabolism, it is not surprising
that diabetes mellitus is an epiphenomenon of many chronic liver diseases such
as chronic hepatitis, fatty liver, liver failure, and cirrhosis. A recent systematic
review of several cohort and case–control studies concluded that diabetes mellitus
is significantly associated with HCC [66].

There are several lines of evidence suggesting that diabetes is in fact an inde-
pendent risk factor for HCC development. This evidence includes (1) results from
review and meta-analysis reports concluding that diabetes is a risk factor of HCC
[66–69]; (2) findings that the positive association between diabetes and HCC is
independent from underlying cirrhosis and chronic liver diseases [70, 71]; (3) find-
ings that the association is positively correlated with disease duration [72–74];
(4) demonstration of the synergistic interaction between diabetes and other HCC
risk factors [72, 75, 76]; (5) findings of HCC recurrence after liver resection and
transplantation among patients with diabetes [77, 78]; (6) suggestion of a biological
plausibility that underlies the association between diabetes and HCC [67, 68, 79];
and (7) the observation of risk of HCC development among patients with type 1
diabetes mellitus [76].

The key mechanism for liver cell damage induced by type 2 diabetes mellitus
involves insulin resistance and hyperinsulinemia [69, 80]. HCC development related
to hyperinsulinemia can be mediated through inflammation, cellular proliferation,
inhibition of apoptosis, and mutation of tumor suppressor genes [69]. Increased
insulin levels lead to reduced liver synthesis and blood levels of insulin growth fac-
tor binding protein-1 (IGFBP-1), which may contribute to increased bioavailability
of insulin-like growth factor-1 (IGF-1), the promotion of cellular proliferation, and
the inhibition of apoptosis [81]. Insulin also binds to the insulin receptor and acti-
vates its intrinsic tyrosine kinase, leading to phosphorylation of insulin receptor
substrate-1 (IRS-1) [82]. HCC tumor cells have been shown to overexpress both
IGF-1 and IRS-1 [83]. Overexpression of IRS-1 has been associated with the pre-
vention of apoptosis mediated by transforming growth factor-β [84]. In addition,
insulin is associated with lipid peroxidation and increased oxidative stress and the
generation of ROS, which may contribute to DNA mutation [85].

Obesity

It is well established that obesity is significantly associated with a wide spectrum
of hepatobiliary diseases, including fatty liver diseases, steatosis, and cryptogenic
cirrhosis [68, 86]. Once steatosis has developed, cellular adaptations may occur to
allow the cell to survive in the new stressful environment and enhance vulnerability
to a second hit, or genetic and environmental factors, leading to necroinflammatory
changes (non-alcoholic steatohepatitis) or non-alcoholic steatohepatitis (NASH)
where different mediators are involved in such pathogenesis [87]. However, there
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is little information regarding the association between obesity and HCC. A recent
meta-analysis 11 cohort studies reported a summary relative risks (95% CI) of 1.17
(1.02–1.34) and 1.89 (1.51–2.36) for overweight and obese individuals, respectively
[88]. Nevertheless, the study did not separate HCC from other primary tumors of
the liver nor control for the confounding effect of HCV, HBV, diabetes, and heavy
alcohol consumption on HCC development.

Lipid peroxidation and free oxygen radicals may play a central role in NASH dur-
ing which the initiation stage of HCC mechanism takes place. Proliferation of oval
cells (the cells of origin for several types of liver cancer) and mutation of P53 tumor
suppressor gene can also be potentiated. It is then suggested that the second stage
(promotion) takes place as a result of balance in apoptotic and antiapoptotic factors;
disturbance in growth factors such as TNF and TGF may facilitate oval cell pro-
liferation [89]. Progression to HCC (stage 3) is suggested to be mediated through
cyclooxygenase-2 (COX-2) gene expression by peroxisome proliferator-activated
receptor (PPAR-β) nuclear receptors implicated in fatty acid oxidation, cell differ-
entiation, inflammation, cell motility, and cell growth [90, 91]. It was suggested that
PPAR-β promotes human HCC cell growth through induction of COX-2 expres-
sion and prostaglandins (PGE2) synthesis. The produced PGE2 phosphorylates and
activates cytosolic phospholipase A2α (cPLA2α), releasing arachidonic acid for fur-
ther PPAR-β activation and PGE2 synthesis via COX-2. This positive-forward loop
between PPAR-β and PG pathway likely plays role in the regulation of human cell
growth and HCC development (Fig. 1.2).

Oxidative stress

Initiation

Lipid peroxidation
Cell proliferation
P53 mutation

Promotion

Antiapoptotic factors
Cell proliferation
TNF-
TGF-

Progression

PPAR
Arachidonic acid
Prostaglandin
COX-2

Hepatocarcinogenesis Pathway

Environmental Exposures 

HCV

HBV

Alcohol

Smoking

Obesity

Fig. 1.2 Steps in hepatocarcinogenesis, modified from Xu et al. [90] and Bensinger and
Tontonoz [91]

On the other hand, the association between obesity and HCC is hammered by
the following obstacles: (1) categorizing HCC among patients with primary liver
cancer, (2) inappropriate adjustment for the confounding effect of HCC risk fac-
tors specially type 2 diabetes mellitus, and (3) misclassification of obesity definition
among patients with HCC. Relying on baseline body weight to estimate body mass
index (BMI) at the time of HCC diagnosis could have led to patient misclassification
because most HCC is associated with ascites, which can affect the BMI calcula-
tion and definition of obesity. Results from an ongoing case–control study indicated
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Fig. 1.3 Difference in BMI means between cases and controls at different age periods prior to
HCC diagnosis or control enrolment: US case–control study (Hassan unpublished data)

means of BMIs at different age periods prior to HCC development were significantly
larger for HCC patients as compared to healthy controls (Hassan, unpublished data)
(Fig. 1.3).

Thyroid Diseases

Thyroid hormones play an essential role in lipid mobilization, lipid degrada-
tion, and fatty acid oxidation [92]. Patients with hypothyroidism may experience
15–30% weight gain [93] and insulin resistance [94, 95], which are significant fac-
tors of NASH. A recent study [96] reported that the prevalence of hypothyroidism in
patients with NASH was significantly higher than in controls (15% vs 7.2%, respec-
tively; p = 0.001). Such findings were later supported by Reddy and colleagues
[97] from Mayo Clinic who assessed the association between hypothyroidism and
HCC among 54 HCC patients of unknown etiology and 116 HCC patients related
to HCV and alcohol. The study reported OR of 6.8 (95% CI, 1.1–42.1) for HCC
development after adjusting for several confounding factors. Our recently published
case–control study reported positive association between hypothyroidism and HCC
among women [98].

Whether and why hypothyroidism causes HCC is not clear. However, the asso-
ciation between hypothyroidism and NASH can be explained by the underlying
hyperlipidemia, decreased fatty acid oxidation, insulin resistance, and lipid per-
oxidation in patients with hypothyroidism. All of these conditions may enhance
the susceptibility to chronic inflammation, DNA damage, and HCC develop-
ment. Moreover, concurrent thyroid dysfunction among diabetic patients may
exacerbate the coexisting diabetes-induced dyslipidemia and may explain our
observation of HCC risk modification among patients with hypothyroidism and
diabetes [98].
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Obesity and hyperinsulinemia may increase the level of insulin-like growth
factor-1, which in turn may reduce hepatic synthesis and blood concentration of
sex hormone-binding globulin (SHBG) [99, 100], a glycoprotein produced in the
liver with high-binding affinity for testosterone and lower affinity for estradiol.
Independent of obesity, there is sufficient evidence that thyroid hormones have a
positive effect on hepatic SHBG synthesis and that patients with hypothyroidism
may experience a lower level of SHBG [101]. Thus, a decreased level of SHBG may
lead to increased plasma testosterone and estradiol, both of which may promote cel-
lular proliferation and inhibit apoptosis. Elevated levels of serum testosterone and
testosterone to estradiol ratio have been proposed to be predictive of HCC develop-
ment in Japanese men with cirrhosis [102]. Nevertheless, the fact that the association
between hypothyroidism and HCC continued to be significant after adjustment for
prior history of obesity suggested that other mechanisms of hepatocarcinogenesis
were involved, especially among women.

Cholelithiasis (Gallbladder Stones)

The prevalence of gallstones in patients with cirrhosis is significantly higher than
in the general population [103, 104]. This is partially attributed to the metabolic
changes such as increased unconjugated bilirubin in bile secondary to hyper-
splenism, decreased cholesterol secretion, and decreased in apolipoprotein (apo)
A-1 and AoA-II sections [105, 106]. A recent study reported significant associa-
tion between gallbladder stones and HCC; the estimated OR (95% CI) was 14.75
(13.14–16.56) [107]. Nevertheless, the association between gallstones and HCC
is difficult to assess from epidemiological studies due to recall bias among HCC
patients and due to the subsequent cholecystectomy procedure with liver resection
in patients with HCC. Therefore, it is not clear whether cholelithiasis is a risk fac-
tor for HCC or a consequence of the underlying chronic liver diseases in patients
with HCC.

Dietary Factors

Most of the epidemiological evidence on diet and liver cancer is based on case–
control studies and retrospective analysis. This type of assessment is subjective
to recall bias due to the fact that patients with chronic liver diseases or cirrho-
sis may change their diet after being diagnosed with liver diseases. An exam-
ple of the association between diet and HCC is HCC risk reduction (25–75%)
among coffee drinkers who consume two to four cups of coffee per day as com-
pared to non-coffee drinkers [108–110]. HCC risk reduction was also observed
for the intake of eggs, milk, yogurt, vegetables, white meat, and fruits [111].
Moreover, the intake of dietary antioxidants, especially selenium and retinoic acid,
showed a protective effect for HCC development in HBV carriers and cigarette
smokers [112].
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Genetic Risk Factors

Familial Aggregation

Familial aggregation of liver cancer has been reported. However, most of these stud-
ies were conducted among Asians, particularly in China [113–117]. Given the high
prevalence of chronic infection with HBV and that vertical transmission of HBV
is the major source for viral transmission among Asians, the reported association
between a family history of liver cancer and HCC could be explained by clustering
of HBV infection among members of the same family [118]. To avoid this obsta-
cle, Yu et al. [117] matched 553 patients with HCC and 4,684 controls according
to HBV infection status. They reported an OR of 2.4 (95% CI, 1.5–3.9) for HCC
development in subjects with HBV and a family history of HCC as compared to
subjects with HBV but no family history of HCC. A later study by the same inves-
tigators showed that familial segregation of HCC in HBsAg carriers is associated
with familial clustering of liver cirrhosis [119].

A segregation analysis of Chinese HCC patients suggested that a Mendelian auto-
somal recessive major gene might also play role in HCC etiology [114]. In addition,
first-degree family history of liver cancer in American and European populations
is likely to be associated with HCC development independent of chronic infection
with HBV and HCV [120]. Synergism between HBV/HCV and a family history
of liver cancer was also noted by Hassan et al. [120] among Italian and American
individuals.

Inherited Diseases

Hereditary Hemochromatosis

Hereditary hemochromatosis (HHC) is an autosomal recessive genetic disorder of
iron metabolism that causes excessive intestinal absorption of dietary iron and
deposition of iron in organs including the liver [121]. Recently, a major histocompat-
ibility complex class I gene named HLA-H or HFE was cloned. Two mutations were
described: Cys282Tyr (C282Y) and His63Asp (H63D) [122]. The C282Y mutation is
more frequent in HHC [123]. There is growing evidence that even mildly increased
amounts of iron in the liver can be damaging, especially when combined with other
hepatotoxic factors such as alcohol consumption and chronic viral hepatitis. Iron
enhances the pathogenicity of microorganisms, adversely affects the function of
macrophages and lymphocytes, and enhances fibrogenic pathways [124, 125], all
of which may increase hepatic injury caused by iron alone or by iron and other
factors such as chronic HCV infection.

Indeed, a synergistic relationship between HCV and iron overload from
hemochromatosis has been suggested [126]. In a study by Hayashi et al., iron deple-
tion improved liver function tests in HCV-infected individuals [127]. In a study by
Mazzella and colleague response of chronic HCV to interferon was shown to be
related to hepatic iron concentration [128].
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Possible factors contributing to the actions of iron in chronic viral hepatitis
include enhancement of oxidative stress and lipid peroxidation, exacerbation of
immune-mediated tissue inflammation, enhancement of the rate of viral replication,
enhancement of the rate of viral mutation, possible impairment of cellular immunity
or humoral immunity, and possible impairment of T-lymphocyte proliferation and
maturation [129].

α1 Antitrypsin Deficiency

α1 antitrypsin deficiency (AATD) is an autosomal dominant genetic disorder char-
acterized by a deficiency in a major serum protease inhibitor (Pi) [130]. AATD is
caused by a mutation in the 12.2 kb α1 antitrypsin gene on chromosome 14 [130].
Over 75 different Pi alleles have been identified, most of which not associated with
disease [131]. A relationship exists between Pi phenotypes and serum concentra-
tions of α1 antitrypsin. Thus, the MM phenotype (normal) is associated with a serum
concentration of 100%, MZ 60%, SS 60%, FZ 60%, M 50%, PS 40%, SZ 42.5%,
ZZ 15%, and Z 0 to 10%. The most common deficiency variant, PiZ, in its homozy-
gote state is often associated with liver cirrhosis and liver cancer [132]. The role
of the heterozygous PiZ state in the development of primary liver cancer is con-
troversial [133–135]. However, there is increasing evidence suggesting that chronic
liver disease develops only when another factor such as HCV infection is present
and acts as a promoter for the liver damage process. α1 antitrypsin is an acute-phase
reactant whose major role is to inhibit the actions of neutrophil elastase, proteases,
and cathepsin G [136]. Any condition triggering the acute-phase response would be
expected to stimulate the production of α1 antitrypsin by the liver.

Therefore, it is suggested that chronic HCV infection could constantly stimulate
the hepatocytes to produce the mutant α1 antitrypsin, leading to more liver dam-
age [137]. Other less frequent inherited disorders such as glycogen storage disorder
disease type I (von Gierke’s disease) [138], Porphyria Cutanea Tarda [139], and
Wilson’s disease [140] have been found to be complicated to HCC. However, the
interactions between these diseases and other established risk factors such as HCV
or HBV have not been studied.
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Biology of Hepatocellular Carcinoma
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From Genotype to Phenotype – Or What a Cell Needs
to Become a Cancer Cell

Being a cancer cell is not easy. You have to maintain DNA replication and protein
production under adverse conditions in the abnormal architecture of a tumour which
often deprives you of oxygen and nutrients. Thus, survival requires a complete kit
of stress response tools that you have to acquire before becoming a cancer cell.

From a more scientific point of view, we can see tumorigenesis as fast-track
evolution in miniature edition where genetic alterations drive the progressive trans-
formation of normal human cells into highly malignant derivates that seem to be
advantageous to their normal counterparts. Investigations have been conducted at
different molecular levels including DNA level, RNA level and protein level, with
regard to chromosomal imbalance and genetic instability, epigenetic alteration,
gene expression and gene regulation and translation [1]. Whatever the level, can-
cer cells need to acquire a combination of properties which typify their malignant
phenotype in the end (Fig. 2.1). Six essential alterations in cell physiology that col-
lectively dictate malignant growth have been proposed: self-sufficiency in growth
signals, insensitivity to growth inhibition (antigrowth), evasion of programmed cell
death (apoptosis), limitless replicative potential, sustained angiogenesis and tissue
invasion and metastasis [2].

In this chapter we briefly discuss these six properties as they are common in most
cancers, including HCC.
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Fig. 2.1 The long and winding road to cancer

Growth signals are essential to move a cell from its quiescent state into an active
proliferative state. Cancer cells generate many of their own growth signals, thereby
reducing their dependence on stimulation from their normal tissue environment.
This can happen by synthesis of their own growth signals (autocrine stimula-
tion), growth factor receptor overexpression, ligand-independent signalling through
structural alteration of receptors and alterations in components of the downstream
cytoplasmic circuitry that receives and processes the signals emitted by ligand-
activated growth factor receptors and integrins. Tumour development is not only
the result of selection of a genetically mutated population of cells with advanta-
geous capabilities but rather the result of a tiny communication between the altered
cancer cell and its unaltered neighbours such as fibroblasts, endothelial cells and
inflammatory cells which maintain tumour growth.

Within a normal tissue, multiple antiproliferative signals operate to maintain cel-
lular quiescence and tissue homeostasis. These growth-inhibitory signals, like their
positive counterparts, are received by transmembrane surface receptors coupled to
intracellular signalling circuits. At the molecular level, many antiproliferative sig-
nals are funnelled through the retinoblastoma protein (pRb) and its two relatives,
p107 and p130, which block proliferation by inhibiting progression from G1- into
S-phase of the cell cycle [3]. The pRb signalling circuit, as governed by TGFβ

and other extrinsic factors, can be disrupted in a variety of ways: some cancer
cells display mutant, dysfunctional receptors while others lose TGFβ responsiveness
through downregulation of their TGFβ receptor.

Apoptosis represents a physiological way to eliminate excess cells during both
development and regeneration. Apoptosis can be triggered by an extrinsic pathway
(death receptor associated) as well as an intrinsic pathway (mitochondria pathway),
both of which might be inactivated during tumour development. Resistance to apop-
tosis can be acquired by cancer cells through a variety of strategies. Surely, the most
commonly occurring loss of a pro-apoptotic regulator through mutation involves the
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p53 tumour suppressor gene. The resulting functional inactivation of its product, the
p53 protein, is seen in greater than 50% of human cancers and results in the removal
of a key component of the DNA damage sensor that can induce the apoptotic effector
cascade [4].

Many and perhaps all types of mammalian cells carry an intrinsic, cell-
autonomous program that limits their multiplication and stops their growth. Tumour
cells have to exhaust their endowment of allowed doublings and breach the mortality
barrier to acquire unlimited replicative potential. Telomeres, which are composed
of several thousand repeats of a short six base-pair sequence element, and which
are shortened in each cell doubling, limit one cell’s lifetime. Therefore, telomere
maintenance either by upregulating expression of the telomerase enzyme [5] or by
recombination-based interchromosomal exchanges of sequence information [6] is
evident in virtually all types of malignant cells. By one or the other mechanism,
telomeres are maintained at a length above a critical threshold, and this in turn
permits unlimited multiplication of descendant cells.

The oxygen and nutrients supplied by the vasculature are critical for cell func-
tion and survival. Thus tumours need to induce blood vessel formation to maintain
growth and viability. One common strategy is increased expression of angiogen-
esis inducers as vascular endothelial growth factor (VEGF) and fibroblast growth
factor (FGF) or downregulation of angiogenesis inhibitors as thrombospondin-1 or
β-interferon.

The development of cancer metastasis is a highly complex event, involving the
generation of new blood and lymph vessels, growth, invasion with breakdown and
cross talk of the host matrix, escape from immune surveillance, transport to other
sites with adhesion, and subsequent invasion of the organ that hosts the metasta-
sis. Several participants in this tightly orchestrated procedure are important, for
instance cell-adhesion molecules, signalling pathways, immune cells, enzymes and
receptors, acting all in concert to guide the tumour cell to its new home.

To reach the six capabilities necessary for survival, you have to be highly
selected as a cancer cell. Genomic instability, altered transcription and translation,
deregulated protein synthesis all act in concert to equip you with the necessary
armamentarium to reach the cancer phenotype.

Biological Features of Liver Cancer – The Hallmark
of Hepatocellular Carcinoma

Usually, HCC arises as a consequence of underlying liver diseases such as viral
hepatitis and liver cirrhosis. Highly variable clinical phenotypes in HCC patients
indicate that HCC comprises several biologically distinctive patterns. Patients can
be categorized in subgroups by different grades of differentiation, proliferation rates,
ability to invade vessels, potential for metastasis, sensitivity to chemotherapeutic
agents, etc. [7]. When the liver gets injured by factors like HBV/HCV, alcohol
or aflatoxin B1, necrosis will appear in the liver accompanied by the subsequent
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hepatocyte proliferation. After continuous cycles of destructive–regenerative
process accumulate to some extent, the liver will suffer from cirrhosis. The main
characteristic of cirrhosis is that abnormal nodules appear in the liver surrounded by
collagens and scarring. Subsequently, the hyperplastic nodules will turn into dys-
plastic nodules (DNs) inducing a high risk of developing HCC for those patients
[8]. DNs are classified into low grade and high grade according to cytological and
architectural atypia on microscopic examination [9]. One-third of high-grade DNs
will progress to HCC in 2 years, and the rate increases to 81% in 5 years [10].

Coming back to the introduced route of cancer development, HCC phenotype
can result as a consequence of different alterations on different molecular levels.
The observed genetic aberrations associated with HCC include the amplification or
deletion of chromosomal regions, copy number changes of genes and abnormal epi-
genetic alterations. Chromosomal amplification regions often harbour oncogenes,
whereas the chromosomal deletion regions often include tumour suppressor genes,
both conferring a growth advantage for tumorigenesis in HCC [11]. These aber-
rations can be caused by different environmental factors like virus infection and
alcohol and/or aflatoxin consumption [12, 13]. Epigenetic modifications refer to
changes in DNA/chromatin that do not involve changes in the DNA sequence, for
instance DNA methylation or histone modifications. A number of studies have indi-
cated that promoter hypermethylation may be a key mechanism involved in the
inactivation of some tumour suppressor genes in HCC [1]. Changes in the expres-
sion of many genes are also evident at both mRNA and protein levels. Such changes
can be the consequences of the genetic aberrations and environmental interactions.
As a complex disease, the genesis and development of HCC could not be decided by
a single factor or a simple collection of single factors, but rather by interactions of
multiple proteins, genes and miRNAs in biological pathways. Furthermore, signif-
icant and complex cross talks among the different pathways exist and are involved
in different aspects of HCC development and progression. These cross talks, largely
not understood at the molecular level, could potentially account for the resistance
to molecularly targeted drugs, which are able to hit pathways only at one or few
sites [14].

In this section, we discuss the hallmarks of liver cancer which are important for
diagnosis and treatment of the disease.

Liver Stem Cells

Stem cells are generally characterized by their capacity for self-renewal through
asymmetrical cell division, multipotency for producing progeny in at least two
lineages, long-term tissue reconstitution, and serial transplantability [15]. When
mature hepatocytes and cholangiocytes are damaged or inhibited in their replication
a reserve compartment of hepatic progenitor cells located within the intrahepatic bil-
iary tree is activated [16]. The activation of this stem cell compartment is observed
in circumstances of prolonged necrosis, cirrhosis and chronic inflammatory liver
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disease. The liver is different from the skin and gastrointestinal tract with regard
to transit-amplifying cells, in that the most highly differentiated cells, the hepato-
cytes, are not terminally differentiated and can respond to injury or loss by rapid,
highly regulated proliferation. Thus, in the liver, differentiated hepatocytes per se
can be viewed as the hepatic version of transit-amplifying cells. Given the postu-
lated presence of a hepatic lineage of cells from periductal stem cells, to bipolar
ductal progenitor cells, to hepatocytes, with each cell type proliferation competent,
it would not be surprising to find that HCCs can arise from the stem cells, the bipo-
lar ductal progenitor cells, or the hepatocytes [17]. The fact that stem cell activation
precedes the development of HCC in almost all models of hepatocarcinogenesis
and invariably accompanies chronic liver damage in humans makes it likely that the
mature hepatocyte is not the cell of origin of all HCCs [18]. Detailed immunophe-
notyping of HCCs indicated that 28–50% of HCCs express markers of progenitor
cells such as CK7 and CK19 [19]. But what transforms a stem cell into a cancer
stem cell (CSC)? There are at least two proposed mechanisms of CSC origin: onco-
genic mutations may inactivate the constraints on normal stem cell expansion or,
alternatively, oncogenic mutations in a more differentiated cell generate continual
proliferation of cells that no longer enter a postmitotic differentiated state, thereby
creating a pool of self-renewing cells in which further mutations can accumulate
[20]. Several pathways have been proposed to be implicated in stem cell prolif-
eration: TGFβ, Notch, Wnt and Hedgehog are some examples [19]. The detailed
mechanisms directing transformation of stem cells to cancer stem cells and hepa-
tocellular cancer, however, remain still to be elucidated and definitive markers for
these putative cancer stem cells have not yet been established.

Angiogenesis

HCC is one of the most vascular solid cancers, associated with a high propen-
sity for vascular invasion. In fact, its active neovascularization can be visualized
in angiography and is used as a diagnostic criterion for HCC. The development of
neovasculature in the tumour provides two essential functions for the growth and
metastasis of a cancer. First, the vessels provide a route for supply of nutrient and
oxygen to sustain growth and excretion of metabolic waste. Second, the neovessels
provide access for tumour cells to enter the circulation and spread as metastases.
In fact, HCC is characterized by a high propensity for vascular invasion, and the
angiogenic activity of HCC correlates with the risk of vascular invasion [21]. HCC
typically develops from dysplastic nodules in a cirrhotic liver and the endothelial
cells in these nodules undergo phenotypic changes during malignant transformation
as demonstrated by changes in endothelial cell markers. The process of angiogene-
sis is a complex multistep process initiated by the release of angiogenic factors from
tumour cells. The angiogenic factors bind to specific receptors of endothelial cells
of preexisting blood vessels and activate the endothelial cells, which then secrete
enzymes to degrade the underlying basement membrane. The activated endothelial



26 M.L. Balmer and J.-F. Dufour

cells then proliferate, migrate and assemble into new capillary tubes, followed by
the synthesis of a new basement membrane. However, some recent studies suggested
that some of the neovessels in tumours may be derived from circulating endothelial
precursor cells that originate from the bone marrow [22, 23]. There is also evidence
indicating that some tumours may be vascularized without significant angiogenesis,
probably by using existing vessels through a process described as vascular co-option
or even by forming vascular channels on their own through a nonendothelial cell
process called ‘vascular mimicry’ [24]. Angiogenesis can be triggered by activation
of oncogenes like ras or inactivation of tumour suppressor genes like p53 [25, 26].
In addition, a number of cellular stress factors such as hypoxia, nutrient deprivation
or inducers of reactive oxygen species are important stimuli of angiogenic signalling
[27]. Many angiogenic and antiangiogenic factors have been studied in recent
years.

Vascular endothelial growth factor (VEGF) is one of the first isolated angiogenic
peptides and is the most well-studied angiogenic factor so far. It has a specific mito-
genic effect on endothelial cells, and it also increases vascular permeability (hence
also known as vascular permeability factor) and promotes extravasation of proteins
from tumour vessels, leading to the formation of a fibrin matrix that supports the
growth of endothelial cells and allows invasion of stromal cells into the developing
tumour [28]. The expression of VEGF protein was found to correlate with clinico-
pathological factors such as proliferation, vascular invasion and tumour multiplicity
and was reported to associate with not only invasion and metastasis of HCC but also
postoperative recurrence [29]. Expression of VEGF is regulated by microenviron-
mental and genetic alterations in cancer cells. Hypoxia is a key microenvironmental
factor of angiogenesis, and hypoxia-inducible factors (HIF) are known to stimulate
VEGF expression [30, 31]. The upregulation of VEGF in HCC is controlled at tran-
scriptional levels as well as by the mRNA stability of VEGF [32]. In addition, the
p53 tumour suppressor and HBx genes might regulate VEGF expression in HCC
[33, 34].

Fibroblast growth factors (FGFs) are a family of heparin-binding growth factors
that includes at least 22 structurally related members, of which acidic fibroblast
growth factor (aFGF) and basic fibroblast growth factor (bFGF) are the best-known
members. FGFs exert their pro-angiogenic activity by interacting with various
endothelial cell surface receptors, including tyrosine kinase receptors FGFR1 and
FGFR2, heparan sulphate proteoglycans and integrins [35]. bFGF appears to act
synergistically with VEGF in the induction of angiogenesis [36]. Aside from its
angiogenic effect, bFGF has also been shown to act as a mitogen for HCC cell
proliferation via an autocrine mechanism [37].

Angiopoietins play an important role in angiogenesis. Angiopoietin-1 (Ang-1) is
a survival signal for endothelial cells and it promotes recruitment of pericytes and
smooth muscle cells to form mature blood vessels. In contrast to Ang-1, angiopoi-
etin 2 (Ang-2) induces vascular regression in the absence of VEGF but increases
vascular sprouting in its presence. It has been shown that the ectopic expression
of Ang-2 in HCC cells promotes rapid development of tumour and aggravates its
prognosis [38].
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Other angiogeneic factors have also been shown to be involved in tumour
angiogenesis including platelet-derived endothelial cell growth factor [39], tissue
factor [40], cyclooxygenase-2 [41] and angiogenin [42].

Telomere Shortening

The progressive shortening of telomeres with each cell division serves in most
somatic cells as a “mitotic clock,” indicating cell age and cellular senescence. After
a certain number of cell doublings, when a threshold level of telomeric length
is reached, a signal is initiated to cease cell division and further progression to
S-phase is prevented. Loss of telomeres initiates or drives chromosomal instability,
which in turn results in chromosomal abnormalities such as end-to-end fusion and
rearrangement. In carcinogenesis, certain cells such as those that have undergone
viral transformation, irradiation or mutagenesis will continue to divide, have their
telomeres further shortened and eventually die. However, prior to death, the result-
ing genomic instability causes a small number of these cells to undergo multiple
mutations, including the regaining of telomerase activity which thereafter serves to
maintain telomere length and genomic stability indefinitely [43]. Telomere shorten-
ing is accelerated in chronic liver disease and critically short telomeres characterize
cirrhosis stage [44]. The cancer risk increases in response to telomere shorten-
ing during aging and chronic liver disease. Furthermore, telomerase activity has
been detected in human HCC while it is absent in adjacent non-tumour tissues
[43]. Studies in telomerase knockout mice have provided experimental evidence
that telomere shortening influences stem cell function, aging and carcinogene-
sis. These mice exhibit an impaired maintenance and function of adult stem cells
and reduced regenerative reserve in response to organ damage. Interestingly they
show an increase in chromosomal instability and tumour initiation but impaired
tumour progression [45]. Telomerase has been shown to be a critical component
for in vivo progression of p53 mutant HCC with short telomeres in the chroni-
cally damaged liver. In this molecular context, telomerase limits the accumulation
of telomere dysfunction, the evolution of excessive aneuploidy and the activation of
p53-independent checkpoints suppressing hepatocarcinogenesis [46]. This dual role
of telomeres may point to new treatment options in patients with HCC.

HCC in the Non-cirrhotic Liver

The incidence of HCC arising in the non-cirrhotic liver varies greatly between
different studies, ranging from 10 to 50% [47–50]. These tumours have been char-
acterized as often uninodular, encapsulated and expansive growing and they seem
to be bigger than normal HCC [50]. All factors that can induce a HCC with cirrho-
sis can also lead to a non-cirrhotic HCC. Nevertheless, there are several conditions
which are known to be associated predominantly with non-cirrhotic liver cancer:
sexual steroids induce HCCs through the development of liver adenomas; patients
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with Alagille syndrome (arteriohepatic dysplasia) [51], hypercitrullinemia [51],
α1-antitrypsin deficiency [52] and glycogenosis type 1 [53] often develop HCC
without cirrhosis. Iron overload seems to be a general risk factor for developing
a non-cirrhotic HCC [54], as well as clinically unapparent mutations in the HFE
gene [55]. It has been estimated that up to 40% of hepatitis B virus (HBV)-related
HCC occur in persons who do not have cirrhosis, while almost all cases of hep-
atitis C virus (HCV)-related HCC occur in the setting of cirrhosis [56, 57]. Direct
oncogenic potential of HBV through chromosomal integration (cis-activation) or
trans-activation of cellular genes seems to be an important feature in the pathogene-
sis of these cancers [58]. Nevertheless, the two major risk factors for developing
an HCC without underlying liver cirrhosis seem to be the metabolic syndrome
(MS) with fatty liver disease and liver adenomas. The association between diabetes,
obesity, steatosis, non-alcoholic fatty liver disease (NAFLD) and the develop-
ment of HCC is not well elucidated so far. Changes in fat metabolism, including
expression of adipocyte-like gene pathways, appear to play a role both in hepatic
regeneration and sometimes in neoplastic transformation [59, 60]. This relation-
ship to fat metabolism appears to be important both in NAFLD-related cancer
and in HCV, where steatosis, steatohepatitis and associated oxidative stress are
increasingly recognized as significant risk or cofactors in HCC development [61].
Furthermore steatosis is an independent predictor of postoperative HCC recurrence
in HCV-associated HCC [62]. Additional epidemiological data indicate a signifi-
cantly increased risk of hepatocellular carcinoma among diabetic patients [63]. The
pathophysiological components of this disorder, especially when steatohepatitis is
present, include lipid peroxidation, stem cell proliferation, and increased growth
factors, such as insulin and TGF. Proliferation of cells in the setting of oxidative
stress and increased trophic factors associated with the metabolic syndrome such
as hyperinsulinemia seems to be the hallmark of non-cirrhotic HCC in context with
the metabolic syndrome [61]. Recently it has been shown that most of the tumours
in context with the metabolic syndrome develop in nonfibrotic livers [64]. Wnt
signalling pathway deregulation did not represent the main carcinogenic process
involved in this context [64]. A significant percentage of HCCs that develop in the
context of MS without significant fibrosis arises from malignant transformation of
liver adenoma, especially the TA (telangiectatic) subtype.

It has been proposed that liver adenomas can transform into malignant liver
tumours [53, 65–67]. However, the incidence and underlying molecular mechanisms
still remain unclear. Moreover, the published data usually derive from patients with-
out liver cirrhosis. This is rather due to the conceptual problem that adenomas are
only diagnosed in non-cirrhotic livers and are labelled as macroregenerative nod-
ules or adenomatous hyperplasias in patients with underlying liver cirrhosis, than
due to a fundamentally different pathogenesis of these tumours. However, the con-
ceptual adenoma-carcinoma sequence, as observed in other organs like the gut,
seems to exist in a similar manner in HCC as well. Among the three genotypi-
cally identified subtypes of liver adenoma HNF1α inactivated (35–50% of cases),
β-catenin activated (15–18% of cases) and inflammatory (40–55% of cases), the
β-catenin-activated adenomas seem to be at higher risk of HCC [68].
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Metastasis

HCC is characterized by early development of intrahepatic metastasis, whereas
distant organs are usually late involved in the disease. In the diagnosis of intra-
hepatic HCC metastases, one problem is to separate metastatic dissemination from
multifocal tumours in the liver. The possibility that more than one nodule may be
detected in patients with HCC has been known for more than 50 years [69]. This is
not only semantic but of biological importance. ‘Metastatic dissemination or mul-
tifocal tumour?’ is not a Hamletic question, because the two possibilities are not
mutually exclusive as cirrhotic liver can generate more than one cancer nodule with
the same, still unknown mechanisms, during the history of the disease. However,
the identification of these two distinct hypotheses seems to be an underestimated
problem by clinicians, although a patient with a multifocal tumour has a better prog-
nosis than a patient with a metastatic cancer [70, 71]. Multiple HCC nodules are an
expression of metastasis rather than of multifocal cancer in more than 60% of cases
[72], but more sensitive tests are needed to distinguish metastatic from multifocal
HCC in the liver.

The process of metastasis involves an intricate interplay between altered cell
adhesion, survival, proteolysis, migration, lymph/angiogenesis, immune escape
mechanisms and homing on target organs. Not surprisingly, the molecular mech-
anisms that propel invasive growth and metastasis are also found in embryonic
development and, however, to a less perpetual/chronic/aggressive/quantitatively dif-
ferent extent, in adult tissue maintenance (e.g. involving stem cell differentiation)
and repair processes [73].

Several molecular examples and pathways are involved and all act in concert
to guide the tumour cell to its new home (Table 2.1). All these players are tightly
orchestrated and interact through several molecular pathways: The Wnt/β-catenin
pathway links cell–cell adhesion and downstream signalling and mutations in
β-catenin genes can be detected in 12–26% of human HCC; p53 mutation is
involved in determining dedifferentiation, proliferating activity and tumour pro-
gression [74]; is strongly related to the invasiveness of HCC and also influences
the postoperative course (particularly recurrence within 1 year) [75]. The mitogen-
activated protein kinase pathway (MAPK) and the Raf kinase inhibitor protein

Table 2.1 Molecular examples and pathways are involved and all act in concert to guide the
tumour cell to its new home

Biological capability Molecular examples/pathway entities

Survival IGF survival factors
Adhesion and deadhesion CAMs, cadherins, integrins
Migration Met-SF/HGF signalling, FAK
Proteolysis/ECM remodelling MMPs, uPA, ADAMs, heparanase
Immune escape Downregulation of intrinsic immunogenicity, MHC loss
Lymph/angiogenesis VEGF, PDGF, bFGF
Homing on target organs Chemokines/chemokine receptors, CD44, osteopontin
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(RKIP) as an inhibitor of this pathway revealed prominent roles during human
HCC metastasis [76]. Signalling pathways in liver cancer metastasis are highly com-
plex and little is known about the importance of every single cascade in metastasis
development. A bioinformatics analysis of metastasis-related proteins in hepatocel-
lular carcinoma resulted in a gigantic diversity of involved partners in metastasis
development (506 proteins, 83 pathways) [77].

From a more macroscopic point of view, there are four proposed models of
metastasis development: According to Chambers and coworkers, only a very small
population of injected tumour cells in mice form micrometastases, although most of
them are arrested in the liver. Furthermore, not all of the micrometastases persist,
and the progressively growing metastases arise only from a small subset (0.02%)
of cells [78]. Muschel and coworkers recently proposed a new model for pul-
monary metastasis in which endothelium-attached tumour cells that survived the
initial apoptotic stimuli proliferate intravascularly. Thus, a principal tenet of this new
model is that the extravasation of tumour cells is not a prerequisite for metastatic
colony formation and that the initial proliferation takes place within the blood
vessels [79]. The unique ability of aggressive tumour cells to generate patterned
networks, similar to the patterned networks during embryonic vasculogenesis, and
concomitantly to express vascular markers associated with endothelial cells, their
precursors and other vascular cells has been termed ‘vasculogenic mimicry’ by
Hendrix and coworkers [80]. It has been shown that tumour cells can migrate as
tumour emboli that conserve a tissue architecture reminiscent of the primary tumour.
Tumour cells are thus protected from anoikis and direct immunological engagement
during dissemination [81].

All of these mechanisms are supposed to have an impact on the pathogenesis
of HCC metastasis and should be taken into account when planning new treatment
strategies.

HCC in comparison to other solid tumours is a biologically highly multifaceted
tumour in which a variety of different events have an impact on its development and
characteristics. The epic voyage from genotype to phenotype includes chromoso-
mal instability, altered transcription and translation, deregulated protein synthesis,
miRNAs, altered signalling pathways and finally results in a tumour cell perfectly
adapted to escape proliferation control and immune surveillance.
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Chapter 3
Hepatocellular Cancer:
Pathologic Considerations

Gregory Y. Lauwers
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While the incidence of HCCs has been rising worldwide, there has been a steady
stream of novel information related to the histologic characteristics of HCCs, includ-
ing their pattern of spread, the risk factors for recurrence, and long-term prognosis.
More particularly, a focus of great interest has been the diagnosis of early HCC.
Understanding by histopathologists, surgeons, hepatologists, and oncologists of the
nuances of the diagnosis of early HCC, as well as the importance of detailed patho-
logic analysis of surgical specimens, is crucial to developing appropriate therapeutic
algorithms based on precise prognostic stratification.

Macroscopic Features of Hepatocellular Carcinoma

Variations in the morphology of HCC are related to the size of the tumor and whether
the surrounding liver is cirrhotic.

Western series have emphasized that between 42 and 51% of HCCs arise in non-
cirrhotic livers [1, 2]. However, some of the “noncirrhotic” cases may be better
characterized as associated with limited fibrosis. Differences in the multiplicity of
tumors, incidence of encapsulation, and rate of venous invasion have been reported
in this group of tumors. Also, HCCs in noncirrhotic livers may grow faster and in
general are larger than those in cirrhotic livers [3, 4].

In cirrhotic livers, small HCCs may be well demarcated and surrounded by
a fibrous capsule, whereas advanced tumors are expansive multinodular masses,
frequently accompanied by intrahepatic metastases [5]. In noncirrhotic livers,
HCCs usually present as single large tumors that may infiltrate both lobes
[2, 3].
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The risk of intrahepatic and extrahepatic spread is related to the size of the tumor
[6–8]. HCCs less than 5 cm in size are less likely to develop intrahepatic metastasis,
portal vein tumor thrombosis, or hematogenous metastasis [6, 8, 9]. Conversely, the
incidence of portal vein thrombosis rises from 40 to 75% when HCCs grow larger
than 5 cm, and the rate of intrahepatic metastasis rises dramatically (60% vs. 96%)
[6, 7].

Most HCCs are soft neoplasms, often displaying hemorrhage and necrosis. Their
color ranges from tan-gray to green, the difference reflecting the degree of bile pro-
duction [10]. Peritumoral capsule is found in 46% of HCCs measuring less than
2 cm and 84% of tumors between 2 and 5 cm in size. A capsule is present in only
45% of HCCs measuring more than 5 cm in diameter [11]. Peritumoral capsule is
associated with improved survival, lower rate of intrahepatic recurrence, and lower
incidence of venous invasion [1, 12].

Macroscopic Classification of HCCs

The different patterns of growth are associated with various risks of spread, both
intrahepatic and extrahepatic [6]. Eggel’s classification, published in 1901, remains
widely used [13]. HCCs are divided into nodular, massive, and diffuse types. The
nodular type consists of well-circumscribed tumor nodules. Massive HCCs are
circumscribed, huge tumor masses occupying most or all of a hepatic lobe. This
type is commonly observed in patients without cirrhosis. The diffuse type is rare
and characterized by innumerable indistinct small nodules studding the entire liver.
Subsequently, the Liver Cancer Study Group of Japan has proposed a modification,
with the nodular category being divided into three subtypes: single nodular, single
nodular type with perinodular tumor growth, and the confluent multinodular subtype
[10] (Fig. 3.1)

HCC Is a Multicentric Disease

Multicentricity is noted in 16–74% of HCCs resected in cirrhotic liver [6, 11, 14–
17]. In contrast, multifocality is reported to be only 12% in noncirrhotic liver [3].
Tumor multiplicity can be explained by either the metachronous development of
tumors (i.e., multicentric carcinogenesis) or intrahepatic metastases via the por-
tal system [18, 19]. Tumor nodules are considered metastatic if (a) they show a
portal vein tumor thrombus or grow contiguously with a thrombus, (b) multiple
small satellite nodules surround a larger main tumor, or (c) a single lesion is adja-
cent to the main tumor but is significantly smaller in size and presents the same
histology [18].

Intravascular and Biliary Growth

Malignant thrombosis of the portal vein system plays a role in the development
of intrahepatic metastases. Most patients develop recurrence within 1 year and die
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Fig. 3.1 Macroscopic
appearance of hepatocellular
carcinoma (HCC). Example
of large single nodular lesion
involving most of a lobe.
Note that the surrounding
liver was not cirrhotic

within 2 years after surgery [9, 20]. In some cases with thrombosis of the hepatic
veins, the malignant thrombus may extend into the inferior vena cava and the right
atrium [21].

Tumor extension into the hepatic duct or common bile duct or both is also
rare. Patients may develop obstructive jaundice or hemobilia, at times leading to a
misconstrued preoperative diagnosis of cholangiocarcinoma or choledocholithiasis
[22, 23].

Microscopic Features of Hepatocellular Carcinoma

Neoplastic hepatocytes exhibit various degrees of hepatocellular differentiation.
They usually are polygonal with abundant eosinophilic and granular cytoplasm
surrounded by distinct cell membranes. Characteristically, the nucleus is round
and vesicular with a distinct nucleolus. Various intracytoplasmic inclusions can be
observed. Glycogen, fat, bile, fibrinogen (pale bodies), Mallory bodies (accumula-
tion of keratin and p62 stress protein) and intracellular hyaline bodies (accumula-
tions of p62 stress protein), α-fetoprotein (AFP), giant lysosomes, or α1-antitrypsin
have been reported [24, 25].

A trabecular arrangement mimicking normal hepatic cords is the basic architec-
tural growth pattern of HCCs. The histologic appearance is variable, however.
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Histologic Patterns of HCC

The World Health Organization classification recognizes five major histologic
subtypes [24]. Except for the fibrolamellar pattern, their significance is more of
diagnostic value than indicative of prognosis [24]. The four other subtypes, fre-
quently found simultaneously, are trabecular, pseudoglandular (acinar), compact,
and scirrhous.

The trabecular and acinar patterns are commonly observed in well to moderately
differentiated HCCs. The trabeculae can vary from a few cells thick (microtrabecu-
lar pattern) to more than a dozen cells (macrotrabecular pattern) and are separated by
sinusoid-like spaces lined by flat endothelial cells (Fig 3.2). In the acinar (pseudog-
landular) variant, the cells are arranged in a rosette-like fashion with a central bile
canaliculus (Fig 3.3). In the solid type, the sinusoids are compressed and obscured
by the broad and compact trabeculae. Finally, the scirrhous pattern is characterized
by abundant fibrous stroma separating cords of tumor cells. This pattern can be seen
after radiation, chemotherapy, or infarction. Various degrees of the scirrhous pattern
are found without any previous treatment in approximately 4% of cases [10, 24].

Histologic Grading of Hepatocellular Carcinomas

The Edmondson grading scheme is based on the degree of differentiation of the neo-
plastic cells [26]. Tumors with well-differentiated neoplastic hepatocytes arranged
in thin trabeculae correspond to grade I (Fig 3.4). In grade II, the larger and more
atypical neoplastic cells are sometimes organized in an acinar pattern. Architectural
and cytologic anaplasia are prominent in grade III, but the neoplastic cells are
readily identified as hepatocytic in origin. When composed of markedly anaplas-
tic neoplastic cells not readily identified as hepatocytic origin, the tumor is grade IV
(Fig. 3.5)

Fig. 3.2 Macrotrabecular
growth pattern of
hepatocellular carcinoma
composed of wide
anastomosing cords wrapped
by endothelial cells
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Fig. 3.3 Pseudoglandular
(acinar) pattern of
hepatocellular carcinoma.
The neoplastic hepatocytes
are moderately atypical
(grade II), and bile plugs are
identified in the lumen

Fig. 3.4 Grade I
(well-differentiated)
hepatocellular carcinoma.
The well-differentiated
neoplastic hepatocytes show
minimal cytologic and
architectural atypia. Note the
scattered acinar structures

An alternate four-tier histologic grading scheme is advocated by the Liver Cancer
Study Group of Japan [10]. In this classification, well-differentiated HCCs that com-
monly measure less than 2 cm in diameter demonstrate an increased cellular density.
The small neoplastic cells are organized in irregular microtrabeculae, and focal aci-
nar formation can be seen. Frequent fatty macrovesicular changes can be seen as
well. Cellular and nuclear atypia are distinctly absent. Moderately differentiated
HCCs are composed of neoplastic hepatocytes displaying abundant eosinophilic
cytoplasm with round nuclei and distinct nucleoli. Notably, the nucleus to cytoplasm
ratio is equal to that of the normal hepatocytes. These hepatocytes are organized in
either trabeculae or pseudoglands.

Poorly differentiated HCCs usually grow in a solid sheet-like pattern. The hep-
atocytes show an increased nucleus to cytoplasm ratio. Cellular pleomorphism is
noticeable, with mononucleated or multinucleated giant cells, or both.
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Fig. 3.5 Spindle,
sarcomatoid, high-grade
variant of HCC. Spindle
neoplastic cells mimicking a
sarcoma are intermixed with
bizarre multinucleated cells

Undifferentiated HCCs are composed of tumor cells with little cytoplasm and
short spindle-shaped or round nuclei. They grow in a solid or medullary pattern.

The prognostic value of histologic grading is debated. Some authors report better
prognosis for low-grade HCC, whereas others contest a correlation between poor
prognosis and high histologic grade [1, 27]. Edmondson–Steiner grading has not
been found to be a predictor of intrahepatic recurrence by some, whereas a high
histologic grade has been estimated by others to be a strong predictor of portal vein
invasion [12, 28]. It has also been claimed that the odds of having a high-grade HCC
are twice as high for cirrhotic patients compared to those without cirrhosis [1].

Cytologic Subtypes of HCC

The clear cell variant results from excessive intracytoplasmic deposits of glycogen
[24]. Clear cells may be composed of only a limited portion of an otherwise typical
HCC or the entire tumor. A reportedly favorable prognosis has not been confirmed
[29, 30]. Pathologists should distinguish clear cell HCC from metastatic renal cell
and adrenocortical carcinomas.

Pleomorphic HCCs display marked variations in shape and size of the neoplas-
tic hepatocytes. Seemingly benign giant cells (osteoclast-type) or highly anaplastic
bizarre cells can be observed [24]. Spindle (or sarcomatoid) tumor cells with features
resembling fibrosarcoma, leiomyosarcoma, and malignant fibrous histiocytoma can
be seen [24] (Fig. 3.5). Arterial chemotherapy has been implicated in the genesis of
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this phenotype [21]. Distinction from a sarcoma is largely dependent on the identi-
fication of foci morphologically typical for HCC. The differential diagnosis can be
challenging, since epithelial markers (i.e., cytokeratin) are recognized in only 62%
of cases [31].

Vascular Invasion is an important prognostic indicator, in part because intra-
hepatic metastases occur through portal vein invasion. In its absence, the patients
experience a longer overall and disease-free survival [17, 27, 32, 33]. Risk factors
for portal vein invasion include tumor diameter greater than 3 cm, high histologic
grade, tumor multiplicity, and high mitotic activity (>4 mitoses per 10 HPF) [28,
34] (Fig. 3.6)

Fig. 3.6 Malignant tumor
emboli in a small portal vein.
Vascular invasion is a risk
factor for intrahepatic
metastasis and multicentricity

Histologic Variants of Hepatocellular Carcinoma

Fibrolamellar Carcinoma

Fibrolamellar HCC is a rare variant of HCC (less than 5% of all cases). These
tumors occur at a young age and are not associated with common risk factors such as
chronic hepatitis and cirrhosis [35–38] and thus are frequently amenable to surgical
resection. The extended survival compared to that of usual HCCs is likely related to
the absence of cirrhosis rather than distinct biologic characteristics [38–41]. Overall
5-year survival is estimated at between 35 and 76% for patients undergoing hepatic
resection [38–41]. However, a recent series pointed out that with frequent vascu-
lar invasion (36%) and lymph node metastases (50%), late recurrences are common
and the 5-year recurrence-free survival was only 18% [40]. Fibrolamellar carcino-
mas are firm, sharply demarcated, and usually single tumors. They range in size
from 7 to 20 cm [36, 41]. The surrounding parenchyma is frequently unremarkable,
with cirrhosis reported in less than 5% of cases [36]. The characteristic histologic
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features include large polygonal and deeply eosinophilic tumor cells embedded in
hyalinized connective tissue commonly arranged in a lamellar fashion. The cells
display single round vesicular nuclei with prominent nucleoli. They may also con-
tain α1-antitrypsin, seen as proteinaceous cytoplasmic inclusions, and fibrinogen
containing pale bodies, presenting as pale ground-glass cytoplasmic inclusions
[24, 36, 41].

Combined Hepatocellular Carcinoma and Cholangiocarcinoma

Combined HCC and cholangiocarcinomas (combined HCC–CC) contain unequiv-
ocal elements of both HCC and CC [24]. Two types are recognized: HCC-
predominant (the most frequent) and CC-predominant variants [42] (Fig. 3.7). These
tumors show variable combinations of characteristic features of HCC, i.e., bile
production, intercellular bile canaliculi, or a trabecular growth pattern, as well as
elements of cholangiocarcinoma, such as glandular structures lined by biliary type
epithelium; intracellular mucin production; or immunoreactivity for MUC-1, CK
7, and CK19 [42–45]. AFP levels are usually low, whereas an increase in serum
carcinoembryonic antigen and carbohydrate antigen 19-9 can be detected [42, 46].
Cirrhosis is associated with most cases of the HCC-predominant type (55% of cases)
and only occasionally with the CC-predominant type (13% of cases) [42]. These
combined neoplasms may be more common in the setting of genetic hemochromato-
sis. Reflecting the common embryologic origin of hepatocytes and cholangiocytes,
two mechanisms of histogenesis have been hypothesized: (a) the CC component
could differentiate from an initial pure HCC or (b) an intermediate “stem cell” cell
could give rise to both HCC and CC components [42, 43, 47]. Support for the latter
hypothesis includes the presence of hepatic progenitor cells as well as the detection

Fig. 3.7 Combined hepato-
cellular/cholangiocarcinoma.
Note the large anastomosing
trabeculae of HCC
surrounded by anastomosing
malignant ductular
structures
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of hepatocellular (albumin RNA) and biliary markers (keratin profile) in combined
HCC [47, 48].

Precursor Lesions

A multistep carcinogenesis sequence of low- and high-grade dysplastic nodules and
well-differentiated HCC is largely accepted as the morphologic process preceding
the development of HCCs in cirrhotic livers.

Low-grade dysplastic nodules are distinct from surrounding cirrhotic nodules.
Their size usually varies between 0.5 and 1.5 cm, although large examples have
been reported. They are not encapsulated [49], but condensation of peripheral
fibrous tissue is noted. These nodules are distinguishable from cirrhotic nodules by
the presence of dysplastic, architectural, and cytologic features, i.e., mild increase
in cellular density of monotonous hepatocytes, usually with no cellular atypia.
Architecturally, dysplasia refers to the presence of minimally thick cell plates,
but acinar formation or macrotrabeculae are absent [50]. Rare unpaired arteries
can be seen. Large cell changes (formerly referred to as large cell dysplasia) can
be seen. These consist of cellular enlargement with nuclear pleomorphism and
frequent multinucleation [51]. Differences between simple macroregenerative and
dysplastic nodules can be challenging, especially on needle biopsies. Subtle nuclear
atypia with densely packed, smaller-than-normal hepatocytes with increased cel-
lular density, sometimes twice normal as in the surrounding tissue, are helpful
hints. Thickening of the nuclear membrane, higher nucleus to cytoplasm ratios,
and rare mitoses are also seen [52–56]. Architectural atypia range from irregular
trabecular patterns to minimally thickened trabeculae or pseudoglandular forma-
tion. High-grade dysplastic nodules can be either vaguely nodular or distinctly
nodular lesions. Architectural and cytologic atypia are present but insufficient to
merit a diagnosis of well-differentiated HCC. They commonly display increased
cell density, cytoplasmic eosinophilia, and irregular thin trabeculae. Another notable
feature is the increased number of unpaired muscularized arteries. However, differ-
entiating these lesions is difficult, and significant overlap with early HCCs is seen
(Fig. 3.8a,b).

Early HCCs may develop within dysplastic nodules, initially preserving a
seemingly normal cytologic and architectural pattern. These HCCs, by definition,
measure less than 2 cm, and most have only a vaguely nodular morphology [10, 57].
They are extremely well-differentiated, with little cellular and structural atypia [10,
58, 59]. Subtle diagnostic changes include increased cell density (more than twice
that of surrounding tissue) and increased nucleus to cytoplasm ratio. Cytoplasmic
eosinophilia, fatty or clear cell changes, or both, as well as iron-free foci, can also
be noted [10, 58–60]. An irregular thin trabecular pattern, acinar patterns, or both
can be seen [10, 58, 59] (Fig 3.9a,b). Another notable feature is the increased
number of unpaired muscularized arteries [60]. Vascular invasion is uncommon,
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a b

Fig. 3.8 (a) Vaguely nodular lesion characteristic of dysplastic nodules and early well-
differentiated HCC. (b) The nodule is composed of hepatocytes with minimal cytologic atypia
with slight increased cellular density and anastomosing one-cell-thick trabeculae with rare acinar
structures

a b

Fig. 3.9 (a) Example of well-differentiated HCC. The neoplastic hepatocytic proliferation shows
cytoarchitectural atypia, highlighted in 9b. (b) Reticulin stain demonstrating focal loss and disarray
of reticulin fibers

but “stromal invasion” of intratumoral portal spaces can be observed as the tumors
enlarge [57, 59]. As they grow in size, fatty changes become uncommon and cel-
lular dedifferentiation appears. The less differentiated component usually arises
as a central subnodule expanding in a nodule-in-nodule fashion. It proliferates
expansively, whereas the peripheral well-differentiated rim is compressed and even-
tually replaced [42, 58, 59, 61]. Approximately 40% of HCCs measuring between
1 and 3 cm consist of more than two patterns of varying differentiation [42]
(Fig. 3.10).
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Fig. 3.10 Nodule-in-nodule
growth pattern in early HCC.
The central nodule, less
differentiated, will entirely
replace the peripheral
well-differentiated lesion that
preceded it

Ancillary Studies

Various techniques, including immunohistochemistry, cytogenetics, fluorescent in-
situ hybridization (FISH), and comparative genomic hybridization (CGH) [62, 63],
can be used to confirm a diagnosis of HCC, distinguishing it from a metastasis or
a peripheral cholangiocarcinoma (uncommonly), and, importantly, differentiating a
well-differentiated HCC from benign hepatocellular proliferations such as hepato-
cellular adenoma. We will focus on only a few ancillary tests in the context of the
usual clinical dilemmas.

Hepatocellular Carcinoma vs. Metastatic Adenocarcinoma
and Cholangiocarcinoma

Mucin

Although mucin is noted in the lumen of acinar HCC [26], the intracytoplas-
mic demonstration of mucin generally rules out this diagnosis. In such cases, the
working differential diagnosis includes metastatic adenocarcinoma and cholangio-
carcinoma. Using MUC antibodies against glycoprotein cores of mucin, HCCs are
uniformly negative for MUC-1, MUC-2, and MUC-5AC. Conversely, MUC-1 and
MUC-5AC are positive in 73 and 45% of cholangiocarcinomas respectively, as well
as in gastrointestinal cancers likely to metastasize to the liver [64].

Albumin

Albumin, exclusively synthesized by hepatocytes, is a highly specific marker of
hepatocytic lineage [65]. Unfortunately, immunohistochemistry is not a well-suited
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detection tool, because of the abundance of the protein in the serum. Less com-
monly available, in-situ hybridization is a better technique, with albumin mRNA
demonstrated in up to 96% of HCC [65].

Polyclonal CEA and CD10

Both polyclonal CEA and CD10 (neprilysin) antibodies have cross-reactivity with
glycoprotein I and exhibit a canalicular distribution pattern. In both instances, their
detection offers evidence of hepatocellular differentiation [66, 67].

Alpha-Fetoprotein

Alpha-fetoprotein, an oncofetal glycoprotein and established serologic marker of
HCC, is not a useful immunohistochemical marker, with a low sensitivity (15–60%)
[68–70]. However, its specificity is close to 100%, after exclusion of rare lesions
such as yolk sac tumors [71–73].

Hepatocyte Paraffin 1 Antibody (HepPar1)

HepPar1 is a marker of both benign and neoplastic hepatocellular proliferations
[74–76]. Its sensitivity is reported to be about 91%, with only 4% of non-
hepatic tumors staining positively [76]. However, poorly differentiated HCCs can
be negative, and occasional metastatic adenocarcinomas have been reported to be
immunoreactive [76].

Cytokeratin

Low molecular weight keratins, including CAM 5.2 and cytokeratins 8 and 18, usu-
ally decorate neoplastic hepatocytes. Conversely, HCCs are negative for keratins 7
and 19, which stain cholangiocarcinomas. However, the diagnostic applicability of
cytokeratin is limited by common overlap in the immunophenotype of HCC and
CCs as well as metastases [71–73].

Adjunct Methods Used for Distinguishing Benign
from Malignant Hepatic Tumors

CD 34

“Capillarization” of sinusoids, as expressed by various degrees of CD34 immunore-
activity, has been noted in hepatic adenoma, cirrhotic liver, adenomatous hyper-
plasia, and HCC [62, 77, 78]. Diffuse CD34 sinusoidal reactivity would support a
diagnosis of HCC [79] and can help differentiate dysplastic nodules and early HCCs
from macroregenerative nodules [80]. However, there is considerable overlap in the
staining profiles of hepatocellular lesions (benign and malignant), and therefore
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caution is necessary. Of note, one series reported the lack of CD34 immunore-
activity in a series of metastatic carcinomas to the liver, suggesting a role in this
situation [81].

Novel immunohistochemical markers have been developed with the goal of supple-
menting the morphologic evaluation of transforming hepatocyte nodules.

Heat Shock Protein 70

HSP70, a heat shock protein implicated in regulation of cellular apoptosis and cell
cycle progression, is markedly upregulated in HCC.

HSP70 immunoreactivity has been reported in the majority of HCCs, particu-
larly in early and well-differentiated tumors (90 and 72%, reportedly). However, the
staining may be difficult to evaluate, as it can be patchy [82].

Glypican 3

Glypican 3 is a marker of the glypican family of hepatic sulfate proteoglycan linked
to the cell surface. It is believed to play a negative role in cell proliferation and
in inducing apoptosis. Glypican 3 is overexpressed in HCC with focal and weak
staining in precursor lesions of HCC but diffuse staining in a large majority of HCC
[82–86] (see Table 3.1 and Fig. 3.11).

In most cases, the use of a panel of several markers is best practice to avoid
misconstrued conclusions. However, in closing, it is important to emphasize that
these markers are best used to support a methodical histologic evaluation of small
hepatocytic lesions, but do not supersede it.

Table 3.1 Glypican 3 expression in hepatocytic nodules [82–84, 86]

% of positive cases Number of cases tested

Benign
Cirrhotic nodules 0–17 224
Macroregenerative nodules 0–17 127
Hepatocellular adenoma 0 22
Low-grade dysplastic nodules 0–8 47

Borderline and malignant
High-grade dysplastic nodules 9–43 69
eHCC 50–60 40
Grade I HCC 56–90 63
Grade II HCC 64–83 166
Grade III HCC 57–89 77
Grade IV HCC 43 7
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Fig. 3.11 Example of strong
glypican 3 positivity in grade
II HCC arising in cirrhotic
lines (negative background)
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Chapter 4
Screening Program in High-Risk Populations

Ryota Masuzaki and Masao Omata
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Introduction

Hepatocellular carcinoma (HCC) is one of the most common cancers worldwide
[1–5]. The majority of patients with HCC have a background of chronic liver dis-
ease, especially chronic hepatitis due to hepatitis C virus (HCV) or hepatitis B virus
(HBV) infection [6, 7]. Thus, at least some high-risk patients for HCC can be readily
defined. Indeed, HCC surveillance is commonly performed as part of the standard
clinical examination of patients with chronic viral hepatitis [8].

Ultrasonography and tumor marker tests, which play important roles in HCC
surveillance in patients with chronic liver diseases, are widely used. However,
insufficient evidence exists to suggest that surveillance by either of these meth-
ods improves the prognosis of patients with HCC or increases the chances of local
therapies such as resection and local ablation therapy or even that of radical treat-
ments such as liver transplantation. Similarly, the utility of computed tomography
(CT) or magnetic resonance imaging (MRI) in the surveillance of HCC remains
unclear.

The primary objective of screening and surveillance for HCC should be to
reduce mortality as much as possible in patients who actually develop the cancer
and in an acceptably cost-effective fashion. To attain this objective, two distinct
issues deserve meticulous consideration: the target population and the mode of
surveillance.
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Target Population

HCC has been observed to show significant geographic regional clustering [9].
Moreover, HBV, HCV, and other environmental factors may play important roles
in HCC development, with the relative importance of individual factors varying
widely according to geographic area [7, 10–12]. In Japan, HCV infection is respon-
sible for about 80% of HCC cases, whereas HBV infection is responsible for 10%
and alcohol for about 5% [4, 13]. These values may differ substantially in other
countries. For example, in China, HBV infection has a much higher prevalence and
is therefore by far the predominant etiology behind HCC. In the United States,
nonalcoholic steatohepatitis (NASH) is reportedly a major predisposing disease
for HCC.

Surveillance is not recommended for the general population, given the low inci-
dence of HCC among individuals with no risk factors. Thus, the first step in HCC
screening should be the identification of patients at risk of HCC development. Since
chronic viral hepatitis due to either HBV or HCV may be asymptomatic, mass
screening for hepatitis virus infection of either the HBV or HCV type is justi-
fied if the prevalence of infection in the region is reasonably high. Indeed, mass
screening of adults over 40 years of age for HBV and HCV infection has been per-
formed in Japan since 2002, but the cost-effectiveness of this program has yet to be
evaluated.

Persistent infection with HBV is a major risk factor for HCC. HBV carriers
have a 223-fold higher risk of developing the cancer than noncarriers [14]. Among
HBV carriers, those who are HBe-antigen positive are at a higher risk of HCC
than those who are negative for the antigen (relative risk, 6.3) [15, 16]. The results
of a recent large-scale, long-term cohort study conducted in Taiwan showed that
serum HBV DNA levels are the strongest risk factor for both the progression to
cirrhosis and the development of HCC among HBV-positive patients, independent
of serum HBe-antigen/antibody status or alanine aminotransferase (ALT) levels
[17]. With the advent of reliable quantitative assays, the determination of HBV
DNA levels may replace that of HBe-antigen/antibody status as a risk indicator
of HCC.

While the prevalence of chronic HBV infection is high in limited geographic
areas, such as East and Southeast Asia and sub-Saharan Africa, the prevalence of
chronic HCV infection has been increasing in many parts of the developed world,
including Japan, southern Europe, and the United States. With chronic HCV infec-
tion, the risk of HCC increases with progression to liver fibrosis [6, 18], and patients
with chronic HCV infection who have cirrhosis stand a very high risk of develop-
ing HCC [19]. In Japan, HCV infection spread throughout the country mainly in
the 1950s and 1960s, and thus after the passing of a few decades required for pro-
gression to cirrhosis, it is currently by far the most predominant cause of HCC.
The peak of viral spread in the United States took place a couple of decades later;
accordingly, the incidence of HCV-related HCC is now rapidly increasing [20, 21].
In addition to the degree of liver fibrosis, male gender, older age, and heavy alcohol
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consumption are also known risk factors for HCV-related HCC. Human immunod-
eficiency virus (HIV) coinfection is an important risk factor of rapid progression to
liver fibrosis, which especially now in the United States constitutes a serious clinical
problem.

Cirrhosis due to etiologies other than chronic viral hepatitis also presents a
risk for HCC development. Major etiologies include alcoholic liver disease and
NASH [22–24], the relative importance of which may differ geographically. Hassan
et al. reported that alcoholic liver disease accounted for 32% of all cases of HCC
in an Austrian cohort [25]. In the United States, the approximate hospitalization
rate for HCC related to alcoholic cirrhosis is 8–9/100,000/year compared to about
7/100,000/year for hepatitis C [26]. NASH is a chronic liver disease that is gaining
increasing importance due to its high prevalence worldwide and its potential pro-
gression to cirrhosis, HCC, and liver failure. Although NASH has been described in
cohorts of patients with HCC [27, 28], the incidence of HCC with respect to cirrho-
sis due to NASH is not well known. In certain areas of the world, aflatoxin also may
play a role in HCC development.

In brief, evaluation of the degree of liver fibrosis is of paramount importance
in assessing the risk of HCC development in patients with chronic liver diseases
of any etiology. Histological evaluation of liver biopsy samples has been consid-
ered the gold standard for the assessment of liver fibrosis, but the invasiveness
accompanying liver biopsy poses considerable limits to its clinical feasibility. In
clinical practice, repeated assessment of liver fibrosis often will be required because
a once non-cirrhotic liver may become cirrhotic over time, sometimes rather rapidly.
Consequently, the noninvasive evaluation of liver fibrosis is currently one of the
main interests of hepatology.

Results obtained from the recently developed technique of transient elastography
correlate well with liver fibrosis stage, as determined histologically [29–31]. The
cutoff value for the diagnosis of histological cirrhosis is 12.5–14.9 kPa [29, 31].
Higher values of liver stiffness may need proper attention as they indicate decom-
pensation and HCC development. The fibrotest is based on the age and gender
of the patient combined with measurements of five biochemical markers (total
bilirubin, haptoglobin, gamma glutamyl transpeptidase, alpha-2 macroglobulin, and
apolipoprotein A1) [32]. An index of 0–0.10 has a 100% negative predictive value,
while an index of 0.60–1.00 has a greater than 90% positive predictive value for
a Metavir score of F2 to F4. The APRI is the aspartate aminotransferase (AST)
level/upper limit of normal divided by the platelet count (109/L) multiplied by 100
[33]. For a hypothetical patient with AST 90 IU/L (upper limit of normal, 45) and
platelet count 100 (×109/L), the APRI score is 2.0, which means that the positive
predictive value for significant fibrosis is 0.88. Nonetheless, the applicability of any
of these methods for surveillance remains to be determined in prospective studies.

Patients who are considered to be at a non-negligible risk of developing HCC
should participate in a surveillance program, as discussed below. Possible excep-
tions may be patients with severe liver dysfunction who could not receive any
treatment even if diagnosed with HCC or those with other life-threatening diseases.
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Surveillance Methodology

Traditionally, two methodologies have been employed in HCC surveillance for
high-risk patients: tumor marker determination, specifically serum alpha-fetoprotein
(AFP) concentration, and diagnostic imaging via liver ultrasonography. The util-
ity of a surveillance program should be evaluated based on its beneficial effects in
terms of outcome of patients diagnosed with HCC relative to the cost. However, few
prospective randomized trials have compared the outcome of patients with HCC
enrolled or not in a surveillance program. Consequently, evidence regarding the
benefits of surveillance on decreasing overall or disease-specific mortality has come
mostly from retrospective or case–control studies.

Alpha-Fetoprotein (AFP)

The glycoprotein AFP has a molecular weight of 72 kDa. Its main physiologic func-
tion appears to be the regulation of fatty acids in both fetal and proliferating adult
liver cells [34]. Since 1968, AFP has been used as a serum marker in the detection of
human HCC [35], with a sensitivity of 39–65%, a specificity of 76–94%, and a posi-
tive predictive value of 9–50% (Table 4.1) [36–41]. Studies assessing the usefulness
of AFP in HCC screening have varied widely in their design and in the characteris-
tics of the targeted patients in terms of, for example, disease etiology and severity of
background liver diseases. Moreover, the reported specificity and sensitivity values
inevitably vary depending on the cutoff level chosen for the diagnosis of HCC.

An intrinsic disadvantage of AFP as a tumor marker is the fact that serum AFP
levels can increase in patients who have active hepatitis, but not HCC; this is partly
due to the accelerated cellular proliferation during liver regeneration. An AFP con-
centration of 20 ng/mL is often adopted as the upper limit of normal because
this level is rarely exceeded in healthy people. However, slightly higher concen-
trations are hardly diagnostic of HCC among patients with chronic hepatitis, and
the adoption of a cutoff value that is too low would result in an inappropriately
low specificity. AFP levels above 400 ng/mL can be considered almost definitively
diagnostic of HCC but sensitivity is inevitably lower at this higher cutoff value.
Moreover, an additional disadvantage exists in using AFP for HCC surveillance.
Small HCC tumors, the detection of which is the primary objective of surveillance,
are less likely to be AFP producing, but even if the marker is expressed by these
tumors, the levels may not be high enough to result in a diagnosis of HCC.

For this and other reasons, AFP determination has been frequently dismissed as
a screening test for HCC, except when ultrasonography is either not available or
of such poor quality that lesions smaller than 2 cm in diameter cannot be detected.
Moreover, as shown in HCC screening of Alaskan carriers of hepatitis B, AFP test-
ing allowed the detection of tumors at an earlier, treatable stage [42], but although
screened patients survived longer than their historic controls, the difference could
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be equally well explained by lead-time and length-time biases, which are inherent
in retrospective studies on screening.

Ultrasonography

Ultrasonography has been applied to identify intrahepatic lesions since the early
1980s [43]. This imaging modality is appealing because it is almost completely
noninvasive. Although both the ribs and the air in the lungs and gastrointestinal
tract surround the liver and potentially hinder imaging, newer ultrasound devices
and techniques have improved hepatic ultrasonography. The reported sensitivity
of ultrasound imaging in the detection of HCC nodules is highly variable, rang-
ing from 35 to 84% [44], depending on the expertise of the operator as well as on
the ultrasound equipment used. Indeed, the current more sophisticated ultrasound
instruments produce images with much better resolution, improving the detectabil-
ity of small intrahepatic lesions. Note, however, that ultrasound diagnosis remains
heavily operator dependent. A high level of skill and experience is required to record
high-quality images and to make an accurate diagnosis. In addition, ultrasound diag-
nosis may not be possible due to the patient’s physical condition, such as extreme
obesity.

A previous study reported the sensitivity of ultrasonography for HCC detection
to be as low as 20.5% [45] based on the detection of pathology in explanted livers
removed from patients who underwent liver transplantation. Small HCC nodules
less than or equal to 2 cm in diameter constituted 85% of the lesions that failed to
be detected by ultrasonography [46]. This finding was confirmed in another study
showing that the ultrasound detectability of HCC nodules depends on tumor size:
nodules of >5.0, 3.1–5.0, 2.1–3.0, and 1.0–2.0 cm in diameter were detected at a
rate of 92, 75, 20, and 13.6%, respectively [45].

Although these data are rather disappointing, other studies have found that the
ability of ultrasonography to detect intrahepatic nodules is almost comparable to
that of CT [47–50]. In a study on nodules that were 2 cm or smaller in diameter
in patients with chronic hepatitis, the ability of ultrasonography to detect nodular
lesions, adenomatous hyperplasia, and well-differentiated HCC was better than
that of CT or MRI [51]. Thus, the noninvasiveness and relatively low cost of
ultrasonography make it indispensable in HCC screening. Nonetheless, a definite
diagnosis of HCC depends on the evaluation of tumor vascularity, which is not
possible with conventional ultrasonography. Therefore, CT or MRI studies with con-
trast enhancement usually follow ultrasonography when the latter raises suspicion
of HCC.

Ultrasonography, when conducted by less experienced operators, has blind spots.
Moreover, the resolution may not be satisfactory in patients with cirrhosis who show
rough echo patterns in the background liver. While it may be expected that the
detection capability of HCC would improve with the use of CT or MRI in com-
bination with ultrasonography, few studies have reported on HCC surveillance in
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which either one of these modalities was employed. In addition, their cost–benefit
status remains unclear.

Recently, several contrast materials have been developed for ultrasonography.
They are very useful in the differential diagnosis of intrahepatic nodules and the
demarcation of intrahepatic lesions prior to percutaneous ablation, but their role in
HCC screening has yet to be defined.

Combined Alpha-Fetoprotein Measurement and Ultrasonography

In HCC screening, serum AFP measurement is less sensitive than ultrasonography,
but its specificity may be comparable if the appropriate cutoffs are used. Screening
by a combination of ultrasonography and AFP may improve HCC detection, but the
results described in previous reports were generally negative [37, 52–54]. However,
in a nonrandomized study of patients with cirrhosis, the sensitivity of detection
increased when both ultrasonography and AFP measurements were conducted as
compared to either screening approach alone [52].

Recently, a randomized trial was carried out in which 18,000 Chinese patients
with HBV infection were either screened every 6 months for HCC or not by AFP
measurements and ultrasonography [55]. The results indicated that more cases of
HCC were diagnosed in the screened group than in the non-screened group (86 vs.
67) and overall survival rate at 1,3, and 5 years were better: 65.9, 52.6, and 46.4
compared to 31.2, 7.2, and 0%, respectively.

A retrospective study assessed HCC screening in 367 patients aged 70 years
or older, with AFP measurements and ultrasonography carried out every 6 or
12 months. Screening allowed more frequent diagnosis of HCC at an early
stage, increased the proportion of patients able to be treated curatively, and
improved the prognosis of these patients compared to those who had not been
screened. The apparent survival benefit was restricted to the first 3 years after
HCC detection, probably because of the shorter life expectancy of this elderly
population [56].

New Serum Markers and New Methods

Recent developments in gene-expression microarrays, proteomics, and tumor
immunology now permit thousands of genes and proteins to be screened simulta-
neously. Furthermore, new biomarkers are expected to be established in the next
decade for the screening of many cancers, including HCC. To establish a formal
framework to guide biomarker evaluation and development, a 5-phase program was
adopted by the Early Detection Research Network (EDRN) of the National Cancer
Institute [57]. Several newly identified markers, including des-gamma carboxypro-
thrombin (DCP), AFP-L3, glypican-3, IGF-1, and HGF, currently appear promising.
They are to be evaluated further in phase 2 studies to determine their ability to detect
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early-stage HCC, followed by phase 3 studies, which will retrospectively determine
whether these markers can detect preclinical diseases. If the preliminary results hold
up in these trials, follow-up phase 4 studies will be needed to prospectively assess
the ability of the markers to detect early HCC and phase 5 studies to confirm that
marker-based surveillance reduces morbidity and mortality from HCC.

The detection sensitivities of dynamic CT and dynamic MRI are high for hyper-
vascular HCC. Considering that patients with HCC undergo repeated imaging
examinations and that the diagnostic capabilities of the two imaging modalities are
almost the same, dynamic MRI, which does not involve X-ray exposure, may be
more advantageous. However, MRI systems that allow high-quality dynamic stud-
ies are not yet as widely available as high-speed CT systems such that the number
of institutions that can perform dynamic MRI is limited. Alternatively, high-speed
dynamic CT, such as helical CT, or even more advanced systems such as multi-
detector CT (MDCT) can be used to follow patients with HCC. The development
of MDCT has dramatically accelerated scan acquisition in liver CT [58], allowing
high-speed volume coverage of the entire liver in 4–10 s and the acquisition of two
separate series of scans in the arterial phase (early and late arterial phase scans)
[59, 60].

The tracer [18F]2-fluoro-D-2-deoxyglucose (FDG) is taken up by tumor cells
during active glucose metabolism and is specifically accumulated by them. The
accumulated fluorescence can then be visualized by positron emission tomography
(FDG-PET). In a study evaluating the diagnosis of HCC based on a quantitative
standardized uptake value (SUV) for FDG, the SUV for HCC was lower than that
for metastatic liver cancer [61]. Nonetheless, FDG-PET is not recommended for the
diagnosis of HCC because it is expensive and no better than conventional diagnostic
imaging techniques such as CT and MRI.

Standardized Recall Procedures

Once patients are found to have an abnormal surveillance test, they need to
be recalled for subsequent evaluation. However, none of the many recall algo-
rithms described in the literature has been tested prospectively. Furthermore, the
recall procedures for abnormal AFP values should differ from those for abnormal
ultrasonography findings. Increases in serum AFP need to be interpreted against
background liver diseases, as reactivated chronic hepatitis B is often accompanied
by increased AFP levels. Pregnancy also may cause a temporary elevation in serum
AFP, sometimes together with an increase in the proportion of the protein’s L3 frac-
tion. Thus, patients showing an increase in AFP levels require a detailed clinical
evaluation to determine the cause of the increase.

Patients at risk for HCC in whom a low-echo lesion is detected in the liver by
ultrasonography are strongly urged to undergo a complete evaluation. Typically, this
involves further imaging by CT or MRI with contrast enhancement. The presence
of hyperattenuation in the arterial phase with washout in the late phase is a definite
sign of HCC [62]. In ambiguous cases, needle biopsy of the tumor under ultrasound
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guidance is recommended. However, whether all suspicious nodules should be sub-
jected to liver tumor biopsy is discussed controversially because of concerns about
the potential for tumor seeding.

Screening Intervals

Since the risk of HCC development does not usually diminish spontaneously
in patients who are the typical targets of HCC screening, a surveillance pro-
gram for HCC should consist of repeating screenings at determined intervals.
Ultrasonography is superior to CT in this setting due to its noninvasiveness and
cost-effectiveness. The guidelines of the American Association for the Study of
Liver Diseases (AASLD) propose ultrasound surveillance for patients at high risk
for HCC at 6-month intervals. The guidelines explicitly indicate that the surveil-
lance interval should depend not on the degree of risk for HCC but exclusively on
tumor doubling times, to detect cancer nodules while they are small enough to be
cured.

In Japan, ultrasound surveillance at a shorter interval of 3–4 months is encour-
aged for extremely high-risk patients while a 6-month interval is recommended for
those at high risk (Fig. 4.1) [63]. In Japanese patients with chronic hepatitis C
marked by cirrhosis, the incidence of HCC is 6–8% per year; this group is there-
fore at an extremely high risk of tumor development. While theoretically, shorter
surveillance intervals lead to the detection of smaller tumors, whether the potential
difference in detected tumor size is large enough to affect prognosis in a cost-
effective fashion is not known. Although no prospective comparison of different
screening schedules has been performed, both a retrospective study on patients with
cirrhosis and a mathematic model applied to HBV carriers suggested that a longer
screening interval is just as effective as the 6-month interval in terms of survival.

Opinions also diverge as to whether AFP determination should be included in
HCC surveillance programs. However, if AFP is to be measured, then measurements
should be made repeatedly and an abnormal level of AFP must be interpreted not
by simple comparison with a given cutoff value but in the context of a time series
of values. An abrupt elevation of serum AFP levels in the absence of exacerbation
of hepatitis is suggestive of the development of HCC, even if ultrasonography is
apparently negative. In such cases, further evaluation with CT or MRI using contrast
enhancement should be considered.

Cost-Effectiveness

According to a decision analysis model, the cost-effectiveness ratio of screening
European patients with only Child–Pugh class A disease ranges from $48,000 to
$284,000 for each additional life-year gained [64]. However, this study did not take
into account liver transplantation as a treatment option. In a group of patients who
could anticipate excellent survival, the cost-effectiveness ratio ranged from $26,000
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Fig. 4.1 Surveillance algorithm for hepatocellular carcinoma in Japan. Annotations: ∗1 The cur-
rent health insurance policy in Japan covers the measurement of AFP or DCP level once per month.
∗2 AFP L3 can be measured only when patients are suspected of having hepatocellular carcinoma.
∗3 When AFP is 10 ng/mL or less, the AFP L3 fraction cannot be measured. ∗4 If patients have
renal dysfunction or are suspected of being allergic to iodinated contrast media, dynamic MRI is
recommended. ∗5 CT/MRI at regular intervals. ∗6 Tumor that is visualized as a high-intensity area
in the arterial phase and relatively low-intensity area in the venous phase. ∗7 If patients are sus-
pected of having other malignant tumors, such as cholangiocellular carcinoma or metastatic liver
cancer, they proceed to thorough examination for the underlying disease

to $55,000. In another study, in which 313 Italian patients with cirrhosis underwent
serum AFP measurement and liver ultrasonography every 6 months, the cost per one
case of treatable HCC was $17,934, and the cost per year of life saved was $112,993
[40]. In the United States, the cost for each quality-adjusted life-year (QALY) gained
through surveillance was estimated to range from $35,000 to $45,000 [64]. HCC
screening in patients waiting for liver transplantation has been associated with a cost
per year of life saved of $60,000–$100,000, depending on the screening modality
used [65].

Note that the cost-effectiveness of HCC screening has thus far been assessed
only by retrospective analysis or the use of decision-analysis models. Although ret-
rospective studies suffer from selection bias, decision-analysis models are based on
the simulation of costs and health outcomes. Consequently, their results may vary
greatly according to the different assumptions made, such as the incidence of HCC
in the screening population, the screening interval, the modality of diagnosis, the
type of treatment after diagnosis, the tumor doubling time, and the tumor recurrence
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rate. If a screening is to be cost-effective at all, a feasible treatment should exist that
can favorably affect the prognosis of patients.

Conclusions

High-risk populations for HCC have been clearly identified in many epidemio-
logical studies and statistical analyses. HCC is a suitable disease for surveillance
programs because it is relatively common, at least in patients with liver disease.
The early detection and diagnosis of HCC allow patients to be treated curatively.
Nonetheless, whether routine screening and surveillance for HCC actually improve
outcome would be best determined by prospective randomized controlled trials.
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Chapter 5
Staging of Hepatocellular Carcinoma
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Introduction

Staging systems aim to stratify patients into groups with similar prognoses. As
such, these staging systems may serve to guide choice of therapy, aid in patient
counseling, allow comparisons of the end results of therapy, and facilitate patient
selection and randomization for research protocols. Staging systems for hepatocel-
lular carcinoma (HCC) are broadly divided into clinical and pathological staging
systems. The clinical staging systems can be particularly useful in guiding choice
of therapy and include the Okuda staging system [1], Cancer of the Liver Italian
Program (CLIP) score [2], and Barcelona Clinic Liver Cancer (BCLC) staging sys-
tem [3]. The pathologic staging systems are useful after resection or transplantation
and include the Liver Cancer Study Group of Japan (LCSGJ) staging system [4],
Japanese Integrated Staging (JIS) score [5], Chinese University Prognostic Index
(CUPI) [6], and American Joint Committee on Cancer/International Union Against
Cancer (AJCC/UICC) staging system [7, 8]. This chapter reviews these staging
systems and highlights their relative strengths and weaknesses.
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Clinical Staging Systems

Okuda Staging System

The Okuda scheme, proposed in 1985, was derived from an analysis of 850 Japanese
patients who were treated with a range of surgical and non-surgical therapies [1]. In
the Okuda system, patients are stratified based on the presence or absence of four
factors: tumor involving >50% of the liver, ascites, serum albumin <3 g/dL, and
serum bilirubin >3 mg/dL. Stage I disease was defined as having none of these
features, Stage II as having one or two of these features, and Stage III as having
three or four of these features. Although the Okuda staging system was once the
most widely used, it has now fallen out of favor. There are two main criticisms of
this system. First, it was derived in a cohort of patients with relatively advanced
HCC and as such is less useful for prognostic discrimination at earlier stages of the
disease. Second, it includes only one tumor-specific prognostic factor and therefore
treats a wide range of tumors (all tumor sizes <50% of liver volume, solitary or
multifocal, and with or without vascular invasion) as having comparable prognoses.
Its usefulness in patients who do not have advanced disease is therefore limited.

Cancer of the Liver Italian Program Score

The CLIP score was conceived with the aim of allowing finer prognostic stratifica-
tion than that provided by the Okuda system [2]. To this end, a scoring system with
range 0–6 (Table 5.1) was developed using data on 435 Italian HCC patients treated
with a range of surgical and non-surgical therapies [2]. A subsequent prospective
validation in a cohort of 196 patients (over half of whom received no locoregional
therapy) was also performed by the CLIP investigators [9]. Although the CLIP score
in theory should allow the stratification of patients into seven separate groups by
allotting points based on both tumor characteristics and liver function (Table 5.1),
the CLIP investigators combined scores 5 and 6 for analysis in the original study [2]
and scores 4–6 in their subsequent prospective validation [9]. Similarly, a Japanese
validation study combined scores 5 and 6 [10], and a Canadian validation study
combined scores 4–6 [11]. Nevertheless, all of these studies suggested that the CLIP
score outperforms the Okuda staging system [2, 9–11].

Table 5.1 Cancer of the Liver Italian Program (CLIP) score

Points

Variable 0 1 2

Child–Pugh grade A B C
Tumor morphology Solitary and ≤50% Multifocal and ≤ 50% Massive or >50%
Serum α-fetoprotein <400 ng/mL ≥400 ng/mL
Portal vein thrombosis Absent Present
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While the CLIP score has been validated in patients with a wide range of HCC
tumor burden who undergo a variety of locoregional therapies (including no ther-
apy), it has several critical limitations. Like the Okuda system, it considers a wide
range of early HCC tumors as a homogeneous group and therefore lacks sufficient
sensitivity to discriminate between subgroups of patients with less advanced tumors.
Although the CLIP score includes more tumor-specific prognostic factors than the
Okuda system, it still groups a wide range of tumor sizes together and insufficiently
accounts for the potential role of vascular invasion without clinically detectable
sequelae such as portal vein thrombosis. At the other end of the disease spectrum,
the CLIP score appears to poorly stratify patients with scores 4–6 [5]. As such,
the CLIP score is limited in its ability to discriminate prognosis at both early and
advanced stages of HCC.

Barcelona Clinic Liver Cancer Staging System

The BCLC staging system was proposed in 1999 both as a means of predicting prog-
nosis and as a guide to selecting appropriate therapy [3]. It was intended to improve
upon the prognostic performance of the Okuda system by incorporating factors
related to liver function, tumor characteristics, and performance status (Table 5.2)
[3, 12, 13]. In particular, the BCLC staging system sought to focus more precisely
on prognosis in early stages of HCC, a deficiency of the Okuda system, because

Table 5.2 Barcelona Clinic Liver Cancer (BCLC) staging system

Stage PST Tumor extent Liver disease Proposed therapy

Stage A (early)
A1 0 Solitary < 5 cm No portal

hypertension,
normal bilirubin

Resection

A2 0 Solitary < 5 cm Portal hypertension,
normal bilirubin

A3 0 Solitary < 5 cm Portal hypertension,
abnormal bilirubin

Liver transplantation,
radiofrequency
ablation, or ethanol
injectionA4 0 Multifocal ≤ 3 and

< 3 cm
Child–Pugh A–B

Stage B
(intermediate)

0 Multifocal >3 or
≥3 cm

Child–Pugh A–B Transarterial
(chemo)embolization

Stage C
(advanced)a

1–2 Vascular invasion
or extrahepatic
spread

Child–Pugh A–B Investigative therapy

Stage D
(terminal)a

3–4 Any Child–Pugh C Palliationb

PST: Performance status [13]
aAt least one of the conditions should be met
bTransplantation may be performed if not contraindicated by tumor extent
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these patients are most likely to benefit from aggressive therapy. While the BCLC
staging system has been demonstrated to work well as a prognostic tool [14–16],
the BCLC treatment algorithm itself was based on a single institution’s experience.
Furthermore, the treatment algorithm is likely overly conservative with respect to the
use of surgical therapy. For example, patients with large tumors would be excluded
from surgical resection, although such patients have been shown to have 5-year sur-
vival of 25 to 39% after liver resection [17, 18]. Radiofrequency ablation and ethanol
injection are recommended for patients with multifocal disease who fall within the
Milan criteria [19] but have associated diseases. However, some patients with mul-
tifocal disease may indeed benefit from either transplantation or hepatic resection.
In short, because it ties treatment decisions to prognostic factors, the BCLC is not a
true staging system but rather a treatment algorithm. At the same time, its treatment
recommendations may be overly conservative and in need of revision considering
expanding indications for aggressive surgical therapy for HCC.

Pathologic Staging Systems

Liver Cancer Study Group of Japan Staging System

The LCSGJ 4th edition staging system was developed by a working group of the
International Hepato-Pancreato-Biliary Association using data on 21,711 Japanese
patients who underwent liver resection for HCC [4]. The LCSGJ system follows
a tumor-node-metastasis (TNM) staging scheme. The tumor-specific factors con-
sidered are tumor number (solitary or not), size (≤ 2 cm or not), and invasion of
the portal vein, hepatic veins, or bile duct (present or not). T1 tumors exhibit all
of these features, T2 tumors two of them, T3 tumors one of them, and T4 tumors
none of them. Nodal disease is categorized as present (N1) or absent (N0), as is
metastatic disease (M1 or M0). The TNM stage groupings are Stage I (T1N0M0),
Stage II (T2N0M0), Stage III (T3N0M0), Stage IVA (T4N0M0 or any T, N1M0),
and Stage IVB (any T, any N, M1).

There are several criticisms of the LCSGJ staging system. First, it places equal
weight on each of the three tumor-specific factors. The resulting implication that,
for example, tumor size of 3 cm has the same impact on prognosis as major vascular
invasion is inconsistent with other published data [20]. Second, the LCSGJ system
requires only macroscopic assessments of tumor extent and does not account for
microscopic factors such as microvascular invasion. Finally, the LCSGJ system does
not consider liver function and may therefore be inappropriate for patients whose
prognoses are dominated by their liver dysfunction as opposed to their HCC tumor
burden.

Japanese Integrated Staging Score

The JIS score specifically addresses the criticism that the LCSGJ TNM system
ignores liver function [5]. By combining the Child–Pugh grade with the LCSGJ
TNM stage, the JIS score allows prognostic stratification on a scale of 0–5
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Table 5.3 Japanese Integrated Staging (JIS) score

Points

Variable 0 1 2 3

Child–Pugh grade A B C
LCSGJ TNM stage I II III IV

(Table 5.3). The JIS score was formulated to provide better stratification of patients
with early HCC than that achieved by the CLIP score [5]. The original study that
proposed this score suggested that the JIS score was superior to the CLIP score in
a cohort of 722 Japanese patients undergoing a range of surgical and non-surgical
therapies, but details of this cohort were sparse. In a subsequent validation study
from the same group, 2502 of the 4525 patients analyzed did not have any histolog-
ical confirmation of HCC [21]. Thus, although the JIS score appeared to outperform
the CLIP score in this study, this finding may have been driven by the inappro-
priate inclusion of small dysplastic nodules in the group of very small (≤2 cm)
HCC, spuriously improving the JIS score’s discriminatory ability. With regard to
its accounting for tumor characteristics, the JIS score shares the limitations of the
LCSGJ TNM staging system.

Chinese University Prognostic Index

The CUPI was developed using a cohort of 926 Chinese patients, a minority (10%)
of whom underwent surgical resection and a majority (58%) of whom received
only supportive care and no locoregional therapy [6]. This staging system builds
on the AJCC 5th edition TNM staging system but adds information on liver func-
tion to create a composite score, which in turn is used to stratify patients into
low-risk, intermediate-risk, and high-risk groups (Table 5.4). No subsequent studies

Table 5.4 Chinese
University Prognostic Index
(CUPI)

Variable Weighta

TNM stage
Stage I or II –3
Stage III –1
Stage IV 0

Asymptomatic disease on presentation –4
Ascites 3
α-Fetoprotein ≥500 ng/mL 2

Bilirubin
< 2 mg/dL 0
2–3 mg/dL 3
>3 mg/dL 4

Alkaline phosphatase ≥200 IU/L 3

aSum of weights: low risk (≤1), intermediate risk
(2–7), or high risk (8–12)
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comparing the CUPI to other staging systems have identified any particular advan-
tages to the CUPI [14, 16, 22–25].

American Joint Committee on Cancer/International Union Against
Cancer Staging System

The AJCC/UICC 6th edition TNM staging system was based on a study from the
International Cooperative Study Group on Hepatocellular Carcinoma that included
data on 591 patients from the United States, Japan, and France who all under-
went surgical resection. A major strength of this study was the use of centralized
pathological review. The AJCC 6th edition staging system represents a significant
simplification over the AJCC 5th edition system, notably in that it eliminates a 2-cm
size cutoff as a prognostic factor and instead recognizes size >5 cm as a prognostic
factor only in patients with multifocal tumors. Thus, the 6th edition staging system
focuses on tumor multifocality, size (only for multifocal tumors), and the presence
of microvascular or major vascular invasion as the tumor characteristics of prog-
nostic importance (Table 5.5). The 7th edition staging system of the AJCC/UICC
has also recently been published. In the 7th edition, the staging system now distin-
guishes patients with invasion of major vessels from patients with multiple tumors
of which any are >5 cm but lack major vessel invasion (Table 5.6). Ascertainment
of the factors in the AJCC/UICC staging requires pathological review of resected
specimens. As in the LCSGJ TNM system, nodal disease and metastatic disease are
categorized as present (N1 or M1) or absent (N0 or M0).

Unlike the LCSGJ system, the AJCC/UICC staging system provides for the
reporting of liver fibrosis and cirrhosis based on the Ishak histological grading
scheme [26]. Fibrosis grades 0–4 (none to moderate fibrosis) are reported as fibrosis
(F) score F0, and grades 5 and 6 (severe fibrosis/cirrhosis) are reported as F1. The
F-score has additional prognostic value within each of the T1, T2, and T3 classifica-
tions with an effect on survival similar to that of upstaging to the next T classification

Table 5.5 American Joint Committee on Cancer/International Union Against Cancer
(AJCC/UICC) 6th edition staging system [7]

T-classification Stage grouping

T1 Solitary with no vascular invasion Stage I T1N0M0
T2 Solitary with vascular invasion or

multifocal ≤ 5 cm
Stage II T2N0M0

T3 Multifocal >5 cm or invasion of major
branch of portal/hepatic veins

Stage IIIA
Stage IIIB
Stage IIIC

T3N0M0
T4N0M0
N1M0 (any T)

T4 Invasion of adjacent organsa or
perforation of visceral peritoneum

Stage IV M1 (any T, any N)

aExcluding gallbladder
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Table 5.6 American Joint Committee on Cancer/International Union Against Cancer (AJCC/
UICC) 7th edition staging system [8]

T-classification Stage grouping

T1 Solitary with no vascular invasion Stage I T1N0M0
T2 Solitary with vascular invasion or

multifocal ≤ 5 cm
Stage II
Stage IIIA
Stage IIIB
Stage IIIC
Stage IVA
Stage IVB

T2N0M0
T3aN0M0
T3bN0M0
T4N0M0
Any T N1M0
Any T Any N M1

T3a Multiple tumors >5 cm
T3b Single tumor or multiple tumors of any

size involving a major branch of the
portal vein or hepatic vein

T4 Invasion of adjacent organsa or
perforation of visceral peritoneum

aExcluding gallbladder

[20]. For example, patients with N0M0 disease have 5-year survival of 64% with T1
F0 disease, 49% with T1 F1 disease, and 46% with T2 F0 disease [20].

Although the AJCC/UICC staging system was developed using a cohort dom-
inated by hepatitis C-related HCC, it has also been independently validated in a
Chinese cohort with a high prevalence of hepatitis B [27]. Another advantage of
the AJCC/UICC system is that it was based on a multivariate analysis of prognostic
factors, which is important because of correlations between factors such as tumor
size and vascular invasion. A potential limitation of the AJCC/UICC system is that
it was developed using only resected patients. However, the 6th edition AJCC/UICC
system also performs well in patients undergoing liver transplantation [28]. Its appli-
cability to patients undergoing other non-surgical locoregional treatment modalities
is questionable [16, 22], possibly due to the fact that prognosis in patients who
are not candidates for liver resection may be highly influenced by underlying liver
function.

The staging system for HCC has recently been updated in the 7th edition of the
AJCC/UICC staging manual [8]. The T3 category has been sub-divided based on
invasion of major vessels because of the markedly different prognosis conferred
by this factor. Specifically, T3a now includes patients with multiple tumors, any of
which is >5 cm. The T3b subgroup now includes tumors of any size involving a
major portal vein or hepatic vein. The T4 category remains unchanged. Regarding
the N category, inferior phrenic lymph nodes are now reclassified to regional lymph
nodes (versus their classification as distant lymph nodes in the 6th edition of the
AJCC/UICC staging). These T and N sub-category changes have resulted in a
number of changes to the stage groupings. In the 7th edition AJCC/UICC stag-
ing manual, Stage IIIA now includes only T3a, while Stage IIIB now includes only
T3b patients (i.e., those with tumors characterized by major vessel invasion). T4 is
shifted to Stage IIIC. While Stage IV still includes all patients with metastasis, Stage
IVA now includes those with nodal metastasis (N1), while Stage IVB now includes
patients with distant metastasis (M1).
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Choice of Appropriate Staging System

The “best” staging system for HCC depends in large part on the intended use of the
system, the tumor characteristics, and the extent of underlying liver disease in the
patient. The choice of staging system may be further complicated by the increas-
ing use of multimodality therapy for HCC. Due in large part to differences in these
factors, comparative studies of HCC staging systems have yielded variable results.
For example, a single-institution study of 239 patients with cirrhosis and HCC sug-
gested that the BCLC staging system outperformed the Okuda, CLIP, JIS, and CUPI
systems (the AJCC/UICC system was not included) [14]. However, patients were
treated according to an algorithm that was quite similar to that proposed by the
BCLC system, so it is entirely unsurprising that the BCLC system performed well in
this study [29]. Notably, only 4% of patients in this study underwent liver resection
[14], calling into question the generalizability of the results.

A study of 195 HCC patients with less advanced disease (55% solitary, 71% ≤
5 cm) suggested that the BCLC staging system was superior to the Okuda, CLIP, JIS,
and 6th edition AJCC/UICC systems [15]. Importantly, while the study included a
mix of patients who underwent ablation (42%), transplantation (21%), and resec-
tion (27%), the prognostic superiority of the BCLC system persisted even when
evaluated specifically in the subgroup undergoing surgical therapy (transplantation
or resection). Separate analyses for transplantation and resection were not reported.
An advantage of this study is that the BCLC treatment algorithm was not applied,
and it appears that surgical therapy was more aggressively applied than would be
recommended by the BCLC system.

Other studies have suggested that the CLIP score has distinct advantages. Two
Japanese studies found that the CLIP score was superior to the BCLC system [30,
31]. One of these found, however, that the JIS score was even better than the CLIP
score [31]. A third Japanese study found that the CLIP score was superior to the
JIS score as well as the LCSGJ and 6th edition AJCC/UICC TNM staging sys-
tems [32]. Interestingly, these studies consisted largely of patients with early HCC
who underwent aggressive locoregional therapy, again emphasizing the sensitivity
of such analyses to differences in patient cohorts and specifically highlighting the
relationship of the BCLC system’s performance to treatment decisions.

Several studies have focused specifically on patients undergoing liver resection.
A study comparing the 6th edition AJCC/UICC system with the LCSJG system
suggested that the 6th edition AJCC/UICC system was of greater utility in patients
undergoing liver resection [27]. However, only 10% of patients in this study had
tumors ≤ 2 cm, and 31% had tumors 2–5 cm. The Japanese system might have
advantages in cohorts with smaller tumors. Another study found that the JIS score
and the CLIP score were superior to the Okuda, BCLC, CUPI, and 6th edition
AJCC/UICC systems in resected patients [23]. Specifically, the study suggested that
the CLIP score should be used for patients undergoing major hepatectomy in a non-
cirrhotic liver, while the JIS score should be used for patients undergoing minor
hepatectomy in a cirrhotic liver. One interpretation of this finding is that the JIS
score (based on the LCSGJ TNM system) performs well in patients with early HCC
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(who are usually amenable to aggressive locoregional therapy), which is entirely
consistent with the characteristics of the cohorts in which it was developed and ini-
tially validated [5, 21]. Similarly, a Japanese study of resected patients, the majority
of whom had early HCC, favored the JIS score and LCSGJ TNM system over the
6th edition AJCC/UICC TNM system, although the CLIP score outperformed all of
these [32]. Patients with early HCC are the same ones in which a tumor size cutoff of
2 cm is most likely to have prognostic value – this is an important difference between
the LCSGJ and 6th edition AJCC/UICC TNM systems. On the other hand, the rel-
atively poor performance of the 6th edition AJCC/UICC system in these studies
might also be related to the low proportion of patients with microvascular invasion
(14% [23] and 19% [32]), which is a major prognostic factor in the AJCC/UICC sys-
tem. Other comparative studies performed in resected cohorts have yielded divergent
results. One favored the AJCC/UICC system over the Okuda, CLIP, and CUPI sys-
tems but did not analyze the LCSGJ or JIS systems [25]. The other study favored the
JIS score over the CLIP, BCLC, and CUPI systems but did not analyze the 6th edi-
tion AJCC/UICC system [23]. In general, for patients who have undergone surgical
resection/transplantation and who therefore have pathologic data available, the 6th
edition AJCC/UICC staging system appears to provide the most accurate prognostic
assessment. As noted, the 7th edition has undergone refinements in an attempt to
improve further the prognostic accuracy of the AJCC/UICC staging system. Given
that the staging system has only recently been introduced [8], future studies are
needed to assess the performance of the revised AJCC/UICC staging system as
compared with the performance of the 6th edition staging as well as other staging
systems.

A few studies have addressed the comparative performance of these staging
systems in cohorts undergoing other treatment modalities. For patients undergo-
ing transarterial chemoembolization (TACE), the CLIP score may be particularly
useful [33, 34], although one study suggested that the BCLC system might be bet-
ter at very early stages [35]. One study has reported that the Child–Pugh nominal
score is superior to both the CLIP and BCLC systems [22]. This study excluded
patients in whom TACE allowed downstaging and subsequent surgical therapy,
which may have created a cohort that was relatively homogeneous with respect to
tumor biology such that underlying liver disease became the chief discriminating
factor. While there is no clearly superior staging system for HCC treated by TACE,
the CLIP score is most commonly used among interventional radiologists. Finally,
one study has specifically addressed the performance of staging systems in patients
undergoing radiofrequency ablation and concluded that the BCLC system performs
best [16].

Conclusions

Various staging systems have been proposed and evaluated for HCC, and each
has its merits. The evaluation of staging systems for HCC is more complex
than for many other malignancies, as patient survival depends not only on tumor
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characteristics but also on the extent of underlying liver disease and the therapeutic
modality or modalities used. For use in guiding therapy, clinical staging systems
such as the CLIP score and BCLC algorithm may be useful, although each has its
limitations. In those patients with advanced underlying cirrhosis, which will domi-
nate the prognosis, tumor factors may be less important and clinical staging systems
such as CLIP or BCLC may be more helpful. For patients in whom tumor resec-
tion allows pathological examination, the AJCC/UICC TNM staging system is the
standard in the West. The AJCC/UICC TNM staging system has recently been fur-
ther refined in the release of the 7th edition. Future studies will be needed to assess
the relative improvement of the 7th edition AJCC/UICC staging system compared
with the earlier version. The LCSGJ system (and related JIS score) may, however,
have particular advantages in patients with early HCC. As the therapeutic modalities
available for HCC and the indications for aggressive therapy expand, so too will the
prognostic staging systems used. In particular, the increasing use of multimodal-
ity therapy can be expected to challenge our understanding of prognostic factors
in HCC.
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Multidisciplinary Care of the Hepatocellular
Carcinoma Patient
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Introduction

Hepatocellular carcinoma (HCC) is a complex disease that requires the attention
of physicians and surgeons from diverse backgrounds. This chapter will focus
on the unique contributions of the hepatologist, radiologist, pathologist, medical
oncologist, interventional radiologist, transplant surgeon, and the hepatobiliary sur-
geon. This chapter will conclude by illustrating how careful multidisciplinary care
optimizes the long-term outcomes of patients with HCC.

Hepatologist

The hepatologist has particular expertise in the management of chronic cirrhosis
and viral hepatitis and in implementing HCC screening protocols. The hepatologist
is also essential in assessing a patient’s candidacy for and optimizing a patient’s
medical comorbidities prior to initiating appropriate liver-directed therapies.

Randomized, controlled trials have established the efficacy of antiviral medica-
tion such as pegylated interferon ± ribavirin for the treatment of hepatitis C virus
(HCV) infection. These studies also have detailed which patient factors are associ-
ated with a sustained viral response to antiviral therapy. Though genotype 1 is more
prevalent in the USA, HCV subtypes 2 and 3 are much more likely to respond to
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interferon ± ribavirin-based therapies [1]. Detailed treatment algorithms for patients
with HCV are published by the National Institutes of Health [2].

Predictors of response for patients with hepatitis B virus (HBV) infection have
also been identified. Response to pegylated interferon alpha-2b is associated with
the HBV genotype (A>B>C>D) [3]. Options for initial antiviral HBV therapy now
include pegylated interferon alpha-2b as well as a number of oral agents such as
entecavir, lamivudine, and adefovir.

Chronic hepatocyte injury, viral or otherwise, is a well-established risk factor for
the development of hepatocellular carcinoma. Many guidelines recommend screen-
ing an at-risk population to improve the detection of early HCC and thereby extend
the HCC-specific mortality. To date, only one randomized study has demonstrated
a 37% decrease in HCC-specific mortality, even though the study group completed
only 58% of the screening exams offered. In this study, over 18,000 Chinese patients
with chronic HBV or a history of chronic hepatitis were offered biannual liver
ultrasonography and serum AFP levels [4]. The success of this screening program
has been attributed to a high HCC incidence within the target population and to a
favorable percentage of patients completing resection for the detected HCC lesions.
The US population differs from the Chinese population in terms of the etiology of
chronic liver injury and the prevalence of HCC within the at-risk population. The
American Association for the Study of Liver Diseases has published indications for
HCC screening [5].

To date, each of the available HCC staging systems has significant shortcomings.
The TNM staging system has been validated in both eastern and western centers
in patients who have undergone hepatic resection or transplantation [6–12]. When
pathological data are not available from a surgical specimen, the Barcelona Clinic
Liver Cancer (BCLC) staging system is commonly used. The development of a more
comprehensive HCC staging system that can be applied to all patients is necessary
to standardize inclusion criteria into clinical trials and to more accurately assess a
patient’s long-term risk when considering HCC treatment options.

Finally, as the liver specialist who is also broadly trained in internal medicine,
the hepatologist is often the health-care provider who is relied upon to manage
antiviral medications and treat the sequelae of chronic liver disease. The hepatol-
ogist is instrumental in optimizing and preparing the patient for the appropriate
liver-directed therapies such as resection, ablation, transplantation, or transarterial
chemoembolization (TACE).

Radiologist

The radiologist plays an obvious role in the detection and characterization of tumor
masses and their relationship to important vascular and biliary structures. The radi-
ologist recommends the optimal imaging modality depending on particular patient
characteristics and the clinical indication for the examination. Due to its portability,
ease of use, low cost, and absence of ionizing radiation, ultrasound is currently the
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imaging modality of choice for screening purposes. We will focus on the challenges
of imaging small nodules suspicious for HCC and innovations in MR contrast media
and on volumetric liver measurements.

Early HCC detection improves the probability that a patient will be a candidate
for resection with curative intent. Accurate characterization of small arterial-
enhancing lesions can be difficult. Such lesions can represent potentially premalig-
nant dysplastic nodules or HCC. The radiologist is essential in recommending the
optimal imaging modality in these situations. Identification of the optimal modal-
ity depends on multiple factors including the specifications of the ultrasound, CT
and MR equipment, and the sequence protocols (which can vary from institution to
institution) that are used to acquire the images. For lesions that are determined to be
benign, it is uncertain how often repeat imaging should be performed. Current prac-
tice patterns are loosely based on an empiric 3-month UNOS guideline for hepatic
re-imaging for listed patients awaiting transplantation [13].

New MR contrast media such as gadolinium benzyloxypropionictetraacetate and
superparamagnetic iron oxide are the focus of ongoing research due to their differ-
ential uptake by certain types of cell lines within the liver tissue (i.e., hepatocytes
versus reticuloendothelial cells) [14]. Use of agents with these properties may result
in enhancements in MR imaging which could improve the detection of small HCC
tumors.

Prior to hepatectomy for HCC, a minority of patients will require portal vein
embolization to induce hypertrophy in the future liver remnant (FLR) in order to
reduce the risk of post-hepatectomy hepatic insufficiency. The radiologist is instru-
mental in the measurement of detailed segmental liver volumes, or volumetry. These
volumetric calculations involve the sum of multiple cross-sectional areas of each
liver segment based on thin-section axial computed tomographic images. Ribero
et al. have detailed the calculation process and the clinical application of volumetric
data for patients undergoing hepatic resection [15].

Pathologist

Distinguishing between hepatocellular carcinoma, regenerative, and dysplastic nod-
ules remains a challenge. Recent data indicate that gene expression profiles may
aid in differentiating dysplastic nodules from HCC [16, 17]. Once a diagnosis of
HCC has been established, histological review of both tumor-bearing and non-
tumor-bearing tissue is crucial to ensure accurate stage classification. The following
factors are independent predictors of death in patients undergoing resection for
HCC: major vascular invasion, microvascular invasion, severe fibrosis/cirrhosis,
multiple tumors, and tumors >5 cm [18]. The pathologist is particularly essential
in characterizing the type and degree of both vascular invasion and fibrosis/cirrhosis
if these features are present. Alpha-fetoprotein is still the most commonly utilized
tumor marker but other relevant biomarkers are being identified. Though primar-
ily a research tool, a gene expression signature has been developed, which has
been associated with increased survival in patients undergoing HCC resection [19].
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Finally, the pathologist is essential in identifying the fibrolamellar variant of HCC.
Identifying this variant is important because hilar and portal lymphadenectomy is
recommended at the time of hepatic resection due to the increased frequency of
lymph node metastasis [20].

Medical Oncologist

Within the multidisciplinary team, the medical oncologist is the best resource for
discussions regarding the use of systemic therapy for HCC. Systemic chemother-
apy is generally ineffective against HCC, with response rates to doxorubicin of
about 10%, and 20% for a combination regimen of cisplatin, interferon α-2b, dox-
orubicin, and fluorouracil [21]. The molecular targeted therapies hold considerably
more promise. Most notable is sorafenib, an oral multikinase inhibitor with activity
against various tyrosine and serine/threonine kinases, including vascular endothelial
growth factor. Phase III data show that the median survival was 3 months longer in
Child–Pugh Class A patients taking sorafenib compared to placebo [22]. A num-
ber of other targeted molecular therapies for HCC are currently being evaluated in
clinical trials [23].

Interventional Radiologist

The interventional radiologist assists in a variety of liver-directed procedures for
patients with HCC. These include preoperative portal vein embolization (PVE),
ablative procedures, and TACE. The goal of preoperative PVE is to embolize the
tumor-bearing lobe of the liver with the intent of causing ipsilateral lobar atro-
phy and contralateral hypertrophy with the intent of enlarging the volume of liver
that will remain after HCC resection. The degree of hypertrophy following PVE
is useful in predicting postoperative hepatic insufficiency [15]. When performing
right portal vein embolization, extending the procedure to involve segment IV
branches improves the hypertrophy in segments II and III compared to patients
without segment IV embolization [24]. The use of PVE prior to major liver resection
(≥3 segments) for HCC is associated with a lower rate of major operative
complication compared to patients who did not undergo preoperative PVE [25].

Three main ablative modalities are available to patients who are not eligible for
resection – radiofrequency, microwave, and cryoablation. A description of the indi-
cations and relative advantages of each technique is beyond the scope of this chapter
[26]. TACE utilizes precisely delivered, high-dose chemotherapy via a lipiodol car-
rier that is preferentially retained by hepatocytes, thus minimizing the toxic effects
of systemic administration. Meta-analysis and subsequent sensitivity analysis of 14
randomized arterial embolization trials showed that cisplatin or doxorubicin-based
TACE was associated with an improved 2-year survival compared to patients who
underwent conservative therapy for unresectable HCC [27].
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Transplant Surgeon

The indications for resection versus transplantation of HCC remain controversial.
Through technical improvements in both transplantation and resection, both fields
continue to mature which contributes to the current lack of consensus. Adequate
graft availability remains a practical constraint that also limits the availability of
liver transplantation. Patients who have been treated for extrahepatic cancers are
generally advised to successfully complete a disease-free surveillance period before
undergoing liver transplantation for HCC, 5 years for solid malignancy or 2 years
for a hematologic malignancy. Such waiting periods are not required prior to liver
resection for HCC.

The universally accepted candidate for liver transplantation is a patient with
poorly compensated cirrhosis or portal hypertension whose HCC tumor burden
meets the Milan or University of California San Francisco (UCSF) criteria. The
Milan criteria specify the presence of 1 tumor ≤5 cm or ≤3 tumors each ≤3 cm
[28]. The UCSF criteria specify a single tumor ≤6.5 cm, a maximum of three total
tumors ≤4.5 cm, and a cumulative tumor size ≤8 cm [29]. Including the transplant

Fig. 6.1 A 70-year-old male with elevated transaminases is found to have HCC of the right liver
and undergoes hepatic artery embolization (panel a). Due to abutment of the middle hepatic vein
and an insufficient FLR, he underwent right portal vein embolization with hypertrophy to 32% of
the total liver volume (panel b). The patient then underwent extended right hepatectomy (panel c)



86 C.M. Contreras et al.

surgeon in the multidisciplinary team can also help identify which patients will over
the long term likely require liver transplantation. Select patients are then candidates
for bridging procedures such as resection, TACE, or RFA which attempt to control
the HCC until the point when the patient requires transplantation and a suitable graft
is available.

Fig. 6.2 A 54-year-old male presents with multiple bilateral liver nodules (panels a and b),
initially deemed unresectable. Biopsy shows well-differentiated HCC. After five cycles of TACE,
there was resolution of the nodules in the left liver (panel c), but persistent right-sided disease
(panel d). Hepatic steatosis prompted right portal vein embolization with segment IV extension to
induce hypertrophy of the FLR. The patient underwent extended right hepatectomy with common
bile duct resection (panel e). He was alive without recurrence 3 years after the procedure
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Hepatobiliary Surgeon

Together with the other members of the multidisciplinary team, an experienced
hepatobiliary surgeon can help decide whether a patient’s HCC is resectable.
Innovations in surgical technique and perioperative care have expanded the inclu-
sion criteria for which patients are offered curative resection. Impediments to initial
resectability include poorly controlled cirrhosis, multiple medical comorbidities,
metastatic deposits, insufficient future liver remnant, or overwhelming involvement
of critical vascular or biliary structures. The multidisciplinary conference is the ideal
forum in which to discuss these concerns and to develop the most oncologically
appropriate treatment strategy. The following case presentations (Figs. 6.1 and 6.2)
illustrate how the multidisciplinary team maximizes efficient, high-quality care for
patients with HCC.
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Hepatocellular carcinoma (HCC) has five characteristics that are strikingly differ-
ent from those of other malignant tumors of the digestive system: (1) a strong
causal relationship with hepatitis viruses (especially type B and type C), (2) a
major impact of the status of hepatic functional reserve and liver damage on
the choice of treatment and the prognosis, (3) a high recurrence rate, with many
of the recurrences developing within the liver, and the existence of two major
routes of recurrence, i.e., multicentric carcinogenesis and intrahepatic metastasis,
(4) the possibility of performing effective treatment, if confined to the liver and
liver functional reserve permits, and (5) the existence of a clear outcome determi-
nant as vascular invasion. Because of these characteristics, choosing the method
of treatment for HCC is not easy, although several useful methods are available to
treat HCC.

Three methods of treatment are currently recognized as effective against
HCC: surgery, including liver resection and liver transplantation, percutaneous
ablation therapy as represented by radiofrequency ablation (RFA) and percu-
taneous ethanol injection (PEI), and transcatheter arterial chemoembolization
(TACE). Because almost all cases of HCC are associated with chronic liver
damage in some degree, liver function conditions must be taken into consid-
eration at the same time as tumor conditions when choosing treatment. Thus,
treatment selection conditions are complicated. Especially, it is difficult to select
surgery or percutaneous ablation therapy. Because studies that have evaluated
the results of treatment scientifically have been inadequate, whenever it has
been possible to select more than one method of treatment under certain tumor
and liver function conditions, the choice has often ultimately depended on
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the skill and convictions of the attending physician, customary practice at the
institution, etc.

The Clinical Practice Guidelines for Hepatocellular Carcinoma published in
2005 [1] were devised to allow the attending physician and the patient to select
evidence-based care as much as possible. The methods to construct the guidelines
are described in detail elsewhere [2], and their main body can be read in English
on the web site of the Japanese Society of Hepatology (http://www.jsh.or.jp/). The
essential features of the guidelines have been summarized in two figures, one for
a hepatocellular carcinoma surveillance algorithm and the other for a hepatocel-
lular carcinoma treatment algorithm. At present, 4 years after their release, both
algorithms have come into widespread use in clinical settings of Japan. Here we
will focus on the hepatocellular carcinoma treatment algorithm and outline how
treatment methods should be selected according to the algorithm.

Explanation of the Treatment Algorithm

As shown in Fig. 7.1 [1], the algorithm related to the treatment of HCC has been
simplified based on three factors: degree of liver damage (Table 7.1) [3], number
of tumors, and tumor diameter. The treatment methods that are recommended have
been narrowed down to one or two, and the more highly recommended method

Fig. 7.1 Treatment algorithm for HCC (Reproduced with permission from [1]). ∗Presence of vas-
cular invasion or extrahepatic metastasis to be indicated separately. †Selected when the severity of
liver damage is class B and the tumor diameter is ≤2 cm. ††Tumor diameter ≤5 cm, when there is
only one tumor
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Table 7.1 Liver damage

Liver damage

Items A B C

Ascites None Responsive Unresponsive
Serum bilirubin (mg/dL) <2.0 2.0–3.0 >3.0
Serum albumin (g/dL) >3.5 3.0–3.5 <3.0
ICG R15 (%) <15 15–40 >40
Prothrombin time (%) >80 50–80 <50

If more than one item is applicable to the patient, the clinical stage with the worst
degree of all involved items should be recorded. ICG R15, indocyanine green
retention rate at 15 min
Reproduced with permission from [3]

is printed above. Since including the treatment of advanced cases associated with
extrahepatic lesions and portal vein tumor thrombus into the algorithm would have
made it too complicated, it has been omitted and will be described in other part of
the guidelines [1]. There have been very few evidences for effective treatments in
those subgroups of patients.

Selection of the Three Important Factors for the Algorithm

Degree of liver damage is similar to Child–Pugh class except the inclusion of ICG
test. Although several Japanese hepatologists have asserted that Child–Pugh class
should be chosen as a determinant of the treatment algorithm, degree of liver damage
is selected, because ICG test is indispensible to decide a surgical indication and an
operative procedure for HCC in Japan [4]. ICG test enables a liver surgeon to more
accurately evaluate liver function of a HCC carrying patient, i.e., in a case with
Child–Pugh A class cirrhosis, liver resection is never selected, if a result of ICG
test indicates poor liver function. On the other hand, in the BCLC and AASLD
guidelines [5, 6], presence or absence of portal hypertension is a key factor for
decision making in the treatment of HCC. However, a recent report from Japan
showed that patients with portal hypertension or multiple tumors may have survival
benefit by liver resection although their outcomes are inferior to that of patients
without portal hypertension or with single tumors [7]. Thus, we regard degree of
liver damage including ICG test as more important than presence or absence of
portal hypertension.

Number of tumors and tumor diameter are also chosen as determinants of the
treatment algorithm. Vascular invasion would be the strongest prognostic factor as
have been suggested in many previous reports; however, its presence or absence is
difficult to be accurately assumed by the currently available diagnostic modalities
before treatments. To the contrary, number of tumors and tumor diameter have much
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advantage in that they can be easily known and have been included to other staging
systems [5, 6, 8]. Thus, both are included in the treatment algorithm, but not vascular
invasion.

Degree of Liver Damage A and B

When the degree of liver damage is A and B, liver function is good, and there is
only a solitary liver tumor, as a rule liver resection is the treatment of first choice
regardless of tumor diameter. The basis for this recommendation is that when the
long-term results of liver resection and PEI were compared using data from a nation-
wide follow-up study by the Liver Cancer Study Group of Japan, they showed that
liver resection was significantly superior to PEI in several conditions [9]. However,
because there were no differences in the results of liver resection and PEI when the
degree of liver damage was B and the tumor was solitary and no more than 2 cm in
diameter, percutaneous ablation therapy is also recommended. Although not stated
in the algorithm, because realistically it is difficult to treat tumors greater than 3 cm
in diameter curatively by percutaneous ablation treatment methods (including RFA),
liver resection is the sole recommended method of treatment.

When there are two or three tumors and their diameters do not exceed 3 cm,
liver resection or percutaneous ablation treatment is recommended. When tumor
diameter exceeds 3 cm, it is beyond percutaneous ablation treatment, and TACE is
recommended instead. The results of a randomized controlled trial (RCT) by Llovet
et al. that showed the efficacy of TACE are the basis for this recommendation [10].

When there are four or more tumors, TACE or hepatic arterial infusion ther-
apy is recommended. There is no convincing evidence for hepatic arterial infusion
therapy, and it has a recommendation degree of C1 (it is acceptable to consider
performing it, but there is no scientific basis for it). Nevertheless, in view of
the fact that it has been widely adopted in Japan and new treatment methods,
such as combination with interferon, are anticipated, it has become the second
recommendation.

Degree of Liver Damage C

Because liver function is poor in degree of liver damage C, treatment by any other
means than liver transplantation, which can be expected to restore normal liver func-
tion as well as treat the HCC, is dangerous. The Milan criteria, which are the most
widely recognized criteria worldwide, have been adopted as indications for liver
transplantation. More specifically, liver transplantation is recommended if the HCC
is solitary and no larger than 5 cm or if there are no more than three tumors and
each tumor is no larger than 3 cm. Because of the high risk of recurrence after liver
transplantation and the high risk of liver failure when other methods of treatment
are used, none of them are recommended when there are four or more tumors, and
best supporting care should be considered.
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Advanced Cancer

Advanced HCC, in which there is extrahepatic metastasis or portal vein tumor
thrombus, is not included in the algorithm. It has a poor prognosis, and no treat-
ment that can be recommended has ever been established. Nevertheless, since there
is a report that an improvement in outcome can be expected by combined use of
TACE and liver resection [11], if liver function is good, “Liver resection is some-
times selected in cases with degree A liver damage” has been stated separately.
Chemotherapy is often considered when there is extrahepatic metastasis, but since
no anticancer drugs had been demonstrated to be effective against HCC at the
time the guidelines were drawn up, the guidelines only state, “Chemotherapy is
sometimes selected in cases with degree of liver damage A.”

How to Use the Algorithm

The algorithm has been prepared by envisioning a scenario in which the attending
physician selects the method of treatment while presenting it to the patient and dis-
cussing it in a clinical setting. In the Hepato-Biliary-Pancreatic Surgery Division of
the University of Tokyo Hospital, an explanation in which the algorithm is presented
is routinely provided both at the time of the initial examination (outpatient clinic)
and before surgery (after hospital admission). According to the results of a ques-
tionnaire survey, the explanation has generally been favorably evaluated as easy to
understand.

Nevertheless, it must be borne in mind that treatment methods that do not con-
form to the algorithm can be devised in individual cases. Since the evidence was
compiled and generalized at the time the algorithm was drawn up, naturally it
sometimes may not apply because of differences in a variety of conditions. These
types of clinical practice guidelines are generally said to apply to 60–95% of all
cases [12]. There is no problem per se with adding judgments based on physicians’
experience or trials of the most advanced treatment methods. However, when rec-
ommending a method of treatment that differs from the guidelines to a patient, it
would seem necessary to thoroughly explain at least two points to the patient, i.e.,
that the treatment differs from the recommendation in the guidelines and the rea-
son for venturing to propose a different treatment, and then to obtain the patient’s
consent.

Evaluation of the Algorithm

A questionnaire survey regarding the guidelines was conducted in March 2006,
approximately 1 year after they were published [13]. Survey sheets were distributed
to 2,279 members of the Liver Cancer Study Group of Japan, and replies were
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obtained from 843 (37%) of them. Of those who replied, 55.4% were hepatolo-
gists and 38% were liver surgeons, and more than 70% of those who replied were
practicing at institutions that were also engaged in education, such as university
hospitals. The same questionnaire was sent to 689 general internists responsible for
primary care in Osaka Prefecture and Hyogo Prefecture, and replies were received
from 332 (48.2%) of them. First, 71.9% of the hepatologists, 75.6% of the liver
surgeons, and 61% of the general internists knew about the guidelines. Both the
hepatologists and the liver surgeons often referred to medical journals, the litera-
ture, guidelines, and the opinions of their colleagues in regard to clinical problems
related to HCC, whereas the general internists tended to attach greater impor-
tance to the opinions of specialists or their colleagues (Fig. 7.2a) [13]. Although
19–21% of the hepatologists and liver surgeons changed their clinical practice pat-
terns as a result of the release of the guidelines, 50–52% had not changed them
at all. It was learned that 43% of the general internists followed the recommenda-
tions of the guidelines and had changed their clinical practice patterns (Fig. 7.2b)
[13]. The results of the questionnaire survey showed that 1 year after the guide-
lines were released, they had reached both specialists and general practitioners,
and that they were being used to decide on clinical practice policy as originally
intended.

Fig. 7.2 From the results of questionnaire surveys about the treatment algorithm for HCC
(Reproduced with permission from [1], cited from [13]). (a) What are your possible actions when
you have clinical questions or problems in regard to the management of patients with hepatocel-
lular carcinoma (HCC)? (a multiple-choice question). (b) Have you changed your practice pattern
for HCC after reading the JHCC guidelines? (Responders who did not acknowledge the guidelines
were excluded)
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Revisions of the Guidelines Based on the Latest Knowledge

There have been remarkable advances in the management of HCC recently, and
the content of parts of the 2005 version of the guidelines, which was based on the
literature as of 2002, has become outdated. The work of adding new knowledge and
evidence discovered in the period 2003–2007 and revising them is currently under
way at present.

The widespread adoption of RFA would seem to be the greatest change that
can contribute to the treatment algorithm since 2003. RFA enables reliable treat-
ment of a larger area via a single puncture and was introduced in Japan around
1999. Since then it has been widely adopted and becoming covered by Japanese
national health insurance in April 2004 provided an added boost, so that now it
can be said to have replaced PEI. Moreover, the results of RCTs comparing RFA
and PEI have been published [14, 15], and the superiority of RFA over PEI appears
to have been established as evidence level Ib. Accordingly, not only the answers
to the research question group related to percutaneous ablation treatment cited in
the 2005 version but the research questions themselves may become the targets of
revision.

Evaluation of the efficacy of treatment by liver resection and percutaneous abla-
tion treatment has also had an impact on the widespread adoption of RFA. The
2005 version of the treatment algorithm is based on the results of treatment by
liver resection and PEI, but now that the superiority of RFA over PEI has been
established, a comparison between liver resection and percutaneous ablation treat-
ment should be performed based on the results of RFA. The results of two RCTs in
2005–2006 have been reported [16, 17], and both of them concluded that the results
of liver resection and percutaneous ablation treatment were equivalent. However,
there were major problems with both of them, including in their design, and neither
of them could be regarded as providing adequate evidence [18]. A paper compar-
ing the outcome of liver resection, RFA, and PEI based on a nationwide follow-up
survey by the Liver Cancer Study Group of Japan has recently been published [19].
Although the results showed that liver resection was significantly better in cases
of recurrence, the differences in survival were not significant; however, the short
follow-up period was a problem. The conduct of a high-quality RCT that is able
to rigorously evaluate the outcome of RFA and liver resection is awaited in the
future.

The recommendations of the Japanese guideline about liver transplantation are
based on the results of deceased liver transplantation outside Japan. There is a rapid
increase in the number of living-donor liver transplantations for HCC in Japan since
1999 [20]. Thus, the recommendations should be amended in an algorithm that
reflects their results.

Moreover, the results of an RCT that showed the efficacy of a multikinase
inhibitor (Sorafenib) against advanced HCC were reported in 2008 [21]. Since there
has never been a drug whose efficacy against HCC was demonstrated by a statis-
tically significant difference in as sufficient a number of cases as in this study, it
generated considerable interest.
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Conclusion

Because many effective methods are available to treat HCC and the balance between
tumor status and liver function status must be taken into consideration, the judgment
of skilled specialists is required to make the choice of treatment. On the other hand,
the principle of treatment selection based on the hopes and preferences of patients,
socioeconomic circumstances, etc., is also important. The treatment algorithm of
the Japanese guideline extracts evidence at and above a certain level and reflects it,
and it is useful for explaining the complex decision-making process to patients in
a way that is easy to comprehend, and for obtaining their understanding in clinical
settings, where time is limited.
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in the Non-viral, Non-alcoholic Liver
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Hepatocellular carcinoma is one of the five most common cancers worldwide and
is one of the top three in regard to annual mortality. Greater than 80% occur in
either sub-Saharan Africa or East Asia, and most of these cases are attributed to
viral hepatitis. Increased public awareness and educational campaigns have led to
decreasing incidences in these endemic areas. However, the rate of HCC in a number
of areas with traditionally low rates of viral hepatitis, including Australia, the United
States, Canada, and the United Kingdom, has increased significantly. This rising
incidence cannot be easily explained by changes in immigration, hepatitis C virus,
or ethanol.

Risk Factors for Hepatocellular Carcinoma

It is widely known that chronic hepatitis B and C virus infection remains the most
dominant risk factor in HCC incidence. Other well-known hepatocellular carci-
noma risk factors include alcoholic cirrhosis and carcinogen exposure. The universal
belief has always been that cirrhosis precedes the development of HCC, even in the
United States where continued reports state that approximately 95% of HCC arises
in the background of cirrhosis [1]. Indeed, most cases of HCC occur in the setting
of cirrhosis, thus impacting the treatment modalities available.

However, some cases of HCC arise in a normal liver in patients with no history
of alcoholism and negative viral serologies. A certain proportion of these cases are
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associated with rare etiologies such as non-alcoholic fatty liver disease, hemochro-
matosis, aflatoxin exposure, or variant subtypes of hepatoma not associated with
cirrhosis. Recently, epidemiologic research has generated data demonstrating the
emergence of HCC in the absence of underlying liver disease. These data may par-
tially explain why there has been a two-fold increase in the age-adjusted incident
rate of HCC in the United States between 1985 and 2002 [2]. This incidence has
caused an increase of 1.3 per 100,000 during 1978–1980 to 3.3 per 100,000 during
1999–2001 [3]. Interestingly, the largest increase during this period has occurred
in Caucasians (including Hispanics) while the lowest increase has been within the
Asian population. More recent reports have demonstrated that as many as 40% of the
HCC diagnosed in the United States is of unknown cause (i.e., no alcohol, hepatitis,
or cirrhosis) [3] (Fig. 8.1).

Aflatoxin

Alcohol

Chronic HBV

Genetic disease
e.g.

hemochromatosis

HCV

Cirrhosis (Genetic
Alterations)

Unknown Environmental Exposure
Genetic Polymorphisms
Unknown Viral Exposure

HCC

Age and Gender

Fig. 8.1 Potential causes of non-cirrhotic hepatocellular cancer
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HCC in the Non-fibrotic Liver

The etiology of HCC in patients without chronic hepatitis infection or chronic cir-
rhosis from other causes remains unclear. To date, because of the overwhelming data
demonstrating that most cases of HCC arise in the cirrhotic liver (either associated
with viral hepatitis or alcohol-related damage), there has been little attention on the
increasing incidence of HCC in patients who lack fibrosis. Recent data from centers
in the central United States have shed some light onto the rising incidence of HCC
in the absence of fibrosis. It is quite possible that national increase in the incidence
of HCC reflects similar increases in HCC among patients without hepatitis or cir-
rhosis in other regions [4]. Why some patients with apparently normal liver tissue
would develop HCC is poorly understood.

One reason for the increased incidence of HCC may be related to changes in the
diagnostic criteria used in epidemiologic databases. In the 1970s and early 1980s,
the SEER database only recorded histologically confirmed cases of HCC. While
this is highly specific, it may underestimate the true incidence of HCC. The average
yearly age-adjusted incidence rates of all HCC captured by the SEER database irre-
spective of the method of diagnosis have increased approximately 30%. Because the
diagnosis of HCC now can occur without histologic confirmation, based on the pres-
ence of underlying cirrhosis, nodular mass seen CT or MRI, and an elevated AFP
level, the corresponding increased incidence in the SEER database may be partially
related to these changes in diagnostic criteria.

Similarly, with the rapid rise in hepatic resections now being performed at all
age groups, some patients who were initially diagnosed and treated for cancer of
unknown primary are now being appropriately being diagnosed as having HCC.
Perhaps the true incidence of HCC is not rising as quickly as previously described;
instead, there might be some shift in the diagnosis, with the incidence of carci-
noma of unknown primary decreasing as our ability to appropriately diagnose these
patients as having either HCC or intrahepatic cholangiocarcinoma improves. A more
liberal policy of resection in appropriate patients who were initially diagnosed as
unknown primary cancers has led to more precise diagnoses, some of which are
HCC. This type of policy may also contribute to the higher regional incidence of the
non-cirrhotic hepatoma [4].

Other potential etiologies for the increasing incidence of the non-cirrhotic hep-
atoma may include the ever-increasing age of the US population. The elderly
(defined as people aged 65 years or older) will account for over 61% of all new
cancer cases and 70% of all annual cancer deaths [5]. It has been recently estimated
that the elderly patient population has 11 times the cancer risk of people under the
age of 65 years. It has also been estimated that in 2030 approximately 20% of the
US population will be older than 65 years of age [6]. These changes alone coupled
with environmental exposure and potential genetic effects along with other potential
causes are the reason for these rising incidence rates.

This reasoning is further solidified by the significant differences in the clini-
cal, radiologic, and pathologic features of the patients with non-cirrhotic hepatoma
(Table 8.1) when compared to the common cirrhotic patient with HCC (Fig. 8.2).
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Table 8.1 Features of the
non-cirrhotic hepatoma Patient – Advanced age

– Higher incidence of women
– Non-alcohol related
– Generally tolerate major hepatectomy well

Liver – No fibrosis
– Large, solitary tumor

Serum – Low to normal AFP level
– Absence of evidence for viral hepatitis
– Preserved hepatic synthetic function

AFP, alpha fetoprotein

Fig. 8.2 Radiologic presentation of a cirrhotic HCC (left) with shrunken liver, ascites, and invasive
lesion and non-cirrhotic HCC (right) with normal size liver, sharp liver borders, and non-evidence
of nodularity

The non-cirrhotic hepatoma patients are significantly older, more commonly female,
less often smokers, have a greater incidence of a normal alpha-fetoprotein level,
larger sized tumors, and a smaller number of tumors (most commonly a single liver
tumor). These more favorable features have led to an ability to be more surgically
aggressive in these patients because of their underlying normal hepatic parenchyma.
This variant histology responds well to aggressive surgical resection with a lower
risk for hepatic failure postoperatively [4].

In a review of Kentucky’s patients with HCC, we have seen a fourfold increase in
age-specific HCC diagnosis, with the most rapid increase seen in the 60- to 69-year-
old age group. We also have frequently observed the phenomenon in older patients,
without hepatitis or cirrhosis, who have large solitary tumors and normal AFP levels.
We have described these as “Kentucky hepatomas” because of the unique disease
presentation that differs from most other regions with a greater endemic hepatitis
population. In the University of Louisville database of hepatobiliary cancer, 60%
of HCC patients were without hepatitis or cirrhosis (Fig. 8.3). These non-cirrhotic,
hepatitis-free patients were found to be significantly older (70 vs. 55 years; P =
0.001), to be more often female (40.3 vs. 24.4%; P = 0.01), to have a larger tumor
size (6.5 vs. 3.9 cm; P = 0.004), to have fewer liver lesions (median 1 vs. 3; P
= 0.22), and to more frequently undergo surgical therapy (75.6 vs. 53.8%; P =
0.01) than the patients with cirrhosis or hepatitis. Furthermore, the non-cirrhotic,
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Fig. 8.3 Age-specific increase in incidence of HCC in the state of Kentucky. Y-axis is percent of
patients in each of the age groups specified

non-hepatitis patients had a median AFP level of 16 vs. 320 in the group with hep-
atitis or cirrhosis (P = 0.02). We found that there was a similar increase in HCC
incidence across all 5 regions of Kentucky. Whether this phenomenon is specific to
Kentucky (and other regions of the Midwest) is not known; however, others have
seen a similar rise in HCC without cirrhosis.

In a comparison of other studies that have presented the incidence of this variant
non-cirrhotic HCC, the data from the University of Louisville demonstrate the single
largest incidence rate. A recent report from Reichman demonstrated an incidence of
26%; however, it also noted a worse overall survival when compared to the cirrhotic
population [7]. Similar high incidence (31%) was reported from Fong et al., with-
out a difference in overall survival [8]. Both of these reports were from the United
States, in New Jersey and New York, which has a higher incidence of Asian immi-
grants and thus probable higher incidence of hepatitis. Other reports have detailed
the incidence of this variant HCC in Europe and Asia [9–11] to be much lower, most
likely due to etiologic influences.

Fibrolamellar Carcinoma

Fibrolamellar carcinoma (FLC) was first described by Edmonson in 1956 [12]. It is
a rare hepatic malignancy, comprising less than 1% of primary liver malignancies
in a US population-based study [13]. The histologic appearance of FLC is distinc-
tive, consisting of deeply eosinophilic malignant hepatocytes surrounded by thick
fibrous bands arranged in a lamellar-like fashion [14]. Radiographically, the tumors
are hyper-vascular and tend to be large, be calcified, and have a central scar [15], all
distinct differences from conventional HCC (Table 8.2). Many consider it a variant
of HCC, though the epidemiology, clinicopathologic factors, and prognosis differ
widely from HCC.

FLC is largely tumors of youth and young adulthood. The median age of patients
with FLC is on the order of 25 years [16–18], far younger than conventional HCC.
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Table 8.2 Differences between fibrolamellar carcinoma and traditional HCC

Fibrolamellar Traditional HCC

Patient related Young age
Lack fibrosis
Better survival

Patient related Older age
Cirrhotic
Worse survival

Tumor related Central scar
Typically solitary
Higher resection rate

Tumor related No scar
Often multifocal
Lower resection rate

FLC is not associated with an underlying history of cirrhosis [19–21], and this fact
may account for the differences in age distribution, given that a background of
fibrosis is not common in younger populations. There also does not appear to be
any connection with viral hepatitis, ethanol, or estrogen use, all factors commonly
considered in association with conventional HCC [19].

There are conflicting data comparing the survival of patients with FLC with
traditional HCC. Some authors have reported no survival benefit for FLC patients
who have undergone resection (when compared to traditional HCC), although the
number of cases was too small to draw firm conclusions [22]. These data are sim-
ilar to that published by others, although the rate of resectability for patients with
FLC might be higher [23]. In contrast to these data are reports demonstrating an
improved survival for patients with FLC, including one report of a 56% 5-year sur-
vival for resected patients [24]. Further data suggesting a more favorable biologic
behavior for FLC include high resectability rates and improved survival following
resection [17, 19, 20, 23].

Like traditional HCC, FLC is prone to recurrence following resection. The most
common site for recurrence appears to be in the liver remnant. Unlike traditional
HCC, however, recurrent FLC might fare better following recurrence. Data demon-
strate that patients with recurrent FLC survive longer than those patients with
recurrent traditional HCC [25, 26]. Furthermore, patients with recurrent FLC might
be amenable to re-resection, with data demonstrating a survival advantage to this
aggressive approach [27]. FLC might have a higher risk for nodal metastasis upon
presentation, and the rate of metastatic lymph nodes has been reported to be as high
as 30% [28]. This raises the question of the role of routine portal lymphadenectomy
at the time of initial hepatectomy.

Hereditary Hemochromatosis

Hereditary hemochromatosis (HH) is an autosomal recessive syndrome of iron
overload. It is characterized by increased absorption of iron in the intestines with
deposition in organs such as the heart, skin, pancreas, pituitary, and liver [29]. It is
an under-recognized congenital condition caused by missense mutations at the HFE
gene; some authors report HH is 10 times more common than cystic fibrosis [30],
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approximately 5 of 1000 patients of northern European descent having homozygos-
ity for the C282Y mutation [31]. The end-stage results of HH-induced iron overload
are diabetes, cirrhosis, and HCC, which are responsible for a reduced life expectancy
from HH [32].

Patients with HH have a 20- to 200-fold increased risk of developing HCC
[33–35]; in fact, primary liver carcinomas can account for up to 45% of deaths in HH
patients [36]. Histologically, the overwhelming majority of these tumors are HCC
and most occur in patients in their sixties. In a prospective longitudinal cohort study
from Italy published in 2001, all cases of HCC in patients developed in those with
cirrhotic livers [37]. However, there are approximately 10 case reports in the litera-
ture of HCC in patients (all male, all between 50 and 70 years of age) with HH and
non-cirrhotic livers [38–40]. Vigilance in this group is warranted, as increased iron
deposition alone may be a risk factor for development of HCC in the non-cirrhotic
setting.

Aflatoxin

Aflatoxin B1 (AFB1) is a toxin produced by a fungus of the genus Aspergillus.
It is found in Asia and sub-Saharan Africa where climate and food storage tech-
niques allow the fungus to be a common contaminant of foods, especially grains,
and release its toxin which is then ingested. As discussed previously, these endemic
areas have high incidences of not only HCC but also viral hepatitis, specifically hep-
atitis B [41]. Therefore, aflatoxin may be more likely a potentiator of HCC rather
than a director cause.

Non-alcoholic Fatty Liver Disease

Non-alcoholic fatty liver disease (NAFLD) is a spectrum of liver disease ranging
from benign fatty infiltration of the liver to fulminate hepatic failure secondary to
cirrhosis from non-alcoholic steatohepatitis (NASH). NASH, first described in 1980
[42], is defined by the histologic presence of findings associated with alcoholic liver
disease in the absence of a history of alcohol consumption. The prevalence of NASH
has been reported to be as high as 2% of the general population [43], making this
one of the most common causes of non-viral liver disease. It is associated with
obesity and diabetes mellitus and likely represents the hepatic manifestations of the
metabolic syndrome.

Despite the prevalence of underlying liver disease, NASH-associated HCC has
been rarely reported in the literature [44–46] beyond case reports. The connection
can be difficult to establish because of regression of steatosis, inflammation, bal-
looning degeneration, and Mallory bodies is common once cirrhosis appears, and
some HCCs in NASH patients occur in non-cirrhotic livers. There is no gender
predominance in the literature; most cases occur in patients in their seventh decade.



106 C.E. Woodall et al.

Prospective studies linking NASH and HCC have been undertaken. They are
limited by small numbers, highly selected subjects, and short-term follow-up [47].
The prodrome from the progression of fatty liver to NASH-associated cirrhosis can
be quite pronounced, with estimates ranging from 10 to 16 years. As undiagnosed
HCC may be somewhat indolent initially, it may be years after the onset of cirrho-
sis that a malignancy is diagnosed. Therefore, two decades of follow-up may be
required to fully establish the relationship and true incidence.
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Liver Resection for Hepatocellular Carcinoma
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Preoperative Assessment

The natural history of untreated HCC varies depending on the stage at presentation
and the degree of underlying liver disease. However, even in patients with early
stages, the prognosis is poor if the disease is left untreated [1, 2]. As primary medical
therapy has failed to significantly improve survival, surgical resection and orthotopic
liver transplantation (OLT) represent the only treatment options offering a prospect
for cure with 5-year survival rates of up to 50% [3–5] and 70% [6, 7], respectively.

Unfortunately, only approximately 20–40% [8, 9] of patients are candidates for
resection due to the burden of hepatic tumor, the presence of extrahepatic spread, or
the extent of underlying liver disease. Despite this, liver resections are increasingly
being performed due to better perioperative care, improved imaging, and advances
in surgical technique.

OLT represents the only surgical option in patients with small HCC and impaired
liver function. However, in view of the severe graft shortage and restricted indi-
cations for OLT, liver resection is considered the mainstay of therapy in patients
with preserved hepatic function. At M.D. Anderson Cancer Center the criteria for
resection in chronic liver disease are illustrated in Table 9.1.
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Table 9.1 University of Texas M.D. Anderson Cancer Center criteria for resection in chronic liver
disease

Resection Criteria

Minor Child–Pugh A
Bilirubin ≤ 2 mg/dL
Absence of ascites
Platelets > 100.000/mm3

Major Criteria for minor resection plus:
Bilirubin ≤ 1 mg/dL
Absence of portal hypertension
Portal vein embolization for future liver remnant of < 40%

Patient Selection

Optimal outcomes after surgical resection for HCC – optimal postoperative morbid-
ity and mortality as well as optimal long-term survival – are contingent upon proper
identification of appropriate candidates for safe, complete resection. A systematic
and careful assessment of the patient’s general medical fitness, the tumor extent, the
tumor stage, the underlying liver function, and the volume of the anticipated future
liver remnant (FLR) is critical in ensuring proper patient selection.

Patient age should not be considered per se a contraindication for resection, since
it has not been shown to be an independent predictor of increased operative risk.
However, in elderly patients, comorbid illnesses are prevalent and hidden medi-
cal diseases are not uncommon. Recently it has been reported that the presence of
comorbidities was one of the two independent factors predictive of postoperative
mortality after extended hepatectomy. In general, patients with American Society
of Anesthesiology (ASA) scores greater than 1 represent a population at greater
risk for postoperative complications and death. The surgical risk becomes unaccept-
ably high in some patients with congestive heart failure, severe chronic obstructive
pulmonary disease, and chronic renal failure [10, 11].

Evaluation of Tumor Extent

The assessment of tumor extent is the essential step for determining resectability
and the appropriate type of surgical resection. At M. D. Anderson Cancer Center
each patient is first staged with a triple phase (early vascular or arterial phase, por-
tal phase, and delayed phase) helical computed tomography (CT) of the thorax and
the abdomen because of its superior resolution throughout the whole body and the
excellent liver anatomy detail. The liver is studied using thin slices acquired dur-
ing the unenhanced phase and during the arterial, portal, and late or equilibrium
phase after contrast administration. Tumors, such as HCC, are hypervascular dur-
ing the early arterial phase and hypovascular in late phase (“washout”). Magnetic
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resonance imaging (MRI) is the imaging modality of choice when contrast agents
are contraindicated, better lesion characterization is needed, or the anatomic rela-
tionship between tumor and major vascular or biliary structures requires further
delineation.

As mortality rates after partial hepatectomy have fallen, in recent years to almost
zero, many centers worldwide have expanded eligibility criteria for resection. Now
included are tumors once considered unresectable such as large HCCs, multinodular
and bilobar HCCs, and HCCs with portal vein or hepatic vein involvement. Based
on preoperative imaging, patients are considered for resection when all tumor nod-
ules can be safely excised with negative margins and when the volume and function
of the FLR is adequate. Formal contraindications for resection are the presence
of extrahepatic disease, extensive tumor thrombus in the inferior vena cava, and
involvement of the common hepatic artery and portal vein trunk. Extension to sur-
rounding structures, such as the diaphragm, does not represent a contraindication if
a margin negative resection can be attained.

Large Tumor Size

In western countries, because of the lack of effective HCC screening, up to 50% of
cases of HCC are diagnosed at an advanced stage, and tumor diameters sometimes
exceed 10 cm. Large HCCs are more aggressive tumors, as indicated by higher
alpha-fetoprotein levels and higher incidences of tumor rupture, multiple tumors,
and invasion of portal or hepatic veins. Despite the technical problems encountered
with large tumors – such as problems with liver mobilization, access and control
of the hepatic veins – liver resection for large HCCs has been shown to be safe. A
recent study reported a 30-day mortality rate of 5% in 300 patients who underwent
partial hepatectomy for HCCs larger than 10 cm [12]. The 5-year survival rate in
patients with tumors larger than 10 cm is about 27% and can reach up to 73% [13].
Thus, since in these patients cadaveric OLT and radiofrequency ablation (RFA) are
not indicated, surgical resection remains the only treatment of choice that may cure
large HCCs (Fig. 9.1).

Multinodular Disease

Multinodular HCC may represent independent tumors derived from multiple loci of
hepatocarcinogenesis or may be a manifestation of advanced disease with intrahep-
atic metastasis, an event associated with a poor prognosis. Multinodular HCC (>3
nodules or >1 nodule exceeding 3 cm in diameter) have been considered unsuitable
for resection. Surgical resection for these patients often requires major resection
because of substantial tumor volume. Ng et al. [14] reported the outcome after
resection in a cohort of 380 patients with intermediate-stage HCC: the mortality
rate was 2.4% with a 5-year survival rate of 39%. Some authors investigated the
role of liver resection for bilobar HCC. In a series of 78 patients with bilobar
HCC, Liu et al. [15] compared 15 patients treated with hepatectomy plus treat-
ment of tumor nodules in the contralateral lobe (wedge resection in five patients,
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Fig. 9.1 A 59-year-old male patient had a 16 cm hepatocellular carcinoma in the right liver without
evidence of extrahepatic disease. (a) Computed tomography revealed that the standardized FLR
(sFLR) was 12%. (b) Right PVE was performed. (c) Four weeks after PVE, the sFLR was 21%.
(d) The patient had no evidence of disease 5 years postresection (From [35], with permission)

alcohol injection in five, cryotherapy in two, and transarterial oily chemoemboliza-
tion in two) with 63 patients who underwent nonsurgical therapy and showed that
partial hepatectomy resulted in better survival outcomes. Hence, when liver function
permits and clearance of all tumor nodules is possible, en bloc extended hepa-
tectomy, multiple bilobar resections, or hepatectomy plus effective local ablative
therapy for treatment of contralateral nodules should be considered for patients with
bilobar HCC.

Major Portal or Hepatic Vein Involvement

HCCs with major portal or hepatic vein involvement represent a technical and onco-
logic challenge. These tumors are aggressive and often multifocal, and surgery to
remove them may be difficult. However, hepatic resection for such tumors seems
justified because resection results in better survival rates than are achieved with
nonsurgical treatment. A recent series focusing on 102 patients with major portal
vein branches or hepatic vein involvement reported a 5-year survival rate of 23% in
patients without cirrhosis, which still exceeded the historical survival rate in similar
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patients treated nonsurgically [16]. In a series of 23 patients with portal vein involve-
ment who were treated with partial hepatectomy, Minagawa et al. [17] reported a
median survival of 3.4 years and 1-, 3-, and 5-year survival rates of 82, 42, and
42%, respectively.

Recurrent HCC

Tumor recurrence represents the major drawback after curative liver resection and
the most common cause of treatment failure. The cumulative 5-year recurrence
rate is reported to be 70 to 100%. Recurrence in the liver remnant occurs in
about 80–90% of cases as a result of vascular invasion leading to microsatellite
tumors within the liver (“early recurrence”) or second primaries in the remnant
liver associated with field effect from hepatitis and cirrhosis (“late recurrence”).
In the largest series, reresection rates have been reported between 10 and 31% and
depend on the underlying liver status, pattern of recurrence, and extent of first resec-
tion with lower rates in series with high proportion of major resection during the
first hepatectomy. Repeat hepatectomy has been proven to be a safe and worth-
while procedure with mortality and 5-year survival rates of 0–8% and 50–69%,
respectively.

Evaluation of Hepatic Function

In western countries, the Child–Pugh (CP) classification (Table 9.2), which was
originally designed to estimate the risk of cirrhotic patients undergoing portocaval
shunt surgery for portal hypertension [18], has traditionally been used to evaluate
the hepatic function. Usually only patients with Child–Pugh class A disease are
considered good candidates for hepatectomy. However, Child–Pugh class is a crude
measure and is prone to underestimate the surgical risk.

Table 9.2 Child–Pugh classification

Points

Clinical and biochemical parameters 1 2 3

Albumin (g/dL) >3.5 2.8–3.5 <2.8
Bilirubin (mg/dL) <2 2–3 >3
Prothrombin time

Seconds prolonged <4 4–6 >6
% >60 40–60 <60
INR <1.7 1.7–2.3 >2.3

Encephalopathy Absent Moderate (Stage I–II) Severe (Stage III–IV)
Ascites Absent Moderate Refractory

Total points: 5–6 points, Child–Pugh A; 7–9 points, Child–Pugh B; 10–15 points, Child–Pugh C
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While no individual test accurately predicts liver function, the CP classification,
combining different parameters, provides a rough estimation of the gross synthetic
and detoxification capacity of the liver. In general, the risk of death after surgery
increases with each CP class. Operative mortality rates for CP class A, B, and
C patients undergoing abdominal operations are approximately 10, 30, and 82%,
respectively [19], therefore liver resection is only considered in CP class A patients.
Nevertheless, recent series of hepatectomy in CP class A patients have reported a
wide range of perioperative mortality rates, from 0 to 16% [20–22].

Portal hypertension is present if the portal venous pressure is greater than
10 mmHg (the normal value ranges from 5 to 8 mmHg). Undiagnosed and latent
portal hypertension in a cirrhotic patient undergoing liver resection puts the patient
at risk of major complications, such as variceal bleeding, endotoxemia, and hep-
atic decompensation, in the postoperative period. In a prospective study in CP class
A cirrhotic patients, Bruix et al. [23] showed that the hepatic venous pressure gra-
dient (HVPG), a surrogate measurement of portal venous pressure, was the only
predictor of hepatic decompensation following hepatic resection. Specifically, unre-
solved hepatic decompensation developed in 11 of 15 patients with an HVPG >
10 mmHg versus none of the patients with an HVPG < 10 (P < 0.002) suggest-
ing that the CP classification may be somewhat inaccurate in assessing risk. Thus,
in most patients with clinical or radiologic signs of portal hypertension, including
splenomegaly, abdominal collaterals, thrombocytopenia (platelets <100,000/mm3),
or esophagogastric varices, resection is contraindicated.

Additionally, postoperative mortality has been shown to be almost sixfold higher
in a cohort of 285 patients who underwent hepatectomy for HCC when there was
histologic evidence of cirrhosis and active hepatitis versus cirrhosis alone [24].
Although the presence of hepatitis does not always correlate with serum transami-
nase levels [25, 26], increased complication and death rates have been reported in
those patients with elevated liver function tests. Patients with aspartate aminotrans-
ferase level greater than 100 IU/L [27] or alanine aminotransferase level at least
twice normal [28] are considered to be poor candidates for major hepatic resection.
Bilirubin levels greater than 2 mg/dL contraindicate hepatic resection while patients
with bilirubin levels between 1.1 and 2.0 mg/dL should be carefully selected and
considered for only limited resection.

In eastern countries several hepatobiliary units have employed more sophisti-
cated quantitative liver function tests, such as indocyanine green (ICG) clearance,
galactose elimination capacity, and aminopyrine clearance, to evaluate the hepatic
metabolic function and to predict the risk of postoperative liver failure. The most
widely used and validated metabolic assessment is the ICG clearance test. Makuuchi
et al. have incorporated the ICGR15 and two clinical features, i.e., bilirubin and
ascites, into a treatment-selection algorithm (Fig. 9.2) [22]. In patients without
ascites and bilirubin levels less than 1.0 mg/dL, ICGR15 is used to predict the
number of liver segments that can be safely resected (ICGR15 <10%, extended
hepatectomy and right hemihepatectomy are safe; ICGR15 10–19%, left hemihep-
atectomy and bisegmentectomy are safe; ICGR15 20–29%, only segmentectomies
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Fig. 9.2 Japanese algorithm for resection in cirrhosis (Adapted from [22] used with permission)

are safe; ICGR15 30–39%, only wedge resections are safe; ICGR15 ≥40%, only
enucleations are safe). This algorithmic approach was prospectively validated
in 107 patients; the 30-day mortality rate was zero, and there were no major
complications [29].

Evaluation of Future Liver Remnant Volume

Computed tomography (CT) can now provide an accurate, reproducible method for
preoperatively measuring the volume of the future liver remnant (FLR). The FLR
is measured directly by three-dimensional CT volumetry, and the total liver vol-
ume is calculated using a mathematical formula that relies on the linear correlation
between liver size and body surface area (BSA). The ratio of the CT measure FLR
volume/calculated total liver volume (TLV) is defined as the standardized FLR and
it provides the percent of TLV remaining after resection [30]. The formula used to
estimate TLV based on BSA was recently evaluated in a meta-analysis and recom-
mended as one of the least biased and most precise formulas for the estimation of
the total liver volume in adults [31] (Fig. 9.3).

Although there is a general consensus that the extent of resection that is safe
is mainly limited by the function, attention has also focused on the FLR volume
after major hepatectomy. In general, a FLR of 20% is considered the minimum
safe volume needed following extended hepatic resection in patients with normal
underlying liver, while an FLR of 40% is required in patients with chronic liver
disease (cirrhosis or hepatitis) [32, 33] (Fig. 9.4). Current suggested indications for
PVE in normal, injured, and cirrhotic liver are presented in Fig. 9.5.
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Fig. 9.3 Method of systemic preoperative liver volume calculation using three-dimensional CT
volumetry. CT outline of the segments included in the measurement of future liver remnant (FLR)
volume for a planned extended right hepatectomy (white outline = FLR). (a) The FLR is measured
directly by three-dimensional CT volumetry, and the total liver volume (TLV) is calculated using a
mathematical formula that relies on the linear correlation between liver size and body surface area
(BSA). The ratio of the CT measure FLR volume/calculated total liver volume (TLV) is defined as
the standardized FLR (sFLR) and it provides the percent of TLV remaining after resection

Preoperative Therapy

Transarterial Chemoembolization (TACE) and Portal Vein Embolization
(PVE)

In patients who are otherwise candidates for hepatic resection, an inadequate
FLR volume – ≤20 or <40% of the estimated TLV in patients with normal or
cirrhotic liver, respectively – may be the only obstacle to curative resection. Three-
dimensional CT volumetry and calculation of the FLR allows the planning of hepatic
resection to be individualized for each patient. Portal vein embolization (PVE) can
be performed to prime the growth of the anticipated FLR, thereby making a major
or extended hepatectomy possible.

PVE is safe with less than a 5% complication rate, causes little periportal
reaction, and generates durable portal vein occlusion especially when used in com-
bination with coils. PVE has been shown to increase both the size of the FLR as
well as the percentage of indocyanine green (ICG) excretion and bile volume flow
in the remnant liver. In addition, in patients with chronic liver disease PVE has also
been reported to decrease the incidence of postoperative complications, intensive
care unit stay, and the total hospital stay after major hepatic resection. Thus, the
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Fig. 9.4 Standardized calculation of future liver remnant (FLR) volume accurately predicts the
likelihood of postoperative complications after hepatic resection in normal liver (a) and in chronic
liver disease (b). (a) Complication rate stratified by standardized future liver remnant (% FLR)
volume in relation to FLR in normal liver; 90% of patients with a % FLR of 20% or less had com-
plications; 39% of patients with a % FLR of greater than 20% had complications (P = 0.003) [33].
(b) A comparison of FLR volume of patients who died of liver failure and those without liver fail-
ure after surgery in chronic liver disease. Remnant liver volume in patients who died of liver failure
was significantly smaller than that in patients who did not die of liver failure (P = 0.0008) and it
was never more than 250 mL/m2 (From [33], used with permission)

Fig. 9.5 Indications for portal vein embolization (PVE). There is a consensus that in patients
treated with aggressive preoperative chemotherapy, the remnant liver volume should be at least
30% of the total liver volume to avoid a high risk of complications following hepatic resection.
BMI, body mass index (From [34], used with permission)

selective use of PVE may enable safe and potentially curative extended hepatec-
tomy in a subset of patients with advanced hepatobiliary malignancies who would
otherwise have been marginal candidates for resection.

Palavecino et al. [35] reported on 54 patients who underwent major hepatic resec-
tion for HCC with or without PVE before resection. This study demonstrates that
PVE before major hepatectomy for HCC is associated with decreased perioperative
mortality. The overall and disease-free survival rates were similar between patients
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Fig. 9.6 Overall survival after major hepatectomy in patients with and without preoperative por-
tal vein embolization (PVE), excluding postoperative deaths (P = 0.35) (From [35], used with
permission)

who underwent major hepatectomy with and without PVE (Fig. 9.6). Thus, PVE
increases the safety of major hepatectomy in patients with HCC without compro-
mising long-term oncologic outcomes.

Because the main blood supply for HCC is the hepatic artery and PVE results
in increased hepatic arterial flow, concerns have been raised about the potential
for accelerated tumor growth after PVE [36, 37]. To avoid this possibility, TACE
has been proposed as a complementary procedure to PVE in patients with HCC
(Fig. 9.7). TACE eliminates the arterial blood supply to the tumor and embolizes
potential arteriovenous shunts resulting from cirrhosis and/or HCC that attenuate
the effects of PVE. In addition, 60–80% complete necrosis of tumor can be achieved
by the combination of TACE and PVE [38, 39]. Our results support a study by
Ogata et al. [38] in which patients who underwent TACE before PVE had improved
disease-free survival and increased FLR hypertrophy than patients who underwent
PVE alone [35] (Fig. 9.8). Our current recommendation for those patients with bilo-
bar HCC and tumor nodules in the FLR is to perform TACE before PVE to avoid
tumor growth in the FLR after PVE.

Chemotherapy

Sorafenib is an oral multikinase inhibitor, which exerts an antiangiogenic
effect by targeting vascular endothelial growth factor receptors (VEGFRs)
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Fig. 9.7 Sequential transartherial chemoembolization (TACE) and portal vein embolization (PVE)
in cirrhotic liver. A 74-year-old male patient HCV genotype 2b with a 12.5 hepatocellular car-
cinoma involving the right liver with periportal fibrosis and focal bridging. (a, b) Future liver
remnant (FLR) volume of segments 1, 2, 3, and 4 equal to 27%. Computed tomography following
TACE and right PVE shows hypertrophy of the FLR (47%) (c). Right hepatectomy was performed.
The specimen indicated complete pathologic response with no residual tumor. The patient had no
evidence of disease 53 months postresection (d)

and platelet-derived growth factor receptor (PDGFR). Recently, a randomized,
placebo-controlled phase III trial of sorafenib reported an improvement in median
overall survival along with increased time to progression and disease control rate in
advanced HCC [40]. There is no evidence that sorafenib has a role as a neoadjuvant
agent in downstaging patients to render them resectable because the response rate
to sorafenib is only 3%.

In contrast the PIAF treatment regimen (platinum, interferon, adriamycin, and
5 FU) allows a selected group of patients with normal liver and HCC confined to the
liver to become eligible for aggressive surgical techniques [41, 42] (Fig. 9.9). Using
the PIAF regimen in patients with preserved liver function Lau et al. found 18%
major tumor response rate (more than 50% reduction in tumor size). Furthermore,
10% percent of the entire cohort, who presented with tumors that were considered
unresectable, underwent subsequent complete resection after chemotherapy; 53% of
the resected patients were alive 3 years after hepatic resection [43].
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Fig. 9.8 Sequential arterial and portal vein embolization. Patients who underwent transartherial
chemoembolization (TACE) before portal vein embolization (PVE) had increased future liver rem-
nant (FLR) hypertrophy than patients who underwent PVE alone (P = 0.13) (From [36], used with
permission)

Surgical Technique

In patients with HCC, the goal of the surgical approach is to optimize the oncologic
resection (negative margin) while sparing the noncancerous hepatic parenchyma.
Advances in anesthetic and surgical techniques, as well as a thorough understanding
of the liver anatomy and tumor biology, have contributed dramatically to the safety
and effectiveness of liver resection for HCC. Modern surgical principles include
anatomic resection, the use of vascular inflow occlusion, and low central venous
pressure anesthesia. New surgical approaches such as the anterior approach and
liver hanging maneuver have been developed along with the use of more effective
instruments for parenchymal transection.

For a safe liver resection, both the bilateral subcostal incision, with or without
superior/midline extension to the xiphoid (hockey-stick incision), and the J-type
incision are valid options. At M.D. Anderson Cancer Center the modified Makuuchi
J-incision where the vertical midline portion converges with the horizontal limb at
the level of the umbilicus. Our modification aims to spare the nerves supplying the
skin and the rectus muscle, thus reducing skin numbness, muscle atrophy, and post-
operative pain [44]. After mobilization of the liver, intraoperative ultrasound (IOUS)
is systematically performed to confirm the extent of disease, review the intrahep-
atic portal and hepatic vein anatomy, and define the parenchymal transection plane.
IOUS identifies new nodules in 15–30% of patients with HCC [45, 46], although
only about 25% of these new nodules are malignant. The classic description of HCC
by IOUS is a mosaic pattern with posterior enhancement and lateral shadowing.
In nodules that lack specific findings of HCC, malignancy is found in 24–30% of
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Fig. 9.9 A 60-year-old male patient with a 15 cm hepatocellular carcinoma involving left lobe,
right anterior sector and abutting the right hepatic vein. (a, b) Computed tomography following six
cycles of chemotherapy with PIAF (platinum, interferon, adriamycin, and 5 FU), three cycles of
capecitabine + interferon, and transarterial chemoembolization (TACE) revealed response of the
tumor. (c, d) Extended left hepatectomy with caudate and vena cava resection was performed. The
patient had no evidence of disease 4 years postresection (e, f)
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hypoechoic nodules and 0–18% of hyperechoic nodules [45, 46]. IOUS may there-
fore decrease recurrence through the identification of unrecognized multifocal HCC.
In addition, IOUS is considered an essential aid for guidance of resection [47] and
has proven useful in obtaining a margin negative resection [48] (see Chapter 10).

Anatomic Resection

HCC has a high propensity to invade the portal and hepatic veins; thus, the spread
of HCC is essentially through the bloodstream – first via the portal vein to cause
intrahepatic metastasis, a primary mechanism of intrahepatic recurrence, and later
to extrahepatic organs such as the lungs, bone, and adrenal glands. These two forms
of spread, vascular invasion and intrahepatic metastasis, are among the risk factors
that most strongly influence the postoperative prognosis. On this basis, Makuuchi
et al. introduced the concept of anatomic resection – segmentectomy and subseg-
mentectomy – which involves systematic removal of a hepatic segment confined
by tumor-bearing portal tributaries that might contain portal metastases or daughter
micronodules.

The theoretical advantage of anatomic over nonanatomic resection has been
demonstrated in two large series in which anatomic resection was found to be an
independent factor for both overall and disease-free survival [49, 50]. Therefore,
segment-oriented anatomical resection should be proposed for any HCC, whenever
technically and functionally possible. The width of a negative resection margin has
also been investigated. A study predating the reports on anatomic resection showed
that the rate of postoperative recurrence of HCC was not related to the width of the
resection margin but rather to microvascular invasion or the presence of microsatel-
lites [51], further supporting the superior value of the anatomic approach. As the
margin size has not been found to be an independent predictor of recurrence across
multiple studies, functional liver should not be sacrificed in an attempt to obtain a
wide margin [51–54].

Resection of Large Right Liver Tumors

Surgical resection of a large right lobe tumor represents one of the most challeng-
ing situations. With the conventional technique for hepatectomy, mobilization of the
right lobe from the retroperitoneum and anterior surface of the IVC may be chal-
lenging because of the tumor volume and adhesion to the diaphragm and may result
in injury to the right hepatic vein or the venous branches between the IVC and the
posterior aspect of the right lobe.

To overcome these problems, the anterior approach has been proposed [55]. With
this approach, after hilar control of the vascular inflow is achieved, the parenchyma
is transected from the anterior surface of the liver down to the anterior surface of
the IVC, without prior mobilization of the right lobe. After control is achieved of
all venous tributaries to the IVC, including the right hepatic vein, the right lobe
is detached from the diaphragm. In a retrospective comparative analysis, Liu et al.
demonstrated that the anterior approach for large right lobe HCCs resulted in less
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intraoperative blood loss, lower transfusion requirements, a lower in-hospital death
rate, and significantly better overall and disease-free survival compared to the con-
ventional approach to right or extended right hepatectomy [56]. More recently in a
prospective randomized controlled study, Liu et al. confirmed findings of the previ-
ous study, demonstrating improved operative and survival outcomes of the anterior
approach technique compared to the conventional approach [57]. With the ante-
rior approach, it may be difficult to control bleeding in the deeper parenchymal
plane. Because of this, in 2001, Belghiti et al. proposed a new technique of hanging
the liver after lifting it with a tape passed between the anterior surface of the IVC
and the liver parenchyma (“liver-hanging maneuver”) [58]. To allow for passage of
the tape, the space between the right and middle hepatic veins is initially dissected
for 2 cm downward. The dissection of the anterior plane of the IVC begins with
placement of a long vascular clamp posterior to the caudate lobe on the left side
of the right inferior hepatic vein, if present (Fig. 9.10). Then the clamp is gently
pushed cranially in the middle plane of the IVC to allow a blind dissection. When
the clamp appears between the right and middle hepatic veins, the tape is seized and

Fig. 9.10 Hanging Maneuver. Pediatric suction (grafting suction tube, 4-mm tip, 9.5 in. length;
Cardinal Health/V Mueller Products) is used to explore the space of Couinaud and to perform the
liver hanging maneuver (a). Avascular retrohepatic plane between right and middle hepatic veins
(arrow) (b). Intraoperative view after removal of the specimen. Avascular retrohepatic plane is
shown with a dot line (c). Right hepatic vein (RHV), middle hepatic vein (MHV), inferior right
heparic veins (IHRVs), segment 1 vein (Sg1V)
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passed around the hepatic parenchyma. The parenchymal dissection is facilitated by
upward traction on the tape, which allows the surgeon to follow a direct plane and
facilitates exposure and hemostasis of the posterior parenchymal plane in front of
the IVC.

Prevention and Control of Bleeding

Many studies have shown that intraoperative blood loss and transfusion require-
ments are independent predictors of major morbidity and death from surgery. Blood
transfusion can add to the risk of coagulopathy as well as exert immunosuppres-
sive effects. Given this, efforts to minimize blood loss become critical. Techniques
of temporary vascular occlusion such as portal triad clamping and total vascular
exclusion (TVE) have been used to reduce bleeding from the cut edge of the liver.

In a prospective randomized study, portal triad clamping, otherwise known as
the Pringle maneuver, has been shown to significantly reduce blood loss result-
ing in improved postoperative liver function [59]. Further, the authors suggested
that the reduction in blood loss offset the potential adverse effects of ischemia–
reperfusion-induced hepatocellular injury. In a different randomized trial, Belghiti
et al. demonstrated that intermittent Pringle maneuver – 15 min of inflow occlu-
sion followed by 5 min of liver revascularization – is safer than continuous inflow
occlusion in patients with chronic liver disease and should be considered, in this
population, the technique of choice [60]. While Pringle maneuvers exceeding 4 h
have been reported, Wei et al. found that inflow occlusion time exceeding 80 min
was associated with a higher mortality rate [11]. Total vascular exclusion (TVE), a
technique which involves the Pringle maneuver as well as clamping of the supra-
and infra-hepatic vena cava, has not been shown to be more effective in decreas-
ing blood loss when compared to portal triad clamping alone, while associated with
increased morbidity [61]. Indications for TVE are limited to those cases with tumor
involvement of the cavo-hepatic junction [62].

The drawback of hepatic pedicle clamping is that it does not prevent back bleed-
ing from the hepatic veins. In fact, one of the most important factors related to intra-
operative blood loss is pressure within the inferior vena cava (IVC). In a prospective
study examining blood loss and IVC pressure, there was a direct linear correla-
tion between mean caval pressure and blood loss [63]. As hepatic vein pressure
directly reflects the caval pressure, the maintenance of a low central venous pres-
sure is an effective technique to reduce back bleeding from the hepatic veins
[64, 65]. At our institution, all patients who undergo hepatic resection have mainte-
nance of a low central venous pressure (<5 cm H2O), with a minimal acceptable
urine output of 0.5 mL/kg/h, until the parenchymal transection is completed.
Infusions and transfusions are minimized, and transient hypotension that can occur
with hepatic mobilization is treated with vasopressor support (usually phenyle-
phrine). When the parenchymal transection is complete and hemostasis achieved,
patients are rendered euvolemic with crystalloid and/or albumin infusions.
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Several different parenchymal dissection techniques have been developed to min-
imize blood loss and expedite hepatic resection. Advances in instrumentation, such
as development of the ultrasonic aspirator, the jet cutter, the argon beam coagulator,
and saline-linked cautery, have all been purported to improve surgical technique.
The ultrasonic dissector is a handheld device that destroys hepatocytes by cavita-
tion based on water content and aspirates the liquefied tissue. Vessels and biliary
ducts, which contain less water, are preserved allowing for a clear delineation of
these structures within the transection plane. Saline-linked cautery (SLC) uses a
metal probe to deliver radiofrequency energy conducted through a slow infusion of
saline. At our institution, we recently combined saline-linked cautery with ultra-
sonic dissection in a standardized fashion (Fig. 9.11). This combination allows a
clear delineation of the vascular and biliary anatomy within the transection plane,
resulting in a significant decrease in total operative time, blood loss, and need
for suture control of intraparenchymal vessels. The primary surgeon dissects the
hepatic parenchyma from the patient’s left side utilizing the ultrasonic dissector
while the second surgeon operates the SLC from the patient’s right side. Vessels of
3 mm or smaller are coagulated and divided using the SLC device, while those of
3–5 mm in diameter are controlled with titanium clips and divided sharply. Larger
vessels and portal triads are sutured with 3-0 silk ties in continuity and divided
sharply. This two-surgeon technique resulted in a significant decrease in blood loss
and total operative time [66]. The combined technique using the ultrasonic dissec-
tor and the SLC has recently been validated by two different groups. Takatsuki

Fig. 9.11 Two-surgeon technique for hepatic parenchymal transection. Using the ultrasonic
dissection device, the primary surgeon directs the dissection from the patient’s left side.
Simultaneously, the secondary surgeon operates the saline-linked cautery device from the patient’s
right side. Traction on 4-0 polypropylene stay sutures is used to expose the deepening transection
plane (From [66], used with permission)



126 D. Zorzi et al.

et al. [67] analyzed outcomes in living donor hepatectomy. The authors found a
statistically significant lower level of blood loss and donors complications when
the two-surgeon technique was used. In a randomized controlled trial, El Moghazy
et al. [68] demonstrated a lower blood loss and a faster parenchymal transection
time in the group randomized to ultrasonic dissector and saline-linked cautery com-
pared to ultrasonic dissector and bipolar cautery in living donor hepatectomy. This
is of utmost importance since a faster parenchymal phase may reduce the time of
the Pringle maneuver and of ischemic injury of the liver. In addition a recent study
reported the level of intraoperative blood loss during resection of HCC to be an
independent predictor of overall survival, disease-specific survival, and disease-free
survival [69], hence a decreased intraoperative blood loss during HCC resection
using the two-surgeon technique may improve oncologic outcome.

Drainage

Drains have not been shown to be beneficial after hepatic resection for HCC. In a
meta-analysis of three randomized controlled trials, the incidence of postoperative
biloma was approximately 5% and either equal or even higher in drained patients
compared with not drained patients [70]. In one of these trials, which only included
patients with chronic liver disease, drainage after resection was an independent pre-
dictor of postoperative complications [71]. Drains also failed to detect significant
postoperative complications such as bile leak and hemorrhage that needed surgical
or radiologic interventions.

Outcome After Resection

Morbidity and Mortality

Improvements in patient selection and surgical technique have resulted in a remark-
able decrease in perioperative mortality rates. A large, multicenter review from the
1970s by Foster and Berman reported a perioperative mortality of 21% for major
hepatectomy and 58% for patients with cirrhosis [72]. Currently, the mortality rate
is approximately 5% with some centers approaching close to zero mortality [22,
29, 73]. Refinements are multifactorial and include surgical technique, anesthesia
management, perioperative care, and the establishment of high-volume referral
centers specializing in hepatobiliary surgery.

Morbidity rates range from 25 to 50% in recent large series [4, 5, 9–11]. In addi-
tion to complications associated with all major surgery, posthepatectomy specific
complications include right pleural effusion, subphrenic abscess, bleeding, biliary
leak/fistula, ascites, and hepatic insufficiency. Blood loss and the need for trans-
fusion have clearly been shown to increase morbidity and mortality [74, 75]. In
a review of extended hepatectomies for HCC, multivariate analysis identified the
Pringle maneuver and blood transfusion as risk factors for morbidity with comorbid
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illness and blood transfusion as independent risk factors for death [11]. The risk
of morbidity with Pringle maneuver was primarily for minor complications such as
ascites/effusion and mainly in those patients with clamping time exceeding 80 min.

Long-Term Outcome

During the past two to three decades, survival after hepatic resection has markedly
improved over earlier results, likely due to early diagnosis in high-risk patients
screened with AFP and ultrasound, improved patient selection, and surgical man-
agement. Large series have reported 30–50% 5-year overall survival rates following
curative resection [69, 76–78].

The main cause of treatment failure is tumor recurrence. Indeed, cumulative
5-year recurrence rates of 70–100% have been reported after hepatic resection.
Recurrence occurs in the liver remnant in about 80–90% [78, 79] of cases, as a
result of vascular invasion leading to microsatellite tumors within the liver, i.e.,
intrahepatic metastases (early recurrence), or second primaries in the remnant liver
associated with field effect from hepatitis and cirrhosis (late recurrence).

Though surgical resection of intrahepatic tumor recurrence is a demanding proce-
dure because of reduced hepatic parenchyma and a more hostile environment, repeat
hepatectomy has been proven to be safe and worthwhile [80–85]. About 10–31% of
the patients with intrahepatic recurrence can be treated with a second hepatectomy.
Utilizing the same selection criteria as for primary resection, three clinicopatho-
logic variables were found to be independent prognostic factors: absence of portal
invasion at the second resection, single HCC at the primary hepatectomy, and a
disease-free interval of at least 1 year after the primary hepatectomy [86]. In a series
of 67 patients, the overall 5-year survival after a repeat hepatectomy was 56% – a
rate comparable to those reported in many series of initial resection [85]. Aggressive
nonsurgical treatment with ethanol injection, radiofrequency ablation, and transar-
terial chemoembolization may yield favorable results in patients not suitable for
repeat resection.

The prognosis after potentially curative therapy depends on tumor-related factors
and underlying liver disease. Thus, clinical and pathologic predictors of survival
have been extensively investigated. For example, in a stepwise analysis approach
on 5,800 patients, the Liver Cancer Study Group of Japan established portal
involvement as the predominant prognostic factor, followed by number of tumor
nodules, AFP level, tumor size, cirrhosis, age, and surgical curability (as defined by
resection margin, stage, and absence of remaining macroscopic tumor) [87].

Resection Prior to Liver Transplantation

For those patients whose poor underlying liver function and tumor number or loca-
tion preclude traditional hepatic resection, total hepatectomy with orthotopic liver
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transplantation (OLT) has been advocated. Initial series of OLT for HCC reported
poor results, with tumor recurrence in up to 75% of patients. Bismuth et al. were the
first to show that in the early era of liver transplantation, the surgical strategy for the
treatment of hepatocellular carcinoma in cirrhosis had followed a misconception in
selecting patients suffering from advanced, unresectable cancers as transplant candi-
dates [88]. Currently, those patients suffering from HCC and cirrhosis with three or
less tumor nodules up to 3 cm in maximum diameter or a single tumor not exceeding
5 cm and no signs of vascular invasion are considered for transplantation (Milano
criteria) [6]. OLT based on these Milan criteria have been shown to provide very
good disease-free survival, so that it is considered to be the optimal treatment of
small HCC, especially in patients with underlying chronic liver disease [7, 89]. The
evidence that OLT should be the preferred treatment choice for these patients has
increased the demand resulting in longer waiting list in the face of a relative shortage
of available donors. During long waiting times, some patients suffer progression of
disease such that they can never benefit from OLT. Bridge treatments to halt or delay
tumor progression during the waiting period for OLT include also liver resection
[90–94]. Poon et al. noted that 80% of patients who recur after primary resection for
HCC remain eligible for OLT [90]. Thus a new strategy was proposed for patients
with preserved liver function and HCC: hepatic resection prior to “salvage” or sec-
ondary OLT. The major drawbacks of this concept of primary liver resection prior to
transplantation could be the increase technical difficulty during OLT procedure and
the risk of impaired posttransplant survival. Belghiti et al. showed that in selected
patients with cirrhosis and resectable HCC perioperative and postoperative course
of OLT following liver resection did not differ in terms of operative time, blood
loss, morbidity and mortality compared to upfront OLT. Also, long-term survival
after liver resection prior to OLT was not different compared to upfront OLT [95].

Fibrolamellar Variant of HCC

Fibrolamellar carcinoma (FLHCC) is a distinct clinical variant of HCC. This hepatic
tumor usually occurs in young patients, most commonly within the second and third
decades of life with no gender predominance. There seems to be a preponderance of
FLHCC in American Caucasians, with few cases reported in Asian populations.
The incidence of FLHCC has been reported at 6–23% of western patients with
HCC. Pathologically, FLHCC typically consists of well-circumscribed, large soli-
tary lesions with a central scar. Unlike classic HCC, cirrhosis is not a common
component of the hepatic disease in patients with FLHCC. In addition, hepatitis
infection is uncommon and serum alpha-fetoprotein levels are usually within normal
limits. Abdominal computed tomography (CT) and magnetic resonance imaging
(MRI) often demonstrate a heterogeneous mass with a central scar that is similar to
those seen in cases of focal nodular hyperplasia (FNH). Central calcifications within
the mass have been used to distinguish FLHCC from FNH, but this is not specific.

Conflicting data exist regarding whether patients with fibrolamellar carcinoma
have a better survival when compared to patients with classic HCC. In a series
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published from Memorial Sloan-Kettering Cancer Center, resected patients with
FLHCC did not have an improved long-term survival compared to classic HCC,
although there were too few patients with FLHCC to make meaningful conclu-
sions [96]. These survival data were similar to those published by Nagorney et al.
[97] who found no survival advantage for FLHCC over classic HCC without cir-
rhosis. They noted, however, a higher resection rate for patients with FLHCC. In
contrast, Soreide et al. reported a 56% 5-year survival and a 58% resectability rate
for patients with FLHCC [98]. In a large review of the literature, Okuda noted a
95% resectability rate and improved survival for patients with FLHCC as compared
to HCC patients [99]. Tumor stage has a profound influence on survival as demon-
strated by Hemming et al., with stage II FLHCC patients experiencing extended
survival times as compared to patients with stage III disease [100]. Ringe et al.
observed the number of hepatic lesions and the presence of nodal disease to be
significant variables in predicting survival in resected patients [101]. Survival times
are longer in patients with recurrences of FLHCC following resection when com-
pared to recurrences of classic HCC. In addition, patients with recurrent FLHCC
following resection have been reported to have prolonged survival following
re-excision of a local recurrence. Unlike HCC, patients with FLHCC are more likely
to have solitary tumors, thus potentially increasing the resection rate. The rate of
metastases, both nodal and distant, has been reported up to 30% at the time of diag-
nosis. Indeed, the rate of lymph node positivity is quite high in FLHCC, raising the
question of en bloc lymphadenectomy at the time of the primary surgery. To date, no
one has reported data to adequately answer this question. Patients with unresectable
metastatic FLHCC have been reported to have a median survival of 14 months,
double that for matched-for-stage HCC patients.

Controversy exists as to whether resection or transplantation for FLHCC pro-
vides superior survival. One study from the UK noted a 3-year survival of 100%
for patients treated with major liver resection versus 76% 3-year survival follow-
ing hepatic transplantation for FLHCC (P < 0.025) [102]. These data are similar
to data published from Pittsburgh. Pinna et al. [103] documented superior survival
for FLHCC patients treated with resection as compared to transplanted patients.
Additionally, the survival gap at 5 years was 44%, with 75% of resected patients
alive versus 36% of transplant recipients. Further evidence of the apparent superior-
ity of hepatic resection compared to transplantation in patients with FLHCC came
from Germany, where resected patients had a median survival of 44.5 months versus
28.5 months for transplantation. In a review of the literature on transplantation for
HCC, Neuhaus et al. concluded that transplantation is not appropriate for FLHCC
without cirrhosis [104].

The potential neoadjuvant role for continuous infusion fluorouracil and subcuta-
neous interferon alpha-2b has been suggested based on a phase II trial conducted at
the M.D. Anderson Cancer Center [105]. There was a 62.5% response rate follow-
ing chemotherapy seen in patients with FLHCC as compared to a 14% response rate
in patients with HCC. This suggests that in patients with advanced stage FLHCC,
downstaging with chemotherapy should be considered to increase the resectability
rate, although further trials are necessary.
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Chapter 10
Ultrasound-Guided Liver Resection
for Hepatocellular Carcinoma

Guido Torzilli

Keywords Hepatic surgery · Ultrasound-guided percutaneous therapies · Liver
resection · Contrast-enhanced Ultrasonography performed intraoperatively

Introduction

Hepatic surgery performed without a parenchyma-sparing policy carries relevant
risks for patients’ survival due to the not negligible occurrence of postoperative liver
failure. In particular, the coexistence of liver cirrhosis in most cases of hepatocellu-
lar carcinoma (HCC) has a considerable adverse effect on the surgical results. As a
matter of fact, recent series are still associated with mortality rates above 5%, which
is not negligible [1]. For this reason and for the broadening of ultrasound-guided
percutaneous therapies [2], the role of surgical treatment of HCC as the first-choice
treatment is now reserved only for patients with normal bilirubin level, no signs of
portal hypertension, and moreover carriers of single small HCC [3]. Imaging tech-
niques also have been introduced as aids for surgeons in performing liver resection.
In fact, since the early 1980s, intraoperative ultrasonography (IOUS) has been used
to guide hepatic surgery in patients with liver cirrhosis [4]. Now, liver resections
can be carried out with no mortality, even if cirrhosis is associated, combining the
needs for oncological radicality and liver parenchyma sparing. This goal is mainly
achievable because of IOUS [5, 6]. Recently, the demonstration of the feasibility
and efficacy of contrast-enhanced ultrasonography performed intraoperatively (CE-
IOUS) has further stressed the relevance of IOUS guidance during liver surgery
[7, 8]. In this chapter, technical aspects of IOUS and the impact of this tool during
surgery for HCC for both staging and resection guidance are discussed.
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Technical Aspects

For a proper IOUS, high-frequency echoprobes (7.5–10 MHz) are necessary and
should have a flat shape to allow their management in deep and narrow spaces.
For this purpose, T-shaped probes, interdigital probes, and microconvex probes are
available. Main factors for probe selection are its volume, its stability, and the wide-
ness of the ultrasonographic scanning window: the best probe should be small, thin
in width, and short in transverse length, stable, and with a wide ultrasonographic
scanning window. In this sense the microconvex probe represents the best compro-
mise among all these requirements. Indeed, the T-shaped probe is more stable but
has a lower ratio between lateral length and ultrasonographic scanning window than
the microconvex one. Linear transducers with enlarged scanning windows are also
available now: in the future this solution may combine stability with larger scanning
windows (Fig. 10.1).

For CEIOUS, we use a convex 3–6 MHz frequency and 1.88–3.76 MHz har-
monic frequency transducer from Aloka (Aloka Co., Tokyo, Japan). Once CEIOUS
is needed, 4.8 mL sulphur-hexafluoride microbubbles (SonoVue R©, Bracco Imaging,
Italy) is injected intravenously through a peripheral vein by the anesthesiologist.
For HCC, CEIOUS is used for characterizing the new lesions eventually detected

Fig. 10.1 The scanning area of this IOUS image is trapezoidal with a flat upper part that rep-
resents the contact area between the probe and the liver and a scanning window which enlarges
as it gets deeper. It is also evident, how at IOUS, the portal vein (PV) and the hepatic vein (HV)
have different thicknesses of their walls: in particular the wall of the portal branch is thicker, as
commonly happens
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at IOUS [7]: the rationale is to check the vascular pattern during contrast enhance-
ment of each new lesion. Because in the case of HCC it is very important to identify
the arterial vascularization, which lasts from 20–30 sec, each nodule has to be care-
fully evaluated and this demands multiple injections in the presence of multiple
nodules. This may no longer be a necessity once the new hepato-specific contrast
agents become commercially available for clinical use (for the moment available
only in Japan): indeed, behaving as the hepato-specific contrast medium used in
magnetic resonance does, they could provide new criteria for nodule differentiation.
Furthermore, the contrast enhancement remains visible from several minutes to even
hours after injection, thus CEIOUS should gain that panoramicity and reduce the
need for reinjections. These features make their use extremely promising and begin
further scenarios for the application of CEIOUS in patients who undergo surgery
for HCC.

Ultrasound Liver Anatomy

A background of perfect knowledge of the liver anatomy surgically and ultrasono-
graphically is needed in order to perform IOUS properly. For surgical anatomy,
Brisbane Terminology is considered here [9]. After entering into the abdominal cav-
ity, liver mobilization dividing the round and falciform ligaments, and division of
eventual adhesions to free the antero-superior and inferior surfaces of the liver are
the steps that should precede the liver exploration with IOUS. Of course, adhesions
with other organs or structures should not be divided in the event there is the possi-
bility that they are expressions of tumor infiltration: in this eventuality, IOUS could
be helpful for ruling out or confirming the tumor invasion and then changing the
surgical strategy accordingly.

By pulling the round ligament, the liver surface is widely exposed and following
the portal branches and the hepatic veins, the liver can be studied in its entirety.
The probe should be managed using enough pressure to ensure good contact with
the liver surface but not to compress the intrahepatic vascular structures and in par-
ticular the hepatic vein. The three main hepatic veins are readily identified at their
junction with the inferior vena cava (IVC) positioning the probe at this level and
tilting it upward once the confluence of the hepatic veins into the IVC is recog-
nized. Then gently withdrawing the probe, the hepatic vein paths can be traced into
the liver. Hepatic veins appear as echofree zones into the liver parenchyma with the
vessel wall which appears as a thin hyperechogenic line (Fig. 10.1): hepatic vein
wall thickness can be larger in the cirrhotic liver and its lumen thinner in function
of the hard stiffness of the organ.

The portal vein branches can be followed first positioning the probe horizontally
above the segment 4 inferior to visualize the first-order bifurcation and then first-,
second-, and third-order portal branches can be followed with the probe. Because of
the existence of the Glisson’s capsule, the portal pedicles, which run together with
the arteries and the bile ducts, have thicker vessel walls compared with the hepatic
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vein and for this reason they appear at IOUS as echofree zones surrounded by a
thicker hyperechogenic layer (Fig. 10.1); furthermore, other parallel thinner vascu-
lar structures are visible, namely the arteries and bile ducts of the Glissonian triad.
However, in principle, distinction between hepatic veins and portal branches should
be based not only on their appearance but mainly on their anatomy: indeed in the cir-
rhotic liver, as already mentioned, the vessel wall of the hepatic vein could be thicker
and not immediately differentiable from a peripheral portal branch. Following the
portal pedicles at the sectional, segmental, and subsegmental levels and positioning
it in relation to the hepatic vein it is possible to precisely define the location of the
IOUS target in terms of sections and segments.

The appearance of bile ducts at IOUS is worthwhile mentioning because of their
peculiarity. Indeed, normally they result as thin echofree zones in the Glissonian
triad. Once dilated they appear more evidently as echofree zones and with a serpig-
inous path pattern. The element that is difficult to recognize in the IOUS study of
the bile ducts is their segmental anatomy. Indeed, bifurcation of sectional and seg-
mental ducts is closer to the hilum compared with the portal branches and for that
it is possible with one scan to visualize more than a segmental bile duct. If this fact
is not considered it could be more difficult to address which part of the liver is not
well drained. Conversely, if recognized, IOUS could allow the exact definition of
the bile duct anatomy both in normal and pathological conditions.

Indications

The use of IOUS in liver resections can be schematically divided into three princi-
pal phases: the liver exploration for the staging of the disease, the planning of the
surgical strategy, and the guidance of the surgical maneuvers.

Liver Exploration

The hard and irregular surface of a cirrhotic liver makes the detection of small
nodules by palpation difficult; IOUS allows the detection of new lesions in around
30% of cases [10]. However, most of the nodules detected by IOUS in the cirrhotic
liver are not really tumors: in this way, IOUS introduces the risk of overestimat-
ing the tumor stage. Indeed, except for those nodules with mosaic ultrasonographic
pattern (Fig. 10.2a) that are malignant in 84% of cases, only 24–30% of hypoe-
chogenic (dark) nodules (Fig. 10.2b), and 0–18% of those hyperechogenic (bright)
(Fig. 10.2c) are neoplasm [10, 11]. To overcome this problem even biopsy seems
inadequate. The only nodule that can be easily differentiated intraoperatively from
a HCC or liver metastases is the small hemangioma which is often discovered
primarily at IOUS; it has a typical ultrasonographic pattern, and moreover when
compressed changes its size and appearance. Therefore, the problem of the dif-
ferentiation of the lesions depicted at IOUS exploration becomes crucial. Further
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Fig. 10.2 (a) A mosaic pattern lesion at IOUS (arrows); (b) a hypoechogenic lesion at IOUS
(arrows); (c) a hyperechogenic lesion at IOUS (arrows)

improvement in differential diagnosis of liver nodules with IOUS may be expected
with the introduction and diffusion of the intraoperative use of the last-generation
contrast agents.

Contrast-Enhanced Intraoperative Ultrasonography

More recently the introduction of CE-IOUS has set the rate for modified operative
decision making on 30–40% of cases [7, 8]. Tumor vascularity as a criterion for
differentiating the regenerative or dysplastic nodules from the HCC correlates well
with the histological evidence of a progressive increase in unpaired arteries from
dysplastic to neoplastic nodules in a cirrhotic liver [12]. Certainly, the pattern of
vascular enhancement is insufficient for differentiating malignant from nonmalig-
nant nodules in a cirrhotic liver with 100% specificity. However, CE-US provides
differential diagnosis of FLL with a 95% specificity rate [13]; of course, it must
be considered that this last rate referred to another type of lesion when compared
to the CEIOUS target. Indeed, the intraoperative exploration takes advantage of
the higher resolution of the ultrasonography done in direct contact with the liver.
Therefore, the need for differentiating nodules detected at IOUS is mostly focused
on lesions smaller than 1 cm: for these nodules the vascularity as the criterion
for differential diagnosis is less specific. However, some improvements compared
with conventional IOUS could be expected. For this reason, in the early 1990s
attempts were made to use CE-IOUS with carbon dioxide as the contrast mate-
rial for IOUS, however, the need for arterial catheterization made this technique too
invasive [14].

In our preliminary experience CE-IOUS provided remarkable findings, either
by adding information on nodular vascularity in patients with HCC, or by detect-
ing nodules that were not visible at IOUS, in patients with colorectal cancer liver
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metastases [8]. Focusing attention on patients operated on for HCC specificity
of CEIOUS is around 69% [7]. This value is probably not that high espe-
cially when compared with that reported for CE-US [13]. However, as we men-
tioned before, the small size of the lesions targeted for CEIOUS study could
explain this discrepancy: for these tiny nodules the neovascularity as criterion
for differentiation between malignant and benign lesions has limits indepen-
dent from the method we use for studying them. Therefore, CEIOUS can be
helpful in a certain percentage of nodules but not in all: in this perspective
the rate of 69% of specificity is encouraging as it means that we can pro-
vide proper information with this new technique in seven out of ten lesions we
detect at the time of laparotomy. For the remaining three, even histology may
be lacking as we know that there is no common agreement among Western
and Eastern pathologists on the definition of early HCC and dysplastic lesions
[12, 15]. A new perspective in this sense will certainly be provided by a more exten-
sive use of the new contrast agent, at the moment only clinically available in Japan
[16]. This agent, having a Kupffer phase adds a further criterion for differentiat-
ing those nodules detected at IOUS, and for disclosing others eventually missed at
IOUS; in this sense this new contrast agent mimics the contrast agents used with
magnetic resonance.

In practice, at CEIOUS we can follow in real-time the enhancement of the liver
parenchyma with vessels appearing hyperechogenic instead of the echofree pattern
at the unenhanced US. Any lesion with a pathological behavior appearing as hypoe-
chogenic with or without inner vessels and with or without an arterial phase in
which it is enhanced prior to the remaining liver parenchyma is removed (Fig. 10.3).
Those lesions that disappear once the contrast enhances the liver are not considered
neoplastic, and thus are not removed.

Fig. 10.3 (a) At IOUS a small hyperechogenic nodule is found (arrows) close to the middle hep-
atic vein (MHV) and the segment 8 main portal branch (P8); (b) at CE-IOUS, the black hole
(arrows) of that nodule in the late phase is evident showing a pathological pattern
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Planning of the Surgical Strategy

IOUS exploration of the liver could have a great impact on the surgical strategy;
however, more recently the impact of IOUS on operative decision making, when
compared with those of preoperative imaging techniques, is reported to be just
around 4–7% [17, 18]. The problem of the impact of IOUS on the operative decision
making depends on two main factors: the surgical policy of each specific team and
the type of tumor. Indeed, the relatively low rates reported [17, 18] are also partially
motivated by the surgeon’s surgical policy: in fact, because a considerable num-
ber of patients undergo major hepatectomies, new nodules detected by IOUS in the
same hemiliver would not have modified the surgical strategy. Recently, it has been
shown how major hepatectomies are carried out in the minority of patients [5, 6]
just because of the extensive use of the IOUS guidance for achieving parenchymal-
sparing resections, so that detection of new nodules is more suitable for changing
the surgical strategy. IOUS allows an accurate three-dimensional reconstruction of
the relationship among the tumor, the portal branches, and hepatic veins; this is a
fundamental step in the definition of the proper surgical strategy. Indeed, surgical
decision making should be obtained having portal branches and hepatic veins as
landmarks to reduce the risk of major morbidity and mortality.

Definition of the tumor–vessels relationship is relevant for planning the type of
resection, and based on that, specific and original operations can be performed [5, 6].
IOUS easily allows the surgeon to recognize if an HCC is separated by some normal
parenchyma from the vessel, if it is in contact with the vessel without invading its
wall (Fig. 10.4), or conversely if the HCC is invading the vessel wall, is determining
the proximal bile duct dilation, or if it is associated with a tumor thrombus.

Extension of the hepatectomy is always considered for the parenchyma fed by
infiltrated portal branch at IOUS [5]: vein Glissonian triad invasion is considered in
the presence of portal or biliary tumor thrombus, in the absence of vessel wall visu-
alization, or in the case of HCC in contact with the Glissonian triad with proximal
bile duct dilation. Inversely, in the case of infiltration of a hepatic vein, an extension
of the resection to the whole liver parenchyma theoretically drained by this vein is
considered only if one of the following ultrasonographic signs is missing:

• Presence of accessory hepatic veins at IOUS
• Color-Doppler IOUS showing hepatopetal blood flow in the feeding portal branch

once the hepatic vein is clamped [7] by means of encirclement more simply by
vein compression at its extrahepatic route using the fingertip as described later

• Communicating veins connecting adjacent hepatic veins (Fig. 10.5)

Adopting these criteria we have been able to minimize the rate of major hep-
atectomy and to devise new procedures. One of them is the Systematic Extended
Right Posterior Sectionectomy (SERPS) as an alternative to right hemihepatectomy
[19]. Another new procedure that can be accomplished adopting the aforementioned
criteria is the so-called minimesohepatectomy [20]. This last represents an alterna-
tive to the conventional mesohepatectomy in the case of tumors invading the middle
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Fig. 10.4 This patient was a
carrier of a HCC in contact
(arrows) with the right
hepatic vein (RHV), which
maintains intact its wall
represented by an
hyperechogenic layer. P6–7
= portal branch to segments 6
and 7

Fig. 10.5 Arrows indicate a thin communicating vein connecting the right hepatic vein (RHV)
(a) with the middle hepatic vein (MHV) (b). This vein has been disclosed compressing the RHV
(a): the latter has no flow (color) inside whereas flow directed from RHV to MHV (red color means
upward, towards the probe, direction of the flow) is shown in the communicating vein (a,b), and
flow directed toward the inferior vena cava (blue color means downward, opposite to the probe,
direction of the flow) is shown inside the MHV (b). P8 = portal branch to segment 8
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hepatic vein at its caval confluence, and consists in a limited resection including the
tract of the invaded vein without its reconstruction.

Resection Guidance

Systematic Segmentectomy

In a cirrhotic patient, the liver volume to be resected must be determined with partic-
ular care with the purpose of associating surgical radicality and noncancerous liver
parenchyma sparing. Liver function tests and liver volumetry on CT scans help in
this decision. Tumor dissemination from the main lesion through the portal branches
cannot be detected with certainty by the pre- and intraoperative imaging modalities
[21]. Consequently, some authors consider that the resected specimen should com-
prise at least the portal area, which includes the lesion [21]. This last is impossible
to be correctly identified without the aid of IOUS, especially in a cirrhotic liver
where there are generally wide variations and abnormalities in the distributions of
the portal branches. For this purpose systematic segmentectomy was devised in the
early 1980s [4], and we have recent alternatives to this approach.

Compression of the Portal Branch

Initially used for tumors located in the left hemiliver [22], recently we have success-
fully extended the application of this technique to any segmental location [23], and
even to a sectional portion of the liver [24]. Once the feeding portal branch has been
identified at IOUS, it is compressed using the IOUS probe at one side of the liver
and the finger at the opposite side (Fig. 10.6a–c): in this way it is possible to induce
a transient ischemia of the portion of the liver distal to the compression site. This
portion can be marked with the electrocautery, the compression released, and the
resection carried out. This technique is simple, fast, noninvasive, and reversible: the
possibility to modify the site of compression and then the resection volume allows us

Fig. 10.6 (a) The portal branch to segment 7 (P7) is visualized at IOUS on the left and the sur-
geon’s finger is positioned (F), and P7 is compressed on the right (arrow); (b) the hepatic ischemic
area generated by compression with the surgeon’s finger and probe (P), which corresponds to the
area to be resected is well evident on the liver surface (arrows); (c) the cut surface at the end of the
segment 7 segmentectomy
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to size the resection in the function of the tumor features and the status of the back-
ground liver. Furthermore, the compression can be used in a countercompression
perspective [23, 24], borrowing the philosophy proposed by Takayama et al. of
defining the adjacent segmental margins to disclose those of the targeted segment
which was applied by the author for segment 1 resection using the portal branch
puncture technique [25]. Indeed for segments such as 8 and 4 superior for which the
direct compression of the feeding portal branch could be infeasible, compressing
the adjacent segmental branch allows the definition of their segmental margins [23].
Similarly, this technique can be applied to disclose the margin of the right anterior
section of the liver by compressing the Glissonian pedicles to the right posterior
section and to the left hemiliver, respectively [24]. For this last it avoids the need
of portal pedicle dissection or blunt encirclement resulting in a simpler, safer, and
equally anatomical procedure [26–28].

Hooking of the Portal Branch

The segmental portal branches to segment 4 are generally divided in two groups,
those for the superior and those for the inferior portion, but the most common
branching pattern can be recognized in just half the cases [29]. These branches
rather than being punctured, under IOUS guidance can be approached dissecting the
umbilical portion: once exposed the vessel can be encircled with a suture and pulled
under IOUS control to verify if it is the branch to segment 4 inferior or not. Then
the proper portal branch can be ligated and divided and the discolored area that will
appear on the liver surface should correspond to the segment 4 inferior which can be
marked with the electrocautery to proceed with the liver dissection; this is a peculiar
application of the so-called hooking technique [30]. Furthermore, the subsegment
4 superior could be resected just clamping the portal branch to the subsegment
4 inferior, as it is identified with the just-described hooking technique; the discol-
ored subsegment 4 inferior caudally, the plan at IOUS which includes the middle
hepatic vein laterally, and that marked by the falciform ligament medially, delimit
the area to be resected.

Limited Resection

The anatomical versus nonanatomical surgical approach for HCC is still a controver-
sial issue [21, 31–36], inasmuch as there are no really randomized studies comparing
the two different operations. However, recent reports seem to confirm adequacy in
terms of oncological radicality of limited resections for HCC once IOUS is exten-
sively used [5, 6, 31, 36]. The IOUS-guided limited resection is simpler than the
systematic segmentectomy because there is no need for identifying the area of the
liver fed by the portal branch to be ligated, although nowadays, with the compres-
sion technique, there could be no more need for puncturing the portal branches or
dissecting the pedicles. Indeed, for limited resection, once the tumor is identified,
the surgeon under IOUS control can mark with the electrocautery the border of the
lesion and that of the area to be removed on the surface of the liver. To carry out
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this maneuver the flat and thin tip of the electrocautery is positioned between the
probe and the liver surface: this maneuver results in a shadow at the IOUS image
which runs deeply just below the electrocautery. In this way it is possible to define
the position of the electrocautery with the tumor edge and consequently to mark
with the electrocautery itself the nodule profile on the liver surface and select the
safer edge for the incision. Furthermore, the adequacy of the marked edge can be
checked with IOUS as the air trapped between the probe and the irregular surface
of the demarcation line drawn with the electrocautery on the liver surface can be
visualized at IOUS.

Another way to draw precisely on the liver surface with the aid of IOUS the tumor
edge is carried out using the fingertips. With the probe positioned on the liver surface
the surgeon’s fingertip pushes on the opposite side and its profile is visualized at
IOUS: as a consequence the relation between the fingertip and the tumor edge can
be precisely estimated and the resection area can be marked on the liver surface.

The main target to be obtained once the resection area is drawn on the liver
surface is that of achieving at the end of the dissection the flattest and most regular
cut surface.

Liver Parenchyma Dissection

The main advantage provided by the resection guidance accomplished with the aid
of IOUS is the modification of the traditional way to dissect the liver tissue, which
was done on vertical planes to avoid tumor exposure on the cut surface. IOUS allows
to follow in real-time the dissection plane, to put it constantly in relation to the tumor
edge, and then to modify its direction when needed. This is because it is possible
to visualize on the IOUS image the dissection plane which appears as an echogenic
line due to the entrapment of air bubbles and clots between the faced cut surfaces
(Fig. 10.7). If the dissection plane is not clearly visible, it can be better visualized
inserting a gauze or a specifically devised silicon gauze between the faced cut sur-
faces. These techniques allow the surgeon to keep the proper dissection plane: an
early recognition of a wrong dissection plane permits to modify it properly, and to
avoid a possible tumor exposure. In this way it is possible to carry out a rounded tra-
jectory of the dissection plane around the tumor avoiding its exposure, and allowing
to spare important vascular structures; this results in more conservative but radical
treatments and in a lower rate of major hepatectomies.

The artifacts which allow to show the dissection plan at IOUS could some-
times mask structures such as portal branches that should be ligated or conversely
respected. For this reason, to better visualize the targeted point where the portal
branch should be divided, the so-called hooking technique has been devised [30].
When the Glissonian sheath is exposed and skeletonized, it is encircled with a stitch,
which is visualized by IOUS as an echogenic spot with a posterior shadow. Then
under sonographic control, the stitch, hooking the exposed vessel, is gently pulled
up, which stretches the portal branch slightly and the traction point is shown clearly
by IOUS. If the exposed portal branch is not clearly visible because it has collapsed,
the portal triad is unclamped to enable it to fill with blood and then it is better
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Fig. 10.7 The dissection line
(DL) can be well visualized
(arrows) at IOUS, and it runs
towards the tumor (T)

visualized by IOUS. If the target site is correct, the portal branch is ligated and
divided and segmentectomy is completed under IOUS guidance; conversely, if the
exposed vessel was not the targeted one, it is spared and useless sacrifice of further
liver parenchyma is avoided.

A practical example in which the hooking technique is used is during ventral or
dorsal subsegmentectomy of segment 8. The portal trunk to this segment may show
bifurcation in its dorsal branch and ventral trunk just close to the origin of the portal
vessel to segment 5. In this situation, there is the risk of ligating and dividing the
portal branch of segment 5 instead of the planned subsegmental branch of segment
8 and then, necrosis of segment 5 may occur. The hooking technique under IOUS
control enables the identification of the branch, which was encircled, and then the
surgeon can decide with certainty whether to ligate it. This technique is also useful
in the case of tumor thrombus in major portal branches. In this situation, once the
portal branch is skeletonized, it is encircled with a stitch and, under IOUS control,
the stitch is gently pulled up; this traction stretches the portal branch slightly and
the traction point is shown clearly by IOUS (Fig. 10.8). If the traction point is not at
the level of the tumor thrombus it is possible to ligate the portal branch and proceed
with the liver resection being sure that the thrombus will not migrate because of
surgical manipulation.

During liver dissection the backflow bleeding from the hepatic veins is an impor-
tant source of blood loss, and it is one of the most important factors in determining
the short- and long-term outcome for the patient. Therefore, limiting the backflow
bleeding from the hepatic veins is a priority in liver resections. An ultrasound-
guided technique for backflow bleeding control from the right hepatic vein (RHV)
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Fig. 10.8 On the left, the portal branch to segments 5 and 8 (P5–8) is occupied by a tumor throm-
bus (TT) approaching its origin; at this level P5–8 is encircled. On the right, traction is applied
(arrows) pulling up the stitch and at IOUS the level of the traction does not involve the tumor
thrombus; therefore, P5–8 can be safely ligated at that level. P6–7: portal branch to segments
6 and 7

during right-sided liver resection has been recently described [37]. The technique
is very simple and is now applied to every hepatic vein. Once the hepatocaval
confluence is exposed anteriorly, dissection proceeds until the right surface of the
extrahepatic RHV is exposed in case the RHV has to be controlled, the left surface
of the extrahepatic left hepatic vein (LHV) for the LHV itself, and the right-anterior
surface of the middle hepatic vein (MHV) for the MHV itself. The surgeon’s fin-
gertips compress the vessel at the exposed side, and the effectiveness of finger
compression is checked by IOUS, and color-Doppler.

Postresectional Control

There are two possibilities given by IOUS after nodule removal: one is the “water
bath” technique which consists in the real-time control of the proper resection of
the targeted nodule verifying its complete inclusion in the specimen just removed
from the liver [38]; the second is done checking the cut surface refilled with saline
to avoid the artifacts generated by the residual air bubbles and clots.

Major Hepatectomy

In those patients in which major resections are needed with removal of at least three
adjacent segments, IOUS allows us to better achieve the proper dissection plane,
which should run along the hepatic vein to be fully anatomic. Color-Doppler is a
useful aid in these patients because it helps verify the preserved vascular supply of
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the liver to be spared, before ligation of the vessels skeletonized at the hepatic hilum.
Furthermore, color-Doppler IOUS allows the proper positioning of the remaining
liver till the in- and outflow are proper in terms of velocity and waveform [39].

Conclusions

IOUS still remains the best method for staging liver involvement by the tumor, and
it has been discussed how new improvements are expected by adding the CEIOUS
with the aim of ameliorating the specificity of ultrasound exploration. IOUS is cer-
tainly the best method for the surgeon to understand the liver anatomy and the
relations between tumors and intrahepatic vessels. This information is crucial for
planning the resection and in this sense IOUS probably has the most important role
guiding the surgeon’s hand in real-time during the liver parenchyma dissection. The
aforementioned methods for performing an IOUS-guided resection guarantee when-
ever possible both anatomical and limited resection with a radical intent: this has
consequences for the effectiveness of the surgical treatment as well as for its safety.
Indeed, this kind of surgery allows radical surgical treatment of HCC without mor-
tality. Procedures that are not IOUS-guided lead to dangerous and useless major
resection or incomplete operations. Inversely, IOUS tumor-vessel classification and
the related surgical policy have proven that in selected patients it is possible to get
close to the tumor burden without increasing the risk of incomplete removal and,
consequently, of local recurrence [5, 6]. In practice this evidence means that with
IOUS guidance it is possible to perform conservative but radical hepatectomies also
in complex presentations, and then to enlarge the surgical indications. With this
approach the rate of major hepatectomies has been limited to up to 8% in patients
with tumors involving one or more hepatic veins close to their caval confluence,
without performing any vascular reconstruction [6]. These results not only under-
line how IOUS guidance allows otherwise infeasible operations but, just because
this approach reduces the rate of major hepatectomies, there can be discussion of
the real need for interventions such as preoperative portal vein embolization which
are adopted to secure the patient from liver failure after major removal of liver
parenchyma.

Nowadays, it can be affirmed that liver resection is an imaging-guided proce-
dure and as with every interventional imaging-guided procedure, its features are the
highest therapeutic efficacy combined with minimal invasiveness. With IOUS aid it
is nowadays possible to carry out surgical procedures comparatively safely, onco-
logically radical, and conservative for the liver function. Mostly because of that,
surgery can still be considered the treatment of choice for most liver tumors. For this
purpose, IOUS should be a familiar instrument for hepatic surgeons. The American
College of Surgeons has recently recognized the need for surgeons with specific
training in US, and similarly a School for Surgical Ultrasonography has been started
in Europe; meanwhile dedicated monographs have been published almost simul-
taneously in America and in Europe [40, 41]. The way for a wider diffusion of
ultrasound in the surgeon’s practice has been definitely opened.
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Chapter 11
Portal Vein Embolization Prior to Resection

David C. Madoff and Rony Avritscher
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With improvements in perioperative care, major hepatic resections are increas-
ingly being performed for primary and metastatic hepatobiliary neoplasia. Although
fatal hepatic failure and major technical complications are now rare after resection,
impaired synthetic function, fluid retention, and cholestasis still contribute to pro-
longed recovery time and extended hospital stay [1, 2]. Although there are many
potential contributing causes for perioperative hepatic failure, volume of the future
liver remnant (FLR) constitutes one of the most important risk factors. Patients con-
sidered at “high risk” for perioperative failure are those with chronic liver disease
in whom more than 60% of the functional liver mass will be removed or those with
normal underlying liver who undergo resection of more than 80% of their functional
liver mass [2–5].

Preoperative portal vein embolization (PVE) is a procedure used to reduce the
risk of extensive surgery in patients with small remnant livers [5–15]. PVE redirects
portal blood flow to the intended future liver remnant in an attempt to initiate hyper-
trophy of the non-embolized segments and has been shown to improve the functional
reserve of the FLR before surgery. In appropriately selected patients, PVE has also
been shown to reduce perioperative morbidity and allow for safe, potentially cura-
tive hepatectomy for patients previously considered ineligible for resection based on
anticipated small remnant livers [5–16]. For this reason, PVE is now performed at
many comprehensive hepatobiliary centers worldwide prior to major hepatectomy.

The clinical use of PVE is based on laboratory investigations first reported by
Rous and Larimore [17] in 1920. In their experiments, Rous and Larimore observed
the effects of segmental portal venous occlusion in rabbits and found hypertrophy
(i.e., enlargement) of the hepatic segments with patent portal veins and atrophy
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(i.e., shrinkage) of the hepatic segments with ligated portal veins. Clinical
researchers subsequently reported their results showing that portal vein or bile duct
occlusion resulting from tumor invasion or ligation leads to atrophy of the liver
to be resected (i.e., ipsilateral liver) and hypertrophy of liver to remain in situ
after resection (i.e., contralateral liver) [18–20]. In the 1980s, Kinoshita and col-
leagues [21] first described the use of PVE to limit the extension of segmental portal
tumor thrombi from hepatocellular carcinoma (HCC) for which transcatheter arte-
rial embolization (TAE) was ineffective. In 1990, Makuuchi and colleagues [10]
were first to report on the use of PVE solely as a method to prepare the contralateral
liver for major hepatectomy in 14 patients with hilar biliary tract cancer.

Since publication of these seminal articles, many investigators have stressed the
importance of PVE in their multidisciplinary management of patients with HCC,
cholangiocarcinoma, and liver metastases. Given this, extensive research efforts into
the mechanisms of liver regeneration, indications and contraindications for PVE,
methods of measuring the FLR before and after PVE, technical aspects of PVE,
and potential surgical strategies are ongoing and in continual evolution. This chap-
ter reviews the current indications for and technical aspects of PVE before hepatic
resection, with an emphasis on strategies to improve outcomes.

Mechanisms of Liver Regeneration

The liver’s ability to regenerate after injury or resection has long been known with
the earliest reference being from classical Greek literature, in Hesiod’s Theogony
(750–700 B.C.) [22]. However, the human liver’s regenerative capacity was not
scientifically documented until 1890 [23].

Despite its sizeable metabolic burden, the liver is basically an inactive organ
in terms of hepatocyte replication, with only 0.0012–0.01% of hepatocytes under-
going mitosis at any time [22, 24, 25]. However, this low rate of cell turnover
in healthy liver can be altered by substantial toxic damage or surgical resection,
which stimulates sudden, massive hepatocyte proliferation resulting in recovery of
the functional liver mass within 2 weeks after the loss of up to two-thirds of the
liver. This regenerative response is usually mediated by the proliferation of surviv-
ing hepatocytes within the acinar architecture of the remnant liver. After resection,
this response results in hypertrophy of the remnant liver rather than restoration of
the resected segments, a phenomenon that is appropriately termed “compensatory
hyperplasia” rather than true “regeneration” [25]. The term “hypertrophy” actu-
ally means an increase in cell size and may be misleading because the primary
mechanism of volume restitution after liver resection or embolization is more pre-
cisely termed “hyperplasia,” or increase in cell number [26–28]. However, studies
also suggest that both hypertrophy and hyperplasia aid in restoring functional hep-
atic volume [29–31]. Thus, the term “hypertrophy” after PVE or resection will be
used throughout this chapter since this is the term used throughout the published
literature.
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Most information about the molecular and cellular events during liver regen-
eration comes from studies of partial hepatectomy in animal models [22, 32]. In
short, the events that occur in hepatocytes result from growth factor stimulation
in response to injury. In regenerating liver, hepatocyte growth factor (HGF), trans-
forming growth factor-α (TGF-α), and epidermal growth factor (EGF) are important
stimuli for hepatocyte replication. HGF is the most potent mitogen for hepato-
cyte replication, and in combination with other mitogenic growth factors, such as
TGF-α and EGF, it can induce the production of cytokines, including tumor necro-
sis factor-α and interleukin-6, and activate immediate response genes that ready the
hepatocytes for cell cycle progression and regeneration. Insulin is synergistic with
HGF, resulting in slower regeneration rates seen in patients with diabetes [33, 34].
The extrahepatic factors are transported primarily from the gut to the liver via the
portal vein and not from the hepatic artery and are directed [9, 23, 35, 36].

Rate of Liver Regeneration

Hepatocyte regeneration occurs soon after partial hepatectomy, PVE, or liver injury.
Shortly after the stimulus, hepatocytes leave the dormant stage of the cell cycle and
undergo mitosis, with an initial peak of DNA synthesis occurring in the parenchy-
mal cells (e.g., hepatocytes and biliary epithelial cells) at 24 and 40 h after resection
in rat and mouse models, respectively [37]. In both species, non-parenchymal cells
exhibit a first peak of proliferation about 12 h after the parenchymal cells [38]. In
large animal models of regeneration after partial hepatectomy, DNA synthesis peaks
later, at 72–96 h in canines [39] and 7–10 days in primates [40]. Notably, the extent
of hepatocyte proliferation is directly proportional to the extent of insult (i.e., a
small liver injury will result in a mitotic reaction limited to only a small area, but
any insult greater than 10% will lead to proliferation of cells all over the liver) [41].
When more than half of the liver is resected, a second, less distinct rise of hepato-
cyte mitoses is observed. In rat and mouse models, this second rise is observed at
3–5 days; in larger-sized animals, this second rise occurs over the course of many
days. Studies performed in other injury models have hinted that comparable time-
lines for regeneration and cellular signaling are implicated in the regenerative
response. For example, examination of the regenerative response after PVE in swine
showed induction of hepatocyte proliferation at 2–7 days [42]. Replication peaked at
7 days, taking place in roughly 14% of hepatocytes, and then decreased to baseline
levels by day 12, a process similar to what is observed with PVE clinically. When
contrasted with replication after resection, the peak replication after PVE is delayed
about 3–4 days, implying that the stimulus of removing hepatocytes is superior to
the stimulus of apoptosis seen with PVE [26].

Also critical to the understanding of liver regeneration is the observation that
diseased (i.e., cirrhotic) liver has a reduced regenerative capacity when compared to
healthy liver [26]. This may be the result of the diminished capacity of hepatocytes
to react to hepatotropic factors or due to parenchymal damage such as fibrosis that
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leads to slower portal blood flow velocities [43]. Lee and colleagues [26] assessed
rats with normal or chemically induced cirrhotic livers and showed that the weight of
normal livers increased after 24 h, tripled after 7 days, and reached a plateau between
7 and 14 days, whereas the regeneration rate of the cirrhotic livers was delayed and
of a lesser degree. Findings in clinical studies have been similar. Non-cirrhotic livers
in humans regenerate quickest, at rates of 12–21 cm3/day at 2 weeks, 11 cm3/day
at 4 weeks, and 6 cm3/day at 32 days after PVE [34, 44]. The regeneration rates
are slower (9 cm3/day at 2 weeks) in patients with cirrhotic livers, with equivalent
rates found in diabetics [34, 45]. Kawarada et al. [46] reported that dogs subjected
to a 70% hepatectomy combined with a pancreatectomy had delayed recovery of
hepatic function and more limited regenerative capacity than dogs that underwent
hepatectomy alone. The reduction in hepatic regeneration was proportional to the
extent of the pancreatectomy.

Steatosis also appears to impair liver regeneration in animal models but regener-
ation may still occur after PVE [47]. Currently, however, the severity of clinically
significant steatosis is unknown. In laboratory animals, exposure to a high-fat diet
impairs liver regeneration after partial hepatectomy and is also associated with
increased hepatocellular injury (i.e., necrosis with severe steatosis [48] and apop-
tosis with mild steatosis [49]). Thus, a high-fat diet not only may limit liver
regeneration but may also increase the risk for hepatic injury and result in delayed
functional recovery after major hepatectomy [50].

Pathophysiology of Preoperative PVE

Makuuchi and colleagues [10] published the first experience using preoperative PVE
to induce left liver hypertrophy prior to right hepatectomy. Their rationale for per-
forming PVE in this situation was to lessen the sudden increase in portal pressure
at resection that can result in hepatocellular damage to the FLR, to dissociate por-
tal pressure-induced hepatocellular injury from the direct trauma to the FLR during
physical handling of the liver at the time of surgery, and to improve overall tolerance
to major resection by increasing hepatic mass before resection in order to reduce the
risk of postresection metabolic changes.

The justification for using PVE has also been based on data showing that
increases in FLR volume are associated with improved function as verified by
increases in biliary excretion [51, 52] and in technetium-99m-galactosyl human
serum albumin uptake [53] and by significant improvements in the postoperative
liver function tests after PVE compared with no PVE [3].

After PVE, changes in liver function tests are generally small and short-lived.
When transaminase levels rise, they typically reach their zenith at levels less than
three times baseline 1–3 days after PVE and return to baseline within 10 days,
regardless of the embolic agent used [10, 11, 34, 45, 54–56]. Minor alterations in
total serum bilirubin concentration and white blood cell count may be seen after
PVE, and prothrombin time is rarely affected.
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Unlike arterial embolization, the postembolization syndrome is not associated
with PVE [9]. This relative lack of symptomatology results from the histopatho-
logical basis of PVE; it produces no distortion of the hepatic anatomy, leads to
negligible inflammation except for immediately around the embolized vein, and lit-
tle, if any, parenchymal or tumor necrosis [10, 57]. Animal studies demonstrated
that hepatocytes undergo apoptosis and not necrosis after portal venous occlusion
[42, 58], which accounts for the relative lack of systemic symptoms after PVE.

Portal blood flow to the non-embolized hepatic segments measured by Doppler
sonography increases significantly and then falls to near-baseline values after
11 days. The resultant hypertrophy rates correlate with the portal blood flow rates
[9, 43].

FLR Volume Measurement and Predicting Function After PVE

Computed tomography (CT) with volumetry is an important tool to predict liver
function after resection of the tumor-bearing liver, and several methods have been
offered [14, 59, 60]. However, CT volumetry must be employed within the context
of the patient’s underlying liver function and should not be used as a “stand-alone”
value upon which resection will be solely based.

Three-dimensional CT volumetric measurements are obtained by demarcating
the hepatic segmental contours and calculating the volumes from the surface mea-
surements from each sequential image. Multiphasic contrast-enhanced CT must be
performed to best delineate the vascular landmarks of the segments [60]. This tech-
nique makes it possible to easily obtain an accurate and reproducible FLR volume
that can be calculated within minutes of imaging and with a margin of error <5%
[61, 62]. The FLR can then be standardized to the total liver volume (TLV) to
determine the %TLV that will need to remain after resection.

Although measurement of the TLV is possible with CT, direct TLV measure-
ments may not be appropriate for surgical planning for many reasons. First, in
patients with considerable tumor burden, the TLV is changed, and attempts to deduct
tumor volume from the TLV require additional time to calculate, especially when
multiple tumors are present, and this may lead to additive mathematical errors in
volume calculation (TLV minus tumor volume) [7, 63]. Furthermore, this approach
does not account for the actual functional liver mass when chronic liver disease,
vascular obstruction, or biliary dilatation is present within the liver to be resected.
Patients with cirrhosis frequently have enlarged or shrunken livers such that the
measured TLV may not be useful as an index to which FLR volume is standardized,
leading various researchers to advocate clinical algorithms in which functional tests
(e.g., indocyanine green retention at 15 min (ICGR15) are evaluated in combination
with the planned extent of resection [64].

A straightforward, precise, and reproducible technique (Fig. 11.1) standardizes
liver remnant size to individual patient size to account for the fact that large patients
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Fig. 11.1 Hypertrophy of the future liver remnant after portal vein embolization as determined
by three-dimensional reconstruction of computed tomography images. (a) Three-dimensional
volumetric measurements are determined by outlining the hepatic segmental contours and then
calculating the volumes from the surface measurements of each slice. (b) The formula for calculat-
ing total liver volume is based on the patient’s body surface area. (Modified from [22], used with
permission.) (c) Before embolization, the volume of segments 2 and 3 was 283 cm3 or 14% of the
total liver volume (2,036 cm3). After embolization, the volume of segments 2 and 3 was 440 cm3

or 21% of the total liver volume (a degree of hypertrophy of 7%) (Modified from [3], used with
permission)

require larger liver remnants than do smaller patients. CT is used to directly quan-
tify the FLR, which is by definition disease free. The total estimated liver volume
(TELV) is calculated by the formula (TELV = –794.41 + 1,267.28 × BSA) derived
from the close association between liver size and patient size based on body weight
and body surface area (BSA) [3, 14, 65]. The FLR/TELV ratio is subsequently
calculated to give a volumetric estimate of FLR function. From this method of
calculation, termed “standardized FLR measurement,” a correlation between the
anticipated liver remnant and the operative outcome has been recognized [3]. This
formula was recently appraised in a meta-analysis evaluating 12 different formulas
and was found to be one of the least biased and most accurate for TELV estimation
[66]. At our institution, CT scans are routinely performed before PVE and approx-
imately 3–4 weeks after PVE to assess the degree of FLR hypertrophy. We have
recently found that in addition to the FLR/TELV measurement, the degree of hyper-
trophy (DH) (i.e., [FLR/TELV after PVE] – [FLR/TELV before PVE]) is also a
predictor of postoperative course. If a patient has a DH <5% after PVE, they are at
increased risk for postoperative complications [67].

Shirabe and colleagues [2] also realized the significance of standardizing liver
volume to BSA and showed that no patient with underlying liver disease who had
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a standardized liver volume of more than 285 mL/m2 BSA died of liver failure
after liver resection. Given analogous data from a different study, the guideline for
utilizing PVE in patients with cirrhotic livers has been set at a standardized FLR
volume <40% [7].

Developments in nuclear imaging technology are currently being designed to
quantify both anatomical and functional differences in liver volume. Technetium-
99m-labeled diethylenetriamine pentaacetic acid-galactosyl-human serum albumin
binds specifically to asialoglycoprotein receptors on hepatocyte cell membranes.
Agent distribution is monitored in real time with single-photon emission scintig-
raphy and has been shown to correlate with ICGR15 [68]. Another technique,
axial image reconstruction, can be used to estimate the differential functions of
the right and left liver. However, neither technique is as of yet sufficiently accurate
in assessing segmental or bisegmental function during the planning for extended
hepatectomy.

Indications and Contraindications for PVE

General Indications

To determine whether a particular patient will benefit from PVE, several factors
must be considered [15]. The first is whether or not there is underlying liver dis-
ease as this will have a profound impact on the liver remnant volume needed for
adequate function. Patient size also must be considered as larger patients require
larger liver remnants. Next, the extent and complexity of the planned resection and
the likelihood that associated non-hepatic surgery will be performed at the time of
liver resection must be considered. These three factors are considered in the setting
of the patient’s age and comorbidities (e.g., diabetes) that may affect hypertrophy
and perioperative outcome. Thus, after all of these factors have been evaluated and
the patient remains a candidate for resection, appropriate liver CT volumetry is
performed so that the standardized FLR volume expressed as a percentage of the
estimated TLV can be used to determine the need for PVE.

As mentioned above, a normal liver has a superior regenerative capacity than a
cirrhotic liver, functions more efficiently, and tolerates injury better. Patients with
normal underlying liver can survive resection of up to 90% of the liver, but in cir-
rhotic patients, survival after resection beyond 60% of the functional parenchyma
is unlikely [5]. Furthermore, complications of the poorly functioning remnant liver
(e.g., ascites and wound breakdown from poor protein synthesis) and fatal postop-
erative liver failure are more common after resection in patients with cirrhosis than
in those without cirrhosis. With regard to liver volume, there is a limit to how small
a liver can remain after resection. If too little liver remains after resection, imme-
diate postresection hepatic failure leads to multisystem organ failure and death. If
a marginal volume of liver remains, cirrhotic or not, the lack of reserve often leads
to a cascade of complications, prolonged hospital and intensive care unit stays, and
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slow recovery or slowly progressive liver failure over weeks to months with eventual
death [1–3].

Normal Underlying Liver

In patients with a normal underlying liver, the indications for PVE have evolved
with the greater precision of liver CT volumetric measurements and the use of stan-
dardized liver volumes. Although extensive resections are now achieved with a very
low risk of death from liver failure, small-for-patient-size normal liver remnants are
still associated with an increased number of complications and slower postoperative
recovery [3]. An FLR/TELV of more than 20% is associated with a fourfold reduc-
tion in complications compared with an FLR/TELV of 20% or less [5]. This finding
was corroborated in a retrospective series that revealed that residual liver volume,
not resected volume, more accurately predicts postoperative course [4].

It is also crucial to recognize and individualize the indication for PVE with regard
to the standardized 20% cutoff for liver volume as there is considerable intrahepatic
segmental variability. Liver volume analysis revealed that the lateral left liver (seg-
ments 2 and 3) contributes less than 20% of the TLV in more than 75% of patients in
the absence of compensatory hypertrophy. Further, the left liver (segments 2, 3, and
4) contributes 20% or less of the TLV in more than 10% of patients [69]. Therefore,
an FLR/TELV of less than 20% can be expected in most patients who do not develop
compensatory hypertrophy from tumor growth and require an extended right hep-
atectomy. In these patients, RPVE extended to segment 4 is indicated. However,
left PVE is rarely needed; Nagino and colleagues [12] showed that an extended left
hepatectomy with caudate lobectomy results in resection of only 67% of the liver,
leaving an FLR of 33%, the same residual volume after right hepatectomy in a nor-
mal liver. Volumetric analysis of normal livers also confirms the consistently large
volume of the posterior right liver (segments 6 and 7) [70].

Recently, Farges et al. [71] showed that RPVE performed before right hepate-
ctomy in patients with an otherwise normal liver showed no clinical benefit, and
they concluded that in this setting, PVE may be unnecessary (except in the small
subset of patients whose left liver is <20% of the TLV). Failure to follow these
well-established guidelines may result in overuse of PVE.

Underlying Liver Disease

Although major resection can be performed safely in some cirrhotic patients,
extended hepatectomy is seldom an option. In contrast to patients with normal liver,
those with cirrhosis with marginal liver remnant volumes are at an increased risk
for both postoperative complications and death from liver failure [2]. However, in
carefully selected patients with cirrhosis with preserved liver function (Child’s Class
A) and normal ICGR15 (<10%), major hepatectomy can be performed safely and
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PVE is indicated when the FLR volume is <40% of the TLV [7]. This guideline is
supported by the finding that when liver volume is standardized to BSA, standard-
ized FLR volume predicts death from liver failure after hepatectomy in chronic liver
disease [2].

These studies were validated by the only prospective study that assessed the use
of PVE prior to right hepatectomy. This study, reported by Farges and colleagues
[71], showed that patients with chronic liver disease who did not have PVE before
right hepatectomy had more complications and longer intensive care unit and hos-
pital stays than those with chronic liver disease who underwent PVE before right
hepatectomy. This guideline has been expanded to include patients in whom the liver
is compromised by prolonged biliary obstruction who need extended hepatectomy
[3, 9, 10, 34].

Highly selected patients with advanced liver disease might be able to undergo
safe resection. Specifically, in patients with cirrhosis with a moderately abnormal
ICGR15 (10–20%) but with preserved liver function, sequential chemoemboliza-
tion and PVE has been advocated [72]. Recent studies have shown that this strategy
leads to increased atrophy of the embolized liver and greater hypertrophy of the FLR
than PVE alone. Furthermore, the combined use of chemoembolization with PVE
may become the definitive treatment for patients initially considered to be candi-
dates for resection whose disease ultimately becomes unresectable as their treatment
progresses.

At M.D. Anderson Cancer Center, portal pressures are now measured routinely
before and after PVE in patients with chronic liver disease because of the lack of
reliability of assessment of hepatic fibrosis by core needle biopsy [73]. Patients
with overt portal hypertension (splenomegaly, low platelets, imaging evidence of
varices) are not candidates for major hepatectomy and therefore are not candidates
for PVE. Mild portal hypertension, however, is not a contraindication to PVE fol-
lowed by hepatectomy, provided liver function test results are otherwise normal
(Child–Pugh A+). However, because “liver disease” is a continuum, the specific
indications for PVE in patients with chronic liver disease remain to be precisely
defined and will require an individualized approach. However, it is anticipated that
refined criteria will be developed with the accumulation of additional experience
with the standardized measurement of FLR.

High-Dose Chemotherapy

Retrospective data suggest an increased risk of surgical complications in patients
after preoperative systemic or regional chemotherapy [74, 75], but no definite guide-
lines for a minimal FLR have been established. Patients with steatosis have an
increased incidence of complications after resection, but the potential benefit and
selection criteria for PVE in these patients are currently unknown [76]. Furthermore,
knowledge of a patient’s specific chemotherapeutic regimen is essential as patients
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may develop hepatic injuries such as steatohepatitis and sinusoidal dilatation from
oxaliplatin and irinotecan-based fluoropyrimidine chemotherapy regimens, with an
increased 90-day mortality rate after resection [77]. Thus, some investigators have
advocated larger buffer zones (i.e., a larger FLR than required for normal underlying
liver) when performing extended resection in selected patients who have received
preoperative chemotherapy. Although such patients have been less well studied than
patients with normal liver, PVE may be indicated when the FLR is ≤ 30% of the
TLV [75, 78].

One issue that has been raised is whether maintaining patients on chemotherapy
will have an impact on hepatic hypertrophy, especially in the setting of colorectal
liver metastases. Recent articles have shown that systemic chemotherapy admin-
istered during the period between PVE and resection does not seem to affect
FLR hypertrophy or outcome [79–81]. Further, no differences in regeneration
rates after PVE were found in patients receiving chemotherapy with or without
prior administration of the anti-vascular endothelial growth factor (VEGF) agent,
bevacizumab [82].

General Contraindications

Contraindications to PVE include an inadequate FLR volume based on the cri-
teria discussed above, extensive tumor invasion of the portal vein to be resected
as portal flow is already diverted and may preclude safe catheter manipulation
and optimal delivery of embolic material, disease progression that leads to overall
unresectability and overt clinical portal hypertension [15, 59]. Relative contraindi-
cations to PVE include tumor extension to the FLR (PVE may still be performed
if part of aggressive therapy involving multistage hepatectomy or thermal ablation
of the lesions within the FLR), biliary dilatation in the FLR (if the biliary tree
is obstructed, drainage is recommended), mild portal hypertension, uncorrectable
coagulopathy, and renal insufficiency. The presence of an ipsilateral tumor may pre-
clude safe transhepatic access if the tumor burden is great, but this is also unlikely,
as there is no evidence that tumor spread occurs during PVE. If access to an ade-
quate portal vein branch for PVE is not possible, the contralateral approach can be
considered.

Technical Considerations for PVE

Standard Approaches

PVE is performed to redirect portal blood flow toward the anticipated FLR (i.e.,
hepatic segments that will remain after surgery). To ensure that sufficient hypertro-
phy occurs, embolization of portal vein branches should be as complete as possible
so that recanalization of the occluded portal system does not occur. Therefore, the
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entire portal system to be resected must be occluded to avoid the development of
intrahepatic portal collaterals that may limit regeneration [83].

PVE can be performed by any of three standard approaches: the transhepatic
contralateral (i.e., portal access via the FLR), the transhepatic ipsilateral (i.e., por-
tal access via the liver to be resected), and the intraoperative transileocolic venous
approach. These approaches are chosen based on operator preference, type of hep-
atic resection planned, extent of embolization (e.g., right PVE [RPVE] with or
without extension to segment 4), and type of embolic agent used.

The transileocolic venous approach was the original approach for performing
preoperative PVE. This technique is performed during laparotomy by direct cannu-
lation of the ileocolic vein and advancement of a balloon catheter into the portal
venous system for embolization [10]. For years, this was the preferred approach
for many Asian surgeons. Conventional teaching is that this approach is per-
formed when an interventional radiology suite is not available, when a percutaneous
approach is not considered feasible, or when additional treatment is needed during
the same surgical exploration [60, 84]. The disadvantages of this method are the
need for general anesthesia and laparotomy, with their inherent risks, and the inferior
imaging equipment often (but not always) available in the operating room compared
with the state-of-the-art imaging equipment available in most modern interventional
radiology suites. However, as more minimally invasive techniques have become
favored and the equipment used (e.g., imaging equipment, catheter systems, embolic
agents) has become more sophisticated, the reasons mentioned above for using
this technique apply in very limited situations such that the transileocolic venous
approach is being used less often.

The transhepatic contralateral approach was initially developed by Kinoshita and
colleagues [21] to slow the progression of tumor thrombus within the portal system
(Fig. 11.2). However, this approach was later adapted for preoperative PVE. With
this technique, a branch of the left lateral portal system (i.e., either a segment 2 or
3 branch) is accessed, and the catheter is advanced under imaging guidance into the

Fig. 11.2 Schematic
representation of the
contralateral approach. An
occlusion balloon catheter is
placed from the left lobe into
right portal branch, with
delivery of the embolic agent
in the antegrade direction
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right portal venous system for embolization [54]. The advantage of this approach,
albeit minor, is that catheterization of the desired right portal vein branches is
more direct via the left system than via the right, making the procedure technically
easier. However, the technique’s major disadvantage is the potential risk of dam-
age to the FLR parenchyma and the left portal vein. A multicenter European study
was published in 2005 that included 188 patients who underwent contralateral PVE
and it reported 24 (12.8%) adverse events including migration of embolic mate-
rial to the FLR in 10 patients (5.3%), occlusion of a major portal branch requiring
intervention in three patients (1.6%), bleeding in five patients (2.7%: 1 hemobilia,
1 hemoperitoneum, 1 rupture of gallbladder metastases, 2 subcapsular hematomas),
and transient liver failure in six patients (3.2%) [85]. These adverse events may
compromise the FLRs integrity and may make the planned resection more difficult
or even impossible. Furthermore, embolization of segment 4, if needed, may prove
difficult given the anatomical considerations related to catheter placement and the
choice of embolic agent [15].

The transhepatic ipsilateral approach was first described by Nagino and col-
leagues [86] in the mid-1990s (Fig. 11.3) and it is now advocated by additional
investigators [87–90]. For this approach, a peripheral portal vein in the liver to
be resected is accessed through which embolic material is subsequently adminis-
tered. Since Nagino’s ipsilateral technique required the use of specially designed
catheters that are unavailable outside of Japan, modifications of their technique
were developed. At M.D. Anderson Cancer Center, standard angiographic catheters
are utilized for combined particulate infusion and coil deployment [59, 87, 88]
(Fig. 11.4). When right heptatectomy is planned, RPVE is performed (Fig. 11.5),
and when extended right hepatectomy is planned, RPVE is extended to include
the segment 4 portal veins (RPVE + 4) (Fig. 11.6). Ipsilateral RPVE ± 4 is per-
formed through a 5- or 6-French sheath that is placed within a distal right portal
vein branch. When RPVE + 4 is needed, embolization of segment 4 is done first
so as to reduce the need to maneuver catheters through segments that have already
been embolized. A 3-French microcatheter is then advanced coaxially through an

a b

Fig. 11.3 Schematic representation of the ipsilateral approach for RPVE and segment 4 as
described by Nagino et al. (13). Different portions of the balloon catheter are used for antegrade
embolization of segment 4 veins (a) and for retrograde delivery of the embolic agent into the right
portal system (b)
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a b

c

Fig. 11.4 Schematic representation shows modification of the ipsilateral technique for RPVE
extended to segment 4. (a) Placement of a 6-French vascular sheath into the right portal branch. An
angled 5-French catheter is placed into the left portal system with coaxial placement of a micro-
catheter into a segment 4 branch. Particulate embolization is performed followed by placement of
coils until all the branches are occluded. (b) After segment 4 embolization is completely occluded,
a 5-French reverse-curve catheter is used for RPVE. (c) After embolization of the right and seg-
ment 4 portal veins are complete, the access tract is embolized with coils to prevent subcapsular
hemorrhage

angled 5-French catheter into the portal vein branches supplying segment 4 so that
particulate embolics and coils can then be delivered. Once complete occlusion of
the segment 4 embolization is achieved, a 5-French reverse-curve catheter may be
needed to embolize the portal veins supplying segments 5 through 8 (i.e., right
liver). After complete occlusion of the right portal venous system, the access tract
is embolized with coils and/or gelfoam to diminish the risk of perihepatic bleeding
at the access site.

A distinct advantage of the ipsilateral approach is that the FLR is not instru-
mented. However, while disadvantages do exist, they are minor. Catheterization and
embolization of the right portal vein branches may be slightly more difficult due to
the severe angulations between right portal branches; however, this is rarely a prob-
lem when reverse-curve catheters are used. Another potential disadvantage is that
some embolic material could be displaced upon catheter removal, leading to non-
target embolization, although this has not occurred in our experience with more than
200 RPVEs, most of which included extension to segment 4 branches. Similarly, in
our experience, ipsilateral access has not been an issue in patients with large liver
tumors.
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Fig. 11.5 A 72-year-old man with history of hepatitis B, cirrhosis, and hepatocellular carcinoma
HCC, who had transhepatic ipsilateral RPVE with particles and coils prior to right hepatectomy.
(a) Contrast-enhanced CT scan of the liver shows a hypervascular mass in the right hepatic lobe
consistent with HCC (arrow). (b) Contrast-enhanced CT scan of the liver shows small left liver
(FLR/TELV of 35%) with underlying cirrhosis (FLR is shaded area). (c) Anteroposterior flush por-
togram shows a 6-French vascular sheath (arrowheads) in a right portal vein branch and a 5-French
flush catheter (arrow) in the main portal vein. (d) Postprocedure anteroposterior flush portogram
shows occlusion of the portal vein branches to segments 5–8 (black arrows) with continued patency
of the vein supplying the left lobe (segments 2–4) (white arrows). (e) Contrast-enhanced CT scan
of the liver performed 1 month after RPVE shows hypertrophy of the left liver (FLR/TELV of
45%) (FLR is shaded area). (f) Contrast-enhanced CT scan of the liver performed after successful
right hepatectomy shows hypertrophy of the liver remnant
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Fig. 11.6 A 45-year-old man with history of non-alcoholic steatohepatitis and HCC who had
transhepatic ipsilateral RPVE extended to segment 4 with particles and coils prior to extended
right hepatectomy. (a) Contrast-enhanced CT scan of the liver shows a heterogeneous mass in the
right hepatic lobe consistent with HCC (black arrow) and small left lateral liver (shaded area) with
FLR/TELV of 27%. (b) Anterior-posterior flush portogram from the ipsilateral approach shows a
6-French vascular sheath in a right portal vein branch and a 5-French flush catheter (arrow) in the
main portal vein. (c) Selective left portogram with a 5-French catheter in the left portal vein (arrow)
shows the veins that supply segments 2 (s2), 3 (s3), and 4 (s4). (d) Postprocedure portogram shows
complete occlusion (with particles and coils) of the portal vein branches to segments 4–8 (arrows)
with continued patency of the veins supplying the left lateral lobe (segments 2 and 3) (shaded area).
(e) Contrast-enhanced CT scan performed 4 weeks after PVE shows hypertrophy of the left lateral
liver (FLR/TELV now 39%, a degree of hypertrophy of 12%) with rounded margins (shaded area).
Coil within segment 4 (arrowhead) is seen. (f) Contrast-enhanced CT scan of the liver performed
after successful extended right hepatectomy shows hypertrophy of the liver remnant
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Additional PVE Approaches

PVE Followed by Bland Transarterial Embolization

Other approaches have been used for PVE. The thought of combining PVE and
TAE for complete portal venous and hepatic arterial occlusion has been reported
in patients with biliary tract cancer and colorectal metastases who had inadequate
hypertrophy after PVE alone [91, 92]. Nagino and colleagues [91] described a
patient that required an extended left hepatectomy but the FLR volume (i.e., right
posterior liver) did not increase 51 days after PVE. After TAE, the FLR volume
increased from 485 cm3 before PVE to 685 cm3 after PVE, an addition of 215 cm3.
Another patient required a right hepatectomy, but no significant volume change was
seen after PVE (pre-PVE: 643 cm3 and post-PVE: 649 cm3). After TAE, the left
liver volume enlarged to 789 cm3, an increase of 140 cm3. Both patients underwent
successful and uneventful resection after the staged procedures. However, there are
potential drawbacks. As both arterial and portal systems are deprived of blood, the
potential for hepatic infarction exists such that only half the target segments were
treated with TAE, superselectively. While this approach was effective, the disad-
vantage is that two separate procedures are needed, performed at different times,
leading to considerably longer waiting periods. During these waiting periods, tumor
progression could occur to the degree that the tumors become unresectable.

Sequential Arterial Embolization and PVE

In 2004, Aoki and colleagues [72] described their experience with the use of sequen-
tial transcatheter arterial chemoembolization followed within 2 weeks by PVE in
17 patients with HCC (Fig. 11.7). Their justification for this approach was as fol-
lows: (1) The livers of most patients with HCC are compromised by underlying
liver disease such that the liver’s regenerative capability after hepatic resection is
weakened, making it hard to predict if adequate FLR hypertrophy can be achieved
after PVE. (2) Since most HCCs are hypervascular and supplied largely by arte-
rial blood flow, termination of portal flow induces compensatory augmentation in
arterial blood flow (i.e., “arterialization of the liver”) in the embolized segments
that may lead to rapid tumor progression after PVE. (3) Arterioportal shunts often
found in cirrhotic livers and HCC may limit the effects of PVE. To this end, sequen-
tial chemoembolization and PVE were used to prevent tumor progression during
the time between the PVE and planned hepatectomy and to strengthen the effect of
PVE by embolizing arterioportal shunts with chemoembolization. As a result, the
researchers found that the combined procedures were safe, induced sufficient FLR
hypertrophy within 2 weeks, and caused no worsening of the basal hepatic func-
tional reserve or increase in tumor progression. Importantly, when the explanted
livers were evaluated, tumor necrosis was profound but without substantial injury to
the non-cancerous liver, and they therefore encourage the aggressive application of
this treatment strategy in patients with large HCC and chronically injured livers.
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Fig. 11.7 A 71-year-old man with history of liver steatosis, fibrosis, and HCC, who underwent
sequential transcatheter arterial chemoembolization followed 1 month later by RPVE prior to a
right hepatectomy. (a) A single image from pre-PVE contrast-enhanced CT scan shows a large
hypervascular mass in the right hepatic lobe (arrow) and a small left liver (shaded area) with a
FLR/TELV of 27%. (b) Celiac arteriogram performed during chemoembolization shows a hyper-
vascular mass with iodized oil uptake in the right hepatic lobe (arrows). (c) Contrast-enhanced
CT shows iodized oil uptake in the HCC (arrow). (d) Anterior-posterior flush portogram from the
ipsilateral approach shows a 6-French vascular sheath in a right portal vein branch and a 5-French
flush catheter (white arrows) in the main portal vein. Persistent iodized oil uptake in the right hep-
atic mass is seen (black arrows). (e) Postembolization portogram shows complete occlusion of all
branches to right portal vein (black arrows). The left portal vein remains patent (white arrow).
(f) Contrast-enhanced CT scan of the liver after RPVE shows complete necrosis of the right liver
mass (black arrow), hypertrophy of the left liver (shaded area), and massive atrophy of the right
liver (arrowheads). The FLR/TELV increased to 56%. The patient underwent uncomplicated right
hepatectomy
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More recently, a French group reported on the use of PVE in 36 patients with
HCC and chronic liver disease prior to right hepatectomy [93]. In their study,
18 patients underwent chemoembolization followed 3–4 weeks later by PVE and the
remaining 18 patients underwent PVE alone. Although PVE was well tolerated in all
patients, the mean increase in percentage FLR volume was significantly higher for
patients in the combined chemoembolization and PVE group than those who under-
went PVE alone (P = 0.022). The incidence of complete tumor necrosis (83%:15/18
vs. 6%: 1/18; P <0.001) and 5-year disease-free survival rate (37% vs. 19%;
P = 0.041) were also significantly greater in patients who underwent chemoem-
bolization and PVE. Given the risks of hepatic infarction, the authors recommended
that the two procedures should be separated by at least 3 weeks to reduce procedure-
related morbidity. However, similar to Nagino’s TAE/PVE approach, the downside
of the combined approach is that two separate procedures and an increased waiting
times are required.

PVE with Transjugular Access

In 2003, a pilot study of performing PVE by means of the transjugular route was
described [94]. This technique was tried because of the vast experience gained
during the preceding decade with transjugular intrahepatic portosystemic shunts
(TIPS). Under sonographic guidance, the right internal jugular vein was accessed,
and then with fluoroscopy, a right or left portal branch was punctured from a right,
middle, or left hepatic vein. A catheter was placed near the portal bifurcation and
used to perform right PVE with a mixture of n-butyl-2-cyanoacrylate (NBCA)
and iodized oil. All 15 procedures were technically successful without any serious
complications. FLR hypertrophy was deemed sufficient and right hepatectomy was
performed in 12 (80%) patients. While this approach appears safe and effective, the
series was small, and further studies will be needed before this approach becomes
widespread. For RPVE in patients with cirrhosis, this may be an attractive alterna-
tive; however, the technical feasibility of RPVE extended to segment 4 has not yet
been explored.

Extent of Embolization

The optimal extent of PVE is presently a subject of much debate. Currently, sev-
eral groups who utilize PVE to prepare patients for extended right hepatectomy
occlude only branches of the right portal vein and leave the segment 4 portal veins
patent even though segment 4 will be resected [11, 71, 95]. While FLR hypertrophy
does occur, full diversion of portal flow to segments 2, 3 ± 1 ensures the maxi-
mal stimulus for FLR hypertrophy [12, 13]. Further, incomplete embolization of the
liver to be resected will also lead to segment 4 hypertrophy. Segment 4 hypertro-
phy is undesirable for an extended right hepatectomy due to increased morbidity
associated with a larger area of intraoperative parenchymal transection across this
hypertrophic segment [12]. Nagino and colleagues [13] first showed that a greater
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left lateral bisegment hypertrophy occurs after RPVE + 4 (50% increase in FLR
volume) than after only RPVE (31% increase, P<0.0005) [34]. Recent studies have
corroborated Nagino’s findings and without any increase in PVE-associated com-
plications [96]. Because segment 4 embolization has shown to be of benefit, the
ipsilateral approach for RPVE + 4 has been further refined and this has led to
improved FLR hypertrophy and operative outcomes [88]. Lastly, left PVE is rarely
needed due to consistently large volumes of the right posterior liver (i.e., segments
6/7) [12, 69, 70].

Another potential benefit of RPVE + 4, from an oncological standpoint, is that
the entire tumor-bearing liver is systematically embolized (i.e., RPVE for right hep-
atectomy and RPVE + 4 for extended right hepatectomy) to reduce the risk of tumor
growth that may result from increased portal blood flow and hepatotrophic factors. A
recent M.D. Anderson study evaluated 112 patients where the entire tumor-bearing
liver was systematically embolized and found no increase in the median tumor size
during the waiting period [67]. However, tumor growth within the non-embolized
liver has been discussed upon analysis of a very limited number of patients with
primary and secondary liver tumors after RPVE alone (although no comparison to
pre-PVE tumor growth rate was made so the true effect of PVE on tumor growth
could not be proven) [97, 98]. Furthermore, liver hypertrophy occurs quickly in
patients with normal liver, and thus resection can be undertaken in most patients
with multiple colorectal metastases within 3–4 weeks of PVE.

Embolic Agents

Many embolic materials have been used for PVE, with no remarkable differences
reported in the degree or rate of hypertrophy. These agents include, but are not lim-
ited to, fibrin glue, n-butyl cyanoacrylate (NBCA) mixed with ethiodized oil, gelatin
sponge, thrombin, metallic coils, spherical and non-spherical microparticles (e.g.,
PVA particles and tris-acryl gelatin microspheres), and absolute alcohol. Choosing
a particular embolic agent is at the operator′s discretion, and the decision is based on
the extent of the embolization and surgery, their preference for a particular catheter
and approach, and their experience with a specific agent.

In the early experiences with PVE, gelatin sponge was widely used as an embolic
agent. However, portal recanalization was frequently observed 2 weeks after the pro-
cedure [10, 21, 54] and when compared with other embolic agents, gelatin sponge
seemed less efficient at 4 weeks in terms of hypertrophy. Also, fibrin glue com-
bined with ethiodized oil is a commonly used mixture for PVE. This mixture usually
induces <75% portal occlusion at 2 weeks and <25% portal occlusion at 4 weeks
[10, 54].

Some authors prefer NBCA mixed with ethiodized oil because the mixture leads
to fast, reliable hypertrophy and minimizes the delay between PVE and definitive
resection. NBCA ensures portal vein occlusion that persists beyond 4 weeks. Since
polymerization time can be modulated by varying the lipiodol volume added to
the NBCA, distal and proximal branches can be aggressively embolized. Typically,
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NBCA is mixed with lipiodol at a ratio of 1:1 to 1:3. Because it is a liquid, NBCA
can be quickly delivered throughout the entire right portal system, which greatly
decreases procedure time. In terms of effectiveness, de Baere and colleagues [54]
reported that NBCA embolization led to a 90% increase in liver volume after
30 days and Denys and colleagues [99] found it helpful in inducing hypertrophy
in patients with underlying cirrhosis or advanced fibrosis. However, there are a few
drawbacks of NBCA embolization. For instance, the NBCA injections have to be
precise because of the increased risk of non-target embolization, thus requiring a
highly experienced operator. In addition, NBCA induces an inflammatory process
that may make hepatectomy more difficult [54]. NBCA can be difficult to use in
patients with reduced hepatopetal flow, as is commonly seen in patients with chronic
hepatic disease. These altered flow dynamics have been associated with increased
risk of procedural complications [85].

Lastly, while this agent may be straightforward when the anatomy is favorable
(e.g., the anterior and posterior sector portal veins originating from a right por-
tal vein), this agent may not be the best alternative in situations where variant
anatomy is present or when multiple segment 4 veins are to be embolized (i.e.,
multiple microcatheters are needed leading to considerable expense; increased risk
of non-target embolization to the FLR).

Absolute ethanol is another effective embolic agent for PVE. Osagawara and
colleagues [100] demonstrated near doubling of the left liver volume within 4 weeks
for patients with chronic hepatic disease and HCC who underwent PVE with this
agent. Unfortunately, the most pronounced changes in liver function tests of all PVE
embolic agents and poor patient tolerance are seen with absolute ethanol.

Recently, the use of particulate agents for PVE had been proposed [40, 54,
59, 101]. In the first clinical report in a single patient, no recanalization of the
right portal vein was observed 5 weeks after PVE with PVA particles alone [101].
Later, Madoff and colleagues [87, 88] showed that a combination of particles (e.g.,
polyvinyl alcohol particles (PVA) and tris-acryl gelatin microspheres) and coils
is safe and effective for PVE. Particles are safe, cause little periportal reaction,
and generate durable portal vein occlusion, especially when used in combination
with coils [59, 88]. In 2003, results from the first 26 patients who had PVE with
non-spherical PVA particles ranging in size from 300 to 1000 μm and coils were
reported; the mean FLR/TELV increased 7.8% (pre-PVE FLR/TELV, 17.6%; post-
PVE FLR/TELV, 25.4%), and the mean absolute FLR increase was 47% [87].
The subsequent development of spherical particulate embolics has led to even fur-
ther refinements in technique for PVE by using a stepwise infusion of very small
(100–300 μm) tris-acryl microspheres followed by larger spheres (up to 700 μm)
[88]. This type of distal embolization is thought to limit development of collateral
circulation that may potentially reduce hypertrophy due to the improved targeting of
distal portal vein branches (i.e., non-spherical particles tend to clump and therefore
do not always reach the targeted size vessel). Metallic coils are then used proxi-
mally to block venous inflow and further reduce the possibility of recanalization.
This approach was used for RPVE + 4 and led to an absolute increase in FLR vol-
ume of 69.0%, an FLR/TELV increase of 9.7%, and a subsequent resection rate of
86% that was a significant improvement over their previously reported method.
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Complications of PVE

As with all transhepatic procedures, complications include subcapsular hematoma,
hemoperitoneum, hemobilia, pseudoaneurysm, arteriovenous fistula, arterioportal
shunts, portal vein thrombosis, transient liver failure, pneumothorax, and sepsis
[85, 102]. Kodama and colleagues [102] compared the complication rate between
the ipsilateral and contralateral approaches in 47 patients, who underwent PVE.
They found that in 11 patients who underwent contralateral PVE, 2 (18.1%) experi-
enced complications, and in 36 patients who underwent ipsilateral PVE, 5 (13.9%)
experienced complications. This difference was not statistically significant. The rate
of technical complications associated with percutaneous PVE using either approach
was 14.9%. The patients in the study developed the following complications: two
pneumothoraces, two subcapsular hematomas, one inadvertent arterial puncture,
one pseudoaneurysm (in a patient who also had a subcapsular hematoma), one
hemobilia, and one portal vein thrombosis. Complications more specific to percu-
taneous PVE included portal vein thrombosis and portal hypertension resulting in
esophageal variceal hemorrhage. However, the authors emphasized that given the
potential for injury to the FLR when using the contralateral approach, the ipsilateral
approach should be tried first.

Di Stefano and colleagues [85] conducted a study of 188 patients who underwent
PVE using the contralateral approach. They reported that only one patient experi-
enced a major complication (complete portal vein thrombosis) directly related to
the contralateral approach that precluded the planned surgical resection. Two other
patients experienced inadvertent migration of embolic material into the FLR requir-
ing intervention; one needed a portoportal graft during hepatic resection because
of portal vein thrombosis. On CT imaging, another 10 patients were found to have
embolic material in non-targeted portal venous branches.

Ribero and colleagues [67] recently studied 112 patients who underwent PVE
with the ipsilateral approach. In this study, only one patient had non-targeted
embolization to the FLR. However, the overall complication rate was 8.9%, which
was not substantially different than the rate reported by Di Stefano and colleagues.
If one takes into account the fact that Di Stefano and colleagues considered clini-
cally occult incidental CT findings in their complication rate, the studies reported
remarkably similar numbers. Further, the study by Ribero and colleagues found no
difference in the complication rate whether right PVE was extended to segment 4
or not.

Outcomes Following PVE and Hepatectomy for HCC

In patients who developed HCC in the setting of chronic liver disease (e.g., chronic
hepatitis, fibrosis, or cirrhosis), the increase in non-embolized liver volumes after
PVE varies (range, 28–46%), and hypertrophy after PVE may take more than
4 weeks because of slower regeneration rates [45]. The degree of parenchymal fibro-
sis is thought to limit regeneration, possibly as a result of reduced portal blood flow
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[75]. However, a study by Denys and colleagues [99], in which 40 patients with HCC
in the setting of advanced liver fibrosis and cirrhosis, found that only two factors sig-
nificantly affected hypertrophy: a lower degree of fibrosis, as indicated by a Knodell
histological score [103] of <F4, and a pre-PVE lower functional liver ratio as defined
by the ratio between the left liver (i.e., FLR) and the total liver volume minus tumor
volume. Factors that did not correlate with improved hypertrophy included age, sex,
history of diabetes, and prior chemoembolization. In addition, numerous studies
have been performed that evaluated liver regeneration and the degree of hypertro-
phy after preoperative PVE in patients with and without underlying liver disease
(Table 11.1) [104–106].

Rates of hepatectomy after PVE in patients with HCC are reported to be
approximately 70%; series that report a very high rate of hepatectomy after PVE
(over 90%) are either very small (<15 patients) or include patients who under-
went less extensive PVE (e.g., embolization of only the right anterior or right
posterior sector). Furthermore, in patients with HCC and chronic liver disease, hep-
atectomy outcomes, including the number and severity of complications and the
incidence of postoperative liver failure and death, are better with PVE than without
[26, 45, 71, 75, 107, 108]. Good outcomes following major hepatectomy after PVE
in patients with HCC are regularly reported. In 2000, Azoulay and colleagues [75]
reported long-term outcomes after resection of three or more liver segments for

Table 11.1 Future liver remnant (FLR) hypertrophy after portal vein embolization in patients with
and without underlying liver disease

FLR (%)

Author (year) Baseline liver PVE (n) Pre Post DH (%)

Abdalla, 2002 [5] Normal 18 18 25 8
Aoki, 2004 [72] ICGR 15 <10%

ICGR 15 >10%
8
9

40 51 11

Azoulay, 2000 [75] Mild or moderate
fibrosis Cirrhosis

3
7

36 52 16

Cotroneo, 2009 [104] Normal
Cirrhosis

24
7

23
31

33
40

10
9

Farges, 2003 [71] Normal
Cirrhosis

13
14

31
35

47
44

16
9

Ogata, 2006 [93] Cirrhosis (PVE)
Cirrhosis (TACE/PVE)

18
18

29
30

37
42

8
12

Ribero, 2007 [67] Normal, fibrosis,
Cirrhosis

112 – – 9–11

Sugawara, 2002 [105] Cirrhosis 40 35 48 13
Vauthey, 2000 [3] Normal 12 26 36 10
Wakabayashi, 2002 [106] Normal

Hepatitis
17
26

27
33

36
40

9
7

PVE = portal vein embolization, (n) = number of patients, DH = degree of hypertrophy, TACE =
transcatheter arterial chemoembolization, and ICGR 15 = indocyanine green retention at 15 min
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HCC in patients with cirrhosis. PVE was performed when the FLR volume was pre-
dicted to be less than 40% and led to significant increases in the FLR volumes in
all embolized patients. Importantly, none of 10 patients who underwent PVE had
liver failure or death following resection whereas three of 19 patients in the non-
PVE group suffered liver failure and one patient died. Overall survival (44% PVE
vs. 53% no PVE), disease-free survival (21% PVE vs. 17% no PVE), and com-
plication rates (56% PVE vs. 57% no PVE) were similar with or without PVE.
Importantly, Wakabayashi and colleagues found that overall and disease-free sur-
vival rates remain similar between the groups even after adjustment for HCC stage
(overall survival: 40% PVE vs. 46% no PVE; disease-free survival: 28% PVE vs.
13% no PVE; both P = NS). Tanaka and colleagues [108] reported several benefits
of PVE in a larger study of patients with HCC and cirrhosis. Disease-free survival
rates were similar, but cumulative survival rates were significantly higher in the
PVE group than in the non-PVE group. In addition, patients with recurrence fol-
lowing PVE plus resection were more often candidates for further treatments such
as chemoembolization, an additional benefit of PVE in the long term (Table 11.2)
[109–111].

Another study validated residual volume as the key to prediction of postopera-
tive liver function and posthepatectomy course and the utility of PVE in patients
with HCC. Palavecino and colleagues [112] evaluated 54 patients that underwent
major hepatic resection for HCC between 1998 and 2007 and PVE was performed
when the FLR volume was predicted to be insufficient [PVE group (n = 21), non-
PVE group (n = 33)]. Both groups had similar rates of fibrosis or cirrhosis, HCV,
HBV, American Joint Committee on Cancer stage, preoperative chemoemboliza-
tion, overall postoperative complications and positive margin (P all non-significant).
There were no perioperative deaths in the PVE group and six (18%) in the non-PVE
group (P = 0.038). Excluding these perioperative deaths, the overall survival rates at
1, 3, and 5 years were 94, 82, and 72% in the PVE group and 93, 63, and 54% in
the non-PVE group, respectively (P = 0.35). Similarly, disease-free survival was
not significantly different between the groups, with 1-, 3- and 5-year disease-free
survival of 84, 56, and 56% in the PVE group and 66%, 49% and 49% in the non-
PVE group, respectively (P = 0.38). The authors concluded that PVE before major
hepatectomy for HCC is associated with improved perioperative outcome. Further,
excluding perioperative mortality, overall survival and disease-free survival rates
were similar between patients with and without preoperative PVE.

Some data suggest that not only PVE provides an outcome benefit in patients with
cirrhosis but the greatest outcome benefit may occur within the patient subset with
worse liver function. In one study, multivariate analysis revealed that preoperative
PVE was an independent predictor of survival following resection in patients with
preoperative indocyanine green retention ≤ 13 (5-year overall survival rate, 52%
PVE vs. 20% no PVE; P = 0.002) [108].

The combination of chemoembolization of the tumor followed by PVE before
hepatectomy may further improve long-term outcomes after major resection for
HCC. Aoki and colleagues reported on their experience with this strategy in
17 patients and found 5-year overall and disease-free survival rates of 56 and 47%,
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respectively. In a similar retrospective study, Ogata and colleagues [93] found that
chemoembolization followed by PVE led to complete necrosis of the tumor in
more than 80% of patients, compared to 5% with PVE alone. They also found that
chemoembolization followed by PVE was associated with better 5-year disease-free
survival rates than PVE alone (37% vs. 19%; P = 0.04), primarily due to lower rates
of early recurrence in the liver.

The outcome from PVE and subsequent resection may be even more closely
linked to the PVE technique in patients with otherwise normal livers than in patients
with chronically diseased livers. In patients with cirrhosis, RPVE (without seg-
ment 4) is the most common technique used since extended hepatectomy is rarely
indicated or possible. In patients without cirrhosis who have HCC [113], extended
right or less commonly left hepatectomy is often indicated. In the case of extended
right hepatectomy, owing to the consistently small volume of the left lateral liver
(segments 2/3), preoperative PVE is frequently needed [69].

A recent report from M.D. Anderson Cancer Center considered 127 consecu-
tive extended hepatectomies using standardized liver volume calculations to select
patients for PVE [6]. In this series that was not limited to patients with HCC,
31 (24.4%) of the patients underwent PVE prior to extended hepatectomy. Only
six patients (5%) experienced significant postoperative liver insufficiency (total
bilirubin level >10 mg/dL or international normalized ratio >2). The postoperative
complication rate was 30.7% (39/127), and only one patient (0.8%) died after hepa-
tectomy. The median survival was 41.9 months, and the overall 5-year survival rate
was 26% for the entire group. The low mortality rate following extended hepatec-
tomy in this series reflects many factors, among which was the systematic attention
to FLR volume and the use of PVE based on the indications reviewed above.

Conclusions

PVE is now a validated technique to increase the volume and function of the rem-
nant liver prior to resection of hepatobiliary cancer. PVE increases the safety of
major resection in patients with liver disease and extends the option of resection
to patients with multiple hepatic metastases and limited parenchymal sparing from
metastatic disease. Careful attention to key factors, such as the presence or absence
of underlying liver disease, adjustment of liver size to patient size using proper
techniques to measure the liver remnant, and recognition of the physiologic effect
of the type of hepatic and extrahepatic procedure planned, permits the appropriate
selection of patients for PVE. The FLR should be measured and standardized to
the patient using the calculated FLR/TELV ratio, because this method produces a
reproducible, accurate index of posthepatectomy liver function. Currently recom-
mended thresholds prompting consideration of preoperative PVE are FLR/TELV
ratios of ≤20% for patients with an otherwise normal liver, ≤30% for patients who
have received high-dose chemotherapy, and <40% for patients with chronic liver
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disease. Continued critical analysis of the factors affecting liver hypertrophy in par-
allel with improvements in oncologic treatments will further improve the selection
and outcomes of patients with liver cancer considered for PVE.
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Laparoscopic Liver Resection for HCC:
A European Perspective

Luca Viganò and Daniel Cherqui
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Hepatocellular carcinoma (HCC), the most common primary liver cancer, occurs in
>90% of the cases on an underlying hepatic disease [1]. Screening programs allow
diagnosis at an early stage where curative treatments can be proposed. These include
liver resection, percutaneous radiofrequency ablation, and liver transplantation [1,
2]. Even if liver transplantation is the best treatment for early HCC by removing both
the tumor and the underlying liver disease, shortage of donor organs and dropout
from the waiting list limit its efficacy [3]. In recent years liver resection in cirrhotic
patients became safer [4, 5] and achieved a key role in HCC treatment: in advanced
tumors it is the only therapeutic option, while in early tumor it can be proposed as
an alternative or a bridge to liver transplantation [6–9].

The vast majority of hepatic resections for HCC are stand-alone procedures,
without any need for reconstruction, which should make them good candidates for
a laparoscopic approach. However, diffusion of laparoscopic liver resection is still
limited and few centers worldwide regularly perform it [10]. The reasons for the
limited development of such an approach to date are threefold. First, technical prob-
lems are anticipated and, indeed, the elementary maneuvers of open hepatic surgery
(including manual palpation, organ mobilization, vascular control, and parenchymal
transection) are thought to be difficult to reproduce laparoscopically. Second, there
are anticipated hazards: hemorrhage may be more difficult to control laparoscopi-
cally, especially in cirrhotic livers, and the risk of gas embolism may be increased
by the use of pneumoperitoneum. The third problem is a fear of oncological inad-
equacy and tumor spread. Although still limited in number of cases, publications
about laparoscopic liver resection have increased in recent years and HCC has been
one of the most common indications. In this chapter, we will review the various
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aspects of laparoscopic liver resection for HCC, including technical features, short-
and long-term results. We will also briefly discuss the impact of laparoscopic liver
resection on the treatment strategy of HCC.

Feasibility: Technique and Indications

In comparison with open hepatectomy series, the number of published papers about
laparoscopic liver surgery is very low [10]. At present only 14 studies (includ-
ing 1 multicentric) reported 50 or more cases [11–24] (Table 12.1). Interestingly
the majority of them have been published in the last 2 years [11, 13, 18–24]. An
increasing proportion of malignant diseases have been treated and HCC was the
most common indication.

The feasibility of laparoscopic liver resection has been the main criterion studied
to date. Despite the increasing number of reported series, in expert centers laparo-
scopic approach ranges from 5 to 30% [11, 13, 15, 16, 22] and only some recent
series reported higher rates, reaching 50–80% [18, 20, 21]. On our part, over the
past 12 years (1996–2008), we performed 174 laparoscopic liver resections out of
782 hepatectomies (22.3%) [25]. Considering HCC, the proportion of laparoscopic
resection was higher, about 30% (69 of 229) and reached 39.4% in the last 4 years
of our experience [25].

Table 12.1 Series of laparoscopic liver resections including more than 50 cases

Author Year #
Proportion of
LLR on total LR

Malignant
lesions HCC

Descottes [14]a 2003 87 NR 0% 0%
Mala [15] 2005 53 44% 89% (47) 2% (1)
Kaneko [16] 2005 52 17% NR 77% (40)
Vibert [12] 2006 89 NR 73% (65) 18% (16)
Cai [17] 2006 62 NR 32% (20) 29% (18)
Dagher [11] 2007 70 15% 54% (38) 34% (24)
Koffron [18]b 2007 273 NR 37% (103) NR
Chen [19] 2008 116 NR 100% (116) 100% (116)
Topal [13] 2008 109 28% 71% (77) NR
Buell [20] 2008 253 NR 42% (106) 14% (36)
Cho [21] 2008 128 NR 61% (78) 45% (57)
Sasaki [23] 2008 82 29% 93% (78) 45% (37)
Inagaki [24] 2009 68 NR 76% (52) 43% (36)
Cherqui [25] 2009 174 22% 63% (110) 40% (69)

amulticentric study
bonly pure laparoscopic and hand-assisted laparoscopic hepatectomies included
NR: data not reported; LLR: laparoscopic liver resection; LR: liver resection
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Surgical Technique

State-of-the-art equipment is required. The use of two monitors is recommended.
Although some groups use 0◦ laparoscopes [11, 12], 30◦ laparoscopes are preferred
by most authors.

Patient Positioning

We suggest two different positions according to lesion site. For lesions located in
segments 2 through 5 (the majority of cases), the patient is placed in the supine
position, with lower limbs apart (Fig. 12.1). The surgeon stands between the legs
with one assistant on each side. For patients with lesions of segment 6 scheduled
for atypical resection or segmentectomy, the left lateral decubitus position may be
used in order to expose the lateral and posterior aspect of the right liver (Fig. 12.2).
In this case the surgeon is on the ventral side of the patient. In case of laparoscopic
right hepatectomy, supine position with lower limbs apart is preferred. Some authors
prefer supine position with the surgeon stand on patient side and the assistant on the
opposite one [18].

Pneumoperitoneum

A problem concerning laparoscopic liver surgery is the pneumoperitoneum itself.
The risk of gas embolism due to hepatic vein lesions during parenchymal

Fig. 12.1 Port placement for
resection of lesions located in
segments 2–5 and for right
hepatectomy. The patient is in
supine position with lower
limbs apart and the surgeon
between the legs. Numbers
shown represent trocar sizes
in millimeters
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Fig. 12.2 Port placement for resection of lesions located in segment 6. The patient is in left lateral
decubitus for right lobe mobilization and posterior exposure. The table can be turned to the right to
reapply the right lobe and gain anterior access. Numbers shown represent trocar sizes in millimeters

transection has been suggested. Transesophageal echocardiography study in animal
model demonstrated gas embolism in almost all animals undergoing laparoscopic
liver resection with cardiac arrhythmia in two-thirds of cases [26]. In order to avoid
it, gasless laparoscopy has been proposed [27]. However, gas embolism occurrence
in clinical practice is extremely low [28]. In 2002, Biertho et al. reviewed published
laparoscopic liver resections and reported only 2 cases of possible gas embolism
over about 200 procedures [29]. In recent series [11, 18, 20, 30] and in our expe-
rience [22], few cases of transient mild cardiovascular alteration due to embolism
occurred without clinical consequences. Carbon dioxide pneumoperitoneum mini-
mizes risk of gas embolism as compared to air and low pneumoperitoneum pressure
further reduces its incidence [31]. Electronic monitoring of intra-abdominal pres-
sure is required and should be maintained at less than 14 mm Hg. Gas embolism
occurrence has been also related to argon beam coagulation which increases endo-
abdominal pressure leading to increased risk of gas embolism [32]. To date CO2
pneumoperitoneum is considered safe and gasless laparoscopy is no longer in use.

Port Sites Positioning and Hand Assistance

Positioning of port sites is different according to tumor site and it is shown in
Figs. 12.1 and 12.2. Many variants have been described. The position of trocar for
the laparoscope can be higher on the midline or more lateral on the right side in case
of right liver resection [11, 12].

Hand-assisted laparoscopy is used by several authors [18, 33–35]. It consists in
the placement through an 8-cm incision of a gas-tight port permitting the introduc-
tion of a hand in the abdomen. The assisting hand allows tactile feedback while
palpating the liver and it may help in abdominal exploration, mobilizing the liver,
provides gentle retraction, and helps during parenchymal transection. In addition,
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in case of bleeding hand compression allows easier hemostasis. For its proponents,
this technique may render laparoscopic liver resection safer and more accessible.
Koffron et al. recently proposed a wide use of hand assistance in order to increase
the proportion of patients that can benefit from laparoscopic-assisted approach [18].
In our experience, hand assistance has been used in selected cases (about 10%) of
right hepatectomies or limited resections of posterior right segments to facilitate
when liver mobilization or parenchymal transection can be difficult.

Pedicle Clamping

Intermittent clamping (15-min clamping and 5-min release periods) can be per-
formed whenever necessary. Our group demonstrated that in patients with normal
cardiac function laparoscopic pedicle clamping is safe and well tolerated [36, 37].
However, it is used less often and the majority of recent resections have been
performed without any clamping even in cirrhotic patients [25].

Liver Mobilization and Inflow/Outflow Control

Several techniques have been described which cannot be detailed here. Our usual
technique is briefly depicted.

In left lateral sectionectomy, the round, falciform, and left triangular ligaments
and the lesser omentum are divided. Dissection of the falciform ligament is con-
tinued to the level of the inferior vena cava and the insertions of the hepatic veins.
Parenchymal transection is carried out until the portal pedicles of segments 2 and 3
are exposed. The pedicles are then divided using linear staplers. Left hepatic vein is
divided at the end of parenchymal transection by linear stapler [38].

In limited resections, parenchymal transection is carried out along decided tran-
section lines. Portal pedicles and hepatic veins are controlled as they are encountered
during transection. In limited right-sided resections, the right triangular ligament
is divided, taking advantage of the lateral position of the patient. Parenchymal
transection is then carried out.

Laparoscopic right hepatectomy includes dorsal decubitus position, initial divi-
sion of the right portal pedicle, right liver mobilization, taping of right hepatic vein
if feasible and transection. Hand assistance can be used. Hand port is introduced
through a right iliac or flank transverse incision. Surgeon’s left hand or assistant’s
right hand helps mobilizing the liver and compresses in case of bleeding.

Parenchymal Transection

The main technical challenge of laparoscopic liver resection remains hemorrhage
during parenchymal transection, especially in cirrhotic patients. Several devices
have been developed with the aim to perform more bloodless and accurate parenchy-
mal transection. These devices have not proved to be indispensable during open
resections. However, in laparoscopic surgery, the simple principles of transection are
more difficult to apply and some of the newly designed technologies are required.
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The Ultrasonic Aspirator – The ultrasonic dissector selectively destroys liver
parenchyma and spares vessels and bile ducts that can be selectively controlled. It
does not have hemostatic properties. In our experience ultrasonic dissector is par-
ticularly useful in deep parenchymal transection, especially in right hepatectomy, to
selectively identify and control vessels and bile ducts.

The Ultrasonic Scalpel – Also called harmonic scalpel, it has the major advan-
tage to cut and coagulate at the same time. In the laparoscopic procedures, easy
handling and rapid action are major advantages of this device. It can be particularly
recommended for the superficial parts of transection (2 cm in depth). However, it
is a blind instrument which should be used with caution when deeper liver parts
are reached because of the risk of vascular injuries to larger vessels, especially to
hepatic veins.

The Vessel Sealing System – The vessel sealing system uses low-frequency bipo-
lar current and seals vessels up to 7 mm in diameter. Its use is rather similar to that
of the ultrasonic scalpel, and it includes a knife that cuts after sealing.

Radiofrequency-Assisted Hepatic Resection (Habib Laparoscopic Sealer
4XL R©) – The radiofrequency probe inserted along transection line generates
pre-coagulation. Subsequent cut along coagulated line can be performed. Many
advantages have been suggested: easy and bloodless transection, mainly in atypical
resections; it can be helpful in wedge resections, in which visualization of tran-
section planes and bleeding control may be more difficult; induced necrosis may
improve safe surgical margins. Further studies are needed to evaluate its role in
laparoscopic liver surgery.

Stapler Hepatectomy – Linear stapler devices are widely applied in laparoscopic
liver surgery for portal pedicles and hepatic veins division. Recently, some authors
proposed their use for parenchymal transection [39]. After the transection line is
marked and the liver capsule is incised with diathermy, liver parenchyma can be
divided with repeated applications of linear vascular staplers. According to its pro-
ponents, this technique allows fast and safe resection. However, vascular and biliary
injuries can occur during blind transection and this technique does not allow fine
control of margins and requires that tumors are located remotely from the transec-
tion line. In addition, the cost of this method is high and increases with the number
of applications required. We have not favored this approach and further studies are
necessary to clarify safety of stapler hepatectomy.

Other Devices – Many other devices have been proposed, such as water jet
dissection, microwave-based devices, curettage and aspiration device, and monopo-
lar irrigated coagulation devices, but available data do not allow any conclusive
evaluation.

Specimen Extraction

In all cases, the specimen is placed in a plastic bag and extracted through a sepa-
rate incision, either along a previous appendectomy incision or a new supra-pubic
horizontal incision. Enlarged port site can also be utilized. Fragmentation must of
course be avoided to allow proper pathological evaluation.
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Indications

Indications to laparoscopic hepatectomy do not differ from those of open surgery.
Technical feasibility has been reported as the only limiting factor [11, 12, 18, 20,
21, 40]. In order to select the best candidates for laparoscopic liver resection, two
criteria have been considered by all authors.

Tumor Location

HCC located in antero-lateral segments of the liver (segments 2–6, so-called laparo-
scopic segments, Fig. 12.3) and scheduled for wedges, segmentectomies, and left
lateral sectionectomies are the best indications for laparoscopic approach [11, 12,
41]. Laparoscopic right hepatectomy can be planned for HCC located anywhere in
the right lobe with the exception of those close to the hilum or the hepato-caval junc-
tion, because of the risk of major vascular or biliary injury. The role of laparoscopy
for lesions requiring resections of segments 7, 8, and 1 is not yet codified. Even if
they have been traditionally considered non-laparoscopic segments because of diffi-
cult visualization of surgical field, hand-assisted laparoscopy and thoracoscopy have
been proposed in such location [18, 19, 23, 34, 42]. Cho et al. recently reported a
series of 36 patients with lesions located in postero-superior segments (Sg7-8-4a-1)
treated by pure laparoscopic approach [21, 43]. Even if 30% of cases underwent a
right hepatectomy, anatomic segmentectomies, atypical resections, and right poste-
rior sectionectomies have also been performed. Similarly, laparoscopic resections
of segment 1 have been recently reported [13, 18, 20]. Further studies are necessary
to confirm feasibility and reproducibility of these procedures.

Fig. 12.3 The “laparoscopic
segments.” Shaded areas are
considered consistent with
laparoscopic resection
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Tumor Size

Except for exophytic lesions which are easy to resect by laparoscopy, even if large in
size, laparoscopy is usually not recommended for HCC exceeding 5 cm of diameter
[11, 19, 21–23, 44, 45]. Even if some authors did not adopt this criterion [12, 18, 20],
laparoscopic liver resection cannot be recommended for large intrahepatic lesions
because of difficult tumor mobilization and risks of rupture or inadequate margin.

Liver Function

Liver function is an essential component of selection of patients considered for
liver resection for HCC. Results of liver surgery in cirrhotic patients significantly
improved thanks to a strict patient selection based on their liver function and future
remnant liver volume [4, 5, 46]. In open surgery only Child–Pugh A patients with a
future remnant liver over 40% are considered for liver resection. Presence of portal
hypertension is not an absolute contraindication to liver surgery but indications have
to be cautiously discussed on a case-by-case basis, and we would only consider a
limited resection for such patients [3, 47, 48]. The same criteria should be adopted
for laparoscopic liver resection. In case of peripheral nodules requiring atypical
resections, some authors proposed laparoscopic liver resection in patients with poor
liver function (Child–Pugh B) [24, 34, 49, 50]. Laparoscopic approach allows easy

Fig. 12.4 Laparoscopic
atypical resection of segment
2 as a “bridge” to liver
transplantation for HCC in
Child–Pugh B patient. (a)
Preoperative MRI. (b) The
specimen. (c) Postoperative
CT scan, 1 month after the
laparoscopic resection
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resection of peripheral nodules preserving the abdominal wall and its collateral veins
and reducing fluid dispersion. Good outcomes have been reported, but further data
are required to codify these indications. In our center few Child–Pugh B patients
have been treated (Fig. 12.4); indications are discussed on a case-by-case basis and
retained in a limited number of cases.

Evaluation of Laparoscopic Liver Resection

No randomized study on the efficacy of laparoscopic liver resection has so far been
published. Studies on laparoscopy in other areas of abdominal surgery may provide
a worthwhile analogy. There are few randomized trials even for common opera-
tions that compare open and laparoscopic approaches and even fewer that have
demonstrated any superiority of laparoscopy; conversely, none has demonstrated
any superiority of laparotomy.

For example, randomized studies comparing laparoscopy and mini-laparotomy
for cholecystectomy have failed to demonstrate the superiority of one approach
over the other [51, 52]. However, few would dispute that laparoscopy is now the
standard approach for elective cholecystectomy. This suggests that in the absence
of a clear difference between laparotomy and laparoscopy and provided that the
same result can be achieved, surgeons favor laparoscopy. Another analogy can be
drawn from the COST randomized trial of open vs laparoscopic colectomy for
colon cancer [53]. This study was designed as a non-inferiority trial and enrolled
872 patients. It demonstrated similarity for recurrence and survival and a slight
advantage to laparoscopy for hospital stay and analgesic requirements (1 day reduc-
tion for each item). The conclusion was that the laparoscopic approach is an
acceptable alternative to open surgery for colon cancer.

A randomized study of open vs laparoscopic liver resection is of course desirable,
but it will be difficult to conduct because of the variability of the indications, types
of resections, and types of techniques used. It will also require a large number of
patients which will be difficult to accrue. At the present time only retrospective and
case–control comparisons are available.

An increasing number of papers reported outcomes of laparoscopic liver resec-
tions. The majority of them are focused on short-term outcomes, such as hospital
stay and analgesic requirements. These are important but vary according to local
practice. Other outcome measures, such as re-operations, incisional hernias, and
bowel obstructions, are potential advantages which remain to be demonstrated.
Finally, there are very few oncological results available.

Short-Term Outcomes

Few papers have been specifically addressed on HCC. We will consider our own
experience and the literature on laparoscopic liver resection presently available
focusing on HCC or including HCC cases.



194 L. Viganò and D. Cherqui

Table 12.2 Short-term results of laparoscopic liver resection in patients affected by HCC (series
including more than 10 patients)

Author Year # Major hep Mortality Morbidity Conversion

Shimada [45] 2001 17 0% 0% 6% (1) 0%
Teramoto [42]a 2003 11 0% 0% 18% (2) 1 converted case

excluded
Kaneko [57] 2005 30 0% 0% 10% (3) 3% (1)
Tang [30] 2006 17 0% 0% NR NR
Vibert [12] 2006 16 NR 6% (1) NR NR
Belli [61] 2007 23 0% 4% (1) 22% (5) 4% (1)
Cai [62] 2008 24 NR 0% 0% NR
Dagher [58] 2008 32 13% (4) 3% (1) 25% (8) 9% (3)
Cho [21] 2008 57 18% (10) 0% 16% (9) 5% (3)
Chen [19] 2008 116 3% (4) 0% 6% (7) 5% (6)
Buell [20] 2008 36 9.7%

(3/31)b
9.7%
(3/31)b

29% (9/31)b NR

Sasaki [23] 2008 37 0% 0% 3% (1) 0%
Santambrogio

[59]
2009 19 0% 0% 11% (2) 1 converted case

excluded
Huang [35] 2009 27 NR 0% 19% (5) NR
Lai [60] 2009 25 4% (1) 0% 16% (4) 4% (1)
Inagaki [24] 2009 36 0% 0% NR NR
Cherqui [25] 2009 69 7% (5) 0% 22% (15) 13% (9)

aLaparoscopic and thoracoscopic resections;
bData detailed only for cirrhotic patients (31/36 HCC)
NR: data not reported

In cirrhotic patients, liver resections, even minor ones, carry a high risk of
complications, including ascites, jaundice, and encephalopathy [54, 55]. Specific
benefits from laparoscopic approach have been suggested: it might offer the advan-
tage of preserving the abdominal wall and its collateral veins resulting in less
portal hypertension, less need for fluids, and improved re-absorption of ascites [40].
Short-term results of series including more than 10 consecutive laparoscopic liver
resections for HCC are detailed in Table 12.2.

Across more than 2000 published laparoscopic liver resections, 10 postoper-
ative deaths have been reported (less than 0.5%) [11–13, 20, 21, 44, 56]. Six
out of ten deaths occurred in cirrhotic patients [11, 12, 20, 44]. Buell et al. [20]
recently reported more than 250 laparoscopic liver resections and observed a sig-
nificantly increased mortality in cirrhotic patients in comparison with non-cirrhotic
ones (9.7% vs 0.3%). These data underline that liver surgery in cirrhotic patients has
to be considered at increased risk, even if laparoscopically performed.

In the literature, morbidity rates after laparoscopic liver surgery ranged from 5 to
20% [11, 13, 14–23]. Considering cirrhotic patients they tended to be higher, about
10–30% [19, 21, 25, 35, 42, 45, 57–62]. In the above-mentioned series of Buell et al.,
morbidity was 29% in cirrhotics vs 14% in non-cirrhotics (p = 0.02) [20]. Morino
et al. observed increased hospital stay and blood loss in case of cirrhosis [63]. In
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our series of 174 laparoscopic resections, mortality was nil and morbidity occurred
in 14.4% of cases [25]. Considering the 69 patients affected by HCC morbidity rate
was 21.7%, but it significantly decreased in the second half of our series (lower than
10%) [25].

Two complications are commonly feared in laparoscopic liver surgery: gas
embolism and bleeding. As previously discussed, gas embolism is rarely reported
and is usually without any clinical consequences, except for transient cardiovas-
cular alterations. On the other side, hemorrhagic complications can occur during
parenchymal transection and may lead to urgent conversion. In the literature some
severe hemorrhagic complications have been reported, mainly related to hepatic
veins injuries [11, 12, 22, 64]. These have been usually managed either laparoscopi-
cally or by conversion to laparotomy without reported consequences except for two
cases: one brain death [12] and one hypovolemic shock with postoperative renal
failure requiring hemodialysis for 4 months [64]. No intraoperative death has been
reported. In the published series, hemorrhagic risk was not increased in cirrhotic
patients.

In the literature, reported conversion rate is about 5–15% [11–13, 15, 22, 65].
Similar data have been reported in HCC cases [19, 21, 23, 25, 45, 57–61]. The rea-
sons for conversion are essentially two. The first reason is, of course, bleeding. The
second is a technical one, a composite association of difficult exposure, insufficient
or poor quality view, fragile tumor with risk of rupture or uncertainty about the dis-
tance between the tumor and the transection plane. In our series, the conversion rate
was 9.8% in the whole series and 13% in HCC cases, with two-thirds for technical
reasons and one-third for bleeding [25]. In our experience, massive bleeding requir-
ing rapid conversion never occurred; they were rather situations that were difficult
to control by laparoscopy and that, by their persistence, hampered the progress of
the operation and were leading to a significant blood loss.

Comparison with Open Liver Resections

Three case–control studies (one from our group) [44, 60, 66] compared outcomes of
laparoscopic and open liver resections in cirrhotic patients. Two comparative studies
without any matching criteria compared laparoscopic and open resections for HCC
[45, 57]. The outcomes of these studies are summarized in Table 12.3.

Reduced morbidity, especially rare occurrences of postoperative ascites, was
observed in patients operated through a laparoscopic approach [44, 66]. Operative
time of laparoscopic resections was longer in two studies [45, 66], while a trend
toward reduced blood loss has been reported [44, 45, 66]. Hospital stay was shorter
in laparoscopic group [40, 45, 60].

Learning Curve

In surgical procedures the so-called learning curve effect has been described,
demonstrating improvement in results along with experience [67, 68]. In laparo-
scopic liver surgery series, some authors reported reduced operative times, blood



196 L. Viganò and D. Cherqui

Ta
bl

e
12

.3
St

ud
ie

s
co

m
pa

ri
ng

la
pa

ro
sc

op
ic

vs
op

en
liv

er
re

se
ct

io
n

fo
r

H
C

C

#
O

pe
ra

tiv
e

tim
e

(m
in

)
B

lo
od

lo
ss

(m
L

)
B

lo
od

tr.
M

or
bi

di
ty

H
os

pi
ta

ls
ta

y
(d

ay
s)

A
ut

ho
r

Y
ea

r
L

O
L

O
L

O
L

O
L

O
L

O

C
as

e–
co

nt
ro

ls
tu

di
es

L
au

re
nt

[6
6]

20
03

13
14

26
7

±
79

18
2

±
57

62
0

±
13

0
72

0
±

24
0

8%
29

%
36

%
50

%
15

.3
±

8.
6

17
.3

±
18

.9
B

el
li

[4
4]

20
07

23
23

14
8

±
30

12
5

±
17

26
0

±
12

7
37

7
±

11
4

0%
17

%
13

%
48

%
8.

2
±

2.
6

12
.0

±
4.

0
L

ai
[6

0]
20

09
25

33
15

0
(7

5–
21

0)
13

5
(5

0–
12

0)
N

R
N

R
16

%
15

%
7

(4
–1

1)
9

(5
–3

7)

C
om

pa
ra

tiv
e

st
ud

ie
s

Sh
im

ad
a

[4
5]

20
01

17
38

32
5

28
0

40
0

80
0

6%
11

%
6%

11
%

12
±

5
22

±
8

K
an

ek
o

[5
7]

20
05

30
28

18
2

±
38

21
0

±
40

35
0

±
21

0
50

5
±

18
5

N
R

10
%

18
%

14
.9

±
7.

1
21

.6
±

8.
8

L
:l

ap
ar

os
co

pi
c

re
se

ct
io

ns
;O

:o
pe

n
re

se
ct

io
ns

;B
lo

od
tr.

:b
lo

od
tr

an
sf

us
io

n;
B

ol
d

ty
pe

d
da

ta
p

<
0.

05
;

N
R

:d
at

a
no

tr
ep

or
te

d



12 Laparoscopic Liver Resection for HCC 197

loss, and conversion rate when comparing early and late cases of their series [11,
16, 38, 69]. Our group recently studied the learning curve effect along our experi-
ence of laparoscopic liver resections [25]. We split our series of 69 laparoscopic
liver resections for HCC into three groups of 23 consecutive cases. Conversion
rate progressively decreased (26.1, 8.7, and 4.3%). A significant decrease of pedicle
clamping rate (from 100 to 17.4%), clamping duration when used (60 to 20 min),
operative time (240 to 150 minutes), and blood loss (400 to 100 cc) was observed.
Morbidity decreased from 43.5 to 13.0 and 8.7% and hospital stay passed from 9 to
7 and 6 days, respectively.

Left Lateral Sectionectomy

Left lateral sectionectomy has a privileged place in laparoscopic resections
(Fig. 12.5). Our group demonstrated by a case–control study that, despite longer
operative times, laparoscopy is associated with reduced blood loss and morbid-
ity, especially in cirrhotic patients [70]. A further analysis on 36 laparoscopic left
lateral sectionectomies reported no mortality and no liver-specific morbidity, low
blood loss, and no transfusion [38]. Conversion occurred only in one patient during
our experience. In addition a clear learning curve effect was demonstrated: opera-
tive time, use of Pringle maneuver, and hospital stay were significantly reduced in
the last 18 patients. All these data have been confirmed by further recent studies
[71–73]. Laparoscopy can be recommended as the routine approach to left lateral
sectionectomy.

Fig. 12.5 Laparoscopic left lateral sectionectomy for HCC. (a) Preoperative CT scan. (b) The
surgical field at the end of parenchymal transection. (c) The specimen
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Other Minor Resections

Antero-lateral liver segments (segments 2–6) are the so-called laparoscopic liver
segments. Their non-anatomical resections are commonly reported in the literature
and are associated with excellent outcomes [11–20, 22, 23] (Fig. 12.6). Even if no
studies specifically compared their results with those of open counterparts, equiva-
lence between the two procedures can be postulated and advantages of laparoscopic
approach can be hypothesized. In fact, together with left lateral sectionectomies,
they represent the majority of cases included in case–control studies comparing
open and laparoscopic liver surgery.

Fig. 12.6 Laparoscopic segmentectomy 4b for HCC. (a) Preoperative CT scan. (b) The surgical
field at the end of parenchymal transection

As mentioned above, non-anatomical resections of segments 7, 8, and 1 have
been usually excluded from laparoscopic approach because of difficult visualiza-
tion of surgical field. Similarly right liver segmental anatomic resections present
many problems, mainly related to adequate exposure, the need for two transec-
tion planes, and the difficulties to check margin adequacy [40]. Increased risk of
intraoperative bleeding and positive surgical margin can be feared. Recently feasi-
bility of these procedures has been reconsidered and successful laparoscopic cases
have been reported, especially applying hand assistance [19, 21, 34, 74] (Fig. 12.7).
Laparoscopic right posterior sectionectomies and caudate lobectomies have been
performed with good outcomes [18, 20, 21, 43, 74]. Cho et al. compared outcomes
of laparoscopic approach for lesion in antero-lateral segments vs. postero-superior
ones and they did not report any differences, except for longer operative time
and higher transfusion rate in the second group [21, 43]. Despite these positive
results, little data are presently available and further studies are necessary to validate
outcome of these procedures.

Major Hepatectomy

An increasing number of laparoscopic major hepatectomies have been reported in
the literature [11–13, 18, 20–22, 56, 69, 75–77], including large series in the past
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Fig. 12.7 Laparoscopic atypical resection of segment 8 for HCC. (a) Preoperative MRI. (b) Liver
transection performed with harmonic scalpel. (c) Specimen is placed in a plastic bag. (d) Specimen
extraction through a separate incision. (e) The surgical field at the end of parenchymal transection.
(f) The specimen

2 years [11, 13, 18, 20–22, 75]. The majority of procedures were right or left hepate-
ctomies. However, few specific data about these procedures are available and only a
limited number of cases have been performed in patients with HCC [19–21, 25, 58,
60] (Table 12.2). Even if some authors suggest feasibility of right hepatectomy by
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pure laparoscopic approach [75–77], the hand assistance can be useful in selected
cases. It may help to mobilize the liver, to perform parenchymal transection and to
control bleeding.

At present, laparoscopic major hepatectomies are still limited to few expert
centers and cannot be considered standard procedures. Further evaluation and tech-
nical refinements are required before laparoscopic major liver resections can be
recommended.

Oncological Results

Controversy about laparoscopy in cancer patients arose from unacceptable peri-
toneal and port site seeding in early patients with incidental gallbladder cancer or
with colon cancer [78, 79]. Proper use of oncological surgical principles has reduced
this problem to the point that there are no more differences as compared to open
surgery. It is highly important that oncological principles are strictly followed: “no
touch”, no direct manipulation of the tumor, immediate conversion in case of locally
advanced cancer, and protection for extraction.

Up to December 2008, 12 papers (two from our group) specifically focused on
laparoscopic resection of HCC [19, 42, 45, 57–61, 66, 80, 81]. Further data on
HCC are included among other laparoscopic series [12, 20, 21, 23, 24, 30, 35, 62].
Published series including more than 10 patients are detailed in Table 12.4.

Surgical margin width was adequate in the majority of cases: its median was
over 1 cm in almost all series and few positive surgical margins have been reported
[19–23, 30, 42, 45, 58, 59, 61]. Three-year overall and disease-free survival rates
were about 65–75% and 50–70%, respectively [12, 19, 22, 23, 42, 57–59, 62]. In
our series, 64 patients with HCC underwent laparoscopic liver resection: the mean
surgical margin width was 13 mm and 5-year overall and disease-free survival rates
were 65% and 34%, respectively [22]. These outcomes are similar or even better
than those reported in open series, although high recurrence rates are observed at 5
years as expected with underlying chronic liver hepatitis or cirrhosis [23, 82–84].

No port site recurrences imputable to laparoscopy were noted. Direct comparison
in case–control studies between laparoscopic and open resection for HCC reported
no differences in terms of surgical margin width and midterm results [44, 60, 66].

Most recurrences observed in our experience occurred in a remote segment sug-
gesting multicentric carcinogenesis due to underlying liver disease. Most were
amenable to treatment including reresection, ablation, TACE, or transplantation.
These results warrant close postoperative follow-up to allow early detection of
recurrences. Indeed, 34% of patients with recurrences underwent salvage liver
transplantation [22].

Laparoscopic approach may have a role even in recurrent HCC. A recent paper
by Belli et al. demonstrated feasibility of redo laparoscopic treatment (12 resec-
tions and 3 radiofrequency ablations), even in patients with previous open resection
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Table 12.4 Laparoscopic liver resections for HCC (series including more than 10 patients).
Overall and disease-free survival rates are reported only if detailed data were available in the paper
(i.e., percentages or events with follow-up duration)

Author Year #
Diameter
(cm)

Surgical margin
(mm)

Overall
survival

Disease-free
survival

Shimada [45] 2001 17 2.6 ± 0.9 8 ± 7 NS vs open control group
Teramoto [42]a 2003 11 NR 82% negative 5 yr 75% 5 yr 38.2%
Kaneko [57] 2005 40 NR NR 5 yr 61% 5 yr 31%
Tang [30] 2006 17 NR 70.6% > 10 mm 2 yr 59% NR
Vibert [12] 2006 16 6.5 NR 3 yr 66% 3 yr 68%
Belli [61] 2007 23 3.1 ± 0.7 91.4% > 10 mm NS vs open control group
Cai [62] 2008 24 NR NR 5 y 56.2% NR
Dagher [58] 2008 32 3.8 ± 2 10.4 ± 9 3 yr 72% 3 yr 55%
Cho [21] 2008 57 3.5 ± 2.0b

2.9 ± 1.3c
16.4 ± 15.0b

15.8 ± 18.8c
NR

Chen [19] 2008 116 2.1 ± 0.8d

3.2 ± 1.9e
100% >10 mm 5 yr 59%d

5 yr 62%e
NR

Buell [20] 2008 36 4.6 7 mm (100% R0) NRg

Sasaki [23] 2008 37 3.5 ± 3.7 8.7 ± 7.1 5 yr 52.7% NR
Santambrogio [59] 2009 19 2.8 ± 1.0 100% > 5 mm 4 yr 50% 4 yr 24%
Huang [35] 2009 27 2.5 (2–4) NR NRg NRg

Lai [60] 2009 25 2.5 (1–7) 88% R0 3 yr 60% 3 yr 52%
Inagaki [24] 2009 36 NR NR 5 yr 79.3% NR
Bryantf [22] 2009 64 4.4 ± 2.6 13 ± 12 5 yr 65% 5 yr 34%

aLaparoscopic and thoracoscopic resections
bHCC in antero-lateral liver segments
cHCC in postero-superior liver segments
dpatients with resection of ≤ 2 segments
e patients with resection of > 2 segments
fAuthor’s series
gInsufficient follow-up data in the paper
NR: data not reported; NS: not significant

[81]. Previous laparoscopic resection enabled easier procedures thanks to fewer
adhesions.

Resection and Liver Transplantation: Does Laparoscopy
Modify the Picture?

The treatment of patients with HCC within Milan criteria is debated, because both
liver transplantation and liver resection can be proposed. Liver transplantation is the
ideal treatment by removing both the tumor and the underlying liver disease, but
shortage of donors and its consequent dropout on the waiting list due to progression
limit the number of patients who can receive it [3]. By contrast, liver resection is
readily available, but is associated to high recurrence rates [8, 82–84]. In a modern
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view, liver resection and transplantation should not be considered competitive but
complementary and treatment should be tailored to each patient case. Resection can
be used before liver transplantation in three different strategies: first, resection as
primary therapy considering “salvage” liver transplantation in case of recurrence or
liver failure [8]; second, resection as tool to select patients for the liver transplanta-
tion on the basis of pathological data of the tumor and the surrounding parenchyma
[85–87]; finally, “bridge” resection, i.e., resection as treatment on the waiting
list.

The advantages and the disadvantages of these options are not the topic of
this chapter, but it should be emphasized that the laparoscopic approach could
enhance the role of liver resection in case of peripheral nodules. It allows easy
resections with early recovery and low morbidity. Oncological results are not infe-
rior to open resections. Complete pathological data of both tumor and parenchyma
can be safely obtained. Indications can be extended even to patients with mild
compromised liver function (Child–Pugh B). Laparoscopic liver resection is also
complementary to radiofrequency ablation which is associated with a higher risk
of seeding in superficial lesions. Therefore, laparoscopic limited resection could
be used in peripheral lesions and radiofrequency in deeply located nodules, which
would otherwise require major liver resection.

The main criticism to liver resection are the difficulties encountered at the sub-
sequent liver transplantation if required. Adam et al. reported poor outcomes of
salvage liver transplant after previous hepatectomy because of adhesions related to
primary treatment and increased blood loss [88]. In our center, 12 patients under-
went bridge or salvage transplantation after primary laparoscopic resection with no
mortality. When transplantation was performed, they benefitted from the absence
of adhesions and, in comparison with 12 transplantations after open hepatectomies,
we observed lower operative time, blood loss, and transfusion rate [89]. Reduced
adherences after laparoscopic liver surgery have been confirmed by Belli et al. in
the analysis of the redo surgery [81].

Conclusions

For laparoscopic liver resection to be effective, specific training and access to
adequate technology are required. Patient selection must be accurate, and the avail-
ability of laparoscopy should not change the indications for resection. The rules of
oncological surgery must be followed for minimally invasive operations, just as in
their open counterparts. At present, good candidates for laparoscopic liver resection
are patients with peripheral HCC requiring limited hepatectomy or left lateral sec-
tionectomy. In these cases surgery can be performed with early recovery and low
morbidity. Oncological results appear to be similar to open surgery but further stud-
ies are necessary. The laparoscopic approach strengthens the role of liver resection
in the treatment strategy of peripheral HCC within Milan criteria. In the perspective
of liver transplantation, laparoscopic liver resection enables easier transplantation in
comparison with open resection.
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Chapter 13
Laparoscopic Liver Surgery for the
Management of Hepatocellular Carcinoma:
The American Perspective
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Despite better understanding and advances in oncology, the best available thera-
peutic option for the management of hepatocellular carcinoma (HCC) is surgical –
either liver transplantation or resection. Liver transplantation appears most attractive
since it treats the primary tumor and the field defect associated with the underly-
ing liver disease. However, this option is feasible only when there are an adequate
number of organs available and when the disease and patient meet certain stringent
criteria. Most centers abide by the Milan criteria [1] to determine candidacy for
liver transplantation. These are a single tumor �5 cm, two or three tumors all <3 cm,
absence of major vascular invasion, and no extrahepatic disease. Unfortunately, only
a minority of hepatoma patients fit these morphological parameters. Many other cir-
rhotic patients do not fulfill the requirements for transplantation due to comorbidity
or psychosocial reasons. A few centers have attempted to expand transplantation
to patients with greater tumor burden. These criteria were developed by the UCSF
group and consist of solitary tumor ≤6.5 cm, or three or fewer nodules with the
largest lesion ≤4.5 cm, and total tumor diameter ≤8 cm, without gross vascular
invasion [2].

Hepatic resection should be considered for patients deemed unsuitable for
transplantation. However, proper selection of patients is required to avoid postop-
erative liver failure. On rare occasions, laparoscopic resection has been utilized
to select patients for liver transplantation – particularly when there is a ques-
tion of major vascular invasion arising in the presence of small tumors. When
patients are unable to undergo resection, they are then considered for ablative strate-
gies including radiofrequency ablation [3], cryoablation [4], percutaneous alcohol
injection [5], microwave ablation [6], laser ablation [7], chemoembolization [8],
chemotherapeutic beads, and infusion of yttrium microspheres [9].
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Hepatic resection poses several important challenges. In the setting of normal
parenchyma, resection maybe limited only by the presence of extrahepatic spread,
bi-lobar disease, or major vascular extension. These criteria serve only as relative
contraindications and should be considered on a case-by-case basis. Major liver
resection in a patient with normal parenchyma is tolerated down to a functional
liver remnant of only two or three segments. However, in the setting of a diseased
liver, resection is an entirely different proposition. A fibrotic or cirrhotic liver has
poor and unpredictable ability to regenerate with resultant liver failure. This is a
deterrent to major liver resection in hepatoma occurring against the background of
cirrhosis.

Various methods have been used to guide the extent of possible resection in this
situation. These include the Child’s status, ICG excretion test [10], and evidence of
portal hypertension (platelet count, wedged hepatic venous pressure gradient) [11]
(Table 13.1). Despite these tools, planning and executing liver resection in cirrho-
sis continues to be a serious undertaking. Recent advances in the care of cirrhotic
patients have enabled mortality rates as low as 3% [12].

Table 13.1 Selection criteria
for liver resection for
hepatocellular carcinoma in
chronic liver disease

For a major resection (≥ three segments)
Child-Pugh class A
Indocyanine green retention at 15 min <15%
No esophageal varices
Platelets >100,000/mm3

Transaminases ≤ two times normal
Hypertrophy of liver after portal vein embolization
Functional residual liver volume > 50%

For a limited resection (<three segments)
Child-Pugh class A
Child-Pugh class B for a peripheral tumorectomy
Esophageal varices grade 2 maximum

With permission from Bryant et al. [11]

Liver surgery has evolved significantly over the last two decades. It is well stan-
dardized and has excellent results largely due to advances in the techniques of liver
surgery aided by knowledge of the segmental anatomy of liver, improved imaging
techniques, better intra- and postoperative management of these patients, particu-
larly cirrhotics. Almost concurrent with the advance in liver surgery, the field of
minimally invasive surgery exploded and caused a major surgical revolution. It was
inevitable that liver surgeons would apply these techniques. Large series of laparo-
scopic hepatic resections [13–15] have been reported and have encouraged wider
application of the technique even in patients with malignant neoplasms.

Selection of Patients for Surgery

The decision to operate on a patient with hepatoma is largely determined by the mor-
phological evaluation of the tumor on imaging and an evaluation of the functional
reserve of the liver. The indications for surgery are as follows:
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1) Diagnostic: while evaluating a hypervascular lesion in a cirrhotic – to differenti-
ate neoplasia from a regenerative nodule

2) Resection of the lesion with intent to cure
3) Assessment of histological features for transplant indications
4) Ablation of the lesion at surgery by use of RF or microwave energy

Imaging

Evaluation of lesions developing in a background of cirrhosis remains a challenge
when the lesions are small. A variety of techniques such as ultrasound, triple phase
CT scan, and MR imaging are essential in guiding therapy. The latter two are
comparable and must be chosen based on local expertise and equipment. CT imag-
ing characteristics that are diagnostic include intense enhancement on late arterial
phase, washout on portal/delayed phase, and a late capsule/pseudo capsule enhance-
ment. MR may be preferred in differentiating regenerative nodules from tumors
when the lesions are small. However, the presence of renal impairment (not uncom-
mon in cirrhotics) precludes the use of gadolinium. Lesions less than 1 cm are
difficult to characterize on imaging studies and may be followed by serial imag-
ing in 3–6 months to detect an increase in size. This information helps stage the
disease based on the number of lesions, size of individual lesions, presence of major
vascular invasion, and extrahepatic disease. Imaging of the lungs and bone scans are
routinely performed at most centers prior to planning surgical resection to rule out
metastatic disease.

Additionally, CT volumetry permits calculation of the residual liver volume
(the volume of liver remaining after resection). Preoperative volumetric analysis
is essential to ensure sufficient functional liver parenchyma remains. The functional
residual liver volume is calculated by the formula: volume of residual liver/volume
of total liver – volume of the tumor. Vauthey [16] demonstrated that a future liver
remnant of <25% was associated with increased complications following extended
liver resections in patients without underlying disease. However, in the presence of
parenchymal liver disease this figure may need to be higher than 50% [11].

Functional Reserve of Liver

This is an extremely important component of liver resection in cirrhotics. Many
methods have been utilized to estimate the functional reserve and guide the extent
of liver resection. Typically liver resections are contemplated only in Child’s
A or early B cirrhosis. But the assessment of the liver reserve based on syn-
thetic function of the liver (serum albumin, prothrombin time) has not been very
reliable. Dynamic assessment of complex liver functions such as clearance of sub-
stances (ICG – indocyanine green) or the formation of metabolites (lidocaine to
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monoethylglycinexylidide [MEGX] or 14C-aminopyrine) has been used to more
accurately delineate the functional reserve in patients with liver disease.

In the Far East, the indocyanine green (ICG) retention test has been used with
success in selecting candidates for liver resection [17]. ICG is an infrared absorb-
ing fluorescent agent which is almost exclusively eliminated by the liver into the
bile. Following the intravenous injection of 0.5 mg/kg of ICG the rate of disap-
pearance from the plasma is calculated. A retention of >15% of the injected dye at
15 min indicates poor liver reserve and predicts poor outcome with liver resections
involving three or more segments.

The ICG retention test proved to be the best discriminating preoperative test in
patients with hepatoma prior to hepatectomy [10]. However, this test has not been
widely used in the West to guide liver surgery. The guidelines listed in a recent
review summarize the criteria used by major centers to select patients for liver
resection in the presence of chronic liver disease [11]. A gross rule of thumb for
what would be considered possibly safe is lobar resection for Child-Pugh class A
patients, a 15% resection for class B, and a 5% resection for class C.

Laparoscopic Liver Resection for Hepatoma

The debate about the feasibility and safety of laparoscopic liver surgery is slowly but
surely being put to rest. Large series of liver resections performed laparoscopically
have been published and have matched the results of open surgery. Laparoscopic
methods have the potential to lower the stress posed by liver surgery. Whether a
significant reduction in morbidity actually is achieved has yet to be conclusively
determined.

History

A multicenter European study published in 2002 was the first to present the results of
laparoscopic liver resection for malignant liver tumors [18]. However, the retrospec-
tive study involving 11 centers contained only 10 patients with hepatoma, 9 of whom
were cirrhotic. The next significant data came from the Henri Mondor Hospital in
Paris in 2006 [19]. This single center prospective study included 27 patients who
were followed for a mean period of 2 years. The paper conclusively demonstrated
the feasibility and the midterm safety of laparoscopic resection. Subsequent papers
from Italy [20] and Taiwan [21] have corroborated this concept.

Technique

There are three different terminologies that have been used with regard to laparo-
scopic liver resections:
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1. Pure laparoscopic
2. Hand-assisted laparoscopic resection
3. Laparoscopic-assisted (hybrid) open resection

There is no clear advantage of one approach over the others. All aim to reduce
the surgical trauma by minimizing the length of surgical incision. An incision is
often required to extract the tumor specimen and one may as well make this incision
at the beginning if it will aid the dissection. Poon [22] has reported the following
advantages with the insertion of a hand port:

1. Palpation with the hand and the use of intraoperative ultrasonography through the
hand port improve the staging of tumor and permit better delineation of resection
margin

2. The hand is the best retractor
3. Manual compression in the event of major bleeding
4. Hand assistance in intracorporeal suturing
5. Specimen retrieval through the hand port

The position of the patient is supine when performing resections on the left
lobe segments. The French surgeons utilize the lithotomy position with the surgeon
standing between the legs during the surgery. The left lateral decubitus with a steep
reverse Trendelenburg position is ideal for lesions in the right lobe – particularly
those requiring mobilization of the right lobe to gain access to the posterior surface.
When a hand port is inserted, the location has varied in different series. It may be
placed in the midline close to the xiphoid with a lateral extension or in the midclav-
icular line at or above the plane of the umbilicus [23] (Fig. 13.1). The exact position
varies with the individual anatomy, the size of the liver, and location of the tumor(s).

Fig. 13.1 Port placement and surgeon positioning during laparoscopic liver resection (right-sided
resection). With permission from Buell et al. [23]
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Typically the procedure is initiated with the placement of a trocar inferior to
the umbilicus. Incisions through or above the umbilicus are not recommended in
order to avoid collaterals in the falciform ligament. After a preliminary examina-
tion, an ultrasound of the liver is performed. Laparoscopic ultrasound has been used
extensively in most series. This helps in confirming the site and size of the lesion,
detecting additional lesions, identifying the vascular structures in proximity to the
lesion, and guiding the placement of biopsy needle or radiofrequency probe.

The majority of liver resections performed for hepatoma in cirrhotics have
involved one or two segments or non-anatomical resections [24] (Table 13.2). In

Table 13.2 Findings and results from literature [24]

Variable Results

Index number of
analyzable patients
(% out of 300 patients)

Sex ratio M/F 132/58 190 (68%)
Mean age 61.8 (34–76) 175 (62%)
Liver cirrhosis 156 (78%) 201 (72%)
Child-Pugh classification: A/B/C 130/28/4 169 (60%)
Mean tumor size (mm) 33.6 (9–75) 188 (70%)
Location (Couinaud segments)

2/3 s 81 (38%)
4 s 38 (18%)
5/6 s 85 (39%)
7 s 8 (4%)
8 s 3 (1%)

LUS used 200 (83%) 240 (85%)
Type of resection 211 (75%)

Atypical 121 (57%)
Segmentectomy 35 (17%)
Left Lobectomy 40 (19%)
Left Hepatectomy 7 (3%)
Right Hepatectomy 4 (2%)
Mesohepatectomy 3 (1%)
Bisegementectomy (5/6 s) 1

Pringle maneuver 62 (38%) 162 (58%)
Pringle maneuver (mean duration) 50.6 (15–17)
Perioperative complications 17 (10%) 169 (60%)
Conversion to laparoscopy 24 (9%) 262 (93%)
Mean operative time (min) 216.8 (50–680) 175 (62%)
Mean blood losses (ml) 401 (0–1,700) 155 (55%)
Transfusion rate 17 (11%) 161 (57%)
Surgical margins (>1 cm) 77 (65%) 118 (42%)
Operative mortality 5 (1.7%) 281 (100%)
Postoperative complications 42 (20%) 211 (70%)
Reoperation 2 (0.9%) 214 (76%)
Mean postoperative hospital stay (days) 12.3 (2–76) 161 (57%)
Mean follow-up time (months) 19.6 102 (36%)
Alive without recurrence 86 (57%) 151 (54%)

With permission from Santambrogio et al. [24]
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a review of 300 undergoing laparoscopic hepatectomy for hepatoma in cirrhotics,
only 11 involved resection of an entire lobe. This illustrates the difficulty of major
liver resections in cirrhotics. The location of the hepatoma determines the feasibil-
ity and ease of laparoscopic resection. When the lesion is located peripherally in the
anterior and inferior aspects (segments 2, 3, 4b, 5, or 6) surgical resection is easier.
Lesions located on the superior and posterior parts (segments 1, 4a, 7, or 8) pose a
challenge.

Depending on the location of the liver, the mobilization of the liver is performed –
the falciform and the appropriate triangular ligaments are divided. For lesions in
the posterior right lobe, the bare area of the liver will often have to be freed with
exposure of the retrohepatic inferior vena cava. The option of a Pringle maneuver
has been utilized by some centers to reduce bleeding during the resection. However,
this is not mandatory.

Transecting the liver parenchyma with minimal blood loss is a challenge, espe-
cially in the cirrhotic liver. This has led to development of a variety of devices
which utilize different types of energy to dissect the liver and seal the blood
vessels. These include the ultrasonic dissector (Harmonic ScalpelTM), bipolar
diathermy, water jet dissector (Helix Hydro-jetTM), dissecting sealer (TissuelinkTM

and AquamantysTM), Habib 4XTM, radiofrequency device. The caliber of the ves-
sels traversing the most superficial 2–3 cm of the parenchyma is small and hence
any of the above devices can be successfully employed. As the depth increases,
larger vessels (those associated with the Glissonian pedicle and the hepatic veins)
are encountered. We believe that these are most safely and expeditiously dealt with
by the use of a vascular stapler. As experience with vascular staplers has grown,
it is being widely used even to divide the parenchyma without isolation of major
blood vessels. As no single device has been shown superior to the others, it is best
to develop expertise depending on the devices available at each center. However, it
should be noted that the cirrhotic parenchyma poses specific challenges for laparo-
scopic resection related to the stiffness of the liver, which impairs mobility, and
fibrosis, which can limit the use of vascular staplers.

Preferred Technique at Our Center

The positioning of the patient is crucial for performing laparoscopic liver resec-
tions. For lesions in the right lobe, particularly in the posterior or superior segments,
the patient is positioned in the left lateral decubitus with the table in steep reverse
Trendelenburg position. We find that this greatly facilitates the mobilization of the
right lobe of liver and exposure of the retrohepatic vena cava. For lesions in the
left lobe we prefer the supine position. We do not utilize the hand port as a routine.
Typically peripheral lesions involving segments 2, 3, 4b, 5, or 6 can be resected by
the pure laparoscopic technique. We utilize the hand port for lesions involving the
caudate lobe, the posterior surface, or the superior segments 4a, 7, and 8. The hand
port is inserted through a transverse incision in the right upper abdomen – the exact
site depends on the size and location of the liver lesion.
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Our preference is to delineate the margins of the lesion with the help of intra-
operative ultrasound. When a lobectomy is performed, our preference is to avoid
extensive hilar dissection. We prefer to staple the major vessels in the parenchyma.
If easily accessible, the right hepatic vein may be stapled outside the liver. We use
the harmonic scalpel to mark a 1 cm margin around the lesion. The hepatotomy is
then initiated with the harmonic device. After a depth of 2 cm is reached we pre-
fer to complete the parenchymal transection with the help of vascular staplers. The
specimen is delivered out of the hand port if one has been placed. Otherwise it is
placed in an endopouch and retrieved. After the specimen is removed, hemostasis
of the raw surface is achieved using diathermy, argon beam coagulation, and intra-
corporeal suturing to control more significant bleeding. We utilize a “quick stitch”
to control active bleeders or sites of bile leak. This involves the use of a 15 cm long
2-0 silk swaged suture with clips on one end which serve to anchor the suture at
the liver surface. After the site of bleeding is controlled with the suturing, clips are
placed at the exit site to lock the stitch in place. After satisfactory hemo- and bile
stasis has been attained, we apply topical sealants to the raw surface. These include
BioGlu (Cryolife), Tisseel (Baxter), and Co-seal (Baxter).

The CVP is maintained less than 5 throughout the procedure. This reduces the
bleeding during transection and from the resulting raw surface. There has been con-
troversy regarding the use of Argon beam at laparoscopy. We have not encountered
gas embolism and believe the practice is safe – particularly when the intraabdominal
pressure does not exceed 15 mmHg.

Despite the best of precautions, the liver surgeon will often be faced with seri-
ous challenges. The most common is bleeding. Pressure either with an instrument
or with the hand will achieve temporary hemostasis. After stabilizing the patient
and ensuring the availability of a good suction device, an attempt must be made to
identify the cause of the bleeding. The most troublesome bleeding comes from the
veins which often retract into the liver. We employ different techniques as outlined
above including the quick stitch. If the bleeding continues, a hand port may have to
be inserted if not already present. We have found that reapplication of the vascular
stapler to excise an additional margin of liver tissue is often successful in achieving
hemostasis.

Laparoscopic resection for hepatocellular cancer as with open resection for this
disease is complicated. Cirrhosis has historically portended higher operative mor-
bidity and mortality. When our group approaches a cirrhotic we recognize and
adhere to our principles of low CVP, in conjunction with a pure laparoscopic
approach, when feasible. We also recognize and continue to debate over the pri-
mary thermal technology utilized to transect hepatic parenchyma. Mobilization and
division of the major inflow and outflow vessels are performed only when necessary
for margins. Intrahepatic division is often preferred for these vessels. When inade-
quate control of major vascular structures is encountered, use of the “Koffron quick
stitch” is employed. This is a pre-cut length of silk or prolene with two 10 mm clips
on the end. This allows primary closure of vessels. When this is not easily achieved,
conversion to a hand-assist approach is employed. This allows direct digital control
of bleeding without the need for complete conversion to laparotomy. This maneuver
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in itself often obviates major hemorrhage. Lastly, use of endovascular staplers are
used when the remaining vascular pedicle of the tumor is identified when greater
than 90% of the tumor is resected. Liberal application of staplers in a cirrhotic liver
often results in deformed staplers and incomplete staple formation, hence should be
averted till essential.

A margin of 1 cm is considered satisfactory. However, depending on the loca-
tion of the lesion (e.g., when tumor abuts major vessels), a smaller margin may
be acceptable as long as the tumor does not extend to the resection margins. If the
lesion is not deemed resectable or additional lesions are found, radiofrequency abla-
tion of the lesion is commonly performed. The RFA probe is placed in the center of
the tumor and treated as per the device protocol.

Results

The skepticism surrounding the advent of laparoscopic liver surgery for hepatoma
had to do mainly with the fear of complications and oncological integrity. The safety
on both these counts has now been demonstrated in large series.

In the preliminary data from a multicenter study from Europe [18], of the 9
cirrhotic patients (Child’s A = 5; B = 4) undergoing laparoscopic liver resec-
tion for hepatoma, 5 developed transient liver failure and ascites. Perioperative
complications, such as bleeding, need for blood transfusion, need for portal triad
clamping, and conversion to open resection, were higher in the hepatoma group
as compared to patients with liver metastasis undergoing laparoscopic resection. A
tumor-free margin of at least 1 cm was obtained in 70% of patients. No port site
metastasis was detected and the disease-free survival was 44% at a mean follow-
up of 14 months. Although this study demonstrated the feasibility of laparoscopic
liver resection, it did not convince most physicians about a future role in HCC
therapy.

The first prospective study [19] with a reasonable follow-up included 27 Child’s
A cirrhotic patients with solitary peripheral lesions up to 5 cm. The resections
included 17 anatomic and 10 non-anatomic resections; the rate of conversion to
open resection was 26%. Most of the conversions were required for lesions in seg-
ment 6 of the liver. Postoperative complications were noted in 33%, and 15 patients
had a surgical margin less than 1 cm. During a mean follow-up of 2 years 8 patients
(30%) developed recurrence (includes 3 with local recurrence) and the overall and
disease-free 3-year survival rates were 93 and 64%, respectively.

A recent study from Italy [20] retrospectively compared laparoscopic and open
liver resection for hepatoma in cirrhotic patients. Although the mean operating time
was longer in the laparoscopic group, this group required significantly less blood
transfusion and use of a Pringle maneuver and had reduced hospital stay and postop-
erative complications compared to the open resection group. The resection margin
was greater than 1 cm in 92% of the laparoscopic group. The mortality rate and
2-year survival were similar in both groups.
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The largest single center report of laparoscopic liver resections for HCC is a ret-
rospective study from Taiwan [21]. This included 116 cirrhotic patients of whom
18 were Child’s status B/C. Major resections (>2 segments) were performed in
19 patients. A hand port device was used for lesions in segments 7 and 8. Conversion
to open resection was necessary in 5.2% of patients and the need for blood trans-
fusion was low (6.9%). An extremely low complication rate of 6% was reported.
A 5-year survival rate of 60% was reported with a complete absence of port site
recurrences.

An updated European multicenter study (Dagher, personal communication)
included 163 resections (cirrhotic: 120; fibrosis: 11, and normal: 32). A pure laparo-
scopic approach was used in 95% of cases but required a lower abdominal incision
for specimen retrieval. Major resections were done in 10%. The rate of conversion
to open resection and the need for blood transfusion were 9.2 and 9.8%, respec-
tively. There were 2 postoperative deaths and the morbidity was detailed as liver
specific in 11.6% and nonspecific in 10.4%. The mean surgical margin was 14.2 ±
10.6 mm and exceeded 5 mm in 83.4%. At a mean follow-up of 30.4 months, tumor
recurrence in the liver was noted in 39.2% (local in 17% and distant 83%).

A summary of the majority of reports in the literature is contained in Table 13.2.
The above results strongly support the feasibility and safety of the laparoscopic

technique in the surgical treatment of hepatoma of the liver in cirrhotics.

Summary

Laparoscopic resection of liver for hepatoma is a safe option. In centers with the
necessary expertise results are equivalent to open surgery. The advantages of small
incisions minimizing the incidence of ascites and adhesions are likely to increase
the use of this option in the cirrhotic population (Child’s A/B). This is crucially
important in those likely to need liver transplantation in the future.

References

1. Mazzaferro V, Regalia E, Doci R, et al (1996) Liver transplantation for the treatment of small
hepatocellular carcinomas in patients with cirrhosis. N Engl J Med 334:693–699

2. Yao FY, Ferrell L, Bass NM, et al (2001) Liver transplantation for hepatocellular carci-
noma: expansion of the tumor size limits does not adversely impact survival. Hepatology 33:
1394–1403

3. Livraghi T, Goldberg SN, Lazzaroni S, Meloni F, Solbiati L, Gazelle GS, et al (1999) Small
hepatocellular carcinoma: treatment with radio-frequency ablation versus ethanol injection.
Radiology 210:655–661

4. Zhou XD, Tang ZY (1998) Cryotherapy for primary liver cancer. Semin Surg Oncol 14:
171–174

5. Shiina S, Tagawa K, Niwa Y, et al (1993) Percutaneous ethanol injection therapy for
hepatocellular carcinoma: results in 146 patients. AJR Am J Roentgenol 160(5):1023–1028

6. Matsukawa T, Yamashita Y, Arakawa A, et al (1997) Percutaneous microwave coagulation
therapy in liver tumors. A 3-year experience. Acta Radiol 38:410–415



13 Laparoscopic Liver Surgery for the Management of Hepatocellular Carcinoma 217

7. Pacella CM, Bizzarri G, Guglielmi R, et al (2001) Laser thermal ablation in the treatment of
small hepatocellular carcinoma: results in 74 patients. Radiology 221:712–720

8. Llovet JM, Bruix J (2003) Systematic review of randomized trials for unresectable hepatocel-
lular carcinoma: Chemoembolization improves survival. Hepatology 37:429–442

9. Salem R, Lewandowski RJ, Atassi B, et al (2005) Treatment of unresectable hepatocellular
carcinoma with use of 90Y microspheres (TheraSphere): safety, tumor response, and survival.
J Vasc Interv Radiol 16:1627–1639

10. Lau H, Man K, Fan ST, Yu WC, Lo CM, Wong J (1997) Evaluation of preoperative hep-
atic function in patients with hepatocellular carcinoma undergoing hepatectomy. Br J Surg
84:1255–1259

11. Bryant R, Laurent A, Tayar C, et al (2008) Liver resection for hepatocellular carcinoma. Surg
Oncol Clin N Am 17:607–633, ix

12. Lau WY (1997) The history of liver surgery. J R Coll Surg Edinb 42:303–309
13. Buell JF, Thomas MT, Rudich S, et al (2008) Experience with more than 500 minimally

invasive hepatic procedures. Ann Surg 248:475–486
14. Koffron AJ, Auffenberg G, Kung R, Abecassis M (2007) Evaluation of 300 minimally invasive

liver resections at a single institution: less is more. Ann Surg 246:385–392
15. Nguyen KT, Gamblin TC, Geller DA (2008) Laparoscopic liver resection for cancer. Future

Oncol 4:661–670
16. Vauthey JN, Chaoui A, Do KA, et al (2000) Standardized measurement of the future liver

remnant prior to extended liver resection: methodology and clinical associations. Surgery
127:512–519

17. Makuuchi M, Sano K (2004) The surgical approach to HCC: our progress and results in Japan.
Liver Transpl 10(2 Suppl 1):S46–S52

18. Gigot JF, Glineur D, Santiago Azagra J, et al (2002) Laparoscopic liver resection for malignant
liver tumors: preliminary results of a multicenter European study. Ann Surg 236:90–97

19. Cherqui D, Laurent A, Tayar C, et al (2006) Laparoscopic liver resection for peripheral hepa-
tocellular carcinoma in patients with chronic liver disease: midterm results and perspectives.
Ann Surg 243:499–506

20. Belli G, Fantini C, D’Agostino A, et al (2007) Laparoscopic versus open liver resection for
hepatocellular carcinoma in patients with histologically proven cirrhosis: short- and middle-
term results. Surg Endosc 21:2004–2011

21. Chen HY, Juan CC, Ker CG (2008) Laparoscopic liver surgery for patients with hepatocellular
carcinoma. Ann Surg Oncol 15:800–806

22. Poon RT (2007) Current role of laparoscopic surgery for liver malignancies. Surg Technol Int
16:73–81

23. Buell JF, Koffron AJ, Thomas MJ, et al (2005) Laparoscopic liver resection. J Am Coll Surg
200:472–480

24. Santambrogio R, Aldrighetti L, Barabino M, et al (2009) Laparoscopic liver resections for
hepatocellular carcinoma. Is it a feasible option for patients with liver cirrhosis? Langenbecks
Arch Surg 394:255–264





Chapter 14
Liver Transplant for Hepatocellular Carcinoma
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History of Liver Transplant for HCC

From the start of liver transplantation, treatment of hepatocellular carcinoma (HCC)
has played a central role. Following the unsuccessful transplant of a child with
biliary atresia in 1963, the second and third attempts at liver transplantation at
the University of Colorado were in adults with advanced HCC. At autopsy, both
recipients were found to have micrometastatic disease [1]. As liver transplantation
proceeded in an experimental environment, the high mortality procedure was fre-
quently reserved for patients with advanced malignancy. In 1967, a 19-month-old
child with primary liver cancer became the first liver transplant recipient to achieve
prolonged survival, but recurred within 4 months and died of disseminated cancer
at 400 days [2]. As the procedure and immunosuppression were refined, patient and
allograft survivals improved to the point that oncologic recurrence and survival rates
could be determined [3, 4].

This initial experience clearly showed that, in the immunosuppressed state fol-
lowing liver transplantation, patients with advanced stage HCC had extraordinarily
high recurrence rates [5]. As more experience was gained and allograft outcomes
continued to improve, the non-oncologic indications for liver transplantation were
expanded and, appropriately, oncologic indications were constricted [6]. In 1989, a
moratorium on liver transplantation for HCC was put in place.

Following this, enthusiasm waned and few guidelines directed the listing and
transplantation of patients with HCC until the publication of the “Milan criteria”
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[7]. The Milan experience, which identified a subset of early HCC patients with
strict tumor number (≤3) and tumor size (≤3 cm) criteria who had both excel-
lent allograft and oncologic outcomes, rekindled interest in liver transplantation for
malignant disease. Over the next decade the percentage of cadaveric liver transplants
for patients with HCC steadily rose, and 5-year post-transplant patient survival
rates of 60% and HCC recurrence rates of less than 15% were finally achieved
[8–14].

The re-expansion of liver transplantation into the HCC recipient pool was tem-
porally correlated with two other shifts in liver transplantation practice. First, in
Western countries with significant rates of hepatitis C virus infection and obesity,
the acute rise in the incidence of HCC cases has focused the hepatology and trans-
plant community on the problem of effective treatments [15, 16]. Additionally, more
standardized screening recommendations have allowed diagnosis of earlier stage
patients with HCC who more likely benefit from liver transplantation [17]. Second,
in 2002, the United Network for Organ Sharing (UNOS) instituted the model for
end-stage liver disease (MELD) waitlist rank system and created MELD exception
algorithms that advantage waitlisted patients with UNOS T2-3 criteria HCC [18].
Together, these two factors have contributed to a sharp rise in the percentage of US
liver transplants performed for HCC [19].

Currently, liver transplantation stands as the best treatment modality for early-
stage HCC in patients with decompensated cirrhosis, giving patients the opportunity
to be free from the potentially lethal complications of both cancer and their underly-
ing liver disease [11, 12, 20–22]. In settings where the number of patients with HCC
and cirrhosis exceeds the availability of cadaveric liver allografts, alternative strate-
gies are required. These include more liberal use of liver resection, interventional
and systemic treatments, public health campaigns for organ donation awareness, and
living-related liver transplantation.

The Role of HCC Staging Systems in Pre-transplant
Decision-Making

Multiple staging systems have been proposed for the stratification of prognosis
and treatment of patients with HCC. Although both the American Joint Committee
on Cancer (AJCC) staging system (6th Edition) and the Pittsburg modified tumor-
node-metastasis staging systems have a strong correlation with outcomes in patients
with HCC, their reliance on pathological information (i.e., microvascular invasion)
limits their utility in cirrhotic pre-transplant patients. With only radiologic staging
information available for most patients, US transplant programs have relied on the
American Liver Tumor Study Group/UNOS staging system to determine transplant
candidacy and MELD point allocation (Table 14.1). This system relies on the accu-
racy of contrast-enhanced cross-sectional imaging modalities, including computed
tomography (CT) and magnetic resonance imaging (MRI). Under UNOS criteria,
liver masses in cirrhotic patients with vascular phase blush in the absence of gross
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Table 14.1 Modified UNOS staging system for HCC

UNOS HCC
tumor stage

Radiographic criteria (liver mass with vascular blush on CT,
MR, or angiogram

T1 Solitary, <2 cm
T2 Solitary, 2–5 cm

2–3 tumors, all less than 3 cm

T3 Solitary, 5–6 cm
2–3 tumors, at least one >3 cm, none greater than 5 cm,
aggregate not greater than 9 cm

T4a Solitary, >6 cm
2–3 tumors, any greater than 5 cm and/or aggregate greater
than 9 cm >3 tumors

T4b T2, T3, T4a plus gross intrahepatic portal or hepatic vein
involvement

American Liver Tumor Study Group [97] and Yao [10], with T3 modification to
account for Regional T3 MELD exception criteria.

vascular invasion are eligible to be staged with this system. Many centers have added
further imaging criteria, including washout of contrast on venous phase imaging and
the presence of T2 signal on MRI, in order to proceed to transplant listing with an
HCC indication without tissue biopsy. These noninvasive criteria have been vali-
dated, obviating the need for tissue biopsy and the risk of immediate complication
or tumor seeding [23–25]. Using these criteria, in the absence of complete response
to neoadjuvant therapies, remarkably few patients will have a negative pathology
specimen at explant.

In Europe, the Barcelona Clinic Liver Cancer Staging and Treatment Approach
has been popularized [26, 27]. This system uniquely integrates clinical tumor stag-
ing, degree of cirrhotic complications as measured by the Child-Turcotte-Pugh
(CTP) score, portal pressure measurement, performance status, and comorbidities
to assign various treatments to HCC patients. In this algorithm, liver transplantation
is reserved for Conventional Milan Criteria (CMC) HCC patients with preserved
performance status and cirrhosis with portal hypertension. HCC patients trans-
planted under this algorithm are reported to have 5-year post-transplant survivals
of 60–70%.

Despite advances in radiologic staging there continues to be a considerable
difference between preoperative clinical staging and postoperative tumor staging.
Exclusive of histopathologic variables such as vascular invasion and tumor differen-
tiation, the simple measurements of tumor number and maximal tumor dimension
that make up the foundation of UNOS, Conventional Milan Criteria (CMC), and
University of California at San Francisco (UCSF) criteria can lead to pathologi-
cal upstaging in as many as 30% of recipients [14, 22, 28–32]. Predictably, patient
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and oncologic outcomes post-transplant correlate more closely with the patholog-
ical stage of disease. For example, one European study identified 39 patients with
HCC pathologically staged between CMC and within UCSF criteria. These patients
demonstrated similar and favorable survival compared to pathologically staged
CMC patients; however, survival for the 44 patients who were clinically staged prior
to transplant between CMC and UCSF criteria experienced a 5-year survival rate
of only 48%. This example highlights the importance of precise preoperative liver
imaging and clinical staging prior to liver transplantation.

The Clinical Significance of Serum Alpha-Fetoprotein

Serum alpha-fetoprotein (AFP) measurement is commonly used as a screening tool
for HCC in patients with cirrhosis and a staging tool in patients with suspected or
proven HCC. In general, the test has little accuracy. Most patients with early-stage
HCC do not have elevated AFP levels. Rarely, patients with negative radiographic
metastatic survey will have AFP levels above 200 ng/mL, raising the suspicion of
occult metastases. Although some studies report a correlation between elevated pre-
transplant AFP, poor tumor differentiation, and post-transplant recurrence [33, 34],
in the absence of radiographic evidence for vascular invasion or metastatic disease,
AFP elevation should not be a contraindication to transplantation.

In practical terms for liver transplantation, the AFP level is useful in only two
settings. First, under UNOS guidelines patients with macronodular cirrhosis (that
makes radiographic differentiation between dysplastic nodules and early HCC dif-
ficult) who also have an AFP level >500 in the absence of radiographic evidence
for liver malignancy may receive additional MELD exception points. Second, in
patients with early T-stage HCC and an elevated or rising AFP level, complete
metastatic survey including bone scan is advisable and should be repeated every
3 months while on the transplant waitlist.

Pre- and Post-transplant Metastasis Screening

As HCC is most likely to metastasize to lung and bone, traditional metastasis screen-
ing consists of chest CT and bone scan with either nuclear isotope or magnetic
resonance. A shared experience that bone metastases are rare in UNOS T1 and T2
patients has lead to UNOS no longer requiring metastatic survey of the skeleton as
a criteria for liver transplant listing with HCC MELD exception. For patients with
either elevated AFP and/or UNOS T3 stage disease, bone survey remains a pru-
dent staging study. While on the waitlist, restaging with chest and liver imaging is
typically repeated every 3 months.

Of HCC patients who recur following liver transplant, 90% will do so within
2 years of the transplant procedure [35–39]. Therefore, radiological and biochemical
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staging during this critical period is performed every 3 months. Thereafter, restaging
intervals can reasonably be lengthened to 6–12 month intervals.

Neoadjuvant Therapies

As liver transplant waitlist times have increased and interventional radiology tech-
niques have improved, many liver transplant teams have employed neoadjuvant
therapies in an effort to decrease waitlist dropout and to potentially reduce the rate of
post-transplant recurrence [40, 41]. These include transarterial chemoembolization
(TACE), percutaneous ethanol injection, radiofrequency ablation (RFA), cryoabla-
tion, and more recently, radioembolization with yttrium-90, microwave ablation,
and systemic chemotherapy.

TACE

Given its wide therapeutic window in cirrhotic patients and relatively simple deliv-
ery, the most frequently used neoadjuvant therapy in waitlisted HCC patients has
been TACE. The chemotherapeutic agent is typically doxorubicin or cisplatin, and
the embolic agent is variable, typically consisting of gelfoam, polyvinyl alcohol,
embospheres, or glass beads. Lipiodol is also frequently added as a radiographic
marker. Multiple publications report large experiences with TACE in the pre-
transplant setting [37, 40–48]. Although TACE has been shown to lengthen survival
in patients with unresectable and nontransplantable bulky disease [49], it has been
difficult to show a benefit in early-stage patients awaiting transplant, either in terms
of reducing waitlist dropout rates or in post-transplant survival.

Based on a review of the published outcomes data, the opinion that TACE has
no role in the neoadjuvant treatment of pre-transplant HCC patients was recently
proposed [50]. This opinion contrasted with a shared experience among many cen-
ters that TACE, while rarely curative, is frequently able to maintain a stable disease
pattern during prolonged wait times and is frequently associated with significant
tumoral necrosis in explanted liver pathology analyses.

One explanation for the inability of many studies to prove a TACE benefit is that,
like most other chemotherapies, there is a finite therapeutic window for TACE in
patients with HCC. Also similar to systemic chemotherapy for most solid tumors,
only a small percentage of patients achieve a complete response (i.e., cure), with
most patients’ responses distributed equally between progression, stable disease,
and partial response. This pattern would predict a finite interval in which TACE
would have maximal benefit. This hypothesis is supported by a recent analysis of
the reported literature indicating that centers reporting outcomes in the setting of
median waitlist times between 4 and 9 months showed a benefit to neoadjuvant
TACE, while programs with shorter (<4 mo) and longer (>9 mo) median waitlist
times found no benefit from TACE [51]. These data suggest that HCC patients
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listed at programs with waitlist times between 4 and 9 months should be offered
neoadjuvant TACE therapy.

HCC Tumor Ablation

Following TACE, ablation treatments are the second most frequently used
neoadjuvant therapy in patients with transplantable HCC. The most experience is
with radiofrequency ablation and to a lesser extent cryoablation. Their application
can be limited by anatomic tumor characteristics (location, size over 3 cm, and
tumor number) and the condition of the cirrhotic liver. However, those patients who
are candidates for ablative treatments typically benefit from this approach. Liver
explant data suggest that individually treated tumors, particularly those less than
3 cm, frequently have extensive necrosis [52, 53]. Like TACE, radiofrequency abla-
tion does appear to have a finite therapeutic window with patients recurring at the
ablation site or elsewhere in the liver within 6 months [54]. The complication rates
tend to be higher for ablation than for TACE, but in general, this modality is well
tolerated in CTP class A patients with low to mid MELD scores. More recently,
microwave ablation has been proposed as a novel ablative modality, but not enough
clinical experience has been gained to comment on the utility of this therapy for
HCC patients awaiting transplant.

Radioembolization with Y-90

Following the large experience with transarterial chemotherapy delivery to HCC
patients, the use of radioembolization as a neoadjuvant therapy for patients with
HCC has gained favor. Two products are available for this application. Unlike
TACE, which is most effectively given in a selective application to the artery directly
feeding the liver tumor, yttrium-90 (Y-90) particles are generally directed either to
one hemi-liver or to the whole liver. Given the broader dispersion, pretreatment
testing with nuclear colloid scan to rule out hepatopulmonary shunts and arteri-
ogram to identify and embolize accessory hepatic arteries to extrahepatic structures
is mandatory.

Selected centers have report excellent short-term results in nontransplantable
HCC patients [55], as well as a smaller subset of patients awaiting transplant
[56, 57]. Typically, patients who have received this therapy prior to transplant yield
a liver explant specimen with significant tumor necrosis. Although it has not been
determined whether there is a post-transplant survival advantage for neoadjuvant
Y-90 over TACE, radiotherapy is appealing for patients with multifocal HCC where
a broader dispersion of therapeutic agent is likely to achieve a more durable tumor
effect. Caution is required in patients with advanced cirrhosis, in whom the radiation
hepatitis induced by the therapy can lead to early and/or delayed liver failure.
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Systemic Chemotherapy

Traditionally, there have been few effective systemic chemotherapy options for
patients with HCC, regardless of stage [58, 59]. More recently, the oral multi-
kinase inhibitor of the vascular endothelial growth factor receptor, sorafenib, was
shown to have a small but measurable survival benefit in patients with Stage IV
HCC [60, 61]. The trial that established this effect focused mainly on CTP class A
patients.

Subsequently, off-label use of this drug has entered the liver transplant arena.
Some patients with unsuspected advanced pathologic stage HCC have been treated
with sorafenib post-transplant. There is a limited but growing experience with the
drug in the pre-transplant setting. Few objective reports on this experience are avail-
able, but multiple trials have been initiated to determine its impact on patients with
HCC [62], either as a routine neoadjuvant therapy in early-stage patients or as a
modality to downstage UNOS T3-4 patients to transplantable criteria, usually in
combination with other interventional neoadjuvant approaches such as TACE. The
impact that sorafenib delivered immediately prior to liver transplant has (as seen
sometimes in the neoadjuvant setting) on wound healing, liver regeneration, and/or
hepatic artery thrombosis is unknown.

Experience with Liver Transplantation in the Post “Milan
Criteria” Era

As clinical staging and pathological staging are discordant in as many as 30%
of HCC liver transplant recipients, it has been noted that selected patients with
pathologic staging that unexpectedly exceeded the CMC have achieved favorable
oncologic outcomes post-transplant. These data have encouraged several programs
to implement and investigate expanded HCC criteria. The goal of these expanded
criteria systems has been to identify a subset of patients outside of the CMC who
would share equivalent survival rates, thereby increasing the pool of patients who
may benefit from transplantation.

The most frequently used set of extended HCC criteria are the UCSF criteria
[10]. These criteria modestly expand the tumor size criteria beyond CMC to include
those patients with solitary HCC lesions up to 6.5 cm and patients with 2–3 tumors
to have an individual upper size limit of 4.5 cm and an aggregate upper size limit
of 8 cm. In large studies, these expanded criteria capture an additional 10–20% of
patients beyond CMC alone [32, 63, 64].

In limited application, the UCSF group and others have found equivalent survival
rates for patients in CMC and those between CMC and UCSF (Table 14.2) [22, 32,
63, 64]. Patients with final pathologic staging in excess of UCSF criteria do consis-
tently have higher recurrence rates and poorer survival post-transplant (Fig. 14.1)
Further pathological analysis indicates that tumor size and number that exceed
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Table 14.2 Comparison of post-liver transplant survivals for patients with pathological staging
within conventional Milan criteria, within UCSF criteria, and beyond UCSF criteria

Milan UCSF Beyond UCSF

UCLA [22] N = 126 86% N = 208 81% N = 133 32%
French Multicenter

[32]
N = 184 70% N = 39 64% N = 238 34%

UCSF [10] – – N = 60 75% N = 10 <30%
Spain [63] N = 33 68% N = 26 67% N = 6 48%

Fig. 14.1 [Post-transplant]
survival estimate by
preoperative imaging
assessment [22]

UCSF criteria serve as surrogates for microvascular invasion and poor tumor dif-
ferentiation, which may biologically explain the relationship between the advanced
staging and the poor outcomes [65].

These data are compelling and have supported the development of Regional
“T3” MELD exception criteria. Typically, these criteria do not advantage waitlisted
patients to the degree that UNOS T2 (CMC) patients are advantaged, but depending
on median MELD scores in the region, these MELD exception points may facilitate
transplantation for this subset of patients.

As with any staging system there are certain patients who, from a prognostic
standpoint, are not appropriately accounted for. In the case of HCC both the CMC
and the UCSF criteria are fairly rigid. In response to this rigidity, the Milan group
has recently reported on a multicenter experience with liver transplantation for HCC
tumors outside of CMC and has developed more flexible criteria that combine tumor
number with maximal tumor diameter in centimeters. This analysis has found that
post-transplant survivals for patients with a score of 7 or less (e.g., two tumors
with maximal diameter of 5 cm or five tumors with maximal diameter of 2 cm)
are similar and oncologically acceptable (Fig. 14.2) [66]. This rule of seven trans-
plant eligibility criteria requires validation in other settings but is appealing in its
flexibility, allowing a more clinically applicable system that would be fair to HCC
patients.
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Fig. 14.2 Contour plot of the 5-year overall-survival probability according to size of the largest
tumor, number of tumors, and presence or absence of microvascular invasion [66]

While UNOS, regional liver transplant committees, and individual liver trans-
plant programs struggle with the equitable application of these various staging
systems, what is apparent is that there is no currently used component to account for
tumor biology. For example, patients with T3 lesions who remain stable over long
waitlist times or achieve downstaging via dramatic responses to neoadjuvant treat-
ments have no mechanism to advance on the liver transplant waitlist. Recent studies
have shown that patients downstaged to T2 criteria may share similar post-transplant
outcomes with those who started in T2 criteria [29, 38, 67, 68]. If confirmed in
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controlled trials, downstaging criteria may need to be accounted for in future clinical
staging systems and MELD exception criteria proposals [69].

Current practice

Current regional practice regarding the management of HCC patients in the pre-
transplant setting has been dictated by the median MELD score for transplantation
and the regional MELD exception point criteria, which vary across regions. In gen-
eral, patients with HCC within CMC (UNOS T2 stage) receive MELD exception to
22 points. Variable upgrades to 25 or more points are granted on an every 3-month
basis provided that the disease remains stable on serial radiographic imaging. For a
program with a median laboratory MELD score of 20, this point allocation schema
yields short waitlist times. In contrast, urban programs in competitive markets that
transplant at median MELD scores above 26 may have HCC patients routinely
waiting over 6 months for allograft offer.

In the setting of long waitlist times, several programmatic strategies have been
developed. First, programs with extended waitlist times typically develop a broad
array of neoadjuvant treatment modalities to prevent disease progression and,
therefore, limit waitlist dropout. These modalities include repetitive transarterial
chemoembolization, intraarterial radiotherapy, and systemic chemotherapy. Second,
several programs have shifted their practice to living-related liver transplants. This
serves to shorten the wait times and to convert the procedure into an elective oper-
ation. Of course, this requires additional resources and assumes the medical risk
for a living donor. Third, programs have sought to use extended criteria cadaveric
allografts. These organs so-called orphan livers have unique risk profiles and should
be considered on a case-by-case basis. In the setting of advanced malignancy in the
liver, they offer a viable option despite higher risks of early allograft dysfunction.

The role of liver resection in the pre-transplant setting remains controversial.
Although liver resection has been proposed as a bridge therapy to transplantation
[70], this strategy is associated with high recurrence rates [20, 71, 72] and has not
been embraced within the USA. In general, the US experience suggests that CTP
class A patients without portal hypertension rarely present with HCC at a resectable
stage of disease. For patients with more advanced liver disease, the US medico-legal
environment tends to dissuade surgeons from assuming the morbidity and mortality
risk associated with liver resection. In addition, there remains concern that the pre-
vious procedure may unacceptably increase the complication rate associated with
repeat laparotomy for transplantation [73].

Living Donor Liver Transplantation for HCC

The role of living donor liver transplantation in HCC treatment developed in
response to the wide gap between the number of patients with transplantable HCC
and the lack of available cadaveric donor allografts. In Asia, multiple centers have
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published large series of HCC patients receiving living donor liver allografts. In
the USA, early living donor liver transplant programmatic development was stunted
in 2002 by a highly publicized donor death. In addition, several data sources sug-
gested that HCC recipient outcomes may be inferior to those of deceased donor
transplantation. This may be related to rapid transplantation of patients with aggres-
sive tumor biology that would have been “declared” during an interval of time on
the waitlist. In addition, US living donor liver transplantation has been character-
ized by the tendency to reserve the procedure for recipients with HCC beyond CMC
[20, 74, 75].

In addition, initial OPTN/UNOS data suggested that living donor allografts had
worse survival rates, although this may have been related to a learning curve effect
[76]. In 2007, the nine member A2ALL consortium also reported a learning curve
effect on mortality risk with living donor liver transplantation [75]. Although their
comparison to deceased donor transplantation found an association between living
liver donor transplantation and higher HCC recurrence rates independent of disease
stage, overall 3-year mortality rates were similar.

In contrast to these data, the world experience would suggest that living donor
liver transplantation performed in experienced centers with low donor complication
rates offers an acceptable option for patients with both CMC and extended (T3)
stage HCC [39, 77, 78]. It can serve to expand the donor pool and offers the advan-
tages of an elective operation performed earlier in the course of disease, thereby
limiting the possibility of disease progression during prolonged waitlist intervals
[78, 79]. In the USA, clinical studies aimed at defining the HCC stage that most
benefits from the technique are ongoing.

Outcomes and Determinants for Recurrence Following Liver
Transplantation for HCC

Multiple patient, tumor, and transplant-related variables have been investigated for
their ability to predict recurrence of HCC following liver transplantation. As is true
for the prognosis of all patients under treatment for HCC, the presence of vascular
invasion, typically into portal venous and/or hepatic venous structures, consistently
ranks as the highest risk factor for tumor recurrence [12, 13, 22, 80–85]. Three
decades of experience with liver transplantation have reinforced this concept to
the point that pre-transplant radiographic evidence of gross vascular invasion is
considered an absolute contraindication to liver transplantation. For patients with
unsuspected microvascular invasion in the explanted liver, the recurrence rate may
be as high as 60% at 1-year, mandating vigilant follow-up and consideration of
adjuvant chemotherapy aimed at forestalling recurrence.

The dominant influence of microvascular invasion on post-transplant outcomes
also emphasizes the need for improvements in pre-transplant staging modalities. For
each clinical HCC staging system currently in use, there continues to be a consistent
degree of prognostic inaccuracy based on the absence of information regarding vas-
cular invasion. Even the Modified Milan Rule of 7 system shows a significant shift
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of the isograms depending on the presence of vascular invasion in the explant spec-
imens (Fig. 14.2) [66]. For the field to progress more precise imaging modalities,
perhaps with functional correlates to vascular invasion, are required.

Secondary, but still significant, risk factors for HCC recurrence following trans-
plant include elevated pre-transplant AFP levels, multifocality/satellitosis, and poor
tumor differentiation. Although increased tumor number and particularly maximal
tumor size are associated with higher HCC recurrence rates, these factors have
not consistently been found to be prognostic independent of their relationship with
microvascular invasion and tumor differentiation [12, 22, 80–82, 86, 87]. Based on
these data, in the absence of radiologic or biopsy evidence for vascular invasion,
there are few objective criteria that reliably predict recurrence following transplant
for HCC. For patients with “high-risk” HCC (i.e., size >5 cm, >3 tumors, poor
differentiation) further development of measures that identify favorable individual
tumor biology are needed to optimize liver transplant candidacy.

The suspected relationship between hepatitis C virus infection on poor post-
transplant oncologic outcomes in HCC patients has also been investigated. Although
hepatitis C patients tend to have worse patient and allograft survival rates compared
to non-hepatitis C patients, analyses show that this effect is independent of HCC
and oncologic outcomes [83, 84].

In summary, patients with UNOS T2 HCC and no evidence for microvascular
invasion in the explanted tumor site are frequently cured of HCC and have recur-
rence rates less than 20% at 5 years. Although the all-stage patient survival curve

Fig. 14.3 Kaplan-Meier patient survival estimates for different etiologies of end-stage liver
disease [88]
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for patients transplanted for HCC is poorer than for other indications (5 yr 60%),
this rate is far superior to the historical survival rate of similar stage patients who
do not undergo transplant (Fig. 14.3) [88]. In addition, this general survival curve
represents a mixture of clinical and pathologic disease stages. As stated above,
for patients with favorable pathologic staging in the absence of vascular invasion,
liver transplant can achieve excellent patient, allograft, and oncologic outcomes. In
the absence of reliable indicators for favorable vs. unfavorable tumor biology, the
indications for transplant in patients with “high-risk” HCC remain controversial.

Immunosuppression Following Liver Transplantation for HCC

From the beginning of liver transplantation, transplant physicians have feared that
immunosuppression given to induce tolerance of the foreign allograft in the recipient
collaterally reduces the ability of the immune system to fight malignant cancer. Liver
transplant recipients with a history of HCC are not only at high risk for HCC tumor
recurrence but also have elevated rates of skin and colorectal cancer. With regard
to specific immunosuppression medications, limited data suggest that cyclosporine
may be associated with a more aggressive pattern of HCC recurrence in preclinical
and patient studies [89–91].

In this setting, novel immunosuppression protocols have been tested in patients
transplanted with HCC indications [92]. The most commonly advocated regimen
calls for a transition from calcineurin inhibitors (e.g., cyclosporine or tacrolimus)
to the bacterial macrolide, sirolimus. Despite serving as an effective immuno-
suppressant to prevent allograft rejection, there is preclinical data to support the
simultaneous tumoricidal effect of this agent, which may help to prevent recurrence
[93, 94]. The drug has been used in a compassionate setting post-liver transplant
with a good safety profile [95]. The US Food and Drug Administration has warned
that patients given sirolimus immediately after transplant may have an elevated risk
of hepatic artery thrombosis and those taking the combination of sirolimus and cal-
cineurin inhibitor may be at higher risk for post-transplant infections. With these
caveats in mind, the use of sirolimus and other allograft immunosuppressive agents
with tumoricidal properties remain under investigation in patients transplanted
for HCC.

Future Perspectives

The history of liver transplantation for HCC has been characterized by constant
clinical and scientific investigation. Transplant clinicians continue to try to appro-
priately allocate the scarce resource of donor liver allografts to the most deserving
patients, in many cases relying on imperfect staging information to make these
difficult decisions. This environment naturally leads to controversy (Table 14.3).
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Table 14.3 Major controversial areas in liver transplantation for HCC

Improving the accuracy of pre-transplant staging (i.e., tumor size, tumor number, microvascular
invasion, prognostic molecular signature)

Integration of tumor biology in candidate selection (i.e., response to neoadjuvant therapy and
downstaging)

Establishing criteria for organ allocation to patients exceeding Conventional Milan Criteria who
may have similar survivals (i.e., UCSF criteria)

Optimal application of neoadjuvant therapies
Refining criteria for allocation of living donor liver transplants
Integration of new technologies (i.e., systemic sorafenib and radioembolization) pre- and post-

transplant
Immunosuppression modulation in HCC recipients

Independent of liver transplantation, the HCC field is moving toward molecular
staging. There is promising data that certain proteomic and molecular profiles cor-
relate with survival in patients with HCC [96]. If validated, these data may support
a renewed interest in pre-transplant tumor biopsy as a means to provide tissue for
prognostic value. Ultimately, a novel staging system that accounts for an individual
tumor’s molecular profile may be used to determine liver transplant candidacy. In
addition to molecular staging, certain stipulations may be added to allocation algo-
rithms that account for tumor biology over time. Until such time, tumor number and
tumor size, serving as surrogates for the likelihood of poor cellular differentiation
and microvascular invasion, remain the cornerstones for the clinical staging of HCC
patients being considered for liver transplantation.
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Chapter 15
Vascular Resection for Hepatocellular
Carcinoma

Robin D. Kim and Alan W. Hemming
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Introduction

Liver surgery has progressed over the last two decades to become a distinct
area of specialization. Strategies such as portal vein embolization (Chapter 11) to
induce growth of the planned liver remnant permit more aggressive resections, and
improved imaging allows the surgeon to assess tumor position in relation to the
intrahepatic vasculature. Liver transplantation has also progressed, but has been
limited by the shortage of cadaveric donors. The development of live donor liver
transplantation in response to this organ shortage has, in turn, led to techniques that
can also be applied in non-transplant liver surgery. Resection and reconstruction
of portal vein, hepatic artery, bile duct, and hepatic veins, all standard components
of live donor liver transplantation, can be used in resecting complex HCC lesions
by surgeons experienced in techniques developed for both liver resection and trans-
plantation. Vascular resection and reconstruction is utilized to both achieve adequate
oncologic tumor clearance and also preserve uninvolved hepatic parenchyma when
vascular inflow or outflow is involved. In this chapter, we examine the role and
techniques of vascular resection and reconstruction for HCC.
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The Pathophysiology of Vascular Invasion in HCC

Vascular invasion is an important characteristic of HCC as not only may it require
vascular resection/reconstruction, but it is also a significant predictor of recur-
rence following resection [1, 2]. In one series of 322 patients who underwent
curative resection for HCC, macroscopic vascular invasion (that which is visible
on gross section) and microscopic vascular invasion (that which is detected at
histology) were detected in 15.5% and 59.0%, respectively [2]. The pathophysiol-
ogy of vascular invasion has been elucidated by histologic studies of early cases.
Immunohistochemistry studies of tumors using CD31, a marker for endothelial
cells, show that in most cases invasion begins when tumor nests surrounded by
sinusoidal vessels extend into the portal and hepatic veins. These endothelial-coated
tumor emboli enter the circulation, adhere to local tributaries and proliferate, and
can embolize to distant sites once entering the systemic circulation [3]. This mecha-
nism is invasion independent as it does not depend on the invasive activity of tumor
cells but rather a relationship with endothelial progenitors [4]. This intravasation of
tumor nests by tumor vessels explains the shunting seen in the arterial phase of CT
scans, as the contrast that is delivered arterially is shunted to neighboring hepatic or
portal veins through a well-vascularized tumor (Fig. 15.1).

Fig. 15.1 Arterial phase CT
demonstrating arterial flow
within the portal vein,
indicating vascularized tumor
within the portal vein

Hepatocellular cancer invades either portal or hepatic veins by local extension
through the above mechanism, ultimately occluding and expanding the vascular
space. In portal vein invasion, tumor cells may disseminate into distal branches
resulting in intrahepatic metastases. This event is responsible for the tumor satellito-
sis that accompanies a dominant tumor within the same segment. Others have used
radiopaque injection of tumors to confirm that the portal vein may act as an efferent
vessel in the setting of portal hypertension, thus explaining the tumor emboli found
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in the rectal veins and esophageal varices in autopsy studies [3, 5]. One large series
of 1023 patients who underwent resections for HCC found macroscopic portal vein
tumor thrombus in 54 patients (5.4%) [6]. In hepatic vein invasion, the tumor may
grow and extend into the inferior vena cava and the right atrium, and when large may
create an arterio-venous shunt bypassing the sinusoidal filter. Tumor dissemination
from hepatic vein invasion is significant when cells are released as multicellular
tumor nests with preserved cell–cell and cell–matrix interactions [7]. Unlike single
cells, these clusters can survive anoikis, mechanical disruption, and host defenses to
metastasize distant sites such as the lungs [8].

Some of the risk factors of vascular invasion in HCC include tumor size [2, 9, 10],
tumor number, [9, 11], histologic grade [9, 10, 12], and elevated alpha-fetoprotein
level [2, 11]. It is essential to understand the pathophysiology that accompanies the
need for vascular resection in HCC and weigh the risk of recurrence against the
increased technical demands and risks of any proposed procedure.

Evaluation and Work-Up of the Patient with HCC for Resection

Underlying Liver Disease in the Patient with HCC

A careful assessment of the patients underlying liver function is needed to determine
the operative risk liver failure and death following resection for HCC (Chapter 9).
In general, Child–Pugh class C is a contraindication to resection, and early class B
patients without portal hypertension may undergo minor resections from wedge
resection to a single segmentectomy. Child–Pugh class A patients that are consid-
ered for major hepatectomy (resection of four or more segments) should undergo
assessment of both liver and physiologic status [13, 14]. In addition, strategies such
as pre-operative portal vein embolization (PVE) to increase the future liver remnant
(FLR) have been associated with decreased complications and extended surgical
options for HCC patients (Chapter 11) [15–18].

Other risk factors are associated with liver failure and death following resec-
tion of HCC. Portal hypertension (PH) is a contraindication to liver resection as
it has been associated with increased morbidity and mortality following major
resection [19]. PH is defined as a hepatic vein pressure gradient (HVPG) greater
than 10 mm Hg, and some associated signs include esophageal varices, anatomic
portosystemic shunts, and ascites [20]. Thrombocytopenia with platelet counts
<100,000 cells/mm2 has been associated with portal hypertension and an increased
in-hospital mortality following liver resection [13]. There are occasional cases in
which portal hypertension exists in the setting of a non-cirrhotic liver secondary
to either partial portal vein or hepatic vein occlusion by tumor. In rare instances
resection can be considered in these situations if the surgeon is convinced that
the underlying liver is non-cirrhotic with the assumption that portal pressures and
liver function will improve after resection and the mechanical problem caused
by tumor obstruction is relieved. Active viral hepatitis is another risk factor for
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liver failure and death following HCC resection and is suggested by serum alanine
aminotransferase levels (fourfold in one series) [21, 22].

For major hepatectomies that involve vascular resection, particularly of the
hepatic veins and inferior vena cava (IVC), it will be the rare patient that has any sig-
nificant degree of cirrhosis that would be considered for resection. Cirrhotic patients
with portal vein involvement requiring tumor thrombectomy or portal vein resection
that otherwise meet standard resection criteria can be considered for resection.

Pre-operative Imaging

Pre-operative imaging is required to stage the tumor, to assess its position in relation
to hepatic vasculature, and to plan the liver resection to achieve an R0 resection
while preserving adequate liver remnant. Accurate imaging of the intrahepatic
architecture enhanced with three-dimensional reconstruction is important to assess
the possible need for vascular reconstruction. For example, imaging may clarify the
venous anatomy in the setting where a tumor in segment 7 or 8 requires sacrifice
of the main right hepatic vein and yet segment 6 requires preservation. Accurate
imaging may indicate the need for or obviate vascular reconstruction such as a large
inferior hepatic vein draining segment 6 that makes reconstruction of the main right
hepatic vein unnecessary. Alternatively, anatomy may be discovered that requires
vascular reconstruction such as a large segment 6 tributary to the middle hepatic
vein that would require reconstruction in an extended left hepatectomy [23].

Triphasic spiral computed tomography (CT) of the liver with concurrent assess-
ment of the chest is the most widely used modality for planning surgery and staging
for HCC. The classic appearance of a lesion hyper-enhancing on the arterial phase
with subsequent hypo-enhancement (“washout”) in the portal venous phase in the
setting of underlying liver disease is diagnostic, with some variability depending
on size, location, and level of fat or fibrosis of the surrounding liver. In addition,
gross vascular invasion can be visualized by local extension and expansion of tumor
thrombus in a hepatic or portal vein from the tumor and by the shunting of contrast
through the thrombus during the arterial phase (Fig. 15.1). Despite its popularity, CT
is limited in detecting macroscopic vascular invasion as the findings may be subtle.
One group has reported that CT scan detected 68% of portal vein thrombi associ-
ated with HCC and correctly characterized 68% as malignant following pathologic
examination [24].

Magnetic resonance imaging (MRI) with gadolinium for MR angiography and
venography may further demonstrate the hepatic veins, particularly when all three
are involved resulting in outflow obstruction that prevents adequate flow of contrast
into the hepatic veins during CT. In addition, MRI with agents such as super-
magnetic iron oxide has been shown to detect even microvascular invasion with
sensitivity, specificity, and accuracy rates of 82, 84, and 86%, respectively [25].

Three-dimensional reconstruction of axial images and volumetric assessment
of the total and planned liver remnant have been found to be more accurate than
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axial imaging before liver resection [26, 27]. These imaging techniques coupled
with computer-aided functional remnant predictions, based on not only spared liver
parenchyma but also simulated inflow/outflow changes, have been shown to not only
alter surgery extent but also the need for vascular reconstruction [28]. Although a
remnant liver volume of 25% after resection is generally adequate in the uninjured
liver, extended liver resections for HCC generally occur in the setting of compro-
mised liver due to fibrosis. If the FLR is projected to be less that 40%, pre-operative
PVE can be used to increase the size of the liver remnant. In addition, with vascular
reconstruction and the possible use of cold perfusion the liver receives an additional
ischemic injury beyond that of standard liver resection. We have arbitrarily chosen
to use PVE in any patient requiring major hepatectomy with vascular reconstruction
who has an FLR <40% even in the setting of normal hepatic parenchyma. The lack
of adequate growth following PVE is a sign of severe liver injury and inadequate
regenerative capacity which precludes extended resection [17].

Intraoperative Strategies for Hepatic/Vascular Resections

Both low central venous pressure (CVP) and inflow occlusion (Pringle maneuver)
are strategies used in standard liver resections to minimize blood loss [29]. Low
central venous pressure (CVP <6 mm Hg) can be achieved by positioning the patient
in reverse Trendelenburg position [30], fluid restriction, diuresis and vasodilators.
Low CVP during parenchymal transection decreases back-bleeding from the hepatic
veins and their tributaries and is useful when extensive dissection of the hepatic
veins is needed in preparation for vascular resection.

Inflow occlusion (Pringle maneuver) decreases blood loss during liver transec-
tion and is achieved by occluding the hepatic artery and portal vein using a large
atraumatic vascular clamp or tourniquet. Although normal livers can tolerate up to
60 min of continuous inflow occlusion/warm ischemia [31], injured livers (from
cirrhosis, biliary obstruction, or chemotherapy) tolerate significantly less ischemia
before irreversible injury ensues [32]. Intermittent inflow occlusion for 15 min with
5 min breaks has been suggested to reduce liver injury [33] and may be used in
complex resections in which the parenchymal transection may be prolonged or when
hepatic venous reconstruction are required at the completion of the liver transection.
Despite these efforts, these complex cases are particularly at risk for ischemic injury
as they are associated with underlying liver injury, greater blood loss at surgery, and
longer periods of ischemia during vascular resection/reconstructions.

Ischemic preconditioning (IP) has been suggested by some to protect the liver
from subsequent ischemic injury [34]. Ischemic preconditioning is performed by
applying the Pringle maneuver for 10 min and then reperfusing the liver for at
least 10 min prior to reapplying inflow occlusion for the liver transection. The
mechanisms by which ischemic preconditioning protects the liver include the upreg-
ulation of the protective signals such as IL-6 and STAT3, alterations in energy
metabolism, and abrogation of injurious events such as neutrophil accumulation,
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microcirculatory disturbance, and reactive oxygen species, and proinflammatory
mediators [35]. The benefits of IP for liver resections have not been found consis-
tently. A recent meta-analysis has shown that in non-cirrhotic patients, IP before
liver resection was associated with a decrease in blood transfusions but did not
change mortality, liver failure, morbidity, or length of stay [36]. Although we use
both the Pringle maneuver (15 min on, 5 min off) and ischemic preconditioning
when necessary, our standard practice is to use no inflow occlusion at all during
the hepatic parenchymal transection phase of the procedure if vascular reconstruc-
tion is planned. Ideally the hepatic transection is done preserving perfusion to
the remnant liver until the time that blood flow must be interrupted to resect and
reconstruct the involved vessel. This minimizes the ischemic time and reduces liver
injury.

Technical Considerations for Hepatic Resection with Vascular
Reconstruction and Published Experience

Lesions Involving the Hilar Vessels

Tumors of all types may involve the hilar vessels by extrinsic compression, and in
the case of adenocarcinomas may invade from the outside. Hepatocellular cancer
behaves in a different fashion. Although HCC may cause extrinsic compression due
to size, this process rarely leads to invasion of the vessel wall. Instead, HCC has a
propensity to invade nearby portal veins by extending tumor thrombi into sinusoids,
then into the portal vein branch lumen itself, and this thrombus may extend to the
ipsilateral, then main and contralateral portal veins.

Generally, the hilar vessels are addressed after liver mobilization and ultra-
sonography and before parenchymal transection to minimize blood loss. When
pre-operative and intraoperative imaging rule out tumor thrombus in the case of
extrinsic compression, the portal vein can be separated from the compressed hepatic
parenchyma surrounding the tumor and still obtain adequate though small margins.
However, when a tumor thrombus involves the main trunk of the right or left portal
vein or extends down into the main portal vein or across to the contralateral por-
tal vein, then proximal and distal control must be achieved without amputating the
thrombus and creating a tumor embolus. The main and contralateral portal veins are
dissected out well beyond tumor to prevent amputation and embolization of tumor
at the time of clamp placement. The ipsilateral portal vein can be transected and
the tumor thrombus extracted in most cases. The proximal and distal remnant portal
veins are then flushed, and the ipsilateral stump closed. In cases where the tumor is
adherent to the vein wall, the section of portal vein can be resected and in general
a primary end-to-end anastomosis performed between the main portal vein to right
or left branch (Fig. 15.2a–c). Up to 2 cm of vein can be resected without the use
of a graft. Blood flow to the liver is maintained through the hepatic artery, and the
portal vein clamp time is short. Although portal vein resections and reconstructions
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a

b c

Fig. 15.2 (a) Hepatocellular carcinoma (HCC) extending from the posterior branch of the right
portal vein into the main right portal vein and into the main portal vein. (b) Resection specimen
demonstrating tumor extending down from the posterior branch of the portal vein (PV) to the main
right portal vein with tumor adherence to the vein wall. (c) Patient side of Fig. 15.2b with the left
portal vein anastomosed to the main portal vein. The left hepatic duct and bile duct have been
elevated and rotated to the left to provide access to the portal vein but do not require division.
MHV = middle hepatic vein

have been described for HCC tumor thrombi, they are rarely necessary and offer
no survival advantage to thrombectomy as described above as long as the whole
thrombus is extracted [6]. If thrombectomy alone can be achieved with no residual
tumor on the vein wall then resection can be avoided. In the rare case that both hep-
atic artery and portal vein require reconstruction they can be performed alternately,
maintaining flow through one vessel while reconstructing the other.
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Hepatic Vein and IVC Involvement

Similar to their effects on hilar vessels, large HCC lesions involving the hepatic
veins or retrohepatic vena cava by external compression rarely invade the vessels
walls. However, hepatic veins are more likely to require resection and reconstruc-
tion since they are thin walled and lack the protective Glissonian extensions that
envelop hilar vessels. In addition, tumors centrally involving hepatic veins that also
drain peripheral uninvolved segments may need reconstruction in order to maintain
outflow in parenchyma preserving resections. One example is the reconstruction of
a right hepatic vein in order to resect a tumor in segments 7 and 8 while preserving
the outflow to segment 6 (Fig. 15.3a, b).

a b

Fig. 15.3 (a) Resection of tumor in segment 7 or 8 may require sacrifice of the right hepatic vein
and preservation of venous outflow to segment 6 by reconstructing the right hepatic vein may be
required if significant alternative venous outflow does not exist. (b) Resection of segment 7, part
of 8 and 5 for HCC in a cirrhotic liver. The right hepatic vein has been reconstructed using 8 mm
ringed Gortex since no inferior hepatic vein was present. Notice the significant volume of liver that
segment 6 represents in this case

Hepatocellular cancer may also cause tumor thrombi in the hepatic veins in
11–23% (Fig. 15.4a–c) [37, 38], the IVC in 9–26% [37–39], and further extend
into the right atrium in 2.4% to 6.3% of cases [37, 38, 40]. Although rare, there
have been 87 case reports of HCC with intracavitary cardiac involvement [39]. In
these extreme cases, complications may include heart failure, tricuspid stenosis or
insufficiency, ventricular outflow tract obstruction, ball valve thrombus syndrome,
sudden cardiac death, secondary Budd–Chiari syndrome, pulmonary embolism, and
pulmonary metastasis [39]. We have in rare cases resected HCC with extension of
tumor into the right atrium under cardiopulmonary bypass with hypothermic arrest.
This is obviously an extreme measure that really cannot be considered curative
although it is life prolonging in some cases.

There are a number of options for reconstructing the resected vasculature.
Hepatic veins can be reconstructed using autologous vein graft from such sites as the
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Fig. 15.4 (a) MR imaging of HCC with tumor thrombus in the right hepatic vein extending into
the IVC. (b) Intraoperative picture of resection of patient in Fig. 15.4a. The liver has been divided
centrally back to the retrohepatic inferior vena cava (RHIVC). The suprahepatic cava (SHC) has
been controlled above the tumor extension by opening the pericardium from below and encircling
the intrapericardial inferior vena cava at its junction with the right atrium(RA). The middle hepatic
vein (MHV) has been divided at its origin using a vascular stapler. Notice the right hepatic vein
(RHV) is distended and is enlarged much more than usual. (c) The resection specimen from 4b.
Notice the right hepatic vein (RHV) is filled with loosely adherent tumor (HCC) and that the right
hepatic vein orifice has been distended with tumor. (d) The completed resection from 4b. The right
hepatic vein (RHV) orifice was enlarged further at the time of tumor removal and extended down
the IVC requiring closure and tangential repair of the inferior vena cava. SIVC = suprahepatic
inferior vena cava, RA = right atrium

saphenous, left renal, or gonadal veins [41, 42]. For longer reconstructions of hep-
atic veins cadaveric vein grafts may be used. For broad defects of the IVC, cadaveric
vein or bovine pericardium patches may be used [43]. Replacement of the IVC has
been described using woven Dacron [44]; however, expanded PTFE [45–48] has
become the synthetic graft of choice (Fig. 15.5a–c).

A number of recent case series have been published regarding combined liver and
hepatic vein/vena cava resections for HCC. The number of cases ranged from 2 to
29 per report, with a total of 59 patients who underwent resections of the IVC. More
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Fig. 15.5 (a) Three-dimensional CT of HCC involving inferior vena cava (IVC). (b) Three-
dimensional CT of HCC from Fig. 15.5a that demonstrates that there is enough space below the
hepatic veins to allow clamp placement on the inferior vena cava (IVC) but maintain outflow
through the hepatic veins during caval flow interruption. (c) Ringed Gortex graft being sewn in
place in patient from Fig. 15.5b. Notice that the right lobe (plus middle vein) has been removed
from the field with caval clamps placed below the left hepatic vein, allowing continued perfusion
of the remnant liver while replacing the IVC. In this case the tumor was not truly invading the IVC
wall but could not be separated from the IVC with risk of either tearing the IVC or rupturing the
tumor

recent data suggest that HCC involving the hepatic veins or IVC rarely requires vas-
cular resections to achieve complete tumor thrombectomy [49]. However, tumors
centrally involving hepatic veins that also drain peripheral uninvolved segments
may need reconstruction in order to maintain outflow in parenchyma preserving
resections.

Strategies to Achieve Vascular Control During Complex HCC
Resections

Total Vascular Isolation

Tumors involving the retrohepatic IVC or the hepatic veins as they enter the IVC
require a variety of techniques to establish inflow and outflow control to minimize
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blood loss. In total vascular isolation, control of the portal hepatic (inflow) and the
suprahepatic and infrahepatic IVC (outflow) is established to minimize bleeding
from the hepatic artery, portal vein, and hepatic veins. Some evidence suggests that
hepatic venous back-diffusion may minimize ischemic injury and that total vascular
isolation increases the degree of ischemic liver injury [50]. However, the majority
of the hepatic parenchymal division can usually be performed without total vascular
isolation, and IVC clamping can be reserved for the relatively short time period that
is required to resect and reconstruct the inferior vena cava or hepatic veins. In one
series of five patients with HCC extending into the IVC which required combined
liver and IVC resections, total vascular isolation was used with ischemic times rang-
ing from 40 to 90 min, the IVC exclusion time ranged from 25 to 90 min, and the
average blood loss was 6,500 ± 1,732 mL [43].

For total vascular isolation as much mobilization of the liver off of the vena
cava is performed as possible without encroaching on tumor planes prior to hepatic
parenchymal transection. In some cases, however, the bulky nature of the tumor
inhibits the ability to rotate the liver safely and a primary anterior approach to the
IVC can be taken with little or no mobilization of the liver off of the IVC.

The approach to vena caval resection depends on the extent and location of
tumor involvement. If the portion of vena cava involved with tumor is below the
hepatic veins then the parenchyma of the liver can be divided exposing the retro-
hepatic IVC. The parenchymal transection can be performed with inflow occlusion
(Pringle maneuver); however, if possible the parenchymal division is done main-
taining hepatic perfusion. Central venous pressure is kept at or below 5 cm H2O
during parenchymal transection to minimize blood loss. Once the IVC is exposed,
portal inflow occlusion is released if utilized, the patient volume loaded, and clamps
placed above and below the area of tumor involvement. The portion of liver and
involved IVC is then removed allowing improved access for reconstruction of the
IVC. The placing of clamps on the IVC below the hepatic veins allows continued
perfusion of the liver and minimizes the hepatic ischemic time.

In cases where tumor involvement does not allow placement of clamps below
the hepatic veins there were two different approaches. If there is only IVC and/or
hepatic vein involvement the hepatic parenchyma can be divided back to the IVC,
the patient volume loaded and then clamps are placed sequentially on the infrahep-
atic IVC, the porta hepatis and then above the hepatic veins with the liver and IVC
removed en bloc. If hepatic vein repair or reconstruction is required, the remaining
in situ portion of the liver is rotated up out of the patient allowing repair or reim-
plantation of the hepatic veins to be done under excellent visualization. This can be
done under normothermic conditions if expected reconstruction time is short or the
remnant liver can be cold perfused using the in situ technique (described below).

In patients with involvement of IVC, hepatic veins, and portal structures and
it may be the only possibility of obtaining tumor-free margins would be to use
ex vivo resection techniques. In these patients minimal mobilization of the liver
off of the IVC is attempted in situ. The suprahepatic IVC is mobilized with the
phrenic veins divided and the intrapericardial portion of the IVC lowered. It is fre-
quently necessary to open the pericardium from below to obtain adequate length
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on the IVC for clamp placement. The portal structures are exposed with ade-
quate length dissected for resection and reimplantation. The infrahepatic IVC is
clamped and patients placed on the caval portion of veno-venous bypass. The liver
is removed, flushed with University of Wisconsin solution, and placed in an ice
bath for back table or ex vivo resection. The ex vivo procedure is further described
below.

Whether normothermic or hypothermic, in situ or ex vivo, in general the superior
anastomosis of the graft is performed first with clamps subsequently repositioned
on the graft below the hepatic veins if necessary to allow release of portal inflow
occlusion and reperfusion of the liver to minimize ischemic time.

Cold Perfusion and Ex Vivo Approach for Liver Resections with
Vascular Reconstruction

Standard liver resection techniques are sufficient for almost every liver resection,
without the use of hypothermic perfusion. However, tumors that are centrally
placed and involve all three main hepatic veins, with or without involvement of
the retrohepatic inferior vena cava, are essentially unresectable using standard liver
resection techniques. Those few patients that require complex reconstruction of hep-
atic venous outflow may benefit from either ex vivo or in situ hypothermic perfusion
of the liver with subsequent hepatic resection and vascular reconstruction.

In 1974, Fortner first described the use of hypothermic perfusion during liver
resection to protect the liver from ischemic injury [51]. In an attempt to offer surgi-
cal cure to patients with tumors that were unresectable by conventional means and
also inappropriate for liver transplantation, Pichylmayr developed hypothermic per-
fusion with ex vivo liver resection [52]. During ex vivo liver resection, the liver is
completely removed from the body and perfused with cold preservation solution on
the back table. The liver resection is then performed on the back table in a bloodless
field, allowing reconstruction of hepatic venous outflow to be performed under ideal
conditions. The development of in situ hypothermic perfusion techniques followed
including the so-called in situ and ante situm procedures. In situ hypothermic per-
fusion uses standard liver mobilization techniques, but the liver is cold perfused via
the portal vein. In the ante situm procedure the liver is cold perfused via the por-
tal vein and the hilar structures are left otherwise intact. The suprahepatic IVC is
divided and the liver is rotated forward, allowing improved access to the area of the
liver and centered around the hepatic vein confluence. The procedure and role for
each technique will be described below.

In Situ Hypothermic Perfusion

A limited in situ cold perfusion technique can be used when a single hepatic vein or
the IVC requires reconstruction. In this technique, the majority of the parenchymal
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transection can be performed without inflow occlusion, and total vascular isolation
is then applied to divide and reconstruct the vascular structures only. The portal vein
dissection is carried high to gain control of the right and left branches and perfusion
tubing placed into the portal vein side ipsilateral to the tumor but directed into the
liver remnant. The cannulated portal vein branch is then divided above the cannula
while maintaining portal flow to the remnant side. The patient is volume loaded, and
clamps placed sequentially on the infrahepatic cava, the portal vein, hepatic artery,
and then the suprahepatic IVC. If only the hepatic vein requires reconstruction, IVC
flow can be maintained by clamping the trunk of the target hepatic vein tangentially
and parallel to and only partially narrowing to the IVC. If a tumor thrombus is
extending into the IVC, intraoperative ultrasound and gentle traction on the liver
may insure that the thrombus is not truncated. The anterior wall of the IVC or hepatic
vein is incised and cold perfusion of the liver with organ perfused. The hepatic vein
trunk is transected and the specimen removed. The hepatic vein and/or IVC can then
be reconstructed in a bloodless field, without time pressure. Prior to completing the
anastomosis the liver is flushed with cold 5% albumin. At completion of the vascular
anastomosis, portal and hepatic arterial flow is reestablished. With the majority of
the parenchymal transection being done without vascular isolation and with shorter
ischemic times with this technique, the author does not use veno-venous bypass
[53, 54].

Standard in situ cold perfusion is considered for liver resections that require total
vascular isolation for periods exceeding 1 h [32, 55]. This technique is used for
tumors involving the hepatic veins and/or retrohepatic IVC where longer periods of
vascular isolation will be required either due to vascular involvement or due to the
need for dissection of long stretches of intrahepatic vasculature that may result in
excessive blood loss.

In standard in situ cold perfusion the liver is mobilized as for total vascular iso-
lation, with control of supra and infrahepatic IVC and the portal structures. The
portal vein (3–4 cm) is exposed to place a perfusion catheter and a portal venous
cannula for veno-venous bypass if utilized. Although most patients tolerate total
vascular isolation without veno-venous bypass, bypass reduces the time pressure
and gut edema associated with prolonged portal clamping. The infrahepatic IVC
is clamped and the patient placed on the caval portion of veno-venous bypass. A
portal clamp is placed high on the portal vein with bypass instituted below. The
portal cannula can be inserted down toward the superior mesenteric vein, and full
veno-venous bypass is started. The liver side of the portal vein is cannulated for
cold preservation and the hepatic artery clamped. The suprahepatic IVC is clamped
and a transverse venotomy created in the infrahepatic IVC just above the clamp.
Cold perfusion of the liver is begun with preservation solution and the effluent suc-
tioned from the venotomy in the infrahepatic IVC. Preservation solution is either
histidine-tryptophan-ketoglutarate (HTK) [56] or University of Wisconsin solution
(UW) [57] The liver resection and hepatic vein resection/reconstruction then pro-
ceeds in a bloodless field with excellent visualization of intrahepatic structures.
At completion of the liver resection, the liver is flushed of cold preservation solu-
tion through the portal vein with cold 5% albumin prior to restoring flow to the
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liver. The portal bypass cannula is removed and the portal vein is repaired or
reanastomosed if divided. The infrahepatic venting IVC venotomy is closed and
the suprahepatic caval clamp is removed to assess the integrity of the hepatic
vein reconstruction and the presence of cut surface bleeding. Portal and hepatic
arterial inflow is then reestablished. The patient is then de-cannulated from caval
bypass.

Ante Situm Procedure

The ante situm technique of liver resection can be utilized in cases where resec-
tion of the IVC and hepatic veins is expected to be difficult, and where improved
access to the hepatic veins and IVC is required. The ante situm technique employs
the same technique as in situ cold perfusion with some key differences. The supra-
hepatic IVC requires circumferential control and cephalad length in order to place
a clamp, divide, and then reanastomose it. Greater exposure of the suprahepatic
IVC is obtained by dividing the phrenic veins and gently pushing the diaphragm
away from the IVC circumferentially. The pericardium may be opened anteriorly
to control the intrapericardial IVC/right atrium. As much of the liver transection is
performed without inflow occlusion and prior to cold perfusion, veno-venous bypass
is recommended for this procedure, although many patients tolerate IVC clamping
for short limited periods with volume loading. The steps for cold perfusion follow
those described for in situ perfusion, but the venotomy to vent the perfusate is in
the suprahepatic IVC where it will eventually be transected. Dividing the suprahep-
atic IVC allows the liver to be rotated forward and upward, allowing greater access
to the area immediately around the IVC- hepatic vein junction. If further access is
required, the infrahepatic IVC can also be divided allowing the liver to be com-
pletely rotated up onto the abdominal wall. With this technique continuous slow
cold portal perfusion prevents excessive warming of the liver. The liver transec-
tion is completed, dividing the hepatic vein within the liver and then resecting the
origin of the junction of the IVC and hepatic vein en bloc with the tumor. If exten-
sion grafts are required, vascular reconstruction is then performed with the hepatic
vein anastomoses while the liver is rotated onto the abdominal wall. The liver is
then replaced and the IVC anastomosis(es) performed. The liver is flushed with 5%
albumin prior to reperfusion. There is no doubt that the ante situm approach gives
better access to the caval-hepatic vein junction than does simple in situ cold perfu-
sion. It does not, however, give as good exposure as a complete ex vivo approach.
The advantages to the ante situm over the ex vivo approach are that biliary and
hepatic arterial anastomoses are not required, reducing the ischemic time to the
liver and reducing the potential anastomotic complications. Currently we will use
the ante situm approach when combined IVC and hepatic vein reconstructions are
required, where a single hepatic vein orifice will require reimplantation into the IVC.
If the reconstruction is expected to be more complex we will use a complete ex vivo
approach.
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Ex Vivo Liver Resection

In practice almost all liver resections can be performed without the ex vivo approach.
However, patients who have tumors that involve the IVC and hepatic veins that will
require complex venous repair or patients with combined hepatic vein and hilar
involvement may be candidates for ex vivo resection. During ex vivo resection
the liver is completely removed from the patient and perfused with cold preserva-
tion solution on the back table. The hepatic resection and vascular reconstructions
are performed on the back table prior to reimplanting the remnant liver into the
patient.

One of the benefits of planning the ex vivo approach is tumors that are ini-
tially considered unresectable may be resected. General assessment of the patient
is similar to that for liver transplantation, with particular assessment of cardiac
risk factors. In patients over 50 years of age or with any cardiac abnormalities
a functional stress test such as dobutamine stress echocardiogram is performed,
and any significant cardiac abnormalities would preclude proceeding. Even mild
renal dysfunction has been shown to increase the risk of standard extended hep-
atectomy [58] and a creatinine of over 1.3 mg/dl would be a contraindication.
Ex vivo liver resection should only be attempted in otherwise healthy, well-selected
patients.

The role of such an extensive procedure in what are clearly advanced malig-
nancies is open for discussion. Relatively few surgeons have attempted ex vivo
resections since Pichylmayr first description of the technique [52], and the largest
reported series from Pichylmayr’s group consists of only 22 patients [59]. There are
several reasons behind the lack of adoption of this technique. The technique requires
a surgeon that is familiar with advanced techniques in both liver resection and liver
transplantation, which restricts the procedure to relatively few individuals. Perhaps
the most compelling reason for the lack of adoption of this technique, however, is
the relatively high risk to benefit ratio that the procedure offers. The majority of the
literature on ex vivo liver resections has been case reports that describe aspects of
technique, and long-term follow-up is not available. It is clear, however, that peri-
operative mortality even in well-selected patients is between 10 and 30%. At best
the 5-year survival for ex vivo resections for malignancy is between 15 and 30%.
In Oldhafer’s series the six patients that underwent ex vivo resection for colorectal
metastases had a median survival of 21 months [59]. While the benefits to ex vivo
liver resection may be limited, there are patients cured by this aggressive proce-
dure. One of our own patients undergoing ex vivo resection for HCC is alive and
disease free at 7 years. Another benefit is that when assessed for an ex vivo liver
resection, the experienced surgeon may find a less aggressive technique such as
in situ cold perfusion or even standard vascular reconstruction. Currently it would
appear reasonable to consider highly selected patients for ex vivo liver resection on
a case-by-case basis; however, it must be clearly realized by the surgeon and the
patient that for HCC actual cures with this approach remain few and far between.
Risks involved with this procedure must be carefully weighed against perceived
benefits.
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Outcomes of Resection of HCC with Vascular Involvement

Due to both technical and physiologic limitations, a only 20–40% of patients
with HCC with vascular involvement are surgical candidates [60, 61], with even
a smaller percentage undergoing vascular resection and reconstruction. Recurrent
HCC occurs in 50–80% of patients at 5 years after resection, with the majority
occurring within 2 years [20, 62, 63]. However, for HCC with vascular invasion,
the recurrence rate following resection has been reported to be as high as 60% at
a mean of 233 days in the liver, lungs, and diaphragm. Recurrence may be a com-
plication of resection of tumors with hepatic vein or IVC involvement due to tumor
emboli. In one series, HCC cells were recovered from the right atrium in three of five
patients only after resection [64]. Even without resection, HCC pulmonary emboli
were found in 59% of 41 autopsy cases [39]. Patients die of their recurrence in
50–90% of deaths [61, 63], and recurrence shortens 5-year survival from 70 to 30%
[65]. Both macrovascular [63, 66] and microvascular invasion are significant risk
factors for recurrence [62, 65].

In the ideal patient with a single lesion and preserved liver function, resection is
curative with 5-year survival rates of 50–70% [14]. However, patients with tumors
with vascular involvement requiring extensive resections have poorer results [10].
In one multicenter review of 591 patients who underwent complete resections and
were analyzed based on the AJCC classification, the respective 5-year survival rates
for T2, T3 and T4 were 56, 31, and 21%, respectively, where T2 and T3 have
vascular invasion [67]. Despite the negative impact of vascular involvement on
survival following resection for HCC, most series show a significant survival advan-
tage as compared to non-surgical management. In one series comparing patients
who underwent HCC resections with portal vein tumor thrombectomy compared to
medical management, the mean survivals were 3.42 ± 2.67 vs 0.36 ± 0.26 years,
respectively [61].

The survival data for resection of HCC and major vessels are less robust as it
is based on small case series from a few, highly specialized centers. In the one
large series, 29 patients underwent resection HCC with IVC resection, with over-
all 1-, 3-, and 5-year survival rates of 90, 67, and 45%, respectively [10]. Another
series of 29 patients who underwent HCC and portal vein resection, the 5-year
overall and disease-free survivals were 41% and 18%, respectively [6]. In yet
another series of 12 patients with HCC and various vascular resections (eight portal
veins, three IVCs, and one hepatic artery) showed 1-year disease-free survival of
50% [68].

Conclusions

Combined liver and vascular resections and reconstruction are uncommonly per-
formed for hepatocellular cancer. The surgical team that is experienced in both liver
transplantation and hepatobiliary surgical techniques is best equipped technically to
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perform these resections. More importantly, such surgeons should understand the
risks, benefits and limitations of these highly aggressive procedures and that they
should be applied to a highly selected group of patients. An even smaller subset of
patients with tumors involving major vasculature may be considered for resections
utilizing cold preservations techniques. These extreme resections, performed by a
handful of surgeons, offer the only hope for patients who would otherwise succumb
to their liver cancers. The utility of these “extreme operations” must be carefully
considered on a case-by-case basis.
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Chapter 16
Radiofrequency Ablation for Hepatocellular
Carcinoma

E. Ramsay Camp, Nestor F. Esnaola, and Steven A. Curley
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Hepatocellular carcinoma (HCC) is the most frequent primary hepatic tumor and
the fifth most common cancer worldwide. The incidence continues to rise world-
wide due to its association with hepatitis B and C viral infections. Cirrhosis is
present concurrently with HCC in approximately 90% of the identified cases [1, 2].
Furthermore, the incidence of HCC increases with the severity of cirrhosis. Follow-
up studies have identified HCC as one of the most common causes of death in
the cirrhotic patient [3, 4]. The management of HCC, therefore, is based both on
the stage of the malignancy and on the underlying functional status of the liver.
Local tumor ablative techniques remain a reasonable treatment consideration for
patients with disease confined to the liver who are not candidates for resection or
transplantation.

Radiofrequency Ablation

Surgical resection or orthotopic transplantation should still be considered the gold
standard for patients with hepatocellular carcinoma (HCC), with reported 5-year
survival rates exceeding 70% in appropriately selected patients [5, 6]. However,
surgical resection is only possible in the minority of patients with HCC confined
to the liver due to the degree of cirrhosis, the tumor burden, and/or the anatomical
location of the tumors. Transplantation is limited by the paucity of donor organs. For
non-surgical candidates with no evidence of extra-hepatic disease, radiofrequency
ablation (RFA) should be considered as a viable treatment option. RFA may be
delivered from a percutaneous, laparoscopic, or by an open approach based on mul-
tiple patient and technical factors. The ideal patients for RFA are cirrhotic patients
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with small tumors who are not surgical candidates based on their underlying hep-
atic function. RFA in appropriate selected patients can produce durable long-term
survival with minimal procedure-related complications.

Combination of RFA with other treatment strategies, particularly transarterial
chemoembolization (TACE), can be effectively used to treat patients with advanced
multifocal HCC or as a bridge to liver transplantation [7–9]. As the technique and
experience improves, the indications for RFA to treat patients with HCC will likely
continue to increase.

Technical Considerations for Radiofrequency Ablation

Radiofrequency ablation (RFA) may be considered as a treatment strategy for HCC
patients who are not appropriate surgical resection candidates. RFA produces ther-
mal tissue damage through the use of high-frequency alternating currents moving
from the tip of an intra-tumoral electrode into the targeted surrounding tissue. The
patient is part of a closed loop circuit that includes the RF generator, electrode nee-
dle, and grounding pads placed on the patient. Frictional heating of the targeted
tissue results from the movement of ions within the tissue following the alternating
currents. As temperatures rise above 60

◦
C surrounding the electrode, tissue coagu-

lative necrosis is achieved in the tumor and surrounding hepatic parenchyma. The
region of necrosis is relatively consistent with a zone of ablation within the first few
millimeters of the electrode–tissue interface. The final size of the ablative region is
proportional to the square of the radiofrequency current referred to as the radiofre-
quency power density. Early RFA probes were simple straight unipolar needles,
limiting the size of the tumor ablated to less than 2 cm in diameter. These unipo-
lar probes have been replaced with multi-array probes that create a larger region
of necrosis. These modern expandable probes have multiple tines that are deployed
once the needle electrode is inserted within the tumor. The curved electrodes are
then deployed to a desired distance based on the size of the tumor. Reliable tis-
sue destruction can only be expected 5–10 mm away from the multiple array hook
electrodes.

RFA can be successfully performed via either a percutaneous, laparoscopic, or
open approach [10]. Using image guidance from either transcutaneous or intra-
operative ultrasonography visualization, the RFA needle electrode is inserted into
the targeted tissue and the needle tines are deployed. RF energy is then applied
following an established algorithm [11]. Generally, small lesions (<2.5 cm) can be
treated with a single deployment targeted at the center of the tumor (Fig. 16.1).
Larger tumors (>2.5 cm) generally require multiple deployments to achieve com-
plete tumor necrosis. Strategic deployment of the electrodes is planned so the
regions of necrosis overlap to ensure complete tumor destruction. Typically, the
most posterior portion is treated first followed by reapplication more anteriorly at
2–2.5 cm intervals within the tumor.

The appropriate technique for RFA whether percutaneous, laparoscopic, or open
approach depends on multiple variables. A percutaneous approach should be consid-
ered for cirrhotic patients with small (<3 cm), early staged HCC tumors especially
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Fig. 16.1 The upper left image demonstrates the use of intra-operative ultrasound (IOUS) on the
surface of the liver to visualize tumors within the hepatic parenchyma. The radiofrequency needle
electrodes are placed within the tumor under IOUS guidance. The upper right image demonstrates
deployment of the multiple array secondary electrodes within the tumor. For tumors 2 cm in diam-
eter or smaller, a single placement of the multiple array electrode is usually adequate to produce
a 4–5 cm diameter zone of coagulative necrosis completely destroying the targeted tumor (lower
inset illustration) [10]

in the periphery of the liver. Lesions in the dome of the liver are often not acces-
sible from a percutaneous approach. Patients undergoing a percutaneous approach
usually require monitored sedation and are discharged from the hospital within 24
hours of the procedure.

A laparoscopic approach utilizes laparoscopic ultrasonography which has the
advantage of improved resolution relative to transcutaneous visualization. Intra-
operative ultrasound may better define the location of the tumors and allow more
precise positioning of the RFA probes close to major vasculature near a given tumor.
This approach is appropriate for patients with no prior history of abdominal surgery
and centrally located tumors less than 4.0 cm in size.

Open RFA should be considered for larger tumors (>4.0 cm), multiple tumors,
if the tumor is close to major hepatic blood vessels, or if dense adhesions prevent
a laparoscopic approach. One major advantage of open RFA is that it allows for
temporary hepatic inflow occlusion. This technique may improve the effectiveness
in RFA of large hypervascular tumors and tumors in close proximity to major blood
vessels by improving the RFA temperature response. Increased blood flow in the
targeted RFA region leads to heat loss or a cooling effect limiting the degree of
tissue necrosis and, therefore, the effectiveness of RFA. Hepatic inflow occlusion
minimizes this cooling effect during RFA application. A second advantage of the
open RFA approach is the ability to combine RFA with hepatic resection strategies
to address multiple tumors.

Tumor position can impact treatment decisions regarding RFA. Tumor not
amenable to a margin-negative resection such as tumors abutting the junction of the
inferior vena cava and the hepatic veins can often be treated with RFA (Fig. 16.2).
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Fig. 16.2 (a) CT scan image
of a hepatocellular tumor
abutting the inferior vena
cava (open arrows) and the
hepatic veins (closed arrows).
For adequate ablation, serial
deployments of the multiple
array electrode probes are
necessary beginning just
outside of the inferior vena
cava, and then sequentially
withdrawn to treat the more
anterior portions of the tumor.
Blood flow through the
inferior vena cava and hepatic
veins prevents thermal
damage of these major
vessels. (b) CT scan 6 months
after radiofrequency ablation
reveals a larger necrotic
cavity than the original tumor
with patent hepatic veins
(closed arrows) [10]

Conversely, tumors located in the region of the hilar plate where the portal vein and
hepatic artery branches enter the liver should not be treated with RFA. The large bile
ducts in this region are susceptible to thermal injury resulting in secondary biliary
strictures or fistulas.

Imaging Considerations

A critical component to the effective use of RFA is preoperative planning and
tumor surveillance with appropriate imaging studies [12]. Typically, serial dynamic
MRI or multiphasic helical CT scans are used to plan RFA treatment and evalu-
ate response. The goal of RFA is to produce a necrotic cavitary lesion greater in
size than the pretreatment HCC lesion when compared by CT/MRI. This compari-
son is both to assess complete tumor ablation and to evaluate for tumor recurrence.
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Dynamic MRI or multiphasic helical CT performed during the first 3 months follow-
ing RFA often demonstrates a hypervascular enhancing rim of inflammatory tissue.
This inflammatory response can be difficult to distinguish from tumor recurrence
but typically resolves and is usually not evident by scans obtained after the first
6 months.

Identifying a local recurrence following RFA can be problematic. Early follow-
up scans may not be able to differentiate between a recurrence and an inflammatory
response. A local recurrence may be detected as progressive local ingrowth of vas-
cularized tissue into the necrotic cavity or as vascularized outgrowth away from the
RFA cavity. The arterial phase of a dynamic imaging study is best to identify recur-
rences because the tumor tissue may appear otherwise isodense with the normal
parenchyma.

In small pilot studies, positron emission tomography (PET) scans have been used
effectively to identify local recurrence following RFA. In one study of 24 patients
who were treated by RFA for 33 lesions, PET scans were compared with CT scans
for tumor surveillance [13]. The overall detection rate was 92% for PET scan com-
pared with 75% for CT scans. Early detection was also improved with the use of PET
scans. Other small studies in patients with metastatic hepatic tumors have supported
the role of PET scans in surveillance post-RFA [14–16].

Indications for RFA of Hepatocellular Carcinoma

The US Food and Drug Administration approved RFA for general tissue abla-
tion in 1996 and for ablation of unresectable liver tumors in 2001. Generally, the
goal of RFA in HCC patients is treatment with curative intent. Therefore, patients
with preoperative or intra-operative evidence of extra-hepatic disease should not be
considered for RFA.

Recently, long-term outcomes were reported from a prospective collaboration
between the M.D. Anderson Cancer Center and the G. Pascale National Cancer
Institute in Naples, Italy [17, 18]. The initial study of 110 prospectively treated
patients was reported in 2000. In this investigation, 149 HCC tumors were treated
with RFA. Laparoscopic RFA was performed in 3 cases, open RFA in 31 cases,
and percutaneous RFA in 78 cases. Median diameter of tumors treated percuta-
neously (2.8 cm) was smaller than tumors treated open (4.6 cm). With a median
follow-up of 19 months, only four patients (3.6%) had evidence of local recurrence.
All recurrences occurred in patients with tumors larger than 4.0 cm in diame-
ter. Complications occurred in 12.7% of the patients with no treatment-related
deaths. Complications included symptomatic pleural effusion, subcutaneous and
subcapsular hematoma, and ventricular fibrillation. One patient with Child’s class B
cirrhosis developed intra-tumoral bleeding requiring transfusion and hepatic arterial
embolization. No patients developed hepatic or renal failure or sustained thermal
injury to the surrounding organs. This initial experience with RFA for cirrhotic
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patients with HCC demonstrated this to be a safe and feasible alternative treatment
strategy for early-stage tumors.

The follow-up experience in an extended cohort of patients continued to support
the use of RFA in cirrhotic patients with early-stage, unresectable HCC [18]. The
authors analyzed 194 patients who underwent RFA for 289 tumors with a median
follow-up of 34.8 months. Disease recurred in 103 patients (53%) with a local recur-
rence rate of only 4.6%. The overall survival rates at 1, 3, and 5 years were 84.5,
68.1, and 55.4%, respectively. In further analysis, 5-year survival rates were sim-
ilar between the groups of patients treated by percutaneous RFA, open RFA, and
in combination with hepatic resection. The patients treated with a combination of
surgery and RFA had a lower short-term survival rate, likely related to the increased
surgical morbidity observed in cirrhotic patients.

Similar long-term survival data have been demonstrated in large clinical series
with institutions in the United States, Europe, and Asia reporting 5-year survival
rates with RFA comparable to hepatic resection [19–23] (Table 16.1). An Italian
prospective, intention-to-treat analysis of RFA in 206 patients with HCC reported a
5-year overall survival rate of 48%. Based on multivariable analysis, they deter-
mined Childs-Pugh class and the presence of multiple tumors as predictors of
long-term survival [20]. These long-term analyses highlight the potential curative
results when RFA is used in appropriately selected patients.

Table 16.1 Long-term survival and local recurrence results with the use of radiofrequency
ablation for HCC

Authors
No. of
patients

No. of
tumors

Median
tumor
size (cm)

Median
follow-up
period
(months)

Local
recurrence
(%)

Overall
survival
(%)

Raut et al. [18] 194 289 3.3 34.8 4.6 5 yr – 55.4
Lam et al. [19] 273 357 3.0 24 12.8 5 yr – 38
Lencioni et al. [20] 187 240 2.8 24 5.3 5 yr – 41
Montorsi et al. [21] 58 58 <5 cm 25.7 35 4 yr – 45
Chen et al. [22] 71 71 – 27.9 – 4 yr – 67.9
Choi et al. [23] 570 674 2.2 26 12.1 5 yr – 58

Although effective treatment of large (>4.0 cm) HCC is possible with RFA, the
concern of increased local recurrence from incomplete tumor destruction in this
patient population still remains a significant problem. A recent report from China
evaluated the effectiveness of RFA for HCC tumors between 3.1 and 8.0 cm in
largest diameter [24]. In a total of 35 patients with tumors larger than 3.0 cm with a
median follow-up of 11 months, complete ablation was achieved in greater than 80%
of the cases. Using this treatment strategy, complications occurred in 17% of the
patients with a mortality rate of 3%. During this short-term follow-up period, local
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recurrence, distant intra-hepatic recurrence, and extra-hepatic recurrence occurred
in only 3, 24, and 6% of the patients, respectively. The cumulative 6-, 12-, and
18-month survival rates were 85, 81, and 76%, respectively.

Other series reporting RFA to treat large HCC tumors have demonstrated higher
local recurrence rates with longer follow-up times highlighting the inherent tech-
nical difficulties associated with producing complete thermal destruction of larger
tumors [17, 25]. In 84 patients treated with hepatic tumor RFA at the John Wayne
Cancer Center, local recurrences were identified in 15 patients [25]. Approximately
one third of the patients with tumors larger than 3 cm in diameter recurred despite
treating larger tumors with multiple overlapping ablations to include the tumor with
a 1 cm margin.

Comparing RFA to Surgical Resection for HCC

Investigations comparing RFA to surgical resection continue to show equivalent
long-term outcomes in patients with early-stage HCC. A prospective, randomized
trial from China was recently reported comparing RFA to surgical resection in
appropriate surgical candidates with a solitary HCC tumor less than 5 cm in diam-
eter [22]. Complete tumor necrosis was achieved in 91.5% of the patients treated
with RFA. Major procedure-related complications were significantly greater in the
surgical group (55%) compared with RFA treatment (4%). In this intention-to-treat
trial of 180 patients, the RFA and surgical resection groups had similar overall sur-
vival rates (67.9% vs. 64%, respectively) as well as disease-free survival (46.4% vs.
51.6%, respectively).

Retrospective series have demonstrated equivalent survival outcomes between
surgery and RFA for HCC tumors. Montorsi et al. compared laparoscopic RFA with
surgery in patients with solitary HCC tumors smaller than 5 cm [21]. The 4-year sur-
vival rates were equivalent between surgical resection and RFA. In contrast, local
recurrence was significantly higher in the RFA subset compared with surgery (53%
vs. 30%). In a second prospective study from Italy, RFA at one specialized institu-
tion was compared to resection performed at a second institution for the treatment of
HCC [26]. The overall 3-year survival rates and disease-free survival results heav-
ily favored resection for Child’s class A patients. The 3-year survival rates for RFA
and resection were 33 and 65%, respectively. Similarly, the 3-year disease-free sur-
vival rates for RFA and resection were 20 and 50%, respectively. For Child′s class
B patients, the results were equivalent for the two treatment groups. Although this
was a prospective study, the treatment groups were not comparable due to selection
bias. The RFA group had a greater number of tumors per patient and worse hepatic
function based on Child-Pugh class than the patients treated with surgical resection.
These differences should be considered when interpreting the results. So while there
were significant differences in outcomes between the two groups – RFA and surgery,
the results might reflect the underlying disease rather than treatment effect.
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RFA in Combination with Surgical Resection

RFA has been combined with surgical resection for the treatment of multiple HCC
tumors. This combined approach is ideal for patients with bilobar tumors. Using
a combined approach, surgical resection can be used for the largest lesion or for
segments with the majority of the tumor burden reserving RFA for the preserved
liver and smaller residual tumors. The experience from M.D. Anderson and the G.
Pascale National Cancer Institute described this strategy for complex cases [18]. Of
the 54 patients treated by open RFA, 22 (41%) patients underwent partial hepatic
resection. Major hepatectomy was performed in only five patients. Procedure-
related mortality (20%) and morbidity were increased when a combined approach
was used. Open RFA with or without resection resulted in high local recurrence
rates compared to the percutaneous approach, likely due to selection bias. Early
survival rates were significantly worse in the combined resection and RFA group
directly related to the high procedure-related mortality, increased tumor burden, and
the morbidity associated with hepatic resection in cirrhotic patients. Long-term sur-
vival rates were equivalent among all patients highlighting the potential utility of
aggressive liver-directed therapy even for patients with extensive bilobar disease.
Five-year median survival rates for percutaneous RFA, open RFA without hepatic
resection, and open RFA with hepatic resection were 57.5, 45.9, 44.8%, respectively.

Choi et al. reported a series of 53 patients with a total of 148 HCC tumors treated
with a combined RFA and surgical resection approach [27]. Child-Pugh class A or B
patients were considered candidates for a combined approach if (1) the indocyanine
green dye retention rate at 15 min was less than 10%, (2) only one to three tumors
<4 cm were left for RFA following resection, and (3) no extra-hepatic malignancy
was present. There were no procedure-related deaths and an 8% morbidity rate was
observed. Of the 66 tumors ablated, complete tumor ablation was achieved in 98%
based on the 1-month follow-up CT scan. With a 22 month median follow-up period,
local tumor progression occurred in two patients (3%) with, previously, completely
ablated tumors. The 5-year survival rate for the entire group of patients was 55%.
The only independent predictor of survival on multivariable analysis was resected
tumor size. The estimated 1, 3, and 5-year cancer-free survival rates were 41, 28,
and 0%, respectively. In addition to tumor size, the presence of microvascular inva-
sion also increased the likelihood for recurrence based on multivariable analysis.
These studies highlight an opportunity to impact survival in patients with multifocal
HCC with a combination of surgical resection and RFA. Clearly, the patients must
be carefully evaluated preoperatively for assessment of appropriate residual liver
function before electing to pursue this strategy.

Comparing RFA to Other Ablative Techniques

In addition to RFA, other ablative techniques such as percutaneous ethanol injec-
tion (PEI), acetic acid injection, and cryoablation therapy have been used to treat
patients with HCC. PEI is commonly delivered with ultrasound guidance for
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monitoring similar to RFA. As opposed to RFA which usually requires one pro-
cedure, PEI usually requires multiple injections performed over weeks to achieve
adequate tumor necrosis. The number of treatments and quantity of alcohol injected
depends on the size of the tumor. A similar treatment plan is used for delivery of
acetic acid. Cryoablation creates a region of subzero temperatures to destroy tumors.
Using the cryoprobe, an iceball with rapid tissue freezing is created. Like RFA,
cryoablation may be delivered by percutaneous, laparoscopic and open approaches.
Typically, two freeze-thaw cycles are used with the goal of achieving 5–10 mm
ablation margin of normal tissue around the tumor. Cryoablation is associated with
a high morbidity rate (50%) as well as a treatment-related mortality rate of 1.6%
[28].

PEI and RFA are the most widely used local tumor destruction techniques for
HCC and have been compared in several recent investigations [29–31] (Table 16.2).
Two randomized studies have recently compared RFA and PEI in the treatment of
early-stage HCC and both trials favored RFA as the superior technique. Lencioni
et al. randomized HCC patients with a solitary tumor less than 5 cm in diameter
or multiple tumors all less than 3 cm to either RFA or PEI. The schedule of PEI
delivery was determined based on the tumor burden [29]. Complete tumor ablation
was achieved in 91% of the patients with an average of 1.1 treatments using RFA
compared to 82% complete ablation with an average of 5.4 treatments using PEI.
A trend toward improved survival was observed in the RFA group, although the
short observation period limited this analysis. However, local recurrence was signif-
icantly less in the RFA group compared with PEI. A Taiwan trial recently compared
RFA, standard PEI, and high-dose PEI for HCC smaller than 4 cm in a total of 157
patients [30]. Similar to the previous study, the investigators observed improved
tumor ablation requiring fewer sessions with RFA. Survival and local recurrence
rates were significantly improved with RFA treatment compared with either PEI
schedule. Multivariate analysis revealed tumor size and treatment strategy were sig-
nificant factors determining outcomes. In summary, these trials suggest that RFA
requires less treatment sessions and is associated with improved outcomes compared
with PEI.

Table 16.2 Comparison of percutaneous ethanol injection with radiofrequency ablation for
HCC

PEI RFA

Authors

No. of
patients
PEI/RFA

Median
follow-up
period
(months)

Local
recurrence
(%)

Overall
survival
(%)

Local
recurrence
(%)

Overall
survival
(%)

Lencioni et al. [29] 50/52 23 38 2 yr–88 4 2 yr – 98
Lin et al. [30] 52/52 24 34.6 3 yr–50 14 3 yr – 74
Shiina et al. [31] 114/118 36 11.4 4 yr–57 1.7 4 yr – 74
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RFA in Combination with Other Liver-Directed Therapies

More recently, RFA has been combined with transarterial chemoembolization
(TACE) for the treatment of unresectable HCC tumors. TACE embolizes the hep-
atic arterial branches supplying the tumor with a combination of chemotherapeutic
agents and an oily contrast agent (lipiodol) followed by an occluding agent such
as polyvinyl alcohol beads. Performing TACE prior to RFA may decrease the heat
loss due to hepatic arterial perfusion enhancing the ablative effects. Reducing heat
loss during RFA may allow more effective therapy for larger HCC tumors. In a
phase 3 randomized investigation from China, the combination of TACE/RFA was
compared with either therapy alone in 291 patients with HCC tumors >3 cm [3].
During a median follow-up period of 28.5 months, median survival for the combi-
nation group was 37 months, which was significantly longer than TACE (24 months)
or RFA (22 months) alone. For patients with solitary tumors less than 3 cm in
diameter, TACE/RFA demonstrated a survival benefit compared with RFA alone.
Procedure-related complications were comparably low between treatment groups
with five-related deaths (two deaths in the TACE/RFA group and three deaths in
the TACE alone group). The investigators attributed the improved results to the
altered tumor microenvironment following TACE which enhanced and improved
the efficacy of RFA.

RFA as a Bridge Therapy to Transplantation

Based on the Milan criteria, appropriately selected patients with either a soli-
tary HCC nodule <5 cm or no more than three tumors each <3 cm in
diameter may achieve durable long-term outcomes with liver transplantation
[32]. The landmark investigation from Milan, Italy reported 4-year overall and
recurrence-free survival rates of 85 and 92% in this subset of patients with HCC
[32]. These excellent results have been confirmed by various other institutions
[33, 34].

Unfortunately, the demand for donor livers far exceeds the supply and, in the
case of HCC candidates, many patients either die or become ineligible due to
progression of disease before a donor liver is available. Bridging strategies have
recently been incorporated to slow the progression of HCC allowing more time
for donor organs to become available. The successful use of RFA as a bridg-
ing strategy to transplantation for HCC has been reported by various institutions
[35–37]. In small series, RFA as a bridging therapy has decreased the dropout rate
to less than 15% [36, 37]. Based on a historical control dropout rate of 30%, the
use of RFA as a bridging therapy appears advantageous [38, 39]. Although the
early experience with RFA as a bridging therapy to liver transplantation appears
promising, these results need confirmation in randomized or larger non-randomized
trials.
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Conclusions

The ideal HCC patient population for RFA consists of cirrhotic patients with small
tumors who are not surgical candidates based on their underlying hepatic function.
RFA in appropriately selected patients can produce durable long-term survival with
minimal procedure-related complications. Similarly, RFA may be used as a bridg-
ing therapy for patients who are candidates for liver transplantation to allow more
time for available donor livers. As the technique and experience improves, the indi-
cations for RFA will likely continue to evolve. Combination of RFA with other
treatment strategies can be effectively used to treat selected patients with advanced
multifocal HCC.

References

1. Bruix J, Boix L, Sala M, Llovet JM (2004) Focus on hepatocellular carcinoma. Cancer Cell
5:215–219

2. Fattovich G, Stroffolini T, Zagni I, Donato F (2004) Hepatocellular carcinoma in cirrhosis:
incidence and risk factors. Gastroenterology 127(5 Suppl 1):S35–S50

3. Degos F, Christidis C, Ganne-Carrie N et al Hepatitis C virus related cirrhosis: time to
occurrence of hepatocellular carcinoma and death. Gut 47:131–136.

4. Benvegnu L, Gios M, Boccato S, Alberti A (2004) Natural history of compensated viral
cirrhosis: a prospective study on the incidence and hierarchy of major complications. Gut
53:744–749

5. Mazzaferro V, Llovet JM, Miceli R et al (2009) Predicting survival after liver transplan-
tation in patients with hepatocellular carcinoma beyond the Milan criteria: a retrospective,
exploratory analysis. Lancet Oncol 10:35–43

6. Duffy JP, Vardanian A, Benjamin E et al (2007) Liver transplantation criteria for hepatocel-
lular carcinoma should be expanded: a 22-year experience with 467 patients at UCLA. Ann
Surg 246:502–509

7. Cheng BQ, Jia CQ, Liu CT et al (2008) Chemoembolization combined with radiofrequency
ablation for patients with hepatocellular carcinoma larger than 3 cm: a randomized controlled
trial. JAMA 299:1669–1677

8. Taketomi A, Soejima Y, Yoshizumi T, Uchiyama H, Yamashita Y, Maehara Y (2008) Liver
transplantation for hepatocellular carcinoma. J Hepatobiliary Pancreat Surg 15:124–130

9. Georgiades CS, Hong K, Geschwind JF (2008) Radiofrequency ablation and chemoemboliza-
tion for hepatocellular carcinoma. Cancer J 14:117–122

10. Curley SA (2003) Radiofrequency ablation of malignant liver tumors. Ann Surg Oncol
10:338–347

11. Curley SA, Izzo F, Delrio P et al (1999) Radiofrequency ablation of unresectable primary and
metastatic hepatic malignancies: results in 123 patients. Ann Surg 230:1–8

12. Choi H, Loyer EM, DuBrow RA et al (2001) Radio-frequency ablation of liver tumors:
assessment of therapeutic response and complications. Radiographics 21 Spec No:S41–S54

13. Paudyal B, Oriuchi N, Paudyal P et al (2007) Early diagnosis of recurrent hepatocellu-
lar carcinoma with 18F-FDG PET after radiofrequency ablation therapy. Oncol Rep 18:
1469–1473

14. Langenhoff BS, Oyen WJ, Jager GJ et al (2002) Efficacy of fluorine-18-deoxyglucose positron
emission tomography in detecting tumor recurrence after local ablative therapy for liver
metastases: a prospective study. J Clin Oncol 20:4453–4458



272 E.R. Camp et al.

15. Barker DW, Zagoria RJ, Morton KA, Kavanagh PV, Shen P (2005) Evaluation of liver
metastases after radiofrequency ablation: utility of 18F-FDG PET and PET/CT. AJR Am J
Roentgenol 184:1096–1102

16. Travaini LL, Trifiro G, Ravasi L et al (2008) Role of [18F]FDG-PET/CT after radiofrequency
ablation of liver metastases: preliminary results. Eur J Nucl Med Mol Imaging 35:1316–1322

17. Curley SA, Izzo F, Ellis LM, Nicolas Vauthey J, Vallone P (2000) Radiofrequency ablation of
hepatocellular cancer in 110 patients with cirrhosis. Ann Surg 232:381–391

18. Raut CP, Izzo F, Marra P et al (2005) Significant long-term survival after radiofrequency
ablation of unresectable hepatocellular carcinoma in patients with cirrhosis. Ann Surg Oncol
12:616–628

19. Lam VW, Ng KK, Chok KS et al (2008) Risk factors and prognostic factors of local recurrence
after radiofrequency ablation of hepatocellular carcinoma. J Am Coll Surg 207:20–29

20. Lencioni R, Cioni D, Crocetti L et al (2005) Early-stage hepatocellular carcinoma in patients
with cirrhosis: long-term results of percutaneous image-guided radiofrequency ablation.
Radiology 234:961–967

21. Montorsi M, Santambrogio R, Bianchi P et al (2005) Survival and recurrences after hepatic
resection or radiofrequency for hepatocellular carcinoma in cirrhotic patients: a multivariate
analysis. J Gastrointest Surg 9:62–67

22. Chen MS, Li JQ, Zheng Y et al (2006) A prospective randomized trial comparing percuta-
neous local ablative therapy and partial hepatectomy for small hepatocellular carcinoma. Ann
Surg 243:321–328

23. Choi D, Lim HK, Rhim H et al (2007) Percutaneous radiofrequency ablation for early-stage
hepatocellular carcinoma as a first-line treatment: long-term results and prognostic factors in
a large single-institution series. Eur Radiol 17:684–692

24. Poon RT, Ng KK, Lam CM, Ai V, Yuen J, Fan ST (2004) Effectiveness of radiofrequency
ablation for hepatocellular carcinomas larger than 3 cm in diameter. Arch Surg 139:281–287

25. Wood TF, Rose DM, Chung M, Allegra DP, Foshag LJ, Bilchik AJ (2000) Radiofrequency
ablation of 231 unresectable hepatic tumors: indications, limitations, and complications. Ann
Surg Oncol 7:593–600

26. Vivarelli M, Guglielmi A, Ruzzenente A et al (2004) Surgical resection versus percutaneous
radiofrequency ablation in the treatment of hepatocellular carcinoma on cirrhotic liver. Ann
Surg 240:102–107

27. Choi D, Lim HK, Joh JW et al (2007) Combined hepatectomy and radiofrequency ablation
for multifocal hepatocellular carcinomas: long-term follow-up results and prognostic factors.
Ann Surg Oncol 14:3510–3518

28. Onik GM, Atkinson D, Zemel R, Weaver ML (1993) Cryosurgery of liver cancer. Semin Surg
Oncol 9:309–317

29. Lencioni RA, Allgaier HP, Cioni D et al (2003) Small hepatocellular carcinoma in cirrho-
sis: randomized comparison of radio-frequency thermal ablation versus percutaneous ethanol
injection. Radiology 228:235–240

30. Lin SM, Lin CJ, Lin CC, Hsu CW, Chen YC (2004) Radiofrequency ablation improves
prognosis compared with ethanol injection for hepatocellular carcinoma < or =4 cm.
Gastroenterology 127:1714–1723

31. Shiina S, Teratani T, Obi S et al (2005) A randomized controlled trial of radiofrequency abla-
tion with ethanol injection for small hepatocellular carcinoma. Gastroenterology 129:122–130

32. Mazzaferro V, Regalia E, Doci R et al (1996) Liver transplantation for the treatment of small
hepatocellular carcinomas in patients with cirrhosis. N Engl J Med 334:693–699

33. Llovet JM, Fuster J, Bruix J (1999) Intention-to-treat analysis of surgical treatment for early
hepatocellular carcinoma: resection versus transplantation. Hepatology 30:1434–1440

34. Figueras J, Ibanez L, Ramos E et al (2001) Selection criteria for liver transplantation in early-
stage hepatocellular carcinoma with cirrhosis: results of a multicenter study. Liver Transpl
7:877–883



16 Radiofrequency Ablation for Hepatocellular Carcinoma 273

35. Mazzaferro V, Battiston C, Perrone S et al (2004) Radiofrequency ablation of small hepatocel-
lular carcinoma in cirrhotic patients awaiting liver transplantation: a prospective study. Ann
Surg 240:900–909

36. Brillet PY, Paradis V, Brancatelli G et al (2006) Percutaneous radiofrequency ablation for hep-
atocellular carcinoma before liver transplantation: a prospective study with histopathologic
comparison. AJR Am J Roentgenol 186(5 Suppl):S296–S305

37. Lu DS, Yu NC, Raman SS et al (2005) Percutaneous radiofrequency ablation of hepatocellular
carcinoma as a bridge to liver transplantation. Hepatology 41:1130–1137

38. Fisher RA, Maluf D, Cotterell AH et al (2004) Non-resective ablation therapy for hepatocellu-
lar carcinoma: effectiveness measured by intention-to-treat and dropout from liver transplant
waiting list. Clin Transplant 18:502–512

39. Mazzaferro V, Chun YS, Poon RT et al (2008) Liver transplantation for hepatocellular
carcinoma. Ann Surg Oncol 15:1001–1007





Chapter 17
Microwave Ablation and Hepatocellular
Carcinoma

Robert C.G. Martin

Keywords Microwave ablation · Hepatocellular cancer

Introduction

Hepatocellular carcinoma remains one of the most common malignant neoplasms
and is responsible for greater than one million deaths per year [1]. Prognosis of
HCC is exceedingly poor because of the high malignancy biology, high recurrence,
and overall resistance to current therapies [2]. Partial hepatectomy remains the first
option for the treatment of HCC; however, it is only suitable for 9–27% of all
patients diagnosed [3]. The reasons for this are the severe underlying cirrhosis and
the multifocality of the hepatic disease, which often precludes liver resection in most
patients with hepatocellular carcinoma. Moreover, tumor recurrence is common
after curative resection, and thus, few patients are candidates for further hepatec-
tomy after undergoing their initial curative hepatectomy [4]. Therefore, minimally
invasive yet effective therapeutic options are essential to improve the overall qual-
ity of lifetime in patients with hepatocellular carcinoma. Microwave energy is an
effective local thermal ablation technique for the treatment of hepatocellular carci-
noma which exhibits many of the advantages over alternative ablation and resection
techniques [5–8]. In recent years microwave ablation technology has undergone
tremendous progress due to the better understanding of the energy delivery and
technological advances that are currently now commercially available.
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Mechanism and Theoretical Benefits

Microwave ablation refers to the electromagnetic method of inducing tumor destruc-
tion by using devices with frequency greater than or equal to a 900 MHz [9]. The
rotation of the dipole molecules accounts for the efficient amount of heat generated
during microwave ablation [10]. One or more molecules are dipoles with unequal
electrical charge distribution and as they attempt to continuously re-orient at the
same rate in the microwave’s oscillating electric field. As a result of the microwave
transmission the water molecules flip back and forth at a billion times per second,
leading to this vigorous movement to produce friction and heat which leads to cel-
lular death via coagulation necrosis. An additional mechanism responsible for heat
generation in microwave ablation is ionic polarization which occurs when ions move
in response to the applied electric field of the microwave. The displaced ions cause
collisions with other ions converting this kinetic energy into heat. However, this is
the lesser of the two mechanisms that generate the efficient heat from microwave
ablation.

The current frequencies of the commercially available microwave ablation
devices are at either 915 or 2450 MHz (Fig. 17.1). The 2450 MHz is the most
commonly adopted microwave ablation device which is the frequency used in
the conventional microwave ovens giving the reported most optimal heating pro-
files. The benefit of the 915 MHz microwave is that it can penetrate deeper than
the 2450 MHz microwave which may theoretically yield larger ablation zones.
However, the energy deposition is also influenced by the dielectric properties of
the antenna design; thus, there are specific antenna design limitations that do
not necessarily translate into the 915 MHz generator leading to larger ablations
(Fig. 17.2).

The theoretical advantage of microwave ablation over the more established and
more published radiofrequency ablation is predominantly that microwave ablation

Fig. 17.1 Current frequencies of the two types of microwave ablation devices and corresponding
frequencies
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Fig. 17.2 Dielectric properties of the antenna design and the feed point of energy deposition

heating is primarily active while RFA heating is primarily passive. Microwave, thus,
has a much broader zone of active heating and does not rely on the conduction of
electricity into the tissue, and thus, the transmission of this energy is not limited
by tissue desiccation and charring [11]. Therefore, intratumoral temperatures can
consistently be driven higher leading to theoretically a larger zone of ablation over
a more efficient treatment time and a more complete coagulative necrosis and tumor
kill [12]. Second is the resistance of the heat sink effect, that being the cooling effect
of blood flow from the tumor during this heating. Given the fact that microwave
ablation is an active heating process, it is less affected by this perfusion-mediated
effect which may allow for more uniform tumor necrosis within the target zone as
well as in proximity to large vessels. Third, the simultaneous application of multiple
microwave energy sources is allowed since there is no need to create a circuit as in
RFA. Thus, multiple microwave ablations can be performed simultaneously leading
to a more efficient ablation time when dealing with multiple tumors as well as the
capability of ablating larger tumors in conjunction with multiple probes [13].

Microwave ablation therapy was initially developed in the 1980s to achieve
hemostasis along the plane of transection during hepatic resection [14]. At that time,
microwave coagulation was slower than electric cautery units and produced a much
deeper area of necrosis and thus was not widely utilized for hemostasis during hep-
atic transection. This area of extended necrosis, however, did lead to an investigation
of microwave coagulation therapy (MCT) to be another form of ablative technique.
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Table 17.1 The Current Microwave Generator Systems that have been used and reported in Peer
Review Literature

MW
companies Covidien Microsulis Microtaze

UMC-I (Institute 207 of
Aerospace Industry –
Beijing, China)

Generator
frequency

915 MHz 2450 MHz 2450 MHz 2450 MHz

Power output 45 W 100 W 110 W 10–80 W
Antennas 3.7 cm active

length
3 lengths, 12, 17,

and 22 cm
13 gauge

diameter

5.7 mm active
diameter

15 and 25 cm
length,

1.6–2 mm active
diameter

24.7 cm length, 1.6 mm
in diameter, 2.7 cm
exposed antenna

Information: – A single probe
45 W for
10 min
produces 4 cm

– 3 probes
spaced 1.5 cm
45 W for
10 min
produces 6 cm

– A single
100 W probe
application for
8 min resulted
in lesions
consistently
>5 cm

– Unlike RF
energy,
microwave
energy does
not appear to
be limited by
charring and
tissue
desiccation

– Has been
uniquely
employed in
liver surgery
for more than
20 years.

– Local recurrence rates
were 11.8% for MWA
vs. 20.9% for RFA,
without significant
differences rates
between the two
groups (P = 0.12).

The initial microwave generators developed produced a microwave frequency of
2450 MHz and a wavelength of 12 cm (Table 17.1).

Equipment

The current microwave generators available have an output between 30 and 100 W.
All of the commercially available reported microwave systems are composed of
the three basic elements of generating microwave energy: microwave generator,
low-loss flexible coaxial cable, and microwave antenna. The microwave energy is
generated by a magnetron which contains spaces called resonance cavities which
act as tuned circuits to generate an electrical field. The microwave output frequency
is also determined by these cavities, which are connected to the antenna via a low-
loss coaxial cable to transmit the microwaves from the magnetron to the tissue.
The design of the antenna is crucial for the ability to deliver effective and efficient
energy to create therapeutic efficacy [15]. This is one of its greatest advantages
and limitations in that the length and diameter of the antenna is limited based on
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the energy available and low-loss flexible coaxial cables. Effective antennas have
to be specifically tuned to the dielectric properties of the tissue and, thus, opti-
mized for each solid organ that is to be ablative keeping the power of feedback
to a minimum to ensure localized power deposition around the feed point and
active tip of the antenna. To adequately destroy an entire tumor, the tumor abla-
tion zone should extend at least 1.0–3.0 cm beyond the tumor. Therefore, antennas
with larger coagulation diameter have the potential advantage over sources of energy
deposition.

Microwave ablation for unresectable hepatocellular carcinoma was first reported
in Japan with the use of the microwave coagulator developed by Tabuse in 1979 to
achieve hemostasis during hepatic transaction [14]. Using the same device, Saitsu
reported intraoperative and laparoscopic microwave ablation for small hepatocellu-
lar carcinomas in 1991 [16]. This first microwave system was used for percutaneous
microwave and was the Microtaze system which had a needle antenna of 1.6 mm
in diameter and a 2450 MHz generator with ablation performed at 60 W for 120 s
demonstrating a coagulation zone of 2.4 × 1.6 cm in normal liver [17]. Since the
coagulation diameters were not large enough, it was predominantly used to treat
tumors less than 2.0 cm in size. A competing microwave generator system, the
UMC-I microwave system, has been mainstay of microwave generators in China
(Table 17.1) [18]. This antenna has a diameter of 1.4 mm, an active tip of 27.0 mm
which also operates at 2450 MHz. It relies on a 14 gauge needle to facilitate antenna
insertion and after 60 W of generator power for 300 s a 3.7 × 2.6 cm coagula-
tion zone was obtained in the porcine livers [18]. Because of the ability to obtain
larger zones of ablation, this antenna has been utilized to treat larger hepatocel-
lular carcinomas and has so far been reported to obtain satisfactory therapeutic
outcomes [7, 8]. However, this system has been plagued by higher power feedback
enabling the temperature of the antenna shaft to rise very quickly and has led to
severe adverse events including skin burns and potentially extrahepatic damage to
surrounding tissues. Consequently, a protective cooling of the skin has to be per-
formed during percutaneous ablation when the application of the energy is utilized
for a certain duration of time. A third system in 2003 was released in the United
States by Vivant Medical, capable of producing 60 W of power at a lower 915 MHz
generator [19]. It was subsequently purchased by Covidien and is now called the
EvidentTM Microwave Ablation System. This antenna initially was a 13 gauge in
diameter, 15.0 cm in length, and a 3.6 cm active tip with specific dielectric proper-
ties tuned for liver tumors thus reducing power feedback and increasing the amount
of energy deposited to the tissue. In vivo experiments with a porcine liver using a
triple antenna produced synergistically larger ablation lesions than used with a sin-
gle antenna ablation. After initial animal experiments and recently reported phase
II data, it currently is one of the two microwave ablation systems that are approved
for use in the United States [19]. A maximum mean ablation diameter of 5.5 cm has
been reported with the use of utilizing three antennas spaced at 2.0 cm apart. The
fourth system that has been reported in the literature which is currently in use in
Europe is the Microsulis system.
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Indications

In general, similar to radiofrequency ablation the indication for microwave abla-
tion should be applied to patients who are not candidates for the more definitive
and effective surgical resection. The definition of resectability for hepatocellular
carcinoma is quite complex, because in addition to taking into consideration the
underlying tumor biology (multiplicity of tumors). The treating physician must take
into consideration the health of the non-tumorous liver to ensure that a potential
curative resection may be an option. Unfortunately, given the fact that a majority of
patients with hepatocellular carcinoma have underlying cirrhosis from either hepati-
tis B or C, alcohol, or other sources, most patients who have potentially resectable
lesions based on the number and location are not surgical resectable candidates
based on the lack of health of the non-tumorous liver and the ability of that liver
to withstand that type of resection. Given those limitations, microwave ablation is
indicated currently to treat lesions approximately 5.0–7.0 cm in maximum size or
less [7, 8, 19]. Most treating physicians would agree that microwave ablation should
be utilized in a “curative” indication. These indications or criteria are predominantly
defined as a single hepatocellular carcinoma lesion of 6.0 cm or smaller, three or
fewer hepatocellular carcinoma lesions with a maximum diameter of 4.0 cm or less
and the absence of significant extrahepatic disease, and an expected life expectancy
greater than 6 months of survival. Patients in consideration for hepatic ablation must
undergo these same extensive pre-evaluations as would patients undergoing hemi-
hepatectomy which should include high-quality dynamic cross-sectional imaging of
the liver as well as abdomen and chest, both for ablation planning and for staging of
the patients.

Choice of Approach

Microwave ablation has been reported to be effectively delivered through an open
laparotomy [19, 20], laparoscopically [21], percutaneously [8], and even thoraco-
scopically [22] in the appropriate patients. Each approach offers its advantages and
disadvantages. The current advantages of the percutaneous approach are that it is
less invasive and does not require an operation theater to perform the ablation. The
potential disadvantage of percutaneous ablation is the inability to evaluate the sur-
face of the liver and inability to evaluate the abdomen for extrahepatic disease. As
has been demonstrated in metastatic colorectal cancer, percutaneous ablation has the
limitation of understaging patients when relying just on cross-sectional imaging.
The potential advantages of laparoscopic approach are the ability to truly evalu-
ate the hepatic parenchyma, surface of the liver, as well as the intra-abdominal
peritoneum for more precise staging. The limitation is that this requires general
endotracheal anesthesia as well as an intra-abdominal access which has the potential
to be a greater risk for patients with marginal hepatic function. Microwave ablation
through an open technique has been reported to be effective also with the ability to
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combine that technique with radical resection. Use of a combined hepatic resection
and ablation technique has been found to be effective and safe in the management
of patients with multifocal hepatocellular carcinoma. The ablation technique for
microwave ablation is a complex technique requiring the treating physician to have
extensive knowledge of the hepatic anatomy, knowledge of the histology of the
tumor being treated, extensive knowledge of intra-ablation imaging, and appropri-
ate knowledge for adequate follow-up. Ultrasound is currently the most commonly
employed imaging technique because of its convenience and ability to continually
allow for real-time evaluation of the ablation. However, ultrasound of the liver is a
learned technique that must be optimized in order to appropriately and effectively
treat patients utilizing microwave energy. Even with the advantages of microwave
energy in comparison to radiofrequency ablation, microwave energy will not make a
treating physician a better ablator of hepatocellular carcinoma if that treating physi-
cian does not have extensive knowledge in imaging guidance and image acquisition
during the ablation process. Accurate pre-ablation imaging with ultrasound using
either B-mode or combination B-mode and harmonic contrast-enhanced ultrasound
leads to precise lesion size estimation as well as defining potential moderate-to-
large heat sink vessels from either inflow or outflow structures. This then allows
for a more precise antenna placement strategy leading to a greater incidence of
overall ablation success and significantly reduced ablation recurrence. Given the
rapidity of the heat generated using microwave ablation, the size of the ablation
zone can be more precisely judged by the expanding hyperechoic area during the
ablation especially in the first 3–5 min. Thermocoupling evaluation has also been
reported to be utilized. Placed at 0.5 cm outside of the tumor margin, and once
target temperature of 60◦C is reached or 54◦C for at least 3 min is reached, then suc-
cessful ablation has occurred [23]. Post-ablation contrast-enhanced ultrasound has
also been found to further enhance the accuracy of ablation using microwave and if
there is any residual tumor, then focal ablations can be performed in those certain
areas.

Assessing the efficacy of microwave ablation is of utmost importance and needs
to be further standardized in order to avoid the wide ranging results that have
plagued radiofrequency ablation. It has been recommended that an immediate
follow-up CT (defined as within 1 month of ablation) be performed in order to accu-
rately determine ablation success. Repeat imaging at 3-month intervals for the first
year and then at 6-month intervals following is needed to accurately define ablation
recurrence (recurrent disease within 1.0 cm of the ablation defect) as well as non-
ablation hepatic recurrence and, lastly, extrahepatic recurrence. Defining ablation
success utilizing these four criteria is of utmost importance.

Clinical Use

The initial result of MCT has come from Japan where the technique was first utilized
in 1988. MCT in Japan has primarily been utilized to treat the cirrhotic hepatocel-
lular carcinoma patient. The majority of these patients had small, less than 3 cm
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tumors and were not candidates for resection because of the underlying severe
hepatic cirrhosis [17]. The initial MCT technology produced a reproducible and
reliable zone of complete coagulation necrosis; however, because of the rapid devel-
opment of this necrosis, the heat is quickly dissipated producing ablations of only
10 mm at maximum diameter. More recent evaluation of MCT therapy is based on a
similar principle but improvements in probe, shape, and conduction have allowed
for significantly greater size of ablation.

Currently, the overwhelming majority of reports utilizing microwave ablation in
hepatocellular carcinoma have come from Japan and China. The initial report from
Seki et al. of 18 patients with solitary, small hepatocellular carcinoma (less than
or equal to 2.0 cm) demonstrated 100% complete ablation but very short follow-up
following the ablation [17]. The smaller report from Murakami used the similar sys-
tem as Seki et al. in evaluation of nine patients with hepatocellular carcinoma greater
than 3.0 in size, which again demonstrated 100% complete ablation; however, local
recurrence occurred in four of these nine tumors within 6 months of treatment [24].
When you compare these results using the UMC-1 system to the Microtaze system,
the current UMC-1 system appears to yield larger ablations and potentially longer
term durable control. The largest reported system using the UMC-1 microwave abla-
tion system for HCC in a single institution evaluated 288 patients with 477 tumors
[25]. The UMC-1 microwave system used in this study yielded 1-, 2-, 3-, 4-, and
5-year cumulative survival of 93, 82, 72, 63, and 51%, respectively with local tumor
recurrence or ablation site recurrence in 8% of patients [23]. They demonstrated that
single tumors measuring 4.0 cm and less had a far better overall predictor of ablation
control. Izumi analyzed the risk factors for distal recurrence after complete percuta-
neous microwave ablation in 92 patients with three tumors or less, less than 3.0 cm
in size [26]. His report found that two HCC nodules and a hepatitis C infection were
associated with a higher incidence of recurrence.

Similar results have been reported in the use of microwave ablation for hepatocel-
lular carcinoma through a laparoscopic as well as open technique. Yamanaka et al.
evaluated the therapeutic effects of microwave ablation in 27 patients with that of
23 patients undergoing hepatectomy [27]. They demonstrated that microwave abla-
tion achieved long-term survivals equivalent to that obtained with hepatectomy with
significantly lower complications rates. Abe et al. also reported on 43 hepatocellular
carcinoma patients treated with microwave ablation and demonstrated a complete
ablation rate of 93% for tumors measuring 4.0 cm or less, but only 38.5% ablation
success for tumors larger than 4.0 cm [21].

The complications of microwave ablation mirror those reported with radiofre-
quency ablation, similar to the fact that both energy systems generate significant
amounts of heat. Because of that, bile duct stenosis, colon perforation, and skin burn
have also been reported with microwave ablation [8, 25]. Similarly, liver abscess
and tumor seeding have also been reported based on the type of technique utilized
in performing ablation [28].

Side effects of microwave ablation do include postoperative pain as well as
potential asymptomatic pleural effusions when ablating lesions high in the dome
of the liver [19]. Similarly, the degree of postoperative pain and underlying fatigue
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is directly related to the volume of necrosis induced by the microwave ablation
therapy [29]. There has also been an evaluation of combining therapies, especially
in trying to manage hepatocellular carcinoma lesions greater than 5.0 cm in size
[30]. The most common combined technique that has been evaluated is the use of
transarterial chemoembolization prior to ablation. Transarterial chemoembolization
is an effective method of reducing blood supply to the hepatocellular carcinoma
and, thus, reducing any type of heat sink effect that could occur potentially improv-
ing the microwave ablation efficacy for lesions that are larger than 5.0 cm in size.
Seki et al. has reported the use of microwave ablation 1–2 days after transar-
terial chemoembolization with good results as well as good long-term ablation
control [31].

The use of microwave ablation in hepatocellular carcinoma has been reported
in two US centers, predominantly using the Valley Lab Evident-based system. The
initial report from Martin et al. demonstrated the use of the 915 MHz system on
five patients with HCC with median lesion size of 3.3 cm (range 2.7–3.6 cm).
They demonstrated 100% ablation success with ablation times ranging from 15 to
20 min in total, with initial 12-month follow-up demonstrating no evidence of abla-
tion recurrence and a 50% hepatic non-ablation recurrence. These data have been
further strengthened by a collaborative report from Iannitti et al. with a report of
23 HCC tumors ablated ranging in size from 3.6 to 5.5 cm [29]. All ablations were
again performed using the Covidien Evident 915 MHz system.

Our current experience now includes the treatment of 20 hepatocellular carci-
noma patients with a majority of them men, all but one of Caucasian descent with
a median age of 66 years (range 45–83). The median number of tumors ablated
was one with the median largest lesion being 4.0 cm (range 2.0–5.9 cm). Median
ablation time was 15 min and the median OR time of 100 min, with an even distri-
bution of access through either a laparoscopic incision or an open incision since a
small minority of these patients underwent a concomitant hepatectomy at the time
as microwave ablation. Four patients sustained six complications with the median
highest grade being II, and the length of stay in these patients was 3 days (range
1–10 days). Post-ablation median volumes were 125.75 cm3 (range 21.2–243.6).
Median disease-free survival of 18 months and overall survival of 41 months has
been seen in this patient cohort.

Despite its encouraging experimental and clinical results, microwave ablation,
like other ablative techniques, is still in its evolutionary phase and needs to be
standardized. The utility of microwave ablation, as with radiofrequency abla-
tion, is strongly influenced by appropriate patient selection, anatomic location of
the tumor(s), physician experience and training, and standardization of ablation
techniques. There still remains a demand for minimum standards for defining abla-
tion success, ablation recurrence, non-ablation site hepatic recurrence, as well as
extrahepatic recurrence in order to establish true quality control in this technology.

With ever-increasing treatment options available now in the management of hep-
atocellular carcinoma, microwave ablation needs to be held to the highest standards
in order to demonstrate where it is most effective in the treatment algorithm of
patients with unresectable hepatocellular carcinoma.
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Chapter 18
Transarterial Chemoembolization

Christos Georgiades and Jean-Francois Geschwind
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beads

This chapter discusses transarterial chemoembolization (TACE), which has become
the mainstay of treatment for unresectable hepatocellular carcinoma (HCC). Its suc-
cess is attributable to the ability to deliver high-dose chemotherapy into the tumor
vascular bed. The addition of emulsifying agents (i.e., lipiodol) and/or particles to
the chemotherapy slows down the blood flow through the tumor blood supply and
increases the chemotherapy residence time. Recent technological advances such
as drug eluting beads further increase the intra-tumoral drug concentration and
residence time, while limiting the plasma concentration. This results in increased
tumoricidal effect and less systemic toxicity related to TACE. The survival benefit
from TACE has been repeatedly shown to be more than double that of supportive
care or systemic chemotherapy alone, with less toxicity. The approval of targeted
agents for the treatment of unresectable HCC, such as Sorafenib, can have syn-
ergistic effect with TACE on survival. Combination treatments that include TACE,
ablation, and systemic maintenance chemotherapy will soon become the standard of
care for patients with unresectable HCC. These treatments will also likely result in
downsizing of many previously unresectable or non-transplantable patients, a likely
benefit but also a challenge to ensure such treatment course is appropriate. Whatever
the new standard treatment protocol is for HCC is undoubtedly TACE will play the
central role.

Many risk factors have been implicated in the development of HCC, includ-
ing chronic active infection by the hepatotropic viruses, Wilson’s disease, chronic
alcoholism, hemochromatosis, and α-1 antitrypsin deficiency. None of these condi-
tions, however, has been proven to be directly carcinogenic. Rather, the increased
risk of cancer is thought to result from the inflammation-related increased turnover
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of hepatocytes and consequently the increased rate of mutagenesis. The hepa-
totropic viruses include the DNA hepatitis B (Hep. B) and the RNA hepatitis C
(Hep. C). The latter has also been implicated in certain lymphoproliferative dis-
orders, especially non-Hodgkin’s lymphoma, adding circumstantial evidence to a
direct carcinogenic effect which has nonetheless not been proven. Aflatoxin B1 is
the only chemical that has been shown to be directly carcinogenic to hepatocytes,
while smoking, diabetes, and obesity appear to be synergistic factors that enhance
the risk of HCC development [1]. Whatever the cause of HCC, the growing, viable
tumor exhibits certain ubiquitous characteristics, one of which is increased vascu-
larity compared to the surrounding, non-neoplastic liver parenchyma. This is the
result of the strong pro-angiogenic effect exerted not only by the neoplastic cells
themselves but also by the surrounding microenvironment and cell/chemical sig-
naling cascades seen in chronic inflammatory states (cirrhosis in this case) and/or
initiated directly by the hepatotropic viruses (i.e., increased concentration of matrix
metalloproteinases [MMPs]). The importance of tumor angiogenesis for the sur-
vival and growth of HCC is further underlined by the recent positive outcomes in
clinical trials where HCC patients were treated with Sorafenib (Bayer HealthCare,
Leverkusen, Germany), a multi-kinase inhibitor with strong predilection for VEGF
receptor kinases [1, 2]. The increased vascularity of HCC compared to the sur-
rounding liver parenchyma provides an opportunity for intra-arterial locoregional
treatment.

Vascular Anatomy of HCC

A number of different cell types are the target of tumor angiogenesis signals, but the
final common denominator is the recruitment of vascular endothelial cells result-
ing in arteriolar and venular angiogenesis and lymphangiogenesis. The increased
vascularity is more pronounced on the inflow side of the HCC, which manifests
as large, tortuous, and disorganized hepatic arterioles (Fig. 18.1). The increased
tumor blood supply can on occasion be so pronounced that results in shunting of
blood from the rest of the liver (“sump” effect) or even an angiographically visible
shunt between the arterial and the hepatic venous side of the tumor. Interestingly,
the pro-angiogenic effect associated with HCC has only a weak effect on the portal
venous side leaving the hepatic artery as the main HCC supplier (Fig. 18.2). This
phenomenon has therapeutic implications in the field of Interventional Radiology.
Transarterial Chemoembolization (TACE) has become the mainstay of treatment for
unresectable HCC. During TACE, a catheter is placed in the branch of the hepatic
artery supplying the tumor, and high-dose chemotherapy emulsified with ethiodol
(Savage Laboratories, Melville, NY, USA) is infused to near occlusion aided by
variable size particle embolization. Since the tumor receives most of its blood sup-
ply from the hepatic artery and the normal liver parenchyma from the portal vein,
TACE selectively delivers chemotherapy to the tumor while mostly sparing nor-
mal liver. In addition, it has long been known based on empirical observations that
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Fig. 18.1 Vascular supply of HCC. Angiogram just prior to TACE (a) performed via a selective
microcatheter placed in a branch of the right hepatic artery (black arrowhead) shows the disorga-
nized nature of the hepatic arterioles supplying the tumor (white arrowheads). Post-TACE image
(b) shows pooling of the lipiodol–chemotherapy mixture in the abnormal vascular bed of the tumor
(arrowheads)

Fig. 18.2 Schematic of the vascular supply of HCC. The majority of the hepatic parenchyma blood
supply (∼70–80%) is via the portal vein. Tumor-induced angiogenesis recruits mostly hepatic
arterial branches thus HCC supply is almost exclusively by the hepatic artery. Therefore, TACE
will preferentially treat the HCC and mostly spare normal liver parenchyma

ethiodol selectively embolizes in the abnormal vascularity of tumors, further
increasing the chemotherapy concentration and tumor residence time. The reasons
for the tropism of ethiodol toward the tumor vascularity have not been clarified
yet. Figure 18.3 shows the chemoembolization procedure. Figures 18.4 and 18.5
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Fig. 18.3 Transarterial chemoembolization in a patient with unresectable HCC. Coronal T1-
weighted, contrast-enhanced MRI image of the liver (a) shows a mass in the lower part of
the right lobe of the liver (arrows) and a smaller lesion (arrowhead) more cranially. Digitally
subtracted, selective, right hepatic arteriogram (b) shows the two masses, indicated by arrows
(larger) and arrowhead (smaller) to enhance. Post-TACE, coronal, non-enhanced CT image of the
liver (c) shows the distribution of the lipiodol–chemotherapy mixture to correspond to the larger
(arrows) and smaller (arrowhead) masses. Axial, T-1 weighted, contrast-enhanced MRI prior to
TACE (d) and axial non-enhanced CT of the liver post-TACE show distribution of the lipiodol–
chemotherapy mixture within the vascular portions of the tumor (arrows) while sparing the necrotic
(devascularized) portions (arrowheads)

showcase varied responses to treatment which include both Response Evaluation
Criteria in Solid Tumors (RECIST) and European Association for the Study of
Liver (EASL) responses. In reality, most HCCs will show both types of response to
TACE; however, usually EASL criteria response is more pronounced than RECIST
response.

Clinical Trials and Current Evidence

At the time of diagnosis the majority of HCC patients (approximately 85%) are not
candidates for transplantation or resection, the two choices offering the best chance
for cure. The lack of effective chemotherapy and the poor response of HCC to
radiation treatment left TACE as the only realistic treatment option. Because of the
lack of competing therapies, researchers were not compelled to seriously study the
efficacy of TACE until the early 2000s, a source of frequent criticism. In 2002,
Llovet et al [3] published results from a randomized controlled trial, which was
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Fig. 18.4 50-year-old female with unresectable HCC. Three-month, sequential MRI (a, b, c, d,
e) axial images of the liver after TACE. The initially large tumor replacing the entire right lobe of
the liver shows gradual response based on RECIST criteria. At last follow-up, 5 years after initial
TACE, the residual tumor is a 3 cm calcified nodule in the posterior right lobe of the liver (F)

Fig. 18.5 34-year-old female with unresectable HCC. Pre- (a) and post-TACE (b), axial, contrast-
enhanced, MRI images show the tumor (arrows) with mild RECIST response but significant
EASL-based response, indicated by significant necrosis

stopped early because TACE provided a statistically significant survival benefit in
the treatment group (1- and 2-year survival of 82% and 63% for TACE vs 63%
and 27% for the supportive care) (Fig. 18.6). A meta-analysis of five randomized
controlled trials published in the same year also concluded that TACE reduced
the 2-year mortality of patients with unresectable HCC (odds ratio 0.54, CI 95%,
0.33–0.89, p = 0.015) [4]. The benefits of TACE were cemented after a study by
Lo et al [5] showed statistically significant survival benefit in patients with unre-
sectable HCC treated with lipiodol–cisplatin chemoembolization. The 1-, 2-, and
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Fig. 18.6 Survival of patients with unresectable HCC. The 1- and 2-year survival of patients
treated with TACE (dark gray) is significantly better than those receiving supportive care alone
(light gray)

3-year survival in TACE-treated patients was reported by Lo et al to be 57, 31, and
26%, compared to 32, 11, and 3%, respectively, in the control group. Finally, in a
meta-analysis of randomized controlled trials, Llovet and Bruix [6] showed signif-
icantly decreased 2-year mortality in patients treated with chemoembolization with
an odds ratio of 0.53 (CI 95%, 0.32–0.89, p = 0.017). Recent evidence has emerged
that compares resection vs. locoregional treatments for HCC with favorable con-
clusions for TACE. Yamagiwa et al [7], for example, have shown that combination
treatment using radiofrequency ablation (RFA) and TACE resulted in significantly
longer overall 5-year survival compared to hepatic resection (72% vs 59%), albeit
a shorter disease-free survival (14 vs 32 months). Combination locoregional treat-
ment using RFA and TACE were also compared to hepatic resection for small HCCs
(<3 cm) by Yamakado et al [8]. The 1-, 3-, and 5-year survival was identical between
the two groups at 98%, 94%, 75% and 97%, 93%, 81% for locoregional treatment
and resection, respectively (Fig. 18.7). Also identical was the cancer recurrence rate
at 36 and 37% for locoregional and surgical treatments, respectively.

Fig. 18.7 Survival for
patients with resectable HCC.
Overall, 5-year survival is
identical between patients
treated with resection (light
gray) and those treated with
combination RFA+TACE
(dark gray). The comparison
was for patients with HCC ≤
3 cm
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One of the lingering criticisms of TACE is that the protocol has not been
standardized yet. While most physicians will use a triple chemotherapy cocktail
that includes cisplatin, mitomycin C, and doxorubicin, others will use double or
monotherapy regimens while still a minority will only embolize the feeding ves-
sel without chemotherapy. To date, there has not been a prospective, randomized
trial comparing the efficacy of different chemotherapy regimens. Cisplatin causes
DNA intrastrand crosslinks, mitomycin C is an alkylating agent that causes DNA
interstrand crosslinking and inhibits DNA-dependent RNA polymerase, and doxoru-
bicin intercalates DNA and inhibits proliferation-specific DNA polymerases. The
choice of triple-regimen TACE rests on the theory that a multi-pronged attack on
the neoplastic cell DNA is more effective and can overcome possible tumor drug
resistance.

TACE as a Bridge to Transplantation

Recently there has been considerable interest regarding the role of TACE as a bridge
to liver transplantation. It has been postulated that TACE shrinks and/or slows the
progression of HCC thus possibly minimizing waiting list drop-off rates. This would
theoretically be the case especially for those patients who are barely within Milan or
San Francisco transplantation criteria. There is a lack of well-designed, prospective,
randomized studies however, and the published ones have thus far been equivocal.
One prospective (but not randomized) study showed a 1-, 2-, and 5-year survival
after TACE and orthotopic liver transplantation (OLT) of 98, 98, and 93%, respec-
tively [9], which is better than historical controls, suggesting that pretransplantation
TACE does improve survival. The same study, however, concluded that downstag-
ing of patients to within Milan criteria using TACE did not result in any survival
benefit. Two other studies [10, 11] have correlated the degree of necrosis with out-
come after OLT. One concluded that a high percent of lesion necrosis after TACE
predicts lower tumor recurrence rates after OLT, whereas the other concluded that
low necrosis rates after TACE “facilitate tumor recurrence.” The latter is unlikely, as
there is no teleological effect for TACE. The results above, rather, suggest that good
response to TACE indicates favorable disease biology. Overall, the current literature
suggests (but is not definitive) that (1) pretransplantation TACE for patients within
but close to falling out of criteria may be beneficial and (2) response to TACE may
be predictive of disease biology and by extension, survival after liver transplanta-
tion. Further studies are needed in order to define TACE’s role as a bridge to liver
transplant.

Quality of Life/Toxicity Profile

HCC and cirrhosis are frequent comorbid conditions that have a significant impact
on the patients’ quality of life. Pain from the expanding tumor, especially if it
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is in a subcapsular location is a common presenting symptom for HCC. Ascites,
edema, fatigue are symptoms related to the cirrhosis. Under these circumstances
any treatment (except transplantation) has a potential of worsening the symp-
toms, be it surgical resection, percutaneous ablation, systemic chemotherapy, or
TACE. (Possible TACE-related complications are shown in Table 18.1.) Strong con-
traindications to TACE include Child-Pugh C liver cirrhosis and poor performance
status, i.e., Eastern Cooperative Oncology Group (ECOG) ≥ 3 or Karnofsky sta-
tus <60. Performing TACE in patients with minimal if any liver functional reserve
increases the risk of hepatic failure and in any case is unlikely to prolong sur-
vival. When indicated, however, TACE has been shown to result in much lower
plasma concentration and greater intra-tumoral chemotherapy concentration, com-
pared to systemic treatment. Data from our group (pending publication) show a
very favorable toxicity profile for TACE. The group recorded hematologic and
non-hematologic toxicities related to TACE and categorized them based on the
Common Terminology Criteria for Adverse Events (CTCAE). Grade 3–4 toxic-
ities were found in about 20% of patients, a number much lower than reported
for systemic chemotherapy [12]. This is an important consideration because TACE
is usually reserved as salvage treatment in many patients with moderate cirrhosis.
Furthermore, recent evidence suggests that the newer form of TACE – i.e., drug elut-
ing beads – shows an even better pharmacokinetic profile than lipiodol-based TACE,
including lower plasma chemotherapy levels and lower related systemic toxicity
(Fig. 18.6) [13].

Table 18.1 Possible TACE-related complications. Third column shows the overall percent risk
as reported in literature if the risk factor in column 2 is present. For example, patients who have
Child-Pugh C liver cirrhosis (row 1, column 2) have a significant risk for liver failure (column 3)
with TACE. If TACE can be performed in a superselective manner (column 4) thus sparing most
of the liver then the chances of liver failure are minimized

Complication Risk factor % Risk Risk mitigation action

Liver failure, death,
encephalopathy

Child-Pugh C 5–10% for
Child-Pugh
C

Superselective
embolizationT. bilirubin >4 mg/dl

Albumin <2 mg/dl
Poor performance status

Liver abscess Compromised Sphincter
of Oddi

30–80%
(else <5%)

Broad spectrum Abx/
GI preparation

Non-target embolization Aberrant anatomy
especially left or right
gastric artery

<10% Place catheter distal to
origin of gastric
artery/watch for
chemo reflux

Pulmonary embolism Tumor shunting <1% Gelfoam embolization
of shunt

Upper GI bleeding Gastroesophageal
varices

Unknown
(rare)

Pre-TACE banding?

Acute renal failure Renal insufficiency,
diabetes

0.05–5% Hydration,
renoprotection,
minimize contrast
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Future Directions/Conclusions

The excitement generated by the release of the SHARP trial results (systemic
chemotherapy with Sorafenib) overshadowed reality. That is, the survival benefit
seen by Child-Pugh A patients with unresectable HCC treated with Sorafenib was
a modest 2.8 months. The initial enthusiasm, more than anything else, highlights
the historical absence of measurable progress in the treatment of HCC among the
medical oncology community. Therefore, and despite these modest advances in the
treatment of HCC, TACE will likely remain the most important treatment option.
That is not to say that TACE is an optimal treatment or that these advances have
not shaped future clinical trials. While TACE occasionally results in complete and
sustained tumor response, in the majority of patients there is eventual regrowth of
the neoplasm, underlying TACE’s inability to completely eradicate the disease or
to permanently sustain its initial good response. Currently, many combination treat-
ments are planned that aim to attack HCC’s critical survival points. For example, a
TACE-Avastin as well as a TACE-Sorafenib trial is underway, which aims to pre-
vent HCC regrowth after TACE by inhibiting tumor angiogenesis. TACE technique
is also evolving, in current trials. Porous particles loaded with chemotherapeutics
(i.e., doxorubicin eluting beads – DEBs) are replacing simple drug-ethiodol infu-
sions. Such particles further increase the residence time of chemotherapy within
the tumor and have prolonged drug eluting characteristics, properties that fur-
ther enhance tumoricidal effect and reduce systemic toxicities (Fig. 18.8). What-
ever the new standard of care treatment is for unresectable HCC, transarterial
chemoembolization is evolving and will undoubtedly remain one of the most
important – if not the most important – component.

Fig. 18.8 Relative plasma doxorubicin concentrations. Intra-arterial infusion (solid line) via the
hepatic artery shows the least optimum pharmacokinetic profile with an early spike in plasma
concentration and the highest area-under-curve value. TACE with lipiodol (dashed line) decreases
both the peak average plasma concentration of doxorubicin and the area-under-curve. Treatment
with doxorubicin eluting beads (single value, peal plasma concentration) further decreases the
peak plasma concentration of doxorubicin. Data are normalized to peak plasma concentration of
doxorubicin after intra-arterial infusion
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In conclusion, TACE has been shown to provide the longest survival benefit
among all treatment options for unresectable HCC. Combination therapies that
include TACE, ablation, and maintenance chemotherapy with newer, targeted agents
are becoming the standard of care for such patients. Many challenges will be
encountered in the future for HCC treatment. For example, what is the best com-
bination treatment protocol and which chemotherapy should we use? Locoregional
treatments and then follow-up with systemic chemotherapy or the reverse? What to
do we need to use with those patients who respond to these new treatments? If they
are downstaged into criteria for resection or transplantation, will it be beneficial?
If a significant percent of patients is indeed downstaged to transplantation criteria,
what will be the impact on liver availability?
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Introduction

Primary hepatic carcinoma remains a relatively uncommon disease in North
America and Western Europe (0.5–2.0% of all cancers) [1, 2]. However it remains
a much larger fraction (20–40%) in developing countries and is the 5th–6th
most common malignancy worldwide (approximately 5.6% of all cancers) [3, 4].
Hepatocellular carcinoma (HCC) is the most common primary malignancy of the
liver (70–85%) with an estimated 500 thousand to 1 million new cases annually and
an associated mortality of approximately 600,000 [3, 5]. Recent studies in the USA
have shown that the incidence of HCC is increasing, most likely related to chronic
HCV infection [6].

Unfortunately, many of these patients will have diffuse, multifocal disease ren-
dering them unresectable, defined as the inability to remove or ablate all tumors
and leave enough normal liver parenchyma to regain an acceptable quality of life.
Additionally, many patients have significant comorbid conditions that preclude a
major liver resection. Not long ago, most patients with unresectable liver can-
cers had few therapeutic options other than systemic chemotherapy. The last two
decades have seen the development of several hepatic-directed treatment options
that are expanding the therapeutic armamentarium of the clinician and lengthening
the patient’s survival.

It is for this very reason that other treatment modalities are being investigated
for their roles in enhancing the results in the treatment of early, intermediate,
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Fig. 19.1 Treatment algorithm according to the Barcelona Clinic Liver Cancer (BCLC) classifi-
cation

and advanced stage HCC [7, 8] (Fig. 19.1). These include percutaneous ethanol
injection (PEI), radiofrequency ablation (RFA), transarterial chemoembolization
(TACE), and more recently, drug-eluting bead transarterial chemoembolization
(DEB-TACE).

TACE involves the periodic injection of a chemotherapeutic agent, mixed with
embolic material, administered selectively into the feeding arteries of the tumor
resulting in higher intra-tumoral drug concentrations compared to intravenous ther-
apy, with occlusion of the blood vessel causing infarction and necrosis [9]. In
HCC patients, TACE achieved partial responses in up to 62% of patients, and
significantly delayed tumor progression and vascular invasion [10–12]. Although
survival benefit of TACE over symptomatic treatment or systematic chemotherapy
was demonstrated in a meta-analysis of randomized controlled trials, overall sur-
vival at 3 years remain low (<30%) for intermediate HCC patients [13]. A further
review failed to demonstrate a survival difference between TACE and emboliza-
tion alone or superiority of one chemotherapeutic agent over another. Post-TACE
complications, e.g., acute liver or renal failure, encephalopathy, ascites, and upper
gastrointestinal bleeding, may be severe [14]. There is therefore a need for treat-
ment regimens that improve response rates and survival, while reducing the risk of
post-TACE complications.

DEB-TACE is a new drug delivery system that combines local embolization of
vasculature with release of chemotherapy into adjacent tissue [15, 16]. Its intended
use is for the treatment of hypervascular tumors such as HCC. The administration is
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similar to conventional TACE, a minimally invasive procedure performed by inter-
ventional radiologists [15, 16]. Beads are composed of biocompatible polymers such
as polyvinyl alcohol (PVA) hydrogel that has been sulfonated in order for bind-
ing of chemotherapy (Fig. 19.2) [17]. The beads occlude distal vasculature causing
embolization, while the chemotherapy is delivered locally [18, 19].

Fig. 19.2 Loading beads

In Vitro/In Vivo Data

Initial in vitro evaluation of the doxorubicin drug-eluting bead was performed by
Lewis et al. who performed a gravimetric analysis demonstrating the effect of drug
loading on bead water content and its consequent impact on bead compressibil-
ity was evaluated [16]. A T-cell apparatus was used to monitor the in vitro elution
of the drug from the beads over a period of 24 hours in various elution media. His
report determined DC beadTM spheres (Biocompatibles) could be easily loaded with
doxorubicin by immersion of the beads in the drug solution for 10–100 min depend-
ing on microsphere size. The maximum theoretic capacity of the DC beadTM was
45.0 mg/mL, but the most common commercial use is 37.5 mg/mL. Bead sizes
from 100 to 700 μm in size yielded somewhat similar kinetics in drug elution and
consistent drug delivery. This report confirmed that doxorubicin-loaded beads pro-
vide accurate dosage of drug per unit volume of beads. Drug elution is dependent
on ion exchange with the surrounding environment and this controlled and sustained
much more consistently than the rapid separation of the drug from historical lipiodol
use. An in vivo evaluation of the drug-eluting beads was again performed by Lewis
et al. evaluating both the 100300 and the 700–900 μm beads loaded at 37.5 mg of
doxorubicin per milliliter of hydrated beads [15]. Animals underwent embolization
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with either gland beads or doxorubicin-loaded beads with serial systemic plasma
levels of doxorubicin being measured during a 90-day follow-up period. Maximum
plasma concentration of doxorubicin was seen at 650 ng/mL and 42.8 ng/mL for
the 100–300 and 700–900 μm beads, respectively, observed at the 1-min time
interval from infusion. They concluded that hepatic arterial embolization with drug-
eluting beads was safe and well tolerated. In addition, they were able to demonstrate
that the delivery of the doxorubicin drug-eluting bead caused consistent target tis-
sue damage with minimal systemic impact based on the pharmacokinetic studies
presented [19].

Phase I–II Studies

The initial pharmacokinetics of both conventional transarterial chemoembolization
(cTACE) and DEB-TACE were reviewed in Varela et al. [20] and demonstrated
that the DEB-TACE is an effective therapy with a favorable pharmacokinetic profile
with significantly less systemic doxorubicin exposure when compared to cTACE.
Doxorubicin maximum concentration and area under the curve were significantly
lower in the DEB-TACE arm (78±38 ng/ml and 662 ±417 ng/ml min) than conven-
tional TACE (2341±3951 ng/ml and 1812 ±1094 ng/ml min, p = 0.0002 and p =
0.001).

The Phase I/II study from Poon et al. [21] also demonstrated no dose-limiting
toxicity for 150 mg per dose therapy, a low peak plasma doxorubicin concen-
tration, and no evidence of doxorubicin-related toxicity. The results of these two

Drug-Eluting
Beads

Chemotherapy TACE

Doxorubicin
Arterial
injection

Doxorubicin +
Iodized Oil
Embolization

Doxorubicin
Drug-Eluting
Bead

Fig. 19.3 Drug distribution
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studies demonstrated the precise delivery of doxorubicin without systemic exposure
and thus the theoretical advantage over systemic chemotherapy and conventional
chemoembolization (Fig. 19.3).

Patient Selection

Chemotherapeutic options for DEB are DC/LC Beads loaded with doxorubicin
(Adriblastin R© and Adriamycin R© RDF powder) at a maximum loaded dose of
75 mg/2 ml (one vial) with the total doses delivered at one setting should not exceed
150 mg.

DEB-TACE is indicated for the treatment of HCC who are not suitable for resec-
tion, liver transplantation, with confirmed diagnosis of HCC by clinical criteria
(EASL) or confirmation by biopsy (Fig. 19.1).

Patient exclusion criteria for the treatment of HCC included bilirubin levels
>3 mg/dL, advanced tumors including extensive vascular invasion and extrahep-
atic spread, and any contraindication for hepatic embolization procedures [por-
tosystemic shunts, hepatofugal blood flow, impaired coagulation (platelet count
<50,000/mm3, prothrombin activity <50%)], renal insufficiency or failure (serum
creatinine >3 mg/dL), and severe atheromatosis.

Delivery Technique

DEB administration is performed via angiography. After initial staging 3 Phase
CT or dynamic MRI of the liver a planned two to three dose treatment sched-
ule is needed before estimating true clinical response. After the initial treatment,
additional treatments are given at 1–2 months, then again at 3–4 months based on
patient’s disease, tolerance, underlying hepatic dysfunction, and most importantly,
physician assessment of the patient’s overall condition. Treatment dosing and bead
size is determined by the extent of the cancer within the liver, defined as either
finite number of lesions or diffuse disease. For finite number of lesions, a minimum
of two doses of 150 mg of doxorubicin loaded into two DC BeadTM vials (100–
300 μm given in a superselective catheter placement and 300–500 μm given in a
lobar catheter placement) every 6–8 weeks (following toxicity and extending inter-
val if toxicity seen) is administered. A repeat CT or MRI scan 1 month after the last
treatment to evaluate response is recommended to decide on future treatments. For
diffuse disease, a minimum of four doses of 150 mg doxorubicin loaded into two DC
BeadTM vials (100–300 μm and 300–500 μm both given in a lobar infusion) every
3–4 weeks (following toxicity and extending the interval if toxicity is seen). Repeat
imaging 1 month after the last treatment to evaluate response is recommended to
decide on future treatments.
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Calculation of Tumor Response

Tumor response continues to be an Achilles’ heel of hepatic intra-arterial ther-
apy because of its lack of consistency in the literature and the current utilization
of three different methods: RECIST [22], modified RECIST [23], and EASL
[24]. Standards in measuring response are that no more than 5 “target lesions,”
defined as lesions >1 cm in size, should be identified in the liver. Tumor response
can be calculated using either contrast-enhanced spiral computed tomography or
MRI with quantification of tumor response according to either RECIST or EASL
criteria.

Treatment response assessment using RECIST response criteria is defined as:
Complete Response (CR): CR is defined as the disappearance of measurable

disease that persists for at least 4 weeks without the appearance of new measurable
lesions.

Partial Response (PR): PR is defined as a ≥30% reduction in the sum of the
products of the longest diameter (length) and the longest perpendicular diameter
(width) of all measurable lesions compared to baseline, and no appearance of new
measurable lesions.

Stable Disease (SD): Neither PR nor progressive disease (PD) criteria are met,
taking as reference the smallest sum of the longest diameter recorded since the
commencement of treatment.

Progressive Disease (PD): Occurs when one of the following conditions is met:
[1] the sum of the cross products of all measurable lesions, including new lesions,
increases by more than 50% compared to nadir or [2] new measurable lesions occur
in any part of the body outside the liver.

The limitation of this system is the inability to take in account the lost of arterial
enhancement. In other words, even though a lesion may go from completely solid to
cystic, indicating tumor necrosis (Fig. 19.4), if it is the same size or even bigger this
will be called SD or PD. Similarly there are no radiologic standards for reporting
such responses, so it is incumbent on the treating physician to personally review the
images in order to guide therapy decisions.

Recently some investigators have gone to using the another type of mod-
ified RECIST system described by Choi et al. in the reporting of response
to therapy for gastrointestinal stromal tumors [25]. This system does take into
account lack of enhancement, but only by measuring Hounsfield units. The
challenge of using this system is that estimating Hounsfield units in a large het-
erogeneous mass can be difficult. These challenges can lead to a large amount
of inter-observer and intra-observer variation in estimating response in HCC
patients.

An additional modification to the RECSIT criteria was reported by Llovet et al.,
which keeps the core descriptions of the RECIST criteria but includes not just tumor
size but the loss of arterial enhancement. These criteria include for a CR: loss of all
arterial enhancement, PR: a 30% reduction in arterial enhancement, and PD: a new
nodule greater than 1 cm in size [23].



19 Chemoembolization with Drug-Eluting Beads 305

Fig. 19.4 Response. (a) Pre Drug Eluting Bead Therapy; (b) 6 weeks post therapy; (c) 6 months
post therapy; (d) 12 months post therapy

The European Association for the Study of the Liver (EASL) Criteria measures
local tumor response based on tumor progression with respect to change in necrosis.
Since extensive tumor necrosis may not be paralleled by a reduction in the diameter
of the tumor, in 2000, the EASL recommended a modification to the WHO crite-
ria for use in HCC. The EASL Consensus Conference proposed that a reduction in
viable tumor is more appropriate. The use of the EASL criteria is now accepted in
assessment of treatment response in HCC particularly following the use of locore-
gional therapies such as chemoembolization; however, a guideline for measurement
is not currently available. Local tumor response is measured as regression of treated
lesions. New tumor development in a previously untreated area and extrahepatic
disease is considered progressive disease.

The EASL criteria are applied for each target lesion as follows (see Fig. 19.5):

1) Record the longest diameter (as in RECIST measurements)
2) Estimate the percentage of the tumor volume that appears necrotic
3) Calculate the viable diameter by multiplying the longest diameter by (100%

necrosed)/100.
4) Compare the viable diameter for each tumor to the baseline diameter
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Tumor at Baseline Tumor at Follow-Up
(Necrosis shown as dark shading)

Diameter = 4.5 cm Diameter = 3.8 cm
Necrosis = 60%
Viable diameter: 3.8 cm* (100–60)/100  = 1.5 cm
% Reduction:       (4.5 –1.5)/4.5*100      = 67%

Fig. 19.5 EASL example

Evaluation of Best Overall Response

The best overall response is defined as the best response from start of treatment
through all follow-up visits or until disease progression/recurrence. In some circum-
stances, it may be difficult to distinguish residual disease from normal tissue. When
the evaluation of complete response depends on this determination, it is recom-
mended that the residual lesion be evaluated with dynamic imaging at two separate
intervals (6–8 weeks apart) before confirming the complete response status.

Patients with a global deterioration of health status requiring discontinuation of
treatment without objective evidence of disease progression at that time should be
classified as having “symptomatic deterioration.”

Clinical Use

Several studies have been published evaluating the safety and efficacy of DEB in
HCC. The larger of the two studies by Malagari et al. evaluated 71 patients (60%
men; 11% women; mean age 63; range 46–71 years) with documented unresectable
HCC and a mean lesion size of 6.2 cm (range 3–10 cm) in diameter. Only patients
with Child A or B cirrhosis were included in this study. The mean follow-up period
was 23 months (range, 6–32 months). The total number of procedures was 196, with
a median of 2.7 treatments per patient (range 1–4). Procedure-related mortality at 30
days was 0%. Eight patients (11.2%) completed only one embolization, 9 patients
(12.8%) received 2 sessions, 54 patients (76%) received 3 sessions, and 8 (11.2%)
received an additional fourth embolization. Further treatment was aborted in cases of
cirrhosis decompensation (n = 5; 9.8%), progression of the disease in four patients
(5.6%), or after a serious adverse event (one patient who developed liver abscess).
Treatment was also discontinued when complete necrosis was observed.
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Alphafetoprotein (AFP) levels decreased significantly in measurements 1 month
post each procedure (p < 0.001). Bilirubin, c-GT, aspartate aminotransferase, ala-
nine aminotransferase, and alkaline phosphatase (ALP) showed only transient
increases observed during the study period. Severe procedure-related complications
were seen in 4.2% (cholecystitis: n = 1; liver abscess: n = 1; pleural effusion: n = 1).
Post-embolization syndrome (PES) was observed in all patients. Overall com-
plete response (CR) according to EASL on an intention to treat basis was seen in
11 patients who developed complete necrosis (15.5%). Objective response (OR)
ranged from 66.2 to 85.5% across the four treatments. Survival at 12 months was
97%. Sustained CR was observed in 11 (16%) and OR in 49 (72%). Sustained par-
tial response was seen in 49 patients (72%). Survival at 18 months was 94%. At
24 months follow-up survival was 91%. Sustained OR was seen in 45 patients
(66%) while sustained CR was 16% (11/68). At 30 months survival was 88%.
One patient with CR developed multifocal HCC in areas that most likely were not
embolized during the previous embolization sessions. In this patient recurrence-
free survival was 28 months. The authors were able to conclude that DEB-TACE
was an effective and safe procedure in the treatment of HCC patients not eligi-
ble for curative treatments, with high rates of response and high rates of mid-term
survival.

The second study by Kettenback treated 30 patients with unresectable HCC
in a single-center prospective trial using drug-eluting microspheres with the 500–
700 μm beads were loaded with doxorubicin [26]. Interestingly, if required, addi-
tional unloaded beads were used to complete occlusion of the tumor feeding vessels
in the belief that more ischemia would lead to greater response. Each patient was
treated with up to four embolization cycles. According to RECIST criteria, at
6-month follow-up CR was obtained in 8 of 30 patients (27%), PR in 4 of 30
patients (13%), SD in 1 of 30 patients (3%), and PD in 12 of 30 patients (40%).
Seven patients (23%) received one embolization cycle, 5 patients (17%) received
two, 7 patients (23%) received three, and 11 patients (37%) received four cycles.
The 30-day mortality of all embolization procedures performed was 1 of 82 (1%)
and major adverse events were observed following 2 of 82 (2%) procedures (tem-
porary liver failure and acute cholecystitis). The overall survival rate at 6 months
was 93%. Interestingly, clinical symptoms were worse after the first cycle than in
the subsequent cycles.

The last study is a prospective, single-blind, Phase II randomized controlled trial
evaluating DEB-TACE against a control arm of conventional TACE (cTACE) in
HCC, which was recently reported at the 10th Congress of the Cardiovascular and
Interventional Radiological Society of Europe, Copenhagen, Sweden, on September
16, 2008 [27]. Two hundred and twelve patients were recruited at 23 European hos-
pitals, with 201 patients receiving at least one treatment between November 25,
2005, and June 27, 2007. A total of 212 patients were randomized to DEB-TACE
with DC BeadsTM (n = 102) or cTACE (n = 110). Due to dropouts prior to first
treatment, the intention to treat population included 93 and 108 patients, of which
66 and 68, respectively, completed the study (Fig. 19.6). The majority of patients
(66.7%) in both groups were considered more advanced as they met the higher
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DC Bead™
Group  

cTACE
Group

Visit 1 N=102* Baseline
Assessments/
Randomisation

N=212*

N=110*

Visit 2 N=93 First
Chemoembolization:
Procedure 1 and 1B‡

(Month 0)

N=108

Visit 3
1-month MRI

Visit 4 N=76 Second
Chemoembolization:

Procedure 2
(Month 2)

N=88

Visit 5
3-month MRI

Visit 6 N=57 Third
Chemoembolization:

Procedure 3
(Month 4)

N=61

Visit 7 N=66† 6-month MRI & Study
Completion†

N=68†

* Causes for dropouts (DC Bead™ vs. cTACE) between randomisation and first chemoembolization were: 
post-consent ineligibility (4 vs. 1); patient or physician decision (3 vs. 0); surgical treatment (1 vs. 1); progression (1 vs.
0).
‡ For patients with bilobar disease who could not be treated superselectively in a single treatment, a second 
embolization was performed (Procedure 1B) for the alternative lobe within 3-weeks of the first procedure: DC Bead™
(n=8) vs. cTACE (n=5).

† Causes for dropouts between first chemoembolization and 6 months were (DC Bead™ vs. cTACE):
AEs (12 vs. 14 patients), down staging (5 vs. 8), patient withdrawal (3 vs. 4), lack of efficacy (ie, extrahepatic 
progression of cancer, 2 vs. 8), lost to follow-up (2 vs. 1), patient death due to disease progression (0 vs. 3), and other (3
vs. 2).

Fig. 19.6 Flowchart of patients in the PRECISION V Trial

risk criteria for one or more of the four prognostic factors, i.e., Child–Pugh B,
ECOG 1, bilobar, or recurrent disease (63/93 DEB-TACE and 72/108 cTACE
patients). The mean total dose of doxorubicin administered was higher in the DEB-
TACE group compared with the cTACE group (295 vs. 223 mg); this also applied
to all subgroups.
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Tumor response was measured by EASL Criteria. At 6 months, a CR was
achieved in 25 (26.9%) vs. 24 (22.2%) patients, PR in 23 (24.7%) vs. 23 (21.3%)
patients, and SD in 11 (11.8%) vs. 9 (8.3%) patients in the DEB-TACE vs. cTACE
arms, respectively. Progressive disease (PD) was observed in 30 (32.3%) vs. 44
(40.7%) patients; data were missing or non-evaluable in 12 patients. Therefore,
the objective response rate was 51.6% vs. 43.5% in the DEB-TACE vs. cTACE
arms, respectively; the hypothesis of superiority was not met (one-sided p = 0.11)
(Fig. 19.7).

Tumor response at 6 months (LOCF)
       (MITT population and advanced patient group)*
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* More advanced disease was at least one of: Child-Pugh B, ECOG 1, undergone prior curative treatment (ie, recurrent disease), and presence of bilobar disease. In
accordance with the EASL criteria: complete response (CR) - complete disappearance of all known viable tumour (assessed via uptake of contrast in the arterial phase
of the MRI scan) and no new lesions; partial response (PR) - 50% reduction in viable tumour area of a l measurable lesions; stable disease (SD) - all other cases;
progressive disease (PD) - 25% increase in size of one or more measurable lesions or the appearance of new lesions. Objective Response was defined as CR + PR, and
Disease Control as CR + PR + SD.

**Analysis of Advanced patient subgroup: Objective Response rate p=0.038, Disease Control rate p=0.026, Complete Response rate p=0.091 (Chi-square analysis).

Fig. 19.7 Tumor response at 6 months (LOCF) (MITT population and advanced patient group)∗

Supplementary analyses showed that in the 67% of patients with more advanced
disease, the incidence of objective response and disease control rates was statis-
tically higher (p = 0.038 and p = 0.026, respectively) in the DEB-TACE group
compared with the cTACE group (Fig. 19.7). The greatest difference in disease con-
trol rates between DEB-TACE vs. cTACE occurred in the ECOG 1 and Child–Pugh
B subgroups (both 63% vs. 32%; Fig. 19.8).

There was no statistically significant difference (p = 0.86) between treatments
for the primary safety endpoint (treatment-related SAEs within 30 days of a pro-
cedure): 19 (20.4%) DEB-TACE patients experienced 28 events and 21 (19.4%)
cTACE patients experienced 24 events. Supplementary analysis indicated that the
incidence of all serious adverse events (SAEs) within 30 days of procedure was
consistently lower in the DEB-TACE group for the less advanced and more
advanced patients based on the four stratification factors (Fig. 19.9).

The overall frequency of treatment-emergent adverse events (TEAEs) per 100
treatments was lower in the DEB-TACE compared with the cTACE group, as were
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treatment-related TEAEs, Southwestern Oncology Group (SWOG) toxicity Grade
3 or 4 TEAEs, Grade 3 or 4 treatment-related TEAEs and treatment-related SAEs.

The majority of TEAEs were mild or moderate in intensity with a lower fre-
quency of severe events (20.4% vs. 30.6%) reported in DEB-TACE vs. cTACE
patients. The only event with a difference in incidence of ≥10% was alopecia,
reported in 2.2% DEB-TACE and 19.4% cTACE patients. Serious liver toxicity post-
chemoembolization was also lower in the DEB-TACE group. Cardiac function was
maintained in the DEB-TACE group whereas there was a deterioration in left ven-
tricular ejection fraction in the cTACE group (DEB-TACE +2.7±10.1 percentage
points, cTACE –1.5±7.6 percentage points, p = 0.018, Fig. 19.5). There were eight
deaths in each arm of the study. Of these, two and six patients in the DEB-TACE
and cTACE arms, respectively, died within 30 days of a procedure. Four patients
died due to disease progression (one DEB-TACE and three cTACE).

Further analyses established a significant benefit (estimate of true incidence –
14.1%, 95% CI –24.7% to –3.5%, p = 0.012) in favor of DEB-TACE over cTACE in
reducing the effects of systemic doxorubicin (alopecia, skin discoloration, mucosi-
tis, and marrow suppression): 12 events in 11 (11.8%) patients vs. 40 in 28 (25.9%).
Alopecia, the most commonly occurring event, was almost completely absent in
DEB-TACE patients (1 vs. 23 events). Using the assumption of independence
of events, the difference in frequencies of doxorubicin-related events was also
significant (p = 0.0001). The incidence and frequency of post-embolization syn-
drome events were comparable in the treatment groups: 35 events in 23 (24.7%
DEB-TACE) and 43 events in 28 (25.9%) cTACE patients.

Additional studies in the earlier use of DEB-TACE have also been reported to
evaluate the toxicity of the therapy and the sensitivity of the radiologic response
rates [28, 29]. Two recent bridge to transplant studies demonstrated no evidence
of procedure-related mortality in multiple treatments (median number 3) of poten-
tial transplant candidates. These studies also demonstrated a much higher rate of
histologic complete necrosis (46%) when compared to the reported radiologic com-
plete response (26%), demonstrating the insensitivity of current radiologic response
criteria.

Response Rates

Using EASL criteria, publications following the treatment of HCC reported over-
all response (OR) of 65% at 1 month, 71% at 4 months, 75% at 6–7 months,
and 88% at 10 months (Table 19.1). An investigation by Lencioni et al. involving
combination therapy of RFA with DEB-TACE after incomplete ablation using
EASL criteria reported OR of 75% in 20 patients with HCC after 12 months as well
as SD and PD rates of 0 and 25%, respectively (Table 19.2) [30]. Using RECIST cri-
teria, overall response was less based on the limitations of the criteria with 4 months
36% and 6 months 42%.



312 R.C.G. Martin and S. Carter

Table 19.1 Five published studies reviewed

Author Date Histology Pt # CT agent

Response
rate
reported?

Compli-
cations
reported

Survival
reported?

K. Malagari Nov 2007 HCC 71 Doxorubicin Yes Yes Yes
R. Lencioni Aug 2008 HCC 20 Doxorubicin Yes Yes Yes
R.T.P. Poon Sep 2007 HCC 35 Doxorubicin Yes Yes Yes
M. Varela Mar 2007 HCC 27 Doxorubicin Yes Yes Yes
J. Kettenbach Jan 2007 HCC 30 Doxorubicin Yes Yes Yes

Overall Safety

Two methods of calculating complications were reported in publications, by
procedure and by patient. The most common DEB-TACE procedure-associated
complications included fever (85% of patients, 46% of procedures), nausea and
vomiting (93% of patients, 52% of procedures), abdominal pain (80% of patients,
44% of procedures), and liver abscess (2% of patients, 1% of procedures). Post-
embolic syndrome (PES), consisting of fever, abdominal pain, and nausea/vomiting,
was reported instead of individual symptoms in two studies as 82% of patients
(75/91). All studies reported length of hospital stay, averaging 2.3 days per pro-
cedure. Mortality was reported as 11 in 533 (2%) procedures (11 in 253 or 5% of
patients). Causes of mortality included three myocardial infarctions, five cases of
progressive liver disease, one pulmonary embolism, one case of postoperative sep-
sis, and one case of liver failure. Additional complications included eight cases of
mild asthenia, seven cases of alopecia, two cases of acute cholecystitis, two hepatic
infarctions, one pulmonary effusion, one gastric ulcer hemorrhage, a single case of
variceal bleed, one case of spontaneous bacterial peritonitis, a single case of rash,
and a single case of pancreatitis. Transient increase in liver function enzymes was
reported in most studies [26, 31].

Summary

The current collective data on the use of DEB-TACE in HCC patients provides
sufficient evidence to support the use of this treatment as a safe and effective
chemoembolic treatment in HCC patients. In addition, with the recent completion of
the randomized phase II study there is growing evidence to support the use of DEB-
TACE therapy over conventional doxorubicin TACE. Lastly, patients who would
benefit from tumor down-staging prior to surgery, transplant, or resection should
be considered candidates for DEB-TACE treatment with the knowledge that early
radiologic tumor necrosis rates may not correlate with tumor histological outcome.

However, problems still remain in evaluating hepatic arterial treatments. Lack of
standardization of response and other criteria has made it difficult to compare stud-
ies utilizing various hepatic arterial therapies, including Yttrium-90, TACE, TAE,
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and DEB-TACE for treatment of hepatic malignancy. Future studies must specif-
ically report the number of treatment cycles of DEB administered, total dose of
chemotherapy given to patients, differences in inclusion and exclusion criteria, and
criteria used to report responses.

Certain trends can be seen clearly, such as an increase in overall response as
patients receive additional cycles of DEB-TACE and higher levels of chemotherapy.
Patients who did not respond adequately to initial therapy and who did not have
significant toxicity were candidates for additional treatments until either adequate
response was achieved or they received the maximal dose of chemotherapy. It will
be helpful to correlate these factors with response criteria in future studies in order
to determine if overall response is significantly dependent on multiple treatments.

The difference in response reported by EASL criteria vs. RECIST criteria was
notable as well. Among publications reporting both criteria (i.e., Poon et al.) [21],
EASL had greater tumor response rates than measurements using RECIST criteria.
RECIST criteria determine measurements based on extent of measurable disease
and the presence of arterial phase on CT, not taking extent of necrosis into consider-
ation. EASL criteria, in contrast, measures both tumor necrosis and viable tumor in
order to determine extent of response. While results based on criteria varied, long-
term response and survival should not consider that DEB-TACE administration was
similarly independent of evaluation criteria.

Short-term follow-up provided valuable information concerning response rates.
While short-term evaluation indicates that the procedure effectively embolizes and
causes tumor necrosis, continued follow-up is essential in order to determine the
long-term significance of DEB-TACE and its role as an alternative therapy or
palliative measure in treating patients with hepatic malignancy.

DEB-TACE remains a relatively safe procedure, with few long-term, seri-
ous complications associated with its administration. While symptoms of PES,
such as fever, nausea or vomiting, and abdominal pain, appear to occur in most
patients, these symptoms are associated with short hospital stays averaging 2.3 days
among publications, significantly less when compared to conventional TACE pro-
cedures. The most frequent major complication associated with this procedure is
liver abscess, the rate of which has been reported as 0.29–1.6%. Other complica-
tions were infrequent although some were quite severe. Overall procedure-related
mortality is potentially lower than the reported values (2.1–5.2%) because these
studies included both procedure-related causes of death such as sepsis and hep-
atic failure and death secondary to progressive disease, cardiovascular disease,
pulmonary embolism, and other causes. Patients selected for these studies have pre-
dispositions to comorbidities due to diminished hepatic function, and potentially
other age-related, lifestyle-related conditions which should be taken into conside-
ration [26].

Use of DEB-TACE in current publications seems to be restricted to patients
with unresectable liver disease and reasonable hepatic function (Child–Pugh A
or B). However future work is ongoing in treating patients with more severe dis-
ease, specifically Child–Pugh class C patients. In addition with the recent study
by Lencioni et al. evaluating the use of DEB-TACE as combination therapy with
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radiofrequency ablation failures; further studies are needed to evaluate combination
of DEB-TACE with other procedures. Lastly, with the recent United States Food
and Drug Administration approval of Sorafenib for intermediate stage HCC, the
current SPACE study will further answer the potential benefit of combination DEB
and Sorafenib.

Conclusions

DEB-TACE is becoming a more widely utilized therapy in hepatocellular cancer.
Expansion of success beyond response rates is needed since this is not a reliable
surrogate of progression-free survival or overall survival. Ongoing clinical trials
will further clarify the optimal timing and strategy of this technology.

The current results show DEB-TACE to produce beneficial tumor response and
to low complication rates. DEB-TACE has the potential to become an effective
alternate therapy or palliative measure in the treatment of hepatic malignancy, but
standardization needs to be established in both delivery and data collection in order
to clarify efficacy. It is a safe alternative in the treatment of unresectable hepatic
malignancy, but is unproven as adjunctive therapy to other standard therapies such
as resection and radiofrequency ablation. Further investigation is essential to better
define its role as an adjunct in treating hepatic malignancy.
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Chapter 20
Yttrium-90 Radioembolotherapy
for Hepatocellular Cancer
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Keywords Hepatocellular cancer · Yttrium-90

Introduction

Hepatocellular carcinoma (HCC) accounts for between 85 and 90% of primary liver
cancers. Over a million cases of hepatocellular cancer occur annually making it the
fifth most common cancer worldwide and the third most common cause of cancer
mortality. In the United States, the incidence of HCC has steadily increased over
the past two decades, with an estimated 21,370 new cases having occurred in 2008
[1]. HCC-related mortality has increased in parallel with 18,410 estimated deaths
during the same time period [1]. In addition, the incidence of HCC in patients
with both known risks such as hepatitis C and unknown risk factors is increasing
[2]. Additionally, at presentation most patients with HCC have limited treatment
options because of their advanced and multifocal distribution. Compounding the
problem in management, the majority of patients with HCC are not candidates
for surgical intervention, with only 15–25% suitable for resection. Despite the
improvement in survival following transplantation, the incidence of tumor recur-
rence and associated mortality is high [3]. Therefore, the vast majority of patients
with unresectable or recurrent disease are eventually relegated for consideration of
various forms of local-regional in-situ cytoreductive treatments. One such treatment
modality is non-selective extracorporeal X-ray radiotherapy. While radiotherapy
represents a very effective tumoricidal modality, it has limited applicability because
intrinsic low radiation tolerance of the innocent bystander ‘normal’ hepatocytes.
Experimental approaches for enhancing the selectivity are possible by employing a
multi-dimensional approach. However, since the vast majority of patients possess
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disease that is multifocal or irregular in morphology, the total dose that is adminis-
tered to the liver parenchyma adjacent to the cancer curtails these approaches [4].
Therefore, techniques that circumvent this limitation of radiotherapy non-selectivity
are paramount to enhance clinical outcomes. One such method exploits the prefer-
ential arterial flow and enhanced microvascular density of hepatic neoplasia that is
central to the efficacy of other more common transarterial therapies such as hepatic
artery chemoembolization. Biocompatible microspheres acting as carriers can con-
ceptually deliver radiation preferentially to tumors following hepatic artery delivery
via embolization in the tumor-related vessels (Fig. 20.1). Furthermore, employing
high-energy beta radiation as opposed to a traditional gamma radiation would cre-
ate an intense local radiotherapeutic effect that is proportional to the density of
microsphere distribution. Yttrium-90 (90Y) incorporated on appropriately calibrated
microspheres fulfills these criteria as the prototypical device that has been used for
decades in the treatment of hepatic neoplasia including HCC.

Fig. 20.1 A 64-year-old Asian male with chronic hepatitis B. Right hepatectomy had been per-
formed for a pathology proven HCC. Seven months later the patient was developed new multifocal
HCC. Axial image from contrast-enhanced CT scan. Two discreet hypervascular foci (white
arrows) consistent with HCC are noted in the left lobe remnant. 39.2 mCi resin microspheres
were delivered via the left hepatic artery

Development of 90Y Microsphere Embolotherapy for HCC

The added clinical benefit and potential toxicities of regional cancer therapy via
the introduction of therapeutic agents into their blood supply was investigated
by Kloop et al [5]. Since most of the therapeutic substance passed into the
systemic circulation the therapeutic index was narrow. The necessary advance
required provision of a carrier for the therapeutic agent that prevented the passage
through the tumor via vascular entrapment. This was investigated by Muller and
Rossier who administered radioactive zinc and gold adsorbed onto calibrated carbon
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particles, whereby the particles were trapped in the lung precapillary arterioles via
embolization [6]. Under similar conditions, Pochin et al. were also able to demon-
strate liver radioisotope deposition secondary to the dissociation of the isotope from
its carrier. They also suggested that the safety to the patient and personnel would be
best served by using a beta as opposed to gamma radiation source that would allow
compensation for non-uniform distribution [7]. Ya et al. suggested that 90Y would
be the ideal agent (vide infra) and was used to successfully treat two patients with
metastatic liver adenocarcinoma [8]. Kim et al. published a model in which 90Y was
used to make experimental observations in humans and rabbits in which the princi-
ples of the delivery remain the same as utilized today. The ceramic microspheres
(60μ +/− 5) used in these experiments were provided by 3M corporation
(Minneapolis, MN). Seventeen patients with either primary or metastatic tumors
were treated by either direct or blood stream infusion of 90Y microspheres (range
27–380 mCi). Five patients who had objective improvement harbored vascular
tumors [9]. Blanchard et al. demonstrated regression could be achieved using
15 μ +/− 3 90Y laden plastic microspheres in a VX2 carcinoma in rabbit liver model
[10]. The same group published their results of 90Y microspheres delivered by direct
injection and by local transvascular infusion in 31 patients in which objective regres-
sion was noted in 30% of tumors [11]. In a larger series 118 patients with liver cancer
were randomly selected to receive chemotherapy alone, transhepatic arterial deliv-
ery of 10–20 μ plastic or ceramic 90Y microspheres alone, and chemotherapy with
90Y microspheres [12]. Scintigraphy was performed following the delivery docu-
menting intra-abdominal distribution. The combination was well tolerated. Parallel
research was performed by Grady et al. who used yttrium oxide particles to treat
76 patients and demonstrated objective tumor response that included HCC [13].
Subsequent publications have confirmed the observation of a survival benefit with
hypervascular tumors [14]. In a pilot study, a whole-liver treatment was performed
under fluoroscopy and planar secondary gamma emission scans (Bremsstrahlung)
were successfully used to confirm the localization of radiation confined to the liver.
The potential lethality of the therapy was noted when 90Y inadvertently dissociated
from the microspheres resulted in fatal bone marrow suppression. Wollner et al.
performed two safety studies of non-radioactive and radioactive glass microspheres
in a canine model [15] in which alterations of the central veins were noted in both
groups but fibrosis was seen only with radioactive microspheres. They extrapolated
that the optimal human dose would range between 50 and 100 Gy forming the basis
of activity selection for human dose-escalation studies. Concurrent safety and tox-
icity data became available through brief reports [16–20]. The tolerability of the
therapy was then re-assessed in separate phase I trials. Shepherd et al. conducted a
phase I study in 10 patients with primary HCC [21] in which extrahepatic shunting
was assessed scintigraphically using gamma emitting technetium-labeled macroag-
gregated albumin (99mTc MAA) and bremsstrahlung scans were obtained to assess
distribution. The maximal dose delivered was 100 Gy dose; although the median
tolerated dose was not achieved survival favored hypervascular tumors. This study
also provided the initial safety data that served as the basis for patient selection and
technique that enabled further studies with 90Y in HCC. The role of arteriography in
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toxicity reduction via assessment of extrahepatic arteries that would preclude gas-
trointestinal dispersion of the microspheres was studied within a separate phase I
study of 25 patients by Andrews et al. [22] in which 24 patients with HCC were
treated with 90Y microspheres with doses ranging between 50 and 150 Gy. The
only complications were reversible gastritis/duodenitis. Partial response was noted
in five patients (21%) with three long-term survivors exceeding 4 years. Yan et al.
published similar data reporting a 50% reduction in tumor mass in 13 of 18 patients
[17]. The recent commercial introduction of 90Y microspheres worldwide has led to
a renewed interest in this multidisciplinary therapy.

Characteristics of Yttrium-90

Yttrium-90 (90Y) is a pure β-emitter with a physical half-life of 64.2 h, after
which it decays into stable Zirconium. It is produced via neutron bombardment of
Yttrium-89. The average energy of β-emission is 0.9367 MeV, with a mean tissue
penetration of 2.5 mm and a maximum penetration of 10 mm. One gigabecquerel
(27 mCi) of 90Y per kilogram of tissue provides a dose of 50 Gy.

Commercially Available 90Y Microspheres: SIR-Spheres
and Therasphere

In the United States, two Food and Drug Administration (FDA)-approved 90Y
microsphere products are in current clinical use; TheraSphere R© (MDS Nordion
Inc., Kanata, Ontario, Canada), which are glass microspheres, and the resin-
based SIR-Spheres R© (SIRTeX Medical Ltd., Sydney, New South Wales, Australia)
(Table 20.1).

The glass 90Y microspheres are approved in the USA for use in radiation treat-
ment or as a neoadjuvant to surgery or transplantation in patients with hepatocellular
carcinoma (HCC) under the auspices of a humanitarian device exemption for orphan
devices. Therasphere is supplied in a 0.5 mL of sterile, pyrogen-free water contained
in a 0.3-mL V-bottom vial secured within a 12-mm clear acrylic shield. Therasphere

Table 20.1 Glass & Resin 90Y microsphere device description

Parameter Resin Glass

Trade SIR-Spheres TheraSphere
Diameter 22 +/− 10 μ 32 +/− 10 μ

Specific gravity 1.6 g/dl 3.6 g/dl
Activity per particle 50 Bq 2500 Bq
Average number of microspheres per

administered activity
40–80 million 1.2–8 million

Material Resin with bound 90Y Glass with 90Y in matrix
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has been used for neoplasia other than HCC under compassionate circumstances
adherence to FDA-related guidelines on such use are encouraged. Therasphere is
available in six activity (GBq) sizes: 3, 5, 7, 10, 15, and 20. The corresponding
number of microspheres per vial is 1.2, 2, 2.8, 4, 6, and 8 million.

The resin 90Y microspheres have premarket approval for the treatment of hepatic
metastasis from colorectal primary (mCRC), with adjuvant hepatic arterial infusion
of floxuridine. However, globally the regulatory approval for both products is more
generic with hepatic neoplasia being the most common. SIR-Spheres R© are supplied
in a vial that contains 3 GBq of the device. Use of resin microspheres outside of
the FDA-specific labeling is considered off-label. Users should consult their insti-
tutional and regulatory agencies before such utilization and is beyond the scope of
this chapter.

Patient Selection

Patients who are being considered for 90Y radioembolotherapy (Fig. 20.2) should
have good performance status (ECOG ≤2, Karnofsky performance status >60%),
unresectable primary or metastatic hepatic disease with liver-dominant tumor
burden, normal bone marrow function, and adequate pulmonary reserve. No con-
traindications for hepatic artery catheterization and expected survival ≥3 months.
Patients should have measurable disease, and a triple phase CT contrast-enhanced
scan is the preferred imaging modality of choice since it can accurately quantify
the tumor, normal liver volume, and portal vein patency; however, MRI is becom-
ing increasingly common. Serum chemistry should be obtained to evaluate for liver
function tests, complete blood count, and renal function [23].

Absolute contraindications to 90Y radioembolotherapy include pretherapy 99mTc
MAA scan demonstrating the potential of 30 Gy radiation exposure to the lung

Fig. 20.2 Axial image from
contrast-enhanced CT scan.
Two months after therapy
demonstrates lack of arterial
enhancement and
hypervascular rim highly
suggestive of response to
90Y radioembolotherapy
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or flow to the gastrointestinal tract that cannot be corrected by catheter tech-
niques. Relative contraindications include prior radiation therapy involving the liver,
pregnant or pediatric patients [24].

Hepatic Arterial Supply and Gastrointestinal Ulceration

There is an increasing volume of technologies for transarterial liver-directed therapy
for patients with inoperable HCC. All of these modalities require applied arterio-
graphic knowledge of the liver, since only 60% of the population has a “classic”
hepatic arterial anatomy. Readers are directed to a comprehensive review of this
topic [25]. When hepatic arteries arise aberrantly they divide the liver into separate
perfused segments. Extrahepatic occlusion of these vessels may facilitate delivery of
the microspheres to the entire liver or to a tumor-bearing segment via a single effer-
ent in most cases if necessary. The identification and characterization of arteries
that supply the gastro-duodenum are paramount. High volume hepatic arteriogra-
phy with delayed imaging can often identify these arteries that are usually the right
gastric, gastroduodenal, retroduodenal, umbilical, accessory left gastric, and acces-
sory phrenic. Once identified, they should be catheterized and occluded via fibered
microcoils at their hepatic artery origins. Although historically ulceration has been
reported to occur in up to 12% of the population, in most experienced centers the
risk is currently less than 1% [26].

Unlike traditional brachytherapy sources that possess physical mass, 90Y micro-
spheres are unique. They share characteristics with radiopharmaceuticals as they
require suspension in either sterile water or saline during delivery. Furthermore,
the 90Y microspheres are radiolucent and due to concerns of increased viscos-
ity iodinated contrast cannot be used as the suspending agent thereby making
the actual administration a ‘blind’ process. In the case of the low embolic load
glass device, arterial occlusion of the parent vessel has not been reported [27].
However, with the higher embolic load SIR-Spheres, such embolic occlusion has
been observed, therefore, the prescribed volume of 90Y microspheres is deliv-
ered in divided aliquots alternating with contrast to assess for persistent arterial
patency [28]. As a consequence of these unique problems associated with the deliv-
ery process, the prevention of non-target dispersion of the 90Y microspheres can
only be reliably achieved by blockade of all potential routes of extrahepatic flow
before actual therapeutic 90Y microsphere delivery. Compounding the problems of
delivery, the catheters become radiation sources once delivery has commenced.

Hepatopulmonary Shunting

Pathological arteriovenous shunts are integral with the development of hepatic neo-
plasia. Non-radioactive microspheres used for hepatic embolotherapy are typically
larger than 100 μ. These shunts allow particles to traverse the capillary plexus of
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the tumor without impeding their egress into the hepatic vein. Once in the hepatic
venous side, these particles then travel via the venous circulation of the heart into the
pulmonary artery and subsequently embolize in the arteriolar bed. 90Y microspheres
are considerably smaller, with a median diameter of 25μ. When these particles
embed in the pulmonary interstitium, they irradiated in addition to causing vascular
blockade. Therefore, inherent to the therapy is some element of pulmonary irradi-
ation that is clinically silent until a threshold of 30 Gy is reached from a single or
50 Gy from cumulative exposure, but modern imaging techniques have called this
threshold into question [29, 30]. Clinically apparent radiation pneumonitis is often
fatal despite aggressive treatment with steroids.

The magnitude of hepatopulmonary shunting is estimated via the hepatic arte-
rial injection of 99m Tc MAA, acting as a microsphere surrogate in terms of both
size and distribution. It is important that liver injection of MAA is delivered with
flow rates and catheter position that mimic the anticipated 90Y infusion rate and
catheter position. The ratio of the lung to liver deposition corrected for background
is expressed as a percentage of the injected activity. The factors that increase the
likelihood of lung shunting are the histology of the primary tumor (HCC> neuroen-
docrine>colorectal), tumor burden, and prior 90Y radioembolotherapy [31]. Hepatic
venous occlusion has been observed to decrease the shunt fraction to allow for safe
radioembolotherapy.

Dosimetry

Users are directed to the product insert provided for each device. Dosimetry
improvements represent a current area of intense research for many groups.
The dose calculation methodologies currently available assume uniform distri-
bution of the 90Y microspheres in the end organ, although with the resin 90Y
microsphere equations that integrate relative tumor burden and lung shunting
allows for refinement in dosimetry. Although these assumptions of uniformity are
intrinsically erroneous, in clinical practice objective benefits observed thus far
with mild to minimal toxicity have created an atmosphere of optimism for the
therapy.

The cumulative lung dose calculation is identical regardless of which device is
utilized and is given by the following equation:

Cumulative absorbed lung radiation dose = 50

× lung mass
n∑

i=1

Ai × LSFi

where Ai = activity infused, LSFi = lung shunt fraction, n = number of infusions
with the assumption of approximately lung blood volume mass = 1 kg.

Activity reduction is allowed for resin microsphere using the following table.
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Hepatopulmonary shunting % Recommended dose reduction %

<10 0
10–15 20
15–20 40
>20 100

Therasphere activity can be calculated using the following equation:

A (Gbq) glass = D(Gy) × M (kg)

50

When the hepatopulmonary shunting is taken into account, the dose is then
calculated as

D(Gy) = [A(GBq) × 50 × (1 − LSF)]/M (kg)

where A = Activity delivered to the liver, D = Absorbed dose to the target liver
tumor, and M = Target liver mass. The mass is extrapolated from CT by using a
conversion factor of 1.03 g/ml.

SIR-spheres R© can be calculated as per the package insert by two methodologies.
The “Empiric method” is a simplified method in which tumor burden is used.

Liver involvement by tumor % Recommended activity (GBq)

<25 2.0
25–50 2.5
>50 3.0

Alternatively the activity can be calculated with the body surface area that factors
the tumor burden in the liver

A = (BSA − 0.2) (Tumor Volume)/(Tumor Volume + Liver)

A resin is the activity of the 90Y content of the resin microspheres (gigabec-
querels).

Post-procedure Evaluation

Overall the treatment is associated with a favorable sub-acute and acute toxicity pro-
file probably related to the low-level arterial occlusion following implantation. This
allows for outpatient treatment. Empiric treatment with gastric mucosal-protectant
agents is prescribed since small unmanned arteries that are undetectable with
arteriography (resolution or reversal of flow) may supply extrahepatic structures.
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Some clinicians prescribe a short, tapering course of methylprednisolone to mini-
mize the edema and pain associated with capsular stretch due to the radiation.

It is advisable to give patients a detailed sheet that identifies them as having
received the implantation and it is unnecessary to shield patients from bystanders
due to the low level of radiation at skin surface (<1 mrem per hour); however,
standard radiation safety precautions are advisable. Unlike the glass microspheres,
due to the ionic dissociation of 90Y from the resin microsphere the urine will be
marginally radioactive for the first day after delivery [24].

The optimal interval for imaging after treatment is not defined; however, most
clinicians agree that an interval between 60 and 90 days is optimal to allow
for resolution of treatment-related edema. Both MRI and CT have been utilized
as surrogates for response. Kamel et al. reported on patients who prospectively
underwent MR imaging pre- and post-therapy. Targeted tumors demonstrated a
decrease in arterial enhancement, a decrease in venous enhancement of 25%, and
unchanged tumor size in both targeted and non-targeted tumors [32]. Keppke et al
reported on the imaging findings of 42 patients using 90Y glass microspheres [33].
The response rates according to WHO, RECIST, necrosis, and combined criteria
(RECIST & necrosis) were 26, 23, 57, and 59%, respectively. Tumor response
was also reported by Salem et al. for 43 consecutive patients with HCC treated
with glass 90Y microspheres. Based on percent reduction in tumor size, 47% had
an objective tumor response. When necrosis was used as a composite measure of
response, 34 patients (79%) had an objective tumor response [34]. The most accurate
assessment of tumor response after 90Y radiotherapy appears to be volumetric with
necrosis.

Kennedy et al. analyzed four explanted livers previously treated with yttrium-
90 microspheres. Two patients underwent orthotopic liver transplantation, and
two patients had advanced metastatic colon cancer. A complete histopathologi-
cal analysis was performed including an assessment of microsphere distribution.
Histopathology from the tumor liver parenchyma interface was sectioned for three-
dimensional radiation dosimetry analyses. Heterogeneous deposition of micro-
spheres at the interface with non-tumorous liver compared with the central zones
without evidence of RILD in the surrounding parenchyma was noted [35]. This
appeared to correlate with a zone of rim enhancement that can be appreciated on
MRI. Riaz et al. reported their results of radiological–pathological correlation after
liver explantation in 35 patients who harbored 38 lesions. CT or MRI was used for
imaging and the explants were examined for assessment of necrosis and the corre-
lation of radiological and histological findings was analyzed. All lesions harbored
some degree of necrosis. Twenty three (61%) of target lesions showed complete
pathologic necrosis, the vast majority of which were <3 cm. Imaging findings of
response by EASL and WHO criteria were predictive of the degree of pathologic
necrosis. Complete necrosis was seen in 100, 78, and 93% of the lesions that were
shown to have complete response by EASL necrosis criteria, partial response by
WHO criteria, or thin rim enhancement on post-treatment imaging, respectively. In
contrast, complete necrosis was seen in only 52 and 38% of the lesions that showed
partial response by EASL criteria and peripheral nodular enhancement, respectively.
Rim enhancement was a characteristic that correlated well with necrosis [36].
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Toxicity

Fatigue is the most common toxicity occurring in the vast majority of patients and
lasting for up to 2 weeks. Post-embolization syndrome (low-grade fever, abdom-
inal pain) occurs in a minority of patients and is of significantly lower incidence
than following chemoembolization. Goin et al. performed a historical compari-
son of chemoembolization to radioembolotherapy utilizing glass 90Y microspheres
for incidence of post-embolization syndrome (PES). While the median survival
was similar for each group the incidence of PES was nearly four times higher in
the TACE group (p = 0.003; 95% CI, 1.6–16.3), demonstrating a toxicity profile
strongly favoring radioembolization [37]. It is often self-limiting and treated with
narcotic analgesics. Radiation-induced gastrointestinal injury can be occult, present
with abdominal pain, hematemesis, or melena. Pancreatitis has also been described.
Radiation pneumonitis has not been reported in the USA following use of either
product. Radiation-induced liver disease (RILD) is related to excessive radiation
exposure of normal liver tissue to radiation. This is manifested as a clinical syn-
drome of anicteric hepatomegaly, ascites, and increased liver enzymes occurring
weeks to months after therapy. While it is known that RILD will develop when
the whole liver is exposed to more than 40–45 Gy of external beam radiation, 90Y
microspheres are point sources of radioactivity and the tolerance is thought to be
much higher approximating 70–80 Gy. More recently a study by Gulec et al. con-
cluded that doses up to 100 Gy to the uninvolved liver were tolerated without the
development of veno-occlusive disease or liver failure [38]. It also appears that there
is a low occurrence of toxicity even with cumulative radiation doses of 390 Gy
and 196 Gy, respectively [39]. An analysis of the biochemical liver toxicities was
studied by Goin et al. in 88 patients who harbored [40] multifocal HCC (50%),
>50% of liver replaced with tumor (16%), and portal vein thrombosis or portal vein
compromise (17%). The most frequent liver abnormalities included ascites, elevated
bilirubin, increased aminotransferase levels, and the majority (78%) of liver toxici-
ties resolved. In this patient population, RILD was not seen and other forms of liver
dysfunction were only transient. Lymphopenia without sequelae of clinical immuno-
suppression has been described; the etiology remains unknown [41]. Bile ducts are
exclusively supplied by the hepatic artery and ischemic injury can occur. These
rare complications can manifest as biliary necrosis, biloma, abscess and cholecys-
titis [42, 43]. While the exact incidence of radiation induced gall bladder injury
requiring cholecystectomy is unknown, some investigators advocate routine empiric
embolization of the cystic artery.

Clinical Studies

The first published manuscript of the modern experience of 90Y radioembolother-
apy appeared in a phase II study involving 22 patients by Dancey et al. [44]
to determine the duration and frequency of response and to gain a renewed
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understanding of the toxicities following treatment. Of the 20 evaluable patients,
nine patients were Okuda Stage I/II. The median dose delivered was 104 Gy.
Fourteen patients experienced serious adverse events; most of which were hepato-
cellular dysfunction and gastrointestinal ulceration. A 20% response rate was noted
with one complete response. Median time to progression and survival were 44 and
54 weeks, respectively. Multivariate analysis suggested that a total dose >104 Gy,
Okuda Stage I, and 99mTc MAA tumor to liver uptake ratio ≥2 were associated
with prolonged survival. In separate studies, Lau et al. was able to demonstrate a
dose–response and dose–survival relationship in a phase I/II and II trial involving
18 and 73 patients, respectively. Tumor regression and survival improved in patients
receiving >120 Gy [45].The same group published a retrospective analysis of 82
patients treated over an 8-year period [24,46]. Patients were sub-classified as “short
survivors” (mortality < 1 year; 62%) or “long survivors” (mortality > 1 year; 34%).
Comparisons between groups suggested high 99mTc MAA tumor to liver uptake
ratios favored longer survival.

Carr et al. [41] also reported the results of a single institutional study that sup-
ported both the safety and the efficacy of glass 90Y microspheres for inoperable
HCC. Sixty-five patients with biopsy-proven HCC received a median radiation dose
of 134 Gy. Major toxicities included two episodes of cholecystitis and transient
hepatocellular transaminase elevations in 25 patients. Interestingly, the majority of
patients developed lymphopenia, a previously unreported finding, not associated
with adverse clinical events such as opportunistic infections. Median survival was
more than double compared with historical controls of 649 and 302 days for Okuda
I and II patients, respectively, a finding common to other studies. Geschwind et al. in
2004 reported on 80 patients from a multi-institutional database of 121 patients who
were treated with glass 90Y microspheres using varied approaches [47]. Patients
were staged using the Child-Pugh, Okuda, or Cancer of the Liver Italian Program
(CLIP) scoring systems. Among the three systems, the pretreatment CLIP scores
were found to be the best means of stratifying risk. Survival was found to be 628
and 324 days for Okuda I (68%) and II (32%) patients, respectively. In 2004, Liu
et al. presented a retrospective review of 14 patients treated for unresectable HCC
[48]. The response rate was 65% (Table 20.2).

Table 20.2 90Y microspheres: recent published experience in HCC

Investigator Device N PR Okuda
Survival
Okuda I

Survival
Okuda II

Carr [41] TS 65 25 I – 65%
II – 35%

649 d 302 d

Liu et al. [48] TS 14 8 I – 64%
II – 36%

11 m 7 m

Geschwind et al. [47] TS 80 nr I – 68%
II – 32%

628 d 324 d

Salem et al. [34] TS 43 51% I – 49%
II – 51%

24 m 13 m
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Survival results were also reported by Salem et al. in 43 patients treated with
glass 90Y microspheres [36]. The median survival reported in this study was
20.8 months for a low-risk group, whereas high-risk patients with diffuse disease
faired worse with a median survival from the first treatment of 11.1 months. There
were no life-threatening adverse events related to the treatment [34]. Gulec et al. ret-
rospectively analyzed the data from a heterogeneous cohort of 40 patients with liver
malignancies who underwent single whole liver treatments using 90Y resin micro-
spheres. Tumor absorbed doses ranged from 40.1 to 494.8 Gy. Sixty-seven percent
of the treated cohort responded to therapy again with responses favoring patients
with higher 99mTc MAA tumor ratio [38].

Portal venous thrombosis is a uniformly poor prognostic variable and concerns
over excessive toxicity following traditional embolotherapies exist. In 2004 a report
on a series of 15 patients with unresectable HCC and portal vein thrombosis of
at least the first order and related segmental portal venous branches received glass
90Y microspheres. Two patients developed bilirubin toxicity and had evidence of
disease progression. Eight patients continued to demonstrate stable or improved
liver function after a second treatment cycle with no procedure-related complica-
tions. This clinical experience showed that in a select group of patients with compro-
mised portal venous flow, glass 90Y microspheres treatment is technically feasible
and relatively safe [49]. Subsequently, Kulik et al. reported on the results of glass
90Y microspheres in a 118 patient cohort, with a 37 patient subset analysis compar-
ing patients with and without portal vein thrombosis [50]. Patients were stratified by
Okuda, Child-Pugh, baseline bilirubin, ECOG, presence of cirrhosis, and location
of portal vein thrombosis (none, branch, and main). The cumulative dose adminis-
tered to those with and without portal vein thrombosis were 139.7 Gy and 131.9 Gy,
respectively. Liver-related adverse events (bilirubin, ascites, and encephalopathy)
were more in patients with cirrhosis versus no cirrhosis and the minimal embolic
effect of 90Y glass microspheres was not felt to have increased the risk of liver
decompensation. Median survival from the date of first treatment for patients with-
out portal vein thrombosis and cirrhosis was 27 months versus patients with branch
portal vein thrombosis, survival was 10 months. Sangro et al. reported on 24 HCC
patients with Child-Pugh A disease who underwent 90Y radioembolization with
resin microspheres. The overall response rate was 88% with a volume reduction
noted in 19 patients. Two patients became jaundiced and two treatment-related
deaths were noted. At median follow-up of 12.5 months none of the treated patients
progressed [51]. Results of a recent pilot phase II study were presented by Ertle
et al. A total of 60 patients predominantly with cirrhosis and preserved liver func-
tion (87% Childs A, 93% cirrhosis, 50% PVT) were treated with glass microspheres
[52]. The volumetric response rate was 52% and this increased to 80% with the
addition of necrosis. Median survival was 12.1 months.

Preliminary results have been reported recently by many authors. Romito et al.
presented the results of glass microsphere therapy in 23 HCC patients, most with
either main or branch portal vein thrombosis were treated with the glass micro-
sphere. The response rate was 25 and 74% were alive at 9 months (57% with
PVT, 100% no PVT) [53]. Iñarrairaegui et al. recently presented data with resin
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microsphere use in 62 patients (77% cirrhosis, 20% PVT). The median survival was
10 months favoring those patients with higher dose delivered (>3 GBq 15m ver-
sus <3 GBq 6 m and paucinodular disease; ≤5 nodules 23 m, >5 nodules 7 m)
[54]. Additional results supporting the efficacy of resin microspheres for HCC
was presented by D’Avola et al. The survival of 23 patients (72% cirrhosis, 32%
PVT) was superior compared with a match-controlled cohort of 14 versus 8 months
(p = <0.05) [55]. Similar survival benefit was noted by Carpenese et al. who
treated 22 predominantly Childs A cirrhotics with resin microspheres. The response
rate was 81% and the median survival for Childs A patients was 12 months [56].
Given the survival benefits, tumor response, and minimal toxicity profile, radioem-
bolization should be considered as a viable therapy for patients with portal vein
thrombosis and preserved liver function. It is a reasonable treatment option for
disease stabilization in patients who were awaiting transplant.

In order to improve outcomes in patients with limited volume disease, Rhee et al.
tested a procedure employing catheter-directed CT angiography. This technique
delineates the arterial supply to HCC, which in turn allows for selective adminis-
tration of supra-therapeutic radioactivity to segments/lobes of liver. This concept is
referred to as radiation “segmentectomy” [57]. This allows for significantly greater
radiation doses (range, 105–857 Gy) to small portions of liver parenchyma treating
all viable neoplastic and non-neoplastic tissue without increased toxicity.

Kulik et al. reported on 21 patients from a large database of 251 patients who had
undergone glass 90Y microsphere therapy and subsequently bridged to transplan-
tation [58]. Target tumor dose administered was 120 Gy with toxicities including
fatigue in the majority of patients (42%). The authors reported a mean reduction in
alpha fetoprotein (AFP) of 33% from pretreatment levels. The investigators noted
complete necrosis by pathologic exam in 14 patients (66%). Four of 21 patients had
disease recurrence, a finding not uncommon following transplantation.

Summary

90Y radioembolotherapy is a promising outpatient transarterial therapy for unre-
sectable hepatocellular cancer. It is a unique form of brachytherapy that shares
characteristics of radiopharmaceuticals and a radiation therapy source, requiring
multidisciplinary involvement. Knowledge of technical aspects of embolization,
hepatic artery anatomy, and flow characteristics are essential for safe and effec-
tive delivery of this new therapy. Published data from multiple independent sources
support enhancement of survival in a distinct subset of patients with hypervas-
cular tumors and intact liver function. Unlike other embolotherapies, portal vein
thrombosis is not considered to be a major contraindication. 90Y radioembolother-
apy has served as an effective instrument to downstage to resection or as a bridge
to transplantation. Compared to historical controls, the post-embolization syn-
drome following 90Y radioembolotherapy is milder than chemoembolization while
conferring a similar survival advantage.
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Future Directions

Historically transarterial therapies have been utilized for unresectable lesions not
amendable to thermal ablation. The advent of molecular targeted agents has brought
new perspectives to cancer therapy especially HCC. The recent FDA approval of
sorafenib for the treatment of unresectable HCC has created a regulatory benchmark
and renewed interest for HCC therapies. Until such treatments become standard of
clinical care, integration of these agents with local-regional therapies may maximize
benefits to the patients and should be the focus of future endeavors with therapies
such as 90Y radioembolotherapy.
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Cytotoxic Chemotherapy and Endocrine
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For the minority of patients with hepatocellular carcinoma (HCC), surgical ther-
apy, including transplantation, or local ablation may offer the prospect of cure (see
Chapters 9–17). However, these treatments are typically constrained by size and/or
number of tumours as well as liver dysfunction and other comorbidities. For other
patients with preserved liver function and a patent portal venous system, chemo-
embolization may afford a modest survival benefit (see Chapters 19–21). For the
remainder, providing liver function and performance status permit, systemic ther-
apies are often used with palliative intent. Traditionally, this has taken the form
of cytotoxic chemotherapy or endocrine manipulation, although recently molecular
targeted therapies have been employed with some success.

This chapter aims to summarize the current status of chemotherapy and endocrine
therapies, with reference to the limitations of these data and recommendations for
future research directions. Novel molecular therapies are discussed in Chapter 22.

Cytotoxic Chemotherapy for Advanced Hepatocellular
Carcinoma

A large number of (mostly uncontrolled) studies have been performed using the
major classes of chemotherapeutic drugs as single agents or in combination. These
are summarized in Tables 21.1 and 21.2.

Response rates for single-agent chemotherapy are low and durable remission is
rare. The anthracycline, doxorubicin, has been the most studied agent, the first study
reporting a response rate of 79% in a cohort of patients in Uganda [1]. Subsequent
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Table 21.1 Phase II trials of single-agent chemotherapy in hepatocellular carcinoma

Drug Dose (mg/m2) Patient number Response rate (%) Ref.

Doxorubicin 75 14 79 [1]
20–75 41 11 [2]
60 44 32 [3]
40–60 31 10 [4]
75 74 30 [5]
60 63 35 [6]
60 28 28 [7]
75 52 11 [8]
70 45 25 [9]
40–60 51 10 [10]
40–60 29 11 [11]
60 34 21 [12]
60 109 1 [13]
60 29 11 [14]
60–75 60 3 [15]
60 30 18 [16]

Cisplatin 28 15 [22]
Epirubicin 18 17 [19]

44 9 [20]
5-FU 25 28 [23]
Gemcitabine 28 18 [34]
Mitoxantrone 17 23 [21]
T-136 34 9 [25]
Nolatrexed 28 7 [27]

Table 21.2 Phase II trials of combination chemotherapy in hepatocellular carcinoma

Drugs Patient number Response rate (%) Ref.

PIAF (Phase II) 50 26 [30]
(Phase III) 149 17 [31]

Epirubicin+etoposide 36 39 [32]
Cisplatin+5-FU 38 47 [33]
Gemcitabine+oxaliplatin 32 18 [35]

studies failed to corroborate this apparent activity and in 15 other trials the response
rate ranged from 1 to 35% [2–14]. The overall response rate for more than 700
patients treated in these studies was 18%. The method of response assessment, par-
ticularly in earlier studies often in the form of clinical examination, is likely to have
contributed to an over-estimation of response and the true objective radiological
response rate is likely to be lower, as reflected in more recent trials. The small,
non-randomized design and patient heterogeneity in these trials make it difficult to
assess any effect of doxorubicin on overall survival. One small randomized trial
has compared doxorubicin with symptom control. This study reported a statistically
significant survival advantage in favour of doxorubicin. However, with median sur-
vival of 10.6 weeks vs. 7.5 weeks, it is clear that the absolute difference in survival
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was modest with very short survival in both arms, suggesting inclusion of patients
with very advanced disease and/or poor liver function. Further, there was significant
doxorubicin toxicity, notably cardiotoxicity, which may be accounted for by many
patients receiving a cumulative dose exceeding 500 mg/m2 [15].

The main toxicity for doxorubicin is myelosuppression and this correlates with
serum bilirubin, which is particularly pertinent to patients with HCC, who usually
have underlying chronic liver disease. This was demonstrated in a study in which
143 patients received doxorubicin. The response rate in patients with normal biliru-
bin was 46% compared with 10% in those with bilirubin elevated above the normal
range. This is likely to be due to dose reductions to ameliorate toxicity in the ele-
vated bilirubin group leading to sub-optimal dosing and emphasizes the need for
careful patient selection for trials involving doxorubicin and further confounds the
interpretation of trials to date [16]. Pegylation of doxorubicin prolongs its circulat-
ing half-life, reduces systemic toxicity and may promote drug accumulation in the
liver. However, two trials indicate no advantage in the setting of HCC with response
rates of 0 and 10% [17, 18].

Other anthracyclines have been investigated in HCC. In two phase II trials of
epirubicin, a total of 62 patients were treated, with a combined response rate of
11% [19,20]. In five trials involving 118 patients treated with mitoxantrone, an
anthracenedione, the response rate was 16%, with less toxicity and this became the
first systemic agent to be licensed for use in HCC [21], although it was never widely
adopted as a standard treatment.

Most other classes of chemotherapeutic drug have been investigated in HCC
(Table 21.1). Many drugs (including oral 5-FU, ifosfamide, paclitaxel and irinote-
can) appear to be essentially inactive at least according to radiological response cri-
teria. Other drugs have demonstrated some single-agent activity (cisplatin response
rate 5–15%; etoposide 0–24%; intravenous 5-FU 0–28%; topotecan 14%) but few
have been rigorously tested in randomized controlled trials [22, 23].

A randomized trial has compared the oral fluoropyrimidine, UFT, with supportive
care. UFT comprises tegafur, an orally active 5-FU prodrug metabolized by the liver
to 5-FU, and uracil, a biochemical modulator of 5-FU via inhibition of dihydropy-
rimidine dehydrogenase (DPD, the rate limiting enzyme of 5-FU metabolism). HCC
is reported to have high levels of DPD, which may explain resistance to 5-FU and,
therefore, DPD inhibition may enhance 5-FU activity. Although objective responses
to UFT were uncommon, there was a significant prolongation of survival (median
51 vs. 27 weeks; p < 0.01). This was a small study with only 28 patients per arm
and larger studies are required, but it does suggest that radiological response may
not correlate with survival [24].

More recently, based on encouraging early phase data, two novel agents have
been tested in larger phase III trials, both using doxorubicin as a comparator.
T-138067 (Tularik Inc.) is a novel inhibitor of tubulin polymerization, which
therefore inhibits cell division. Pre-clinical studies indicated activity against the hep-
atoblastoma cell line HepG2 and in a phase I dose-escalation study, one of the five
HCC patients achieved a partial response [25]. In a 34 patient phase II study there
were three partial responses and 13 patients with disease stability, prompting the
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randomized phase III trial. Disappointingly, this early promise failed to translate
into a survival benefit, with median survival of 6 months in both arms [26].

Nolatrexed is a novel thymidylate synthase (TS) inhibitor rationally designed
based on the three-dimensional structure of the target enzyme. Unlike other anti-
folates, such as 5-FU, its lipophilic nature means that it does not require active
uptake into cells and is orally available. Further, it does not require polygluta-
mation for its activation. Both reduced cellular uptake and impaired glutamation
can contribute to anti-folate resistance. Thus, nolatrexed has demonstrated in vitro
activity even in HCC cell lines resistant to other anti-folates. In a phase II trial
of 28 patients with HCC, there were two partial responses and a further 16 minor
responses/disease stabilizations [27], prompting a 54 patient randomized phase II
trial with doxorubicin as the comparator. Whilst there were no objective responses
in either arm, there was a trend towards longer survival in those receiving nolatrexed
(139 vs. 104 days) [28]. Being a small, randomized phase II trial, statistical com-
parison of the two arms could not be made. Based on these data a phase III trial
comparing nolatrexed with doxorubicin was conducted. Despite the encouraging
evidence of activity in the earlier trials, in fact patients receiving nolatrexed survived
significantly less long than those in the control arm (4.7 compared to 6.9 months,
p = 0.0068) [29]. While the statistical assumptions used in the design of this trial
were based on demonstrating superiority for nolatrexed, since there were no obvious
nolatrexed-related early deaths, some have argued that this study provides evidence
that doxorubicin may, in fact, positively influence survival in appropriately selected
patients. Nevertheless, while conventional cytotoxic therapy has undoubted activity
against HCC, whether or not this translates into a survival advantage has still not
been rigorously demonstrated.

Combination Chemotherapy for Advanced Hepatocellular
Carcinoma

On the basis of its modest activity as a single agent, doxorubicin has been
investigated in combination with a variety of other drugs. A phase II study
of a four-drug combination of cisplatin, interferon alpha-2b, doxorubicin and
5-fluorouracil (PIAF) was encouraging, and although the response rate was mod-
est (26%), 9 of 13 partial responders had their disease rendered resectable and, in
some of these cases, there was a complete pathological response, again demon-
strating the limitations of radiological assessment of chemotherapy activity in HCC
[30]. Despite this encouraging activity, a prospective randomized study comparing
PIAF to doxorubicin failed to demonstrate any improvement in survival with the
combination [31].

Non-doxorubicin-based chemotherapy combinations have not demonstrated any
consistently improved activity over single agents, with a few notable exceptions. In
a phase II study, the combination of etoposide plus epirubicin was well tolerated



21 Cytotoxic Chemotherapy and Endocrine Therapy for Hepatocellular Carcinoma 341

and a response rate of 39% was reported [32]. A phase II study of infusional 5-FU
with cisplatin reported objective response rate of 47% [33].

An initial phase II study of gemcitabine reported an encouraging response rate
(18%) [34] and its good safety profile lends it to combination with other agents,
in particular there is evidence for synergy with platinum compounds. The combi-
nation of gemcitabine and oxaliplatin is active and tolerated well in a number of
cancers. Further, the lack of renal and liver toxicity are attractive in the context
of HCC and underlying cirrhosis. Phase II studies have reported encouraging effi-
cacy (response rates 18–30%) with good tolerance, although it is important to be
mindful of gemcitabine-induced thrombocytopenia in patients with cirrhosis and
hypersplenism and of oxaliplatin-induced neurotoxicity in patients with alcoholic
liver disease who may have pre-existing peripheral neuropathy [35].

These studies again suggest that HCC can be chemosensitive and that chemother-
apy can be administered safely and with manageable toxicity in appropriately
selected patients. However, randomized trials of combination chemotherapy have
been conducted rarely and those that have been have mostly been statistically
underpowered to detect significant improvements in survival and have not stratified
according to known prognostic factors so that, in general, meaningful conclusions
cannot be drawn.

Endocrine Therapy for Hepatocellular Carcinoma

Despite some encouraging data, there remains no convincing evidence of survival
benefit for systemic chemotherapy for HCC and chemotherapy in this setting may
be poorly tolerated due to co-existing chronic liver disease resulting in unpre-
dictable drug metabolism. Thus, many non-cytotoxic systemic therapies have been
investigated.

It is estimated that up to one-third of HCC express oestrogen receptors (ERs), and
animal models of liver carcinogenesis, as well as epidemiological studies, suggest a
role for sex steroids in its pathogenesis such that ER is a rational therapeutic target.
Indeed, initial studies suggested promising activity for tamoxifen. For example, a
small trial randomized 38 patients to tamoxifen or supportive care and reported
1-year survival rates of 22 and 5%, respectively [36]. A similar trial of 32 patients
reported 1-year survival rates of 35 and 0%, favouring tamoxifen [37]. However,
both trials were too small to detect any statistically significant difference in overall
survival. Several larger studies have reported no benefit or, in the case of high-dose
tamoxifen, a detrimental effect over placebo [38,39]. For example, the Italian CLIP
study including almost 500 patients randomized to tamoxifen or placebo reported
median survival of 15 and 16 months, respectively (p = 0.54) [40].

It is evident in the management of breast cancer that ER-negative tumours derive
no benefit from endocrine therapy. However, these HCC studies did not select
patients on the basis of ER status. Thus, it is possible that benefit for patients
with ER-positive HCC may be diluted by a lack of effect against ER-negative
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tumours. A randomized trial of tamoxifen compared with placebo has attempted to
address this question. Of 119 patients, the ER status was determined in 66 but there
was no difference in survival between patients with ER-positive or ER-negative
tumours [41].

A proposed explanation for the failure of tamoxifen even in ER-positive HCC
is that the liver variant ER is resistant to tamoxifen due to an exon 5 deletion
that alters the hormone binding domain whilst maintaining constitutive transcrip-
tional activation. Megestrol is a progestin drug that acts at the post-transcriptional
level and could, therefore, inhibit ER-dependent growth signalling independent of
ER ligation. A randomized trial has examined megestrol vs. placebo in 45 patients
with variant liver ER-positive HCC, with megestrol conferring a significant survival
advantage in this selected group of patients (18 vs. 7 months; p = 0.009) [42]. Given
the small size of this study, larger trials are required to corroborate these findings.
Other studies have investigated luteinizing hormone-releasing hormone analogues
and anti-androgens with no clear evidence of benefit [43, 44]. Similarly, endocrine
therapy combined with other treatment modalities including systemic or hepatic
arterial chemotherapy provides no clear additional benefit [45,46].

Somatostatin Analogues for Hepatocellular Carcinoma

Somatostatin analogues, such as octreotide, have revolutionized the management
of symptomatic neuroendocrine tumours by suppressing the secretion of peptide
hormones and ameliorating hormone-related symptoms. They may also exert a
cytostatic effect by direct growth inhibition through somatostatin receptor (SSTR)
ligation or by indirect effects through the suppression of trophic hormones such
as insulin, insulin-like growth factor (IGF-1), cholecystokinin and gastrin [47].
Octreotide may also exert anti-angiogenic effects [48]. Overexpression of SSTR has
been reported in up to 40% of HCC [49] and three clinical trials have addressed the
role of octreotide in this setting. The first study investigated the expression of SSTR
in hepatitic liver, cirrhotic liver and HCC in homogenates from needle biopsy spec-
imens, demonstrating SSTR expression in all tumour samples to varying degrees.
Fifty-eight HCC patients were then randomized to receive octreotide or no treat-
ment, with median survival of 13 and 4 months, respectively (p = 0.002) [50].
A second study failed to corroborate these findings. In 70 patients receiving either
a long-acting octreotide formulation (Lanreotide) or placebo, there was no differ-
ence in survival [51]. Median survival in both groups was very short (less than
2 months), suggesting this to be a population with a poor prognosis and, indeed, over
a third of patients died before commencing therapy. Furthermore, the SSTR status
of these patients was not known, such that octreotide therapy might be expected to
be ineffective in many cases. More recently the HECTOR study prospectively ran-
domized 120 patients with well-compensated liver disease between the long-acting
Sandostatin LAR and placebo, but again there was no evidence of benefit [52].
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Somatostatin acts through five receptors, SSTRs 1–5, and the anti-angiogenic
effect is thought to be mediated primarily through SSTR3. Somatostatin analogues
are available in short-acting and long-acting preparations and there are differences
in their affinity for the different receptors. In particular, short-acting octreotide
has a higher affinity for SSTR3. Since the first trial used short-acting octreotide,
whereas the subsequent negative trials used long-acting preparations this might have
contributed to the contrary results.

Adjuvant Therapy for Hepatocellular Carcinoma

Research studies for systemic therapy as an adjuvant to locoregional treatment have
been restricted by a lack of clearly active agents in the advanced setting. At present,
the only prospect of long-term survival for patients with HCC is through surgical
resection, transplantation or local ablation. Where transplantation is available, its
utility may be limited by a delay in donor organ availability during which time the
tumour may progress. Pre-transplant neo-adjuvant therapy, most commonly using
chemo-embolization, has been reported in several series but, to date, there have
been no randomized controlled trials to support its routine use [53]. Similarly, there
is no evidence for systemic therapy in this context. Successful transplant within
current selection criteria is associated with a good prognosis, and tumour recurrence
is seen in only a minority of patients. Thus, the impact of adjuvant systemic therapy
would likely be modest and would require a clinical trial involving several thousand
participants to demonstrate a significant improvement.

Following surgical resection and ablation, tumour recurrence and/or de novo
tumour formation is common and adjuvant therapy has been investigated in the
form of systemic therapy, hepatic arterial treatment, radiopharmaceuticals and
immunotherapy. Trials of hepatic arterial chemotherapy (+/– embolization) in
either the adjuvant or neo-adjuvant setting have not shown any survival benefit
[54–57]. Studies using systemic chemotherapy (oral fluoropyrimidines or anthracy-
clines) have also failed to demonstrate a survival advantage in the adjuvant setting,
although these studies have been small and not powered to detect modest differences
[58–60].

The acyclic retinoid, polyprenoic acid, can induce differentiation and apopto-
sis of HCC cell lines in vitro and in vivo. A study randomized 89 patients to
receive this agent for 12 months or to receive no additional therapy following
resection. Recurrence in the treatment and control groups was 27 and 49%, respec-
tively (p = 0.04). Based on an arbitrary definition of tumours appearing more than
6 months after surgery representing a new primary cancer rather than recurrence
of the resected tumour, the majority of the benefit appeared to be in preventing
de novo tumour recurrence, although this definition is not universally accepted
and is probably too early a timepoint to differentiate from progression of existing
micrometastases [61].
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Another small study randomized 30 patients between adjuvant interferon alpha
(IFN) or no further treatment after surgery. For IFN-treated patients 3-year disease-
free survival was 67% compared with 20% in the control group (p = 0.037). It is
not clear whether this apparent benefit was due to prevention of tumour recurrence
or to prevention of new tumours in HCV-positive patients [62].

Degradation of heparan sulphate in the extracellular matrix by tumour hep-
aranases contributes to invasion and metastasis, and possibly to angiogenesis. PI-88,
a compound comprised of highly sulphated mannose oligosaccharides, inhibits hep-
aranase activity and, thus, may attenuate these processes. A three-arm phase II study
randomized 172 patients to receive one of two doses of PI-88 (160 mg or 250 mg
per day) or no additional treatment following resection. Forty-eight weeks after ran-
domization, patients receiving the lower dose of drug were more likely to be free
from recurrence than those receiving no treatment (63% vs. 50%). However, there
was no dose–response effect, the 48-week recurrence-free rate being 41% in patients
receiving the higher dose. While there was a higher rate of treatment discontinuation
due to toxicity in the higher dose group, this does not appear to fully account for
their poorer outcome and a lack of stratification for risk factors for recurrence prior
to randomization may have contributed to spurious differences between the treat-
ment arms [63]. Nevertheless, on the basis of these data, a randomized phase III
trial comparing PI-88 at a dose of 160 mg/day against no treatment was commenced
but, unfortunately, was closed early for commercial reasons.

In summary, there is no convincing evidence to support the use of systemic or
regional cytotoxic chemotherapy as an adjuvant to locoregional therapy for HCC.
Novel approaches have shown promise in small trials, but larger trials with sufficient
follow-up are required. Design of such studies raises interesting questions regarding
the nature of HCC recurrence. On the one hand, like other cancers, recurrence may
be mediated by micrometastatic spread occurring prior to the locoregional therapy
and this typically becomes clinically apparent within the first 1–2 years of treatment.
On the other, since patients still have underlying cirrhosis, so-called recurrence may
reflect de novo tumour development and may occur later. Thus, the duration of adju-
vant therapy may be difficult to determine and the ability to prevent progression of
pre-malignant lesions to invasive carcinomas is unknown.

Novel Approaches to Cytotoxic Chemotherapy
for Hepatocellular Carcinoma

Strategies to Overcome Drug Resistance

Conventional chemotherapy is often considered to be ineffective against HCC due
to drug resistance. Chemoresistance can be intrinsic or acquired and is mediated
through a variety of mechanisms. HCC cells are often intrinsically resistant to
chemotherapy through the over-expression of drug transporter proteins including
the multi-drug resistance gene, MDR1, encoding p-glycoprotein. In vitro studies
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have demonstrated that over-expression of MDR1 leads to efflux of doxorubicin
from the cell. A number of early phase clinical trials have investigated the role of
p-glycoprotein inhibitors in combination with doxorubicin and other drugs without
any clear signal to warrant their investigation in larger studies.

Cell replication pathways targeted by chemotherapy may be dysregulated in
HCC. For example, topoisomerase 2a, an enzyme encoded by the TOP2A gene,
is involved in DNA unwinding for replication and is the target for a number of
chemotherapeutic agents. Mutations in the TOP2A gene are associated with dox-
orubicin resistance in HCC cell lines and its over-expression is reported to correlate
with chemoresistance. In vitro studies have demonstrated that the topoisomerase
2 inhibitor, etoposide, can sensitize HCC cells to doxorubicin [64] and this may
underpin the encouraging phase II data relating to etoposide in combination with
the anthracycline epirubicin [32]. Nevertheless to confirm these data, phase III trials
are required.

The proteosome is an intracellular enzyme complex responsible for degradation
of ubiquitinated proteins and this process contributes to the regulation of tran-
scription factors such as NFκB. NFκB coordinates many key cellular functions by
regulating the expression of genes involved in cell survival and inflammation in
response to a wide variety of stimuli and it has been implicated in acquired chemore-
sistance [65]. Bortezomib is a potent and selective proteosome inhibitor, which
inhibits NFκB signalling. Anti-tumour activity of bortezomib as a single agent and
in combination with chemotherapeutic agents has been demonstrated in pre-clinical
models [65, 66] and a phase I/II trial demonstrated good tolerance in HCC patients,
with 7 of 15 evaluable patients achieving disease stability [67]. Since proteosome
inhibition attenuates pathways implicated in anthracycline and other cytotoxic drug
resistance, combination studies are of interest. However, results from a phase II
study of doxorubicin plus bortezomib were disappointing with a response rate of
2.3% and median survival of 5.7 months [68].

Pathways that are inhibited by novel targeted therapies (see Chapter 22), includ-
ing MAP Kinase signalling (raf/mek/erk), may also contribute to drug resistance
such that combination of these agents with chemotherapy may reverse this. Indeed,
there is pre-clinical evidence of synergy between doxorubicin and raf inhibition. In
a vascular endothelial model, resistance to doxorubicin is, at least in part, medi-
ated via fibroblast growth factor (FGF)-mediated raf-dependent survival signals
providing rationale for combining doxorubicin with the raf inhibitor, sorafenib,
or inhibitors of FGF receptor tyrosine kinase such as brivanib [69]. A random-
ized phase II study has investigated the combination of sorafenib and doxorubicin
compared to doxorubicin alone [70]. The overall survival in the combination arm
was more than double the control arm (13.7 months compared to 6.5 months, HR
0.45). However, this being a randomized phase II study the aim was to determine
whether or not the combination should be taken into a phase III setting rather
than to allow statistically robust comparisons between treatment arms. To establish
whether this benefit is attributable to synergy between the two agents or to sorafenib
alone requires a further randomized trial of the combination using sorafenib as the
control arm.
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There is also clinical evidence of benefit from the combination of anti-angiogenic
agents with conventional chemotherapy in other tumour types. For example, in
patients with metastatic colorectal cancer the anti-VEGF monoclonal antibody,
bevacizumab, significantly prolongs survival when added to chemotherapy [71].
Whilst the mechanism of action of bevacizumab is postulated to be anti-angiogenic,
laboratory studies suggest that it may act through normalization of tortuous,
highly permeable tumour neo-vasculature, reducing intra-tumoral interstitial pres-
sure thereby increasing blood flow and improving chemotherapy delivery to the
tumour [72]. A study has investigated the addition of bevacizumab to combination
chemotherapy comprising gemcitabine and oxaliplatin, demonstrating some activity
with a response rate of 20% and median survival of 9.5 months [73]. The signifi-
cance of these results within the context of a single-arm phase II study is difficult
to interpret but, whilst comparison across phase II studies is difficult due to poten-
tial imbalances in prognostic factors in the two groups of patients and different
drug doses used, they do not appear to be significantly better than chemotherapy
alone [35].

AFP as a Biomarker of Response to Chemotherapy

The development of effective chemotherapy for HCC has been hampered by tra-
ditional phase II trial design in which evidence for activity is based on small,
single-arm studies usually with radiological response rate as the primary endpoint.
This assumes that anti-cancer efficacy is reflected by changes in area assessed by
cross-sectional imaging. However, there is evidence that this may not be the case
in the context of HCC [30,74,75]. The utility of serum AFP as a marker of treat-
ment response in HCC is uncertain. A study evaluated serial AFP measurements
in patients participating in the phase III trial comparing PIAF with doxorubicin
[76]. AFP response was defined as a greater than 20% fall following at least two
cycles of chemotherapy. AFP response was associated with significantly improved
survival (median 13.5 months in responders vs. 5.6 months in non-responders;
p < 0.0001) and was commonly observed in patients with radiologically stable
disease, again indicating that objective radiological response rate may tend to
underestimate chemotherapy effect.

Hepatitis B Virus Reactivation and Chemotherapy

Hepatitis B virus (HBV) carriers are at risk of virus reactivation when receiving
cytotoxic chemotherapy. A prospective study of 102 HBsAg-positive patients with
HCC receiving doxorubicin-based chemotherapy showed that 32 patients developed
hepatitis attributable to HBV reactivation of whom 30% died as a consequence [77].
Reactivation can be reduced by anti-viral therapy such as lamivudine [78]. A non-
randomized comparison of HBV-positive patients receiving chemotherapy reported
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reactivation rates of 4% compared to 24% in patients receiving lamivudine or not,
respectively. Since lamivudine prophylaxis was not routinely used prior to this, it
is quite possible that HBV reactivation contributed to apparent toxicity in earlier
chemotherapy studies, especially those conducted in HBV-endemic regions.

Discussion and Future Directions

Clinical trials of chemotherapeutic agents have mostly been conducted in patients
with advanced disease, which may limit the scope for observing effective treatments.
Furthermore, most patients with HCC have underlying cirrhosis and thus have two
diseases with independent natural histories such that it may be difficult to determine
whether failure to improve survival is related to failure to influence tumour progres-
sion or due to progressive liver disease. In general, patients with Child-Pugh class
C cirrhosis should be excluded from clinical trials since their liver function will be
the predominant factor influencing survival. Conversely, for patients with Childs A
cirrhosis prognosis is more likely to be influenced by the cancer such that the effects
of an active treatment on survival may be determined. Thus, recent large phase III
trials have been restricted to patients with Child A cirrhosis.

The extent of underlying liver dysfunction is also important in influencing phar-
macokinetics and drug toxicity. In phase I studies, impaired drug metabolism may
affect the toxicity profile and dose intensity such that a sub-optimal dose may be
selected for further study. Conversely, using patients with well-preserved liver func-
tion may select a dose which might be poorly tolerated by patients with less good
function. Indeed, this raises issues about the application of trial data derived from
fit and well patients to a more general population.

A key point in the development of anti-cancer drugs is the phase II trial. This is
typically the point at which a decision must be taken to develop a compound further
in large, time-consuming and costly phase III trials or to abandon. Historically, radi-
ological response rate has been used as the primary endpoint. However, recent trials
have suggested that changes in tumour size are not necessarily a good surrogate for
clinical benefit. For example, in the PIAF study radiological partial responses, in
some cases, correlated with complete pathological response in resection specimens
[30] and the recent sorafenib trials, despite a radiological response rate of just 2%,
did report significantly prolonged survival (see Chapter 22 and [74,75]). Since many
phase II trials of chemotherapy relied on response rate as the primary measure of
efficacy, it is quite possible that some active agents may have been inappropriately
discarded.

Alternative phase II endpoints employ a time-dependent measure such as
progression-free survival or time-to-progression. However, the natural history of
HCC is difficult to predict as demonstrated by the two recent sorafenib trials. The
median survival in the control group of the Asian study was 4 months compared to
almost 8 months in the European group despite apparently similar eligibility crite-
ria. Patient heterogeneity is clearly not captured by current disease staging systems
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such that single-arm phase II trials are particularly difficult to interpret in this disease
setting and it is likely that agents tested in such trials may have been inappropriately
discarded and, equally, this might explain the failure of apparently active agents to
fulfil their early promise.

This problem may be solved by using a randomized phase II trial design with
a contemporary comparator. However, although such studies may allow a more
informed decision as to the activity of the agent, since they are not powered for for-
mal statistical comparison, the decision to proceed to a phase III trial is still based
on a subjective assessment.

For phase III trials, overall survival remains the most appropriate endpoint, but
some measure of quality of life should also be included. Patients with HCC develop
symptoms due to underlying liver disease and due to the cancer and these are highly
interrelated and difficult for currently available quality of life tools to differentiate.
Well-validated instruments for measuring quality of life have not been available
until recently.

In conclusion, the assessment of cytotoxic chemotherapy in the setting of HCC
has largely been limited by trials comprising of small, single-arm phase II studies
with heterogeneous patient groups such that conclusions regarding efficacy have
been difficult to determine. In particular, there are limitations to the application
of radiological response rate as a surrogate for clinical benefit. In future, careful
clinical trial design is required with particular reference to patient characteristics
(notably performance status and liver function), the choice of endpoint and, in the
phase II setting, randomization to an appropriate control arm.

The HCC clinical research agenda has recently moved on with advent of novel
targeted therapies. However, conventional chemotherapy should not be disregarded
and there is strong rationale for its combination with targeted agents.
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The liver’s role in xenobiotic metabolism, i.e., the modification of drugs and toxic
foreign compounds, has long served as a putative explanation for inherent drug
resistance of hepatocellular carcinoma (HCC). Therefore, it does not come as a
surprise that the initial discovery of the multiple-drug resistance gene (MDR) was
in liver tissue [1], and hepatocyte cell lines are a natural reservoir for the study
of drug resistance. Accordingly, liver cancer should be a disease where a thera-
peutic strategy based on an understanding of disease biology would prevail over
a cytotoxic strategy where compounds are neutralized before reaching their target.
Indeed while cytotoxic agents have failed to show a clinically meaningful impact
[2] several clinical trials using targeted treatments such as tyrosine kinase inhibitors
have demonstrated that in HCC overall survival may be favorably influenced [3].
In addition to the multikinase inhibitor, sorafenib, which has demonstrated an
improvement in survival over placebo [4], over the past decade several different
classes of targeted treatments have been clinically tested and can be sub-classified
as tyrosine kinase inhibitors (e.g., sorafenib, sunitinib, erlotinib) or antibodies tar-
geted to growth factors (e.g., bevacizumab) and their receptors (e.g., cetuximab)
(Fig. 22.1).

As the historically evolved clinical expertise in the care for patients with liver dis-
ease traditionally has been in the domain of gastroenterologists, education regarding
new therapies in HCC is critical to the wider range of medical disciplines currently
involved in delivering care to these patients. The significance of this is illustrated
by a thought-provoking study lead by Chen et al. from Taiwan, an area with high
prevalence of HCC due to hepatitis B [5]. Comparing overall survival of 397 patients
with HCC (all stages included) managed by high-volume physicians (70% patients
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Fig. 22.1 Therapeutic targets and their corresponding pathways in HCC. Description of major
signaling pathways in hepatocellular carcinoma and associated targets of drugs used in clinical
practice respectively ongoing experimental studies. Growth factors: HGF, hepatocyte growth fac-
tor; EGF, epidermal growth factor; SCF, stem cell factor; PDGF, platelet-derived growth factor;
VEGF, vascular endothelial growth factor; IGF-I, insulin-like growth factor-I. Receptors: IGF-
I, insulin-like growth factor receptor 1 and 2; c-met, hepatocyte growth factor receptor. Targets:
PI3 kinase, phosphatidylinositol 3-kinase; PDK1, 3-phosphoinositide-dependent protein kinase
1. Experimental Compounds: IMC-A12, insulin growth factor receptor inhibitor; AZD-6244,
MEK1/2 inhibitor

with liver disease) versus low-volume physicians (less than 30%), a notable survival
difference of 34 months versus 6 months was found (hazard ratio [HR] for survival,
1.94; 95% CI, 1.31–2.87; p < 0.001).

Despite proven clinical benefit of targeted treatment options, monitoring
response to treatment and optimal patient selection based on prediction of treatment
efficacy are unresolved questions and areas of ongoing research. This is in part a
consequence of an incomplete understanding of the mechanism of action of the
drugs, and also the difficulty in formally studying new imaging modalities, as well
as validation of such modalities in a multicenter setting. Unexpectedly, the advances
generated by targeted agents have created a renewed interest in standard chemother-
apeutic agents which may ultimately reveal their potency in combination with
biological agents [6]. The impact of liver function and the etiology of liver failure,
whose etiologic spectrum comprises entities as diverse as viral, toxic, and metabolic
origins, has been extensively studied as part of the development of sorafenib and
related targeted agents. Given the multitude of clinically active compounds being
assessed in phase II trials, further refinement of therapeutic monitoring, impacts
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on liver function, and etiology-driven clinical trials will be necessary to define the
optimal clinical setting for such new agents.

Antiangiogenic Drugs

Sorafenib is a polyvalent molecule which has been shown in HCC cell lines to
inhibit the serine–threonine kinase Raf-1 and several receptor tyrosine kinases such
as vascular endothelial growth factor receptor (VEGFR2), platelet-derived growth
factor receptor (PDGFR), FLT3, Ret, and c-Kit [7] (Fig. 22.1). Several of these
pathways, e.g., ras-raf and VEGF, have been implicated in HCC carcinogenesis.
Moreover, reduced angiogenesis along with increased apoptosis was observed in a
human HCC xenograft tumor model when treated with sorafenib [8].

Following the initial observation of a partial response in a metastatic HCC patient
in a phase I trial [9], a phase II study in HCC was undertaken to better assess effi-
cacy, toxicity, and pharmacokinetics of sorafenib [10]. One hundred and thirty-seven
patients were treated with sorafenib 400 mg twice daily. Seventy-two percent of
patients had a Child-Pugh score of A and 28% a Child-Pugh score of B. The median
time to progression was 4.2 months and the median overall survival was 9.2 months.
The main drug-related grades 3 and 4 adverse effects were diarrhea (8%), hand-
foot skin reaction (5.1%), and fatigue (9.5%). As clinical benefit does not routinely
correlate with volume-based tumor response criteria such as WHO criteria in HCC,
tumor necrosis was evaluated and quantified based on serial contrast-enhanced com-
puted tomography (CT). In an exploratory analysis this mode of tumor assessment
revealed that tumor necrosis may represent a marker of treatment efficacy despite
a concomitant increase in tumor volume and potentially predict clinical benefit
from treatment [10]. The current standard of care of sorafenib as systemic ther-
apy for metastatic HCC is based on two phase III studies: the SHARP trial [4] and
the Asia-Pacific trial [11]. The SHARP trial is an international, multicenter, phase
III, double-blind trial randomly assigning 602 patients to either sorafenib 400 mg
twice daily or placebo, with a primary endpoint of overall survival. Patients were
recruited from the Western hemisphere, with main etiologies for HCC being hep-
atitis C (26%), hepatitis B (19%), and alcohol (26%). Median overall survival was
10.7 months in the sorafenib group and 7.9 months in the placebo group (hazard
ratio in the sorafenib group, 0.69; 95% CI, 0.55–0.87; p < 0.001). The median time
to radiologic progression was 5.5 months in the sorafenib group and 2.8 months
in the placebo group (p < 0.001). Seven patients in the sorafenib group (2%) and
two patients in the placebo group (1%) had a partial response and with no complete
response in either study arm. Grades 3 and 4 side effects included diarrhea (8%) and
hand-foot syndrome (8%). Bleeding was a rare event.

The Asia-Pacific trial is a multicenter phase III, double-blind trial randomly
assigning 226 patients in a 2:1 ratio to either sorafenib 400 mg twice daily (n = 150)
versus placebo (n = 76) [11]. As the name implies, patients were recruited mainly
in Asia, where the highest prevalent etiology is hepatitis B for HCC. Median overall
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survival was 6.5 months (95% CI, 5.56–7.56) in patients treated with sorafenib
compared with 4.2 months (3.75–5.46) in those who received placebo (hazard ratio
[HR] 0.68; 95% CI, 0.50–0.93; p = 0.014). Median time to progression was 2.8
months (2.63–3.58) in the sorafenib group compared with 1.4 months (1.35–1.55)
in the placebo group (HR 0.57 [0.42–0.79]; p = 0.0005). The commonest grades
3 and 4 side effects were hand-foot syndrome, diarrhea, and fatigue. Despite the
similar hazard ratios of survival improvement, the disproportionate magnitude of
survival improvement between the SHARP and the Asia-Pacific studies is notewor-
thy and will be discussed later in view of the implication for sorafenib and other
agents regarding the underlying cause of the HCC.

The improvement in overall survival, the manageable toxicity, and the tar-
geted action of sorafenib motivated further studies to improve its clinical efficacy.
A recently completed randomized phase II trial assessing sorafenib in combina-
tion with doxorubicin in HCC demonstrated significant improvement in time to
progression, progression-free survival, and overall survival in favor of the com-
bination therapy [6]. This study is discussed in detail in the combination therapy
chapter.

Vascular endothelial growth factor (VEGF) plays a prognostic [12, 13] and pos-
sibly a pathogenetic role in HCC. As a single agent, bevacizumab, an anti-VEGF
A antibody (Fig. 22.1), has previously demonstrated significant clinical activity
in metastatic renal cancer [14]. Based on the aforementioned biological rationale,
30 patients with advanced HCC were treated with bevacizumab initially at a dosage
of 5 mg/kg. As 12 patients progressed with 16 weeks of treatment, the dose was sub-
sequently increased to 10 mg/kg. Main reported adverse events were bleeding from
varices, transient ischemic attack, hemorrhagic ascites, and proteinuria. Among the
24 patients evaluable for efficacy, 3 patients had a partial response and 13 had stable
disease [15]. In a similar study, 46 patients with unresectable HCC were treated with
bevacizumab at a dosage of 5–10 mg/kg once every 2 weeks [16]. One complete
response and five partial responses were observed; the median overall survival was
12.4 months. Grades 3 and 4 adverse events included hypertension (15%), thrombo-
sis (6%), and hemorrhage (11%). The improved overall survival compares favorably
with a standard of care, sorafenib. Given EGFR-dependent regulation of VEGF and
conversely the existence of VEGF-mediated resistance to EGFR-inhibition [17],
the anti-VEGFR, bevacizumab, has been explored in combination with the tyro-
sine kinase inhibitor, erlotinib, in HCC [18] and this study will be reviewed in the
next chapter.

Sunitinib is a multikinase inhibitor targeting VEGF and PDGF receptor path-
ways [19] both of which play a role in HCC (Fig. 22.1). A phase II study recruited
37 patients with unresectable HCC from Europe and Asia. Sunitinib was dosed at
50 mg daily for 4 weeks followed by a 2 weeks break cycle [20]. Median overall
survival was 9.9 months (95% CI, 7.5–11.7). Thrombocytopenia (43%), neutrope-
nia (24%), CNS symptoms (24%), asthenia (22%), and hemorrhage (14%) were the
most common grades 3 and 4 adverse events. Four patients died due to “ascites,
edema, bleeding, drowsiness, and hepatic encephalopathy.” The detailed causes
of deaths are as yet not fully reported. Treatment efficacy analysis showed one
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confirmed partial response and stability of disease in 39% of the patients. A median
treatment time of approximately 12 weeks likely reflects a too toxic regimen at the
chosen drug level.

In another phase II study 34 patients with unresectable HCC received suni-
tinib at lower dose of 37.5 mg daily for 4 weeks followed by 2 weeks off [21].
Median overall survival was 9.9 months (95% CI, 7.5–11.7). Grades 3 and 4 adverse
events included elevated SGOT (18%); lymphopenia (15%); neutropenia, thrombo-
cytopenia, and fatigue (12%); elevated SGPT (9%); and hand-foot syndrome, rash,
hyperbilirubinemia, and hypertension (6%). Nonetheless, the overall survival data
of those two studies do not suggest superiority compared to sorafenib.

Brivanib is a selective inhibitor of vascular endothelial growth factor receptor
(VEGFR) and fibroblast growth factor receptor (FGFR) and has been shown to
decrease HCC xenograft tumor models in mice [22]. This dual inhibition is partic-
ularly attractive as fibroblast growth factor has been postulated to confer resistance
to VEGF inhibition [17]. In a study evaluating brivanib as first- and second-line
therapy in 96 patients with advanced HCC, there were limited responses. Median
survival was 10 months in the treatment naïve cohort and was not reached in the
second-line cohort [23]. Progression-free survival was 2.7 months in the treatment
naïve group versus 2 months in the second-line group. The drug was well tolerated
in the second-line setting [24].

ABT-869, a VEGF and PDGF inhibitor. ABT-869 was evaluated in a phase II
study of 44 patients with HCC. Of the 44 patients, 38 were Child-Pugh A and 6 were
Child-Pugh B. The Child-Pugh A patients median overall survival was 9.7 months
and time-to-progression was 5.4 months.

Tyrosine Kinase Inhibitors (TKIs)

Epidermal growth factor receptor (EGF) signaling is active in precursor lesions of
HCC such as fibrosis and cirrhosis. Varied EGFR ligands such as EGF, hepatocyte
growth factor (HGF), transforming growth factor beta, and insulin growth factor
(IGF) are involved in hepatocarcinogenesis making this pathway an attractive target
for the treatment of HCC (Fig. 22.1). Several trials have explored the role of TKIs
in HCC.

Gefitinib is an oral EGFR tyrosine kinase inhibitor that blocks EGF-receptor 1,
while lapatinib inhibits both EGFR-1 and EGFR-2 receptor. Both compounds have
been studied in phase II trial, but given their limited efficacy further development
as monotherapy is unlikely [25, 26]. Cetuximab, a monoclonal antibody targeted
against the EGFR-1 receptor, has been studied in two phase II studies. While one
study has reported an encouraging overall survival of 9.6 months [27], the earlier
trial reported an unimpressive median TTP of 8 weeks [28].

Erlotinib is a selective inhibitor of the EGFR/HER-1-related tyrosine kinase
enzyme. In an initial study, 38 patients with unresectable HCC were treated with
erlotinib 150 mg daily on a continuous basis [29]. Median overall survival was
13 months. Grades 3 and 4 skin toxicity and diarrhea were the most notable adverse
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events. A second independent phase II study treated 40 patients with erlotinib
150 mg with a median overall survival of 10.7 months [30]. Most notable side
effects were diarrhea, fatigue, and AST elevation. As mentioned above, erlotinib
has been explored in combination with bevacizumab in HCC [18] and this study
will be reviewed in the next chapter.

Management Issues

Etiology

In the Asia-Pacific study comparing sorafenib versus placebo described above [11],
the statistically significant improvement (p = 0.014) did not reach the same magni-
tude of benefit as in the SHARP trial [4], despite the similarity in the hazard ratios
of overall survival, progression-free survival, and time to progression. A possible
explanation for these observed differences may be related to more advanced dis-
ease stage and lower performance status in patients from the Asia-Pacific study as
compared to the SHARP trial [31]. Another explanation for the difference in out-
come revolves around the etiology of HCC in those two studies. The majority of
patients (73%) accrued on the Asia-Pacific study had hepatitis B as an underlying
risk factor versus 18% of patients on the SHARP trial. In a retrospective evaluation
of the large phase II trial evaluating sorafenib in patients with advanced HCC [9],
N = 137, it was noted that hepatitis C positive patients had a longer time to progres-
sion of 6.5 months compared to 4 months (p = 0.05) for the patients with hepatitis
B etiology [32]. Again there was a trend toward a survival advantage (p = 0.29) for
the hepatitis C (12.4 months) versus hepatitis B patients (7.3 months). Similarly, a
sub-group analysis from the SHARP has shown that patients with hepatitis C-based
HCC treated with sorafenib (n = 93) had a median survival advantage of 14 months
compared to the whole sorafenib treated group of 10.7 months, while the overall
survival of the hepatitis C placebo arm compared to the placebo arm of the whole
studied population was similar (7.9 months) [33]. These collective observations and
in vitro data linking HCV infection to increased raf activity [34, 35] may explain
a possible added advantage for patients with hepatitis C treated with sorafenib by
addressing the root cause of the underlying liver dysfunction and predisposition
to HCC. The outcome of the 18% of patients with hepatitis B-related HCC in the
SHARP trial remains to be reported [36]. Overall for now, sorafenib has become a
standard of care for patients with advanced HCC regardless of the etiology of their
cancer; however, recognition exists for subsets potentially deriving greater or lesser
benefit.

Impact of Liver Function

The results of the SHARP trial apply to patients with good to excellent performance
status and Child-Pugh A score [4]; however, the safety and efficacy of sorafenib
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in patients with Child-Pugh B or C cirrhosis have yet to be defined. In a phase II
study evaluating sorafenib in HCC [9], 28% of patients had Child-Pugh B cirrho-
sis. Pharmacokinetics for sorafenib were evaluated in 28 patients on the study and
the AUC (0–8) (mg h/L) was comparable between the Child-Pugh A (25.4) and
Child-Pugh B (30.3) patients. Cmax (mg/L) were 4.9 and 6 Child-Pugh A and B
patients, respectively, with similar drug-related toxicity profiles. However, it was
observed that the Child-Pugh B patients had worsening of their liver function more
frequently [37]. An increase in bilirubin was reported in 40% of Child-Pugh B
patients compared to 18% of Child-Pugh A. Eighteen percent of Child-Pugh B
patients developed or had worsening ascites compared to 11% of Child-Pugh A.
Emerging or worsening encephalopathy was reported in 11% of Child-Pugh B
patients compared to 2% of Child-Pugh A. As sorafenib acts as a substrate for
the UDP-glucuronosyltransferase UGT1A1, it remains unclear if the total biliru-
bin elevation observed is due to worsening liver function caused by a direct toxic
effect of sorafenib, by a benign inhibitory effect of UGT1A1, or simply due to dis-
ease progression, or combination of these potential explanations. Direct bilirubin
levels were not obtained in the original phase II study. Despite a shorter course
of therapy for Child-Pugh B patients (12.9 weeks) compared to Child-Pugh A
(24.9 weeks), sorafenib was discontinued or dose reduced at the same rates. Median
time to progression for Child-Pugh A was 21 weeks (95% CI: 16–25 weeks) and
Child-Pugh B 13 weeks (95% CI: 9–18 weeks). Overall survival for Child-Pugh
A was 41 weeks (95% CI: 37–64 weeks) and 14 weeks for Child-Pugh B (95%
CI: 12–26 weeks). Thus, Child-Pugh B patients fared worse than Child-Pugh A
patients and had more frequent worsening of their cirrhosis. More data are needed
to appropriately define the safety and efficacy of sorafenib in patients with HCC and
Child-Pugh B liver function.

In a phase I study evaluating two different doses of sorafenib in Japanese patients
with advanced HCC [38], there were no substantial differences in the incidence of
adverse events between Child-Pugh A and B groups. However, geometric means of
AUC0–12and Cmax at steady state were slightly lower in patients with Child-Pugh
B cirrhosis compared with Child-Pugh A.

In 51 patients with solid and hematologic tumors and compromised liver or
renal function, a phase I study of sorafenib did not report any apparent correlation
with age or body weight [39]. More importantly deteriorating functional status of
liver and renal parameters did not herald decreased clearance underscoring today’s
empiric standard of practice as regards dosing of sorafenib. Suggested recommen-
dations regarding dosing of sorafenib from this study are 400 mg twice per day for
bilirubin up to 1.5 × upper limit of normal (ULN); 200 mg twice per day for biliru-
bin 1.5–3 × ULN; while no safe dose of sorafenib was established for bilirubin
levels above 3 × ULN.

In a recent manuscript detailing the FDA process of approval of sorafenib in
HCC, Kane et al. referred to “the paucity of treatment options and variability in
Child-Pugh scoring” as a reason for the broad approval for therapy by the FDA
[40]; however, there has been a clear trend toward a restricted use of sorafenib for
patient with Child-Pugh A and low B only [41–43] also highlighted by the recent
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more restricted approval of sorafenib solely for HCC patients with Child-Pugh A by
the Canadian authorities [44].

Tumor Assessment

The importance of complete and partial tumor response is based on the assump-
tion that volume reduction is a surrogate for treatment efficacy, i.e., prolongation of
overall survival. RECIST and WHO classification are two commonly employed sys-
tems designed to quantitate tumor volume [45]. With the clinical success of targeted
therapy achieving meaningful clinical benefit even in absence of tumor volume
alterations, classic evaluation parameters may seem inadequate to assess treatment
efficacy. True objective responses in HCC patients treated with sorafenib are rare
[4, 9, 11]. In the phase II trial with sorafenib [9], 33.6% of patients had stable dis-
ease (SD) for ≥16 weeks, and central “tumor necrosis” in response to sorafenib
was frequently noted (Fig. 22.2). In a subset of 12 patients, tumor necrosis was
evaluated based on analysis of computed tomography (CT) scans and correlated
to treatment response [10]. The ratio of tumor necrosis and volume (TV/TN) was
significantly associated with response, with responders (including stable disease)
having greater increases in the ratio between necrosis and tumor volume relative
to baseline, as compared to non-responders (p = 0.02), N/T was not significantly
associated with overall survival. N/T as part of evaluating response needs to be
prospectively evaluated and validated as part of a large clinical study.

Fig. 22.2 Tumor necrosis (TN) was quantified with a semiautomated computerized technique on
intravenous contrast-enhanced scans in 11 of 16 patients with HCC treated with sorafenib. Among
the parameters studies, i.e., tumor volume (TV), necrosis (TN), and the TV/TN ratio solely TV/TN
was correlated significantly to treatment response but not survival. Modified after Abou-Alfa GK
et al. [7]
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This concept was further explored in a phase II study with the sunitinib [20].
Thirty-seven patients with unresectable HCC underwent assessment of antitumor
activity using experimental parameters such as tumor density, volumetric measure-
ment of percent tumor necrosis (VMTN), and intratumoral blood perfusion on
monthly CT scan as compared to RECIST criteria. Decreased tumor density was
observed in 68% of patients and activity assessed by VMTN showed minor (<50%)
and major (= 50%) post-treatment tumor necrosis in 25 and 46% of patients, respec-
tively. The authors concluded that tumor necrosis equal to 50% observed in 46% of
patients receiving sunitinib suggested significant antitumor activity. These findings
highlight the potential value of using tumor necrosis as a therapeutic monitoring
tool which is feasibly translated to routine clinical practice.

Contrast-enhanced imaging techniques such as dynamic contrast enhanced
(DCE)-MRI may provide additional information to better characterize and differ-
entiate responders from non-responders. In the previously discussed phase II trial
of sunitinib in HCC [21], DCE-MRI analyses were performed serially to measure
modifications in vascular permeability (Ktrans). There were reported decreases in
this surrogate marker of angiogenic activity; however, correlation to response and
outcome is awaited. Similarly, as part of the phase II trial studying the anti-VEGFR
agent, bevacizumab in HCC patients, DCE-MRI was performed before and after
8 weeks of treatment in eight patients and a significant decrease in enhancement
was noted in seven out of eight patients [16]. The fact that a significant correlation
was reported with reduction in tumor diameter speaks, however, against a represen-
tative effect in a disease where tumor reduction is a very rare event. Larger studies
are required to evaluate the significance of the observed findings.

Ultrasound, a non-invasive imaging modality which allows dynamic assessment
of blood flow in a quantitative manner and in combination with contrast agents such
as micro-bubbles, has further refined quantification of blood flow [46]. Exploiting
this technology, 48 patients with HCC treated with bevacizumab every 2 weeks
were followed by dynamic contrast enhanced (DCE)-US. DCE-US was performed
pre-treatment and at days 3, 7, 15, and 2 months after SonoVue R (Bracco) bolus
injection. Predefined flow parameters were measured [47]. Patients were catego-
rized into good and poor responders according to the clinical benefit after 4 months
based on RECIST criteria (good responders = partial response plus stable disease).
Quantitative functional evaluation by DCE-US performed at day 3 and day 8 report-
edly predicted the response to treatment at 4 months. Although preliminary these
results, if validated in a multicenter setting, might constitute an attractive tool to
tailor treatment to responders and shield patients from unwanted and sometimes
significant side effects right at the start of therapy.

Computed tomographic (CT) perfusion is a similar technology that allows quan-
titative assessment of tumor blood flow (BF), blood volume (BV), mean transit
time (MTT), and permeability surface area product (PS) [48]. In a feasibility study,
30 patients with unresectable or metastatic HCC underwent two CT perfusion
imaging examinations within 30 h. The observed difference in perfusion between
tumor tissue and normal liver was significantly different and there was a good corre-
lation between repeated exams (r = 0.9, p < 0.01), underscoring the reproducibility
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of this new technology. Perfusion CT was further explored in a phase II trial of
HCC patients with bevacizumab in combination with oxaliplatin and gemcitabine
[49]. CT scans were performed at baseline and 10–12 days thereafter. Among the
parameters studied, mean transit time (MTT) allowed prediction of clinical out-
come. Responders were separated from non-responders on the basis of stable disease
or response versus disease progression. When comparing baseline perfusion param-
eters to outcome, MTT was decreased in the group with worse clinical outcome.
Studies exploring this technology further in HCC patients undergoing treatment are
eagerly awaited to better evaluate the clinical use of this technology.

New Drug Development

As we continue to learn more about the molecular pathogenesis of HCC, new drugs
for new targets continue to be developed.

Up-regulation of IGF-II, which occurs in 40% of HCC, has stimulated interest in
its role as a potential target in HCC. IGF-II may target to the tyrosine kinase IGF-I
receptor or the insulin receptor isoform A [50]. An IGF-1R antagonist is currently
being studied in a phase II clinical trials in HCC.

Angiopoietin-2 (Ang-2) has been reported to be overexpressed in HCC [51].
This and other recent observations suggest the study of angiopoietin-2 inhibiting
strategies in HCC. A phase II study evaluating AMG-386, an antiangiogenic ther-
apy that provides potent and selective inhibition of angiopoietins [52], in HCC is
planned.

The reported role of hepatocyte growth factor in HCC and its interaction with
other relevant pathways in hepatocellular carcinogenesis such as EGF or IGF path-
way have stimulated interest in this growth factor. In an exploratory study, RNA
expression of HGF and its receptor c-met were measured in resected HCC tumor
tissue and corresponding normal tissue. Despite a preferential overexpression of
c-met in this early-stage resected disease setting, there was no correlation with
overall survival [53]. Given persuasive animal data using NK4, a hepatocyte growth
factor antagonist which showed antitumoral activity in an HCC xenograft model
[54], clinical trials with c-met inhibitors in humans are ongoing to define its role
in HCC.

Hedgehog (Hh) responsive tumors have been shown to spontaneously arise under
circumstances where chronic liver injury and cirrhosis occur [55]. Exploratory
studies of this pathway and its inhibitors, e.g., GDC0446 [56] are underway.

This is to name a few. On the other hand, several large randomized clinical trial
efforts are underway evaluating new targeted therapies’ single agents against the
standard of care sorafenib. These include the evaluation of brivanib versus sorafenib,
ABT-869 versus sorafenib, and sunitinib versus sorafenib. The latter phase III trial
comparing sunitinib to sorafenib was closed prematurely, because of higher inci-
dence of adverse events in the sunitinib arm. The study also did not meet criteria to
demonstrate survival superiority or non-inferiority to sorafenib [57].
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Summary

Single-agent therapies for advanced HCC have been studied extensively. Thus far,
sorafenib has been approved as a standard of care. Several studies evaluating other
antiangiogenic agents, tyrosine kinase inhibitors, and multi other targets are at var-
ied phases in their development. Other than defining the clinical activity of these
agents, several studies are also contributing to a better understanding of HCC in
regard to etiology, extent of liver failure, and radiologic tumor assessment.
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Introduction

Hepatocellular carcinoma (HCC) is a potentially curable tumor by surgical resec-
tion, local ablation, or liver transplantation. However, the majority of patients with
HCC present with advanced stage disease, which is most commonly, accompanied
by severe background liver disease. Hence, curative treatments are feasible for only
a small fraction of patients with localized disease. The emergence of chemother-
apy in the 1950s has led to the availability of systemic therapies for patients with
hematologic malignancies and advanced solid tumors. However, systemic cytotoxic
therapies have demonstrated a very limited impact on the natural history of advanced
HCC. In addition, molecular characterization of hepatocarcinogenesis has led to
the recognition of defined aberrant signaling pathways which helped in subsequent
development of targeted agents as potential choices for the treatment of HCC, when
used alone or in combination.

The approval of the oral anti-cancer agent sorafenib (Nexavar R©) for the treat-
ment of patients with HCC in 2007 in both the United States and the European
Union [1] represented a significant step forward in providing effective therapeu-
tic options for the many individuals with advanced HCC. Prior to this exciting
paradigm shift, HCC was regarded as a chemo-refractory, resistant tumor, and a
sense of skepticism of ever developing effective systemic therapy for HCC, per-
vaded the field. Over the course of the previous decades, numerous clinical trials
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of a wide variety of chemotherapeutic and hormonal agents had shown little or no
activity in this complex malignancy [2]. Despite the fact that sorafenib does not
yield radiographic tumor shrinkage, the traditional measure of anti-tumor activity,
it clearly does impact carcinogenic activity in HCC, based on prolongation of both
time to tumor progression and overall survival [3]. The demonstration of improved
patient outcome of a targeted chemotherapeutic agent in this very challenging malig-
nancy has also generated renewed enthusiasm in the field and an explosion of
clinical research efforts in HCC worldwide.

Sorafenib also provides a platform on which to build future comparative, adju-
vant, and combination clinical trials to further improve patient outcome. The
challenge going forward is to identify those agents that in combination with
sorafenib have the greatest potential for improved efficacy while ensuring patient
safety.

Combination Systemic Therapy for Hepatocellular Carcinoma

In recent years, several molecular “targets” including oncogenes, oncoproteins,
and cellular receptors have been identified in a variety of cancers as being key
elements in carcinogenic pathways. Hepatocarcinogenesis is a complex multistep
process, which results in a large number of heterogeneous molecular abnormal-
ities [4–8], and thus offers numerous potential targets for existing therapeutic
agents. Consequently several agents that target a variety of pathways are rational
choices for combination therapy in HCC. Clearly sorafenib is now established as
an effective targeted agent in HCC. The future of successful systemic therapy in
HCC is to improve upon the survival benefit of sorafenib by developing rational,
effective combination regimens. Possible regimens include combining traditional
cytotoxic agents, biologic agents that target other carcinogenic pathways, or both,
with sorafenib. Ideally, preclinical data exist or will be developed, that confirms
additive anti-cancer activity, to provide rationale for designing clinical trials of
combinations. Further, development of strategies to “validate” the role of a partic-
ular molecular target in HCC, and surrogate markers of whether binding that target
results in clinical efficacy, are desirable. Unfortunately, such data are elusive in even
much more well-characterized tumors. Notably, angiogenesis is an essential step in
the growth and spread of HCC. Inhibiting angiogenesis would therefore seem to be
a reasonable approach to prevent or treat HCC. However, tumor neovessels differ
from normal vasculature in that they are tortuous, irregular, and hyperpermeable.
These abnormalities result in irregular blood flow and increased interstitial pres-
sure inside the tumor, which can impair the delivery of oxygen (a known radiation
sensitizer) and drugs to cancer cells. Emerging evidence suggests that antiangio-
genic therapy can normalize the structure and function of the tumor neovasculature,
thereby improving drug delivery. This normalization effect may underlie the ther-
apeutic benefit of combined antiangiogenic and cytotoxic therapies as evident in
colorectal cancer studies [9].
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In some malignancies, the molecular target–targeted agent relationship is well
understood, for example, the monoclonal antibody trastuzumab (Herceptin R©) is
only effective in tumors in which the her-2/neu oncoprotein is amplified. Conversely,
there are several agents that target the transmembrane epidermal growth factor
receptor (EGFR) and have demonstrated survival benefit in a broad range of tumor
types, yet little is understood regarding the relationship between “target” expression
and agent efficacy or lack thereof. Further, bevacizumab is a recombinant humanized
monoclonal antibody that binds VEGF-A and targets tumor-associated angiogenesis
by preventing receptor binding and has shown improved patient survival in multi-
ple tumor types, yet a confirmed measurable relationship between target expression,
binding, and activity remains to be described. Table 23.1 summarizes evidence that
describes the status of target “validation” in a variety of malignancies.

Key Carcinogenic Pathways in HCC

The PI3K/Akt/mTOR pathway (phosphoinositide-3 kinase/protein kinase
B/mammalian target of rapamycin) is responsible for cellular proliferation
and apoptosis and is closely linked to cell cycle. PI3K is associated with cell surface
growth factor receptors and upon ligand binding can trigger formation of PIP3,
which in turn activates Akt and leads to a number of downstream events (mTOR
being one of the targets) [10, 11]. This pathway is upregulated in a subset of
HCC patients. Molecular targeted therapy such as rapamycin, a naturally occurring
mTOR inhibitor, showed promising results in HCC cell lines [12, 13–15]. However,
published results from clinical trials of agents that target MTOR in HCC patients
are available in abstract form only [16–19].

The Ras–raf kinase pathway is also dysregulated in HCC and Ras-pathway acti-
vation is nearly ubiquitous in human HCC. This is an important regulatory pathway
for cell growth, survival, and migration and is highly regulated by activators and
inhibitors. The related Jak/Stat pathway is also activated by growth factors and
cytokines involved in cell differentiation, proliferation, apoptosis. Both pathways
are activated in majority of HCC tissue compared to non-cancerous liver, pos-
sibly by loss of inhibition. The protein RKIP (Raf kinase inhibitory protein) is
downregulated in human HCC.

Growth Factors as Therapeutic Targets in HCC

There is extensive evidence for growth factor dysregulation in HCC (Table 23.2).
The epidermal growth factor receptor (EGFR) is frequently expressed in human
HCC cell cultures and EGF may be one of the mitogens that are needed for cellu-
lar proliferation. Several agents that inhibit EGF signaling are clinically available,
including gefitinib, cetuximab, erlotinib and panitumumab. Erlotinib is an orally
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Table 23.1 Select targeted anti-cancer agents

Agent Target Tumor type Effect Target Validated?

Trastuzumab
Lapatinib

HER2 receptor
HER1-2

heterodimers

HER2-
overexpressing
breast cancer

Improves
survival
Decreases
recurrence as
adjuvant
therapy

Yes

Bevacizumab mAB binds serum
VEGF-A ligand

Metastatic
colorectal,
lung, breast
cancers

Improves
survival, TTP
in metastatic
colon, lung,
breast cancers

No

Cetuximab
(EGFR mAb)

Extra-cellular
domain EGFR

Irinotecan-
refractory
colorectal
cancer

Improves
survival, TTP
in metastatic
colon

Yes: Kras
mutants do not
benefit from
EGFR mAb

Gefitinib
Erlotinib

(EGFR TKI)

Intracellular
phosphorylation
site

NSCLC
pancreatic

Improves
survival
NSCLC, 2nd
line

Improves PFS in
pancreatic ca
by <2 wks

EGFR mutations
in minority of
NSCLC
patients
predict benefit

Sorafenib Raf–ras pathway,
VEGF

RCC, HCC Improves
survival, TTP

No

Sunitinib Raf–ras pathway,
VEGF

GIST
RCC

Improves
survival and
TTP

No

Bortezomib mTOR Myeloma Improves
survival

Decreases
transfusions

No

Imatinib C-kit, PDGF GIST
CML

Improves RR,
survival

Decreases
recurrence

Yes

HER, human epidermal growth factor receptor; mAB, monoclonal antibody; VEGF, vascular
endothelial growth factor receptor; TTP, time to progression; EGFR, epithelial growth factor
receptor; NSCLC, non-small cell lung cancer; RCC, renal cell carcinoma; HCC, hepatocellular
carcinoma; mTOR, mammalian target of rapamycin; RR, response rate; PDGF, platelet-derived
growth factor; GIST, gastrointestinal stromal tumor; CML, chronic myelocytic leukemia

active and selective inhibitor of the EGFR/HER1-related tyrosine kinase enzyme.
EGFR/HER1 expression was detected in 88% of the patients in a Phase II study of
erlotinib [20]. In two Phase II studies of this agent, the response rates were less than
10% but the disease control rate was more than 50%, and median survival times
were 10.7 and 13 months, respectively [20, 21].
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Table 23.2 Potential therapeutic targets in HCC

Factor Mechanism Expression in HCC

VEGF
(angiogenesis)

• HCC highly vascular
tumors

• Early vascular invasion;
negative prognostic
factor

• VEGF – known mitogen
for hepatocytes

• Frequency of vascular
invasion is higher in
HCC patient with high
serum VEGF levels than
low VEGF levels

• Highly prevalent in HCC
• Increases with cell

differentiation
• VEGF gene is transcribed

by HCC cells
• VEGF protein produced

by HCC cells
• Neovascularization begins

with precursor dysplastic
nodules, progresses
through HCC

IGF family Common in fetal liver;
declines after birth

Highly prevalent in HCC

Platelet-derived growth
factor (PDGF)

Cell membrane receptor
involved in proliferation,
migration, blood vessel
formation

• Highly expressed in liver
• Induces fibrosis, steatosis,

HCC
• Links TGFβ to β-catenin

accumulation
Fibroblast growth factor

(FGF)
Involved in tumor

neoangiogenesis
Over expression common in

fibrosis, cirrhosis, HCC
HGF (hepatocyte growth

factor)
Known pro-angiogenic

growth factor, acts via
c-met

• Common in hepatocyte
regeneration

• Expressed by hepatic
stellate cells and
myofibroblasts

EGF (epidermal growth
factor receptor)

• Known mitogen in
multiple tumor types

Increases HCC cell line
proliferation

• Common in chronic
hepatitis, cirrhosis and
HCC (40–80%)

• erbB2 expression variable
(11–80%)

TGFα (transforming growth
factor)

TGFβ/EGFR

Upregulates DNA synthesis
Mitogenic for hepatocytes
Interacts with EGFR
Up regulated in 40%

• Frequent in hepatitis,
cirrhosis, HCC; not in
normal liver.

• Expression in 80% of all
HCCs

• Potent stimulator of
hepatocellular DNA
synthesis, mitogenic

HCCs are generally hypervascular, and vascular endothelial growth factor
(VEGF) promotes HCC development and metastasis. Various agents targeting
the VEGF circulating ligand or transmembrane receptor, including bevacizumab
(Avastin R©), sorafenib (Nexavar R©), and TSU-68, have been studied in patients
with HCC. Bevacizumab, a monoclonal antibody inhibitor of VEGF ligand, has
been investigated in Phase II studies alone or in combination with other agents.
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These studies showed a high disease control rate of over 80% and a median PFS
of more than 6 months [22, 23]. Sorafenib, an oral multikinase inhibitor, blocks
tumor cell proliferation mainly by targeting Raf/MEK/ERK signaling at the level of
Raf kinase and exerts an antiangiogenic effect by targeting VEGFR-2/-3. TSU-68
is an oral antiangiogenesis compound that blocks VEGFR-2 (vascular endothe-
lial growth factor receptor), PDGFR (platelet-derived growth factor receptor), and
FGFR (fibroblast growth factor receptor); a Phase I/II study has been conducted in
Japan.

Existing Evidence for Benefit from Combination Systemic
Therapy in HCC

There is much to be learned from the recent history of the development of combi-
nation targeted therapy in other solid tumors. For example, early Phase II clinical
trials of the combination of bevacizumab and erlotinib in advanced renal cell car-
cinoma (RCC) showed improved survival; however, in a larger randomized trial
the difference in outcome from the combination therapy did not provide additional
clinical benefit compared with bevacizumab alone [24–29]. Among the most effica-
cious combination therapies in solid tumors are those that have been developed in
metastatic colorectal cancer. The addition of cetuximab (Erbitux R©) to irinotecan-
based chemotherapy and bevacizumab to 5-fluorouracil-based chemotherapy sub-
stantially prolonged patient survival in multiple studies [30–35]. Following the
success of combination cytotoxic and biologic therapies in colorectal cancer, sev-
eral trials were designed to assess the benefits of combining both biologics, erbitux
and bevacizumab, with cytotoxic chemotherapy. Unfortunately, it was found that
the combination resulted in excess toxicity and the trial was stopped early [36].
Similarly a Phase I clinical trial of the combination of sorafenib and bevacizumab
in patients with solid tumor showed promising clinical activity, even in patients
with refractory tumors, but significant toxicity requiring dose reductions in a sig-
nificant majority of patients [37]. While the side effect profile of targeted agents
in general is more favorable than traditional cytotoxic therapy, these agents are
not benign and combinations must be studied in a step-wise fashion to maintain
safety.

Notably, interaction between the EGFR and the VEGF pathways is well known.
EGFR and VEGF share common downstream signaling pathways, and several pre-
clinical studies have provided evidence for either direct or indirect angiogenic
effects of EGFR signaling. In addition, direct EGFR angiogenic effects have been
demonstrated by Hirata et al. [38]. Furthermore, in preclinical models, upregulation
of VEGF has been implicated in resistance to EGFR inhibition [39]. Therefore, sev-
eral clinical trials in different types of cancers combined anti-VEGF plus anti-EGFR
[40]. Our trial was the first to report the clinical activity and confirm the tolerability
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Fig. 23.1 Computed tomography images of the abdomen using four-phase imaging technique.
Patient is a 59-year-old woman with right lobar moderately differentiated HCC, treated with right
hepatectomy, and found to have a recurrence per her liver remnant a year later with serum AFP
above 16,000 ng/mL. Top figure shows baseline CT with a restaging image after 16 weeks of
treatment with bevacizumab and erlotinib; it shows decreased tumor size, increased central necrosis
indicating anti-tumor effect. Bottom figure shows serum AFP level sharply declining to normal
level after 16 weeks of treatment

of this combination in patients with HCC. Ten patients achieved a partial response
for a confirmed overall response rate (intent-to-treat) of 25% (sorafenib = 2.7%).
The median progression-free survival (PFS) was 39 weeks (95% CI, 26–45 weeks;
9.0 months) (sorafenib 5.5 months), and the median overall survival was 68 weeks
(95% CI, 48–78 weeks; 15.6 months) (sorafenib 10.7 months) (Fig. 23.1).
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Table 23.3 Selected clinical trials of systemic therapy combinations in patients with advanced
HCC

Study Regimen Phase Sample size
Response
rate%

Median
survival (mos)

Pastorelli
et al. [41]

Pegylated
adriamycin +
gemcitabine

II 35 23 8.8 mos

Thomas et al.
[42]

Bevacizumab +
erlotinib

II 40 20.6 15.6
(PFS 9 mos)

Sun et al. [43] Capecitabine +
oxaliplatin +
bevacizumab

II 30 11 PFS 5.4 mos

Zhu et al.
[44]

GEMOX +
bevacizumab

II 33 20 9.6 mos

Louafi et al.
[45]

GEMOX +
cetuximab

2 43 23 9.2

O’Neil et al.
[46]

Capecitabine +
oxaliplatin +
cetuximab

2 25 11 TTP 4.3

Abou-Alfa
et al. [47]

Doxorubicin +
sorafenib
vs doxorubicin

2 47/49 4 vs 2 13.8 vs 6.5

Hsu et al.
[48]

Capecitabine +
bevacizumab

2 34
(CLIP≤3)

9 8.2

Shen et al.
[49]

Sorafenib + UFT
(Tegafur/Uracil)

2 24 12 PFS 3.7

Several targeted agents have been recently tested in patients with advanced HCC
in combination with other systemic therapies (see Table 23.3) [41–49].

Current Challenges to Combination Systemic Therapy in HCC
Management

Perhaps the most significant recent advance in oncology therapeutics has been the
approval of various “molecularly targeted” anti-cancer drugs, including antiangio-
genic agents, either alone or in combination. However, clinical development of such
drugs suffers from several handicaps, including a lack of effective ways to choose
patients who are likely to respond, and monitoring the biologic activity as measured
by tumor response.

Traditional systemic chemotherapies target mitotic events in proliferating cells.
By exploiting the growth fraction differential between tumor cells and those of nor-
mal cells, tumor reduction might be eventually achieved. Furthermore, resistance to
systemic chemotherapies may emerge as a result of tumor cellular changes, such as
gene mutations, increased gene expression regulating drug efflux pumps, or down-
regulation of mutations in drug targets [50]. Notably, resistance mechanisms are
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often specific to the drug or drug class. Therefore, when using a multiagent regi-
men, the emergence of resistance to one agent might not apply to others. One of
the major challenges in this clinical setting is to develop a mechanism to discern
sensitivity to the individual components of a treatment regimen once progression
occurs, which may aid in reserving drugs for which there remains sensitivity for fur-
ther use. Unlike the mutational mechanisms that underlie resistance with systemic
chemotherapies, resistance to targeted agents probably emerges via the activation
of alternate pathways involved with hepatocarcinogenesis. Several mechanisms of
resistance to antiangiogenesis therapy in HCC have been proposed, including sig-
naling via alternative pathways, an increase in pericytes of the tumor neovessels that
could reduce VEGF dependency, and activation and recruitment of bone-marrow-
derived proangiogenic cells [51]. Thus, resistance to targeted agents may be related
to activation of existing processes, rather than genetic mutations.

Another area of challenge is assessing response to targeted therapy combinations.
For many years, the standard way to assess a patient’s response to treatment has
been to measure tumor size on longitudinal computed tomography (CT) or magnetic
resonance imaging (MRI) scans, using bidimensional (World Health Organization
[WHO]) or unidimensional (response evaluation criteria for solid tumor [RECIST])
criteria. However, because targeted agents inhibit molecular components of cellu-
lar proliferation and angiogenesis and thus abrogate tumor growth, they are more
likely to delay disease progression and stabilize tumor size. This might explain
the observed survival benefit despite the low incidence of objective responses as
defined by RECIST criteria. Indeed, there is a potential for a transient increase in
tumor volume or bidimensional area, the traditional endpoint for the determination
of efficacy in clinical trials and in clinical practice. In clinical trials, even transient
progression in tumor size is an indication to remove a patient from a study and
consider the investigational agent of no benefit. Thus, the long-term effects may
never be seen. Therefore, development of surrogate endpoints, either circulating or
image-based, to evaluate any possible efficacy became a major challenge for clinical
investigators developing targeted agents and for clinicians treating patients under
treatment with targeted agents either alone or in combination with other systemic
therapies. Changes in tumor microvasculature, as measured by changes in blood
flow and volume and transit time, have been recommended as standards for describ-
ing the kinetics of a given dynamic or functional imaging modality in antiangiogenic
studies. However, these observations will need to be validated prospectively.

Clinical Trial Design for Combination Systemic Therapy in HCC

As noted previously, the availability in the clinic of several novel biologic agents and
the urgent need for effective therapies for advanced hepatocellular carcinoma has led
to the evaluation of many of these agents in HCC, principally in Phase II trials. The
SHARP trial is the first to demonstrate a statistically significant survival benefit for
any chemotherapy agent in patients with HCC. This trial was, however, conducted
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in patients with excellent performance status and well-preserved (Childs A) liver
function. The efficacy and safety of sorafenib in patients with poorer performance
status and more advanced hepatic dysfunction is yet to be established. Assessment of
patient safety and tolerance is essential to combination therapy trials in HCC given
the prevalence of hepatic dysfunction in this population. This can be accomplished
by conducting separate Phase I (dose-escalation) trials or combination Phase I–II
trials. A key objective going forward is to continue assessing new biologic agents in
combination with sorafenib, across the broad spectrum of HCC patients seen in the
community. The traditional approach in oncology research has been to evaluate new
agents in single-arm Phase II studies using classic radiological response criteria such
as WHO or RECIST [52–55] as a measure of anti-tumor activity. A “favorable” rate
of radiographic response would be considered a biologic signal that supports tran-
sitioning promising agents forward into randomized, controlled Phase III clinical
trials. This approach, however, is being questioned since traditional radiographic
tumor shrinkage is uncommon with biologic agents, although they clearly lead to
meaningful patient benefit in a wide variety of malignancies [56]. This is clearly
the case in HCC where radiological assessment is notoriously difficult due to poor
delineation of tumors in the liver and tumor necrosis may occur without any change
in overall tumor dimensions [57]. These observations have led some investigators
to develop Phase II studies with a major focus on correlative studies that may help
delineate a mechanism of action for a particular drug (e.g., a kinase inhibitor along
one of the different cell cycle pathways) such as downregulation of a downstream
kinase which may predict response or by using novel radiological techniques that
use changes in blood flow as criteria by which to assess biologic activity of antian-
giogenic therapies [58–61]. Another option is to use the randomized Phase II trial
design that by providing a contemporary control group may permit a more con-
fident assessment of the likelihood that a particular agent is worthy to progress
to Phase III [62–64]. Clinical trials are costly, time consuming, and use precious
patient resources, and there is inevitable tension between designing trials based on
empirically combining agents based on “rational” targets vs the longer process of
first developing preclinical data that support combinations, which may or may not
be confirmed in human trials.

Key considerations in the planning and design of clinical trials of combination
agents in HCC include as follows:

• There is no lack of new agents to study in HCC.
• Nearly all major carcinogenic mechanisms are “candidates” for targeted therapy

in HCC.
• It is critical to avoid “shotgun” approach of doing Phase II studies of every new

available agent, in the absence of preclinical supporting evidence.
• Conduct rational, evidenced-based drug selection. and preclinical “target valida-

tion” if possible.
• Combination regimens must be both efficacious and safe in HCC patients,

especially in those with hepatic dysfunction.
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• Patient selection in Phase II clinical trials can be challenging due to lack of
consistent definition of what constitutes “advanced disease.”

• Assessing clinically meaningful anti-cancer activity. Currently the RECIST cri-
teria used to evaluate changes in unidimensional tumor size are inadequate
to capture changes in tumor vascularity commonly seen with biologic agents
in HCC. Future clinical trials should include validated functional imaging
techniques to truly capture the anti-tumor activity targeted agents.

Conclusions

Conducting controlled clinical trials of systemic chemotherapy regimens in HCC
patients is challenging. Obstacles include the multiple comorbidities of patients with
cirrhosis, the intrinsic chemo-resistance of HCC, the advanced nature of HCC at
presentation in a majority of patients, patients selection, lack of biomarkers, both
circulating and image-based, to response or resistance to therapy, pharmacothera-
peutic challenges of treating a cancer that arises in an already-damaged liver, and
the distribution of the majority of patients primarily in developing nations where
multi-disciplinary treatment of HCC may not be available. Hepatocellular cancer is a
heterogeneous disease in terms of its etiology, underlying associations, and biologic
and clinical behavior, which further complicates clinical trial design. The recent
approval of sorafenib for advanced HCC is encouraging progress and is expected to
pave the way for additional trials in the adjuvant setting. The need for effective sys-
temic therapies for HCC patients remains evident, and making continued progress in
this disease requires the talent and expertise of all the medical disciplines involved
in the care of HCC patients.
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Introduction

Although liver transplantation has become a viable option for treatment of many
patients with hepatocellular carcinoma (HCC), the limited availability of donor
organs and the strict criteria for organ transplantation limit the use of transplantation
for this disease. Hepatic resection remains the gold standard nontransplant treatment
modality and is still the first-line treatment in many centers. For patients with unre-
sectable disease, radiofrequency ablation and other ablative techniques are often
now used with curative intent for patients with limited hepatic disease amenable to
such strategies. Although advances in surgical technique and perioperative care have
reduced operative mortality for patients with HCC dramatically, and several series
have reported a 40–50% 5-year survival rate after resection for HCC, recurrence is
the rule rather than the exception, and many patients succumb to this disease even
after surviving 5 years. Recurrence after liver resection has been reported in the
range of 75–100% in several series. Indeed, the first site of recurrence is most com-
monly the liver in 78–96% of cases, either as a result of intrahepatic metastasis or
as a multicentric disease arising in the liver remnant [1]. Recurrence after ablation
also remains exceedingly high.

Poon et al. [2] performed a systematic review of the English literature from 1980
until 1999 to evaluate risk factors associated with recurrence after resection for
HCC. The authors found that pathologic factors that were significant in predict-
ing tumor recurrence included vascular invasion, presence of satellite nodules, large
tumor size (especially >5 cm), and advanced TNM stage; active hepatitis also was a
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significant factor predisposing patients to recurrence. Other pathologic factors such
as tumor encapsulation, histologic differentiation, and DNA ploidy have not been
shown to predict recurrence consistently. Molecular markers such as proliferating
cell nuclear antigen (PCNA), telomerase activity, and various angiogenesis markers
may also predict recurrence. Whether cirrhosis is a predictor of recurrence is also
controversial. In terms of surgical factors affecting recurrence of HCC, certainly
resection margins, intraoperative blood loss, and perioperative transfusion have been
associated with a higher risk of postoperative recurrence. The number of tumors
is also a predictor of recurrence-free survival. Unfortunately, to date, there are no
proven effective adjuvant therapies to reduce the risk of recurrence after resection or
ablation. Given the high-risk of recurrence after resection or ablation for HCC and
the potential for salvage therapy, careful postoperative surveillance is warranted.

Follow-Up After Resection or Ablation for HCC

Although many centers use slightly different surveillance strategies after resec-
tion or ablation for HCC, all utilize a combination of tumor markers and imaging
studies. The liver is the most common site of metastatic or recurrent disease; com-
mon sites of extrahepatic disease, in order of prevalence, include lung, abdominal
lymph nodes, bone, and adrenal gland. The United States National Comprehensive
Cancer Network (NCCN) recommends high-quality cross-sectional imaging every
3–6 months for 2 years, then annually [3]. This can include multi-slice triple
phase CT scanning or magnetic resonance imaging (MRI). In many centers around
the world, however, ultrasound is used as the principal imaging modality for
follow-up, although its sensitivity is somewhat less for detection of recurrence.
Alpha-fetoprotein (AFP) levels, if initially elevated, should be checked every
3 months for 2 years, then every 6 months thereafter. The role of other tumor mark-
ers, such as des-gamma carboxyprothrombin (DCP), AFP-L3, glypican-3, IGF-1,
and HGF, remains unclear in this setting. Because pulmonary metastasis is the most
common site of extrahepatic metastatic disease for HCC, chest x-ray or CT scan
of the chest should also be evaluated at regular intervals. A bone scan for patients
with symptoms of bone metastases is also warranted, but is not generally ordered
routinely for surveillance.

Salvage Therapy for Patients with Hepatic Recurrence of HCC

Treatment modalities for patients with hepatic recurrence of HCC include liver
transplantation, repeat resection, ablation, intra-arterial therapy, and systemic ther-
apy. Transarterial chemoembolization (TACE) and intra-arterial drug-eluting bead
therapy are discussed in Chapters 19 and 20, respectively; little is known about the
use of these modalities for patients with recurrent HCC in the liver. Similarly, the
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use of radiofrequency (Chapter 17) or microwave (Chapter 18) ablation for recur-
rent HCC has not been well studied. Therefore, we will focus on transplantation,
repeat resection, and TACE as salvage therapy for liver recurrence.

Poon et al. [1] evaluated their experience with 105 patients who developed intra-
hepatic recurrence. These patients were treated with repeat resection (n = 11),
TACE (n = 71), percutaneous ethanol injection (n = 6), systemic chemotherapy
(n = 8), or palliative treatment (n = 9). The overall 1-, 3-, and 5-year survival
rates from the time of recurrence were 65, 35, and 20%, respectively. The 1-, 3-,
and 5-year survival rates for the 11 patients who underwent repeat resection after
recurrence were 81, 69, and 69%, respectively. Five of these patients were alive and
disease free for a range of 9–56 months after repeat resection, three were alive with
recurrence, and four had died of recurrent disease. Of the 71 patients who under-
went TACE for treatment for liver recurrence, the 1-, 3-, and 5-year survival rates
were 72, 38, and 21%, respectively. The survival of these patients was significantly
worse than those who underwent repeat resection. The 1-, 3-, and 5-year survival
rates for the six patients who underwent percutaneous ethanol ablation were 67, 22,
and 0%, respectively. Eight patients underwent systemic chemotherapy with a 1-
year survival rate of 38%, but no patient survived 3 years. The nine patients who
underwent palliative care only had a median survival rate of 2.7 months and there
were no 1-year survivors. On multivariate analysis, Child’s Classification at the time
of recurrence, serum albumin level at the time of recurrence, interval between ini-
tial hepatectomy and recurrence, the number of recurrent tumors, the presence of
extrahepatic recurrence, and type of treatment for recurrence were all statistically
significant factors predicting survival. The authors concluded that aggressive mul-
timodality treatment can result in prolonged survival for patients with intraheptic
recurrence after curative resection for HCC. However, the optimal guidelines for
patient management in this situation remain to be clarified.

Shah et al. [4] reviewed their experience with 193 consecutive patients who
underwent hepatic resection with curative intent for HCC. A total of 98 patients
(51%) experienced recurrent cancer; initial tumor recurrence was confined to the
liver in 86 patients (88%). Of the 98 patients who experienced tumor recurrence,
53 patients (54%) underwent additional therapy, including ablation (n = 31), repeat
resection (n = 11), TACE (n = 8), and liver transplantation (n = 3). The patients
who did not undergo any therapy either had a large tumor burden of recurrent mul-
tifocal disease, extrahepatic disease, or refused further therapy. The overall survival
rate for patients who underwent additional therapy was 45 months vs. 9 months for
those that did not undergo further therapy. On multivariate analysis, vascular inva-
sion, time to recurrence less than 12 months, and lack of additional therapy were
all independent prognostic factors predictive of poor survival after hepatic recur-
rence of HCC. The authors proposed the algorithm for treatment of recurrence after
hepatic resection for HCC, as seen in Fig. 24.1.

Poon et al. [2] reviewed the world literature regarding management of recurrent
hepatocellular carcinoma after resection. Multiple series have documented 5-year
survival rates between 37 and 87% for repeat resection after hepatic recurrence of
HCC. In multiple studies, repeat resection was shown to result in improved survival
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Fig. 24.1 Proposed algorithm for treatment of recurrence after resection for HCC. TACE,
transarterial chemoembolization. Reproduced from Surgery 2007 with permission from
Elsevier/Mosby/Saunders [4]

compared to nonsurgical therapy (Table 24.1) [1, 5–17]. In some studies, it has
been shown that the overall survival rates of patients with recurrence managed by
repeat resection, calculated from the time of first hepatic resection, were similar to
those without recurrence. This certainly suggests that repeat resection is a valuable
treatment modality for patients with hepatic recurrence. There are no prospective
randomized trials to compare treatment modalities for patients with hepatic recur-
rence; however, the data strongly suggest that repeat hepatic resection is an effective
treatment for such patients.

Poon et al. [2] also reviewed the results of TACE for recurrent hepatocellular car-
cinoma after resection. Several series have reported 3-year survival rates of between
24 and 48% and 5-year survival rates between 0 and 27% for patients treated with
TACE after recurrence. However, there is no level I evidence to suggest that TACE is
superior to other therapies for patients with recurrent HCC in the liver (Table 24.2)
[1, 11, 18–24]. Another study of the use of bland particle embolization after intra-
hepatic recurrence of HCC demonstrated a median survival after embolization of
46 months, with actuarial survival rates at 1 year, 2 years, and 5 years after
recurrence of 86, 74, and 47%, respectively [25].

Belghiti et al. [26] initially evaluated the feasibility and postoperative course
of liver resection prior to liver transplantation for HCC in 18 patients, showing
equivalent disease-free and overall survival for primary and secondary liver trans-
plantation. They also reported similar overall incidence of complications in both
groups. Vennarecci et al. [27] reviewed their experience with salvage liver transplan-
tation in nine patients who experienced recurrent HCC in the liver after resection.
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Table 24.2 Transarterial chemoembolization for recurrent hepatocellular carcinoma

Survival after recurrence

Author (year [ref])
No. of
patients

TACE ratea

(%)
1 year
(%)

3 years
(%)

5 years
(%)

Sasaki (1987 [18]) 30 70 84 25 –
Nagao (1990 [19]) 17 41 88 35 –
Nakao (1991 [20]) 66 81 88 42 27
Takayasu (1992 [21]) 50 42 64 24 5
Ouchi (1993 [22]) 12 63 75 75 27
Park (1993 [23]) 87 – 75 – –
Okazaki (1993 [24]) 68 – 87 34 0
Lee (1995 [11]) 12 – 75 48 –
Poon (1999 [1]) 71 68 72 38 21

TACE, transarterial chemoembolization
aPercentage of patients with intrahepatic recurrence treated with TACE
With permission from [2]

They found that the post transplant 1-, 3-, and 5-year survival rates for salvage liver
transplantation were 89, 89, and 89%, respectively, similar to those who underwent
primary liver transplantation (78, 63, and 63%, respectively). The 1-, 3-, 5-year
disease-free survival rates for salvage liver transplantation were 100, 100 and 100%,
respectively vs. 89, 74, and 74% for those that underwent primary liver transplan-
tation for HCC. They also found that the operative mortality rates, perioperative
bleeding complications, operative times, intensive care unit stays, hospital stay, and
overall incidence of postoperative complications were similar among patients who
underwent salvage liver transplantation after prior resection vs. those who under-
went primary liver transplantation for HCC. Facciuto et al. [28] also reported on a
small series of five patients who underwent salvage liver transplantation for recur-
rence after resection. At a median of 18 months after salvage transplant, all five
patients were alive, four were free of disease, and one had developed recurrent
HCC. Although there are limited data on the use of transplantation as salvage ther-
apy after resection for HCC, the available evidence suggests that this is a potentially
curative strategy with results that may be comparable to primary liver transplanta-
tion for selected patients. Del Gaudio et al. [29] compared the results of 10 patients
who underwent salvage liver transplantation after prior resection for HCC to 80
patients who underwent primary liver transplantation. Only 26% of resected patients
were candidates for transplantation. The 5-year overall rates were 62% vs. 73%
and disease-free survival rates were 48% vs. 71% comparing patients who under-
went salvage transplantation vs. primary liver transplantation, respectively. While
these results were not statistically different, the small number of patients in the
salvage transplantation group may indicate the possibility of a type II statistical
error. Whether resection followed by salvage transplantation is truly comparable to
primary liver transplantation remains an open question. However, the shortage of
available donor organs and the strict selection criteria for transplantation candidates
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limit this approach for most patients with recurrent HCC. Furthermore, the majority
of patients who recur after liver resection were not transplantation candidates at the
time of their initial therapy.

A few studies have evaluated the role of resection for extrahepatic recurrence
of HCC. Lo et al. [30] reviewed their experience with surgical resection of solitary
lesions in the lung or abdomen in 12 patients, with a mean survival of 20 months;
six patients survived disease free for more than 1 year. Another study from the
same group [31] reported long-term survival ranging from 33 to 168 months after
resection of solitary lung metastases from HCC in six patients. Other studies have
documented prolonged survival after surgical resection of isolated recurrences in
the adrenal gland, peritoneal cavity, or other extrahepatic sites [32, 33].

Conclusions

There are no prospective randomized trials to compare the results of various ther-
apies for patients with intrahepatic recurrence after potentially curative resection
or ablation for HCC. However, the available evidence suggests that liver transplan-
tation should be considered in those patients who are eligible. Retrospective data
support the use of repeat resection in patients with intrahepatic recurrence. For
patients who are not candidates for transplantation or repeat resection because of
the size and distribution of recurrent tumors, the presence of concomitant extra-
hepatic disease, age, overall medical condition, or poor liver function, ablative
therapy should be considered when feasible. Radiofrequency, microwave, or percu-
taneous ethanol ablation can be considered in patients with relatively small tumors
amenable to such therapy. TACE and drug-eluting bead chemoembolization, intra-
arterial radiotherapy, and systemic therapy should be considered as salvage therapy
for those that cannot undergo resection or ablation; however, the data in support of
such treatments are somewhat limited. Selected patients with resectable extrahep-
atic metastases from HCC may benefit from surgical extirpation. Further studies are
necessary to define the role of salvage therapy in the treatment of recurrent HCC.
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