Preface

Hepatocellular Carcinoma: Methods and Protocols outlinesthe research
methods applied in the laboratories and clinics of those scientists and clini-
ciansinterested in the understanding and clinical management of patientswith
hepatocellular carcinoma (HCC).

Part |, The Clinical Problem, has been contributed by two leading clini-
cal groups who have identified and addressed problem areas related to the
management of HCC patients. Various treatment modalities are discussed
and emphasisis placed on the limitations they experienced.

Part 11, HCC Carcinogenesis, reviews the main etiological factors
related to hepatitis B and hepatitis C.

Part I11, Molecular and Biological Characteristics, providesinsight into
the molecular changes associated with HCC, including tumor-suppressor genes,
oncogenes, adhesion molecules, matrix metalloproteinase, and novel genes
and markers.

Part IV, HCC Gene Therapy, addresses gene therapy approachesto treating
hepatocellular carcinoma. It includes the use of various vectors, such as lipids,
viruses such as adenoviruses and baculoviruses, and virus detection using elec-
tron microscopy assessment. The use of adenoviruswith specific promotors, such
asAFP, isasoincluded. Preclinical and clinical dataonthekilling of cancer cells
using tumor-suppressor genes, antisense to growth factors, immunogene therapy,
or virus-directed enzyme prodrug therapy are addressed.

Part V, Clinical Protocol for p53 Gene Therapy for Liver Tumors, offers
a future perspective on how to treat the failing liver, which is the principal
source of mortality in these patients. It includes gene therapy approaches for
usein patients suffering from hypoal buminemia, abnormal clotting, low platel et
count, and viral hepatitis DNA vaccinations.

Thereisno doubt that advancesin molecular characterization, novel gene
isolation, and gene therapy will improve the services we can provide to
patients suffering from hepatocellular carcinoma and ultimately working
toward its prevention.

Nagy A. Habib
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Medical Management of Hepatocellular Carcinoma

Stephen M. Riordan and Roger Williams

1. Introduction

The possibility of effective treatment of hepatocellular carcinoma (HCC),
one of the most common cancers worldwide, largely depends on its detection
at an early stage before symptoms develop. Screening patients with known
cirrhosis, in whom the overall annual incidence of HCC development is of the
order of 1-6% (1,2), has the potential to improve the detection rate of such
asymptomatic tumors. Such an approach is limited, however, by the fact that
cirrhosisis unrecognized prior to presentation with HCC in up to two-thirds of
patientsin areaswith ahigh incidence of thistumor, such asAsia, and in nearly
half of those from low-incidence areas, such as the United Kingdom (3,4).
Furthermore, the sensitivity of commonly employed screening tools, such as
the serum o-fetoprotein (AFP) level and hepatic ultrasonography, is subopti-
mal for detecting small tumors (5). In addition, HCC may arise in noncirrhotic
patients with chronic hepatitis or carriage of hepatitis B virusin the absence of
histological abnormality (6,7). The fibrolamellar variant, which does not
produce AFP, aso arises in an otherwise normal liver and would not, there-
fore, be detected by conventional screening programs. Consequently, most
patients continue to present with large HCCs that are not amenable to either of
the potentially curative surgical options of resection or orthotopic liver trans-
plantation (OLT). Resection is also precluded when lesions, even if small, are
sited in an anatomically unsuitable central position or if hepatic functional
reserve is considered to be inadequate. In cirrhotic patients, this assessment
may be based on anumber of parameters, including the residual hepatic volume
after planned resection as measured by computerized tomography scanning,
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the indocyanine green and bromosulfthalein retention rates, uptake of techne-
tium-99m-—di ethylenetriaminepentaacetic acid—galactosyl human serum
albumin, the serum lecithin aminotransferase level, the Child's class and its
individual components, and the hepatic venous pressure gradient (8-12). Of
these, a raised preoperative serum bilirubin level and a preoperative hepatic
venous pressure gradient > 10 mm Hg are especially important predictors of
postoperative hepatic decompensation (10,11). Consideration of Child’s class
alone is inadequate for selecting patients for hepatic resection, as unresolved
deterioration in hepatic function subsequently occurs in more than 50% of
Child’s A patients (10).

Treatment modalities that have been used in nonsurgical candidatesinclude
transcatheter arterial chemoembolization (TACE), percutaneous ethanol injec-
tion (PEI), a combination of TACE and PEI, systemic chemotherapy, and
hormonal manipulation with antiestrogens, antiandrogens, luteinizing
hormone-rel easing hormone agonists, and the somatostatin anal og, octreotide.
Survival comparable to that following surgery has been reported on occasion.
Experience with proton irradiation, targeted radiotherapy using 311-lipiodol,
radio-frequency ablation, interstitial laser photocoagulation, microwave
ablation, and cryotherapy is also accumulating. Randomized controlled data
allowing a comparison of these medical treatments are limited. Modalities
such as immunomodulation, gene therapy, and tumor vaccines are discussed
elsewhere in this volume. Although an antitumor effect may be obtained,
intervention may not necessarily modify the overall prognosis in Child's C
patients, in whom survival is often determined by advanced cirrhosis and its
complications rather than progression of the complicating HCC.

2. Transcatheter Arterial Chemoembolization

Transcatheter arterial chemoembolization (TACE) combines targeted
chemotherapy with temporary hepatic arterial embolization andisavalid treat-
ment option for patients with HCC confined to the liver, including large or
centrally located tumors not amenable to other local treatments. Efficacy of
TACE is improved by emulsifying the chemotherapeutic agent(s) with an
iodized oil, such aslipiodol (13). The latter prolongs the contact time between
anticancer drugs and tumor cells as a consequence of its selective retention by
the tumor and by causing temporary sinusoidal embolization. Intra-arterial
injection of particulate matter, such as gelfoam, isincluded in most regimens
to further embolize tumor neovascularity. Some protocols additionally incor-
porate the injection of noradrenaline to constrict normal vasculature and
thereby shunt the chemoembolization mixtureinto the tumor circulation. TACE
is generaly performed at 6—12 weekly intervals until tumor neovascularity is
ablated. Main portal vein occlusion and sepsis are contraindicationsto TACE.
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Many centers also exclude patients with Child’s C cirrhosis in view of the
possible risk of further hepatic decompensation consequent to transient
ischemia of the nontumoros liver. The prevalence of this complication is
reduced when gelfoam is not included in the TACE regimen, although the
antitumor effect is less (14). Transient fever and right-upper-quadrant pain
occur in most patients following the procedure. Uncommon untoward effects
include liver abscess, renal failure, and neutropoenic sepsis.

Tumor ablation rates following repeated sessions of TACE are substantially
higher for HCCs < 4 cm in diameter than for larger tumors, and multivariate
analysis has identified tumor size, along with underlying liver function, as an
important factor influencing survival following thisform of treatment (15,16).
In a nonrandomized study, Bronowicki et al. (17) found comparable 5-yr
survival rates in patients with small, resectable HCCs treated with TACE,
resection, or OLT. Furthermore, the probability of tumor recurrence and/or
metastatic dissemination waslower after TACE than following surgery. Similar
1-yr survival to that attained with PEI has similarly been reported in a
nonrandomized study (18). Prospective, randomized controlled studies
comparing the survival rate following treatment of small HCCswith TACE to
those obtained with resection, OLT, PEI, and other modalities discussed later
are required. In practice, repeated TACE has predominantly been used to date
in patients with large HCCs, not suitable for any of these other treatments.
Uncontrolled studies have demonstrated 3-yr survival rates of 13-41% in this
setting (19,20). However, two randomized controlled studies comparing TACE
using a single chemotherapeutic agent with no treatment have not demonstrated a
survival benefit (21,22), at least in part because of instances of treatment-related
liver failure masking any possible surviva benefit resulting from tumor ablation.

Werecently reported our experiencewith seria, multiagent chemoembolization
of HCC using cisplatin, doxorubicin, lipiodol, and gelfoam (23). Most patients
were Child—Pugh class B or C and had large, inoperable tumors. Deterioration in
Child—Pugh class due to ischemia of nontumoros liver was acceptably low and
rarely led to unscheduled hospitalization. Varying degrees of control of tumor
neovascularity occurred for amedian of 390 d in over 97% of patients. Ablation
of tumor neovascularity (Fig. 1) was attained in 100% of patients with HCC <
4 cmin diameter and over 33% of those with larger tumors. Significantly more
sessions were required to ablate larger tumors. Tumor recurrence in the region
of the original lesion was documented in 50% of patients after amedian follow-
up of 240 d, most often in those with larger initial tumors (Table 1). Actuarial
survival was 50% at 1 yr and 29% at 2 yr. No long-term survivor was Child—
Pugh class C at the outset of treatment.

Limited available data suggests that preoperative TACE to reduce tumor
bulk may have arole in improving the postoperative outcome in patients with



Fig. 1. Serial hepatic arteriography performed in a patient with a large hepatocellular carcinoma (HCC) before (a) and after (b)
treatment with transcatheter arterial chemoembolization (TACE), demonstrating substantial reduction in tumor neovascularity (arrow)
following treatment. (Reproduced with permission from ref. 23.)
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Table 1
Rates of Ablation of Tumor Neovascularity with TACE and Recurrent HCC Development in Relation to Size of the

Largest Initial HCC Focus

Mean Diameter of Ablation of Tumor  Median (Range) TACE Sessions Required HCC Recurrence  Timeto Detection of HCC
Largest HCC Focus (cm) Neovascularity (%)  for Ablation of Tumor Neovascul arity (%) Recurrence (d)

<4 6/6 (100) 3.5(2-6) 2/6 (33.3) 60, 160

47 4/12 (33.3%2 5(4-6) 2/4 (50.0) 120, 360

>8 6/16 (37.5)2 6 (4-6)° 4/6 (66.7) 90, 210, 240, 240

ap <0.02 compared to mean diameter of largest HCC focus < 4 cm.
bp <0.05 compared to mean diameter of largest HCC focus < 4 cm.
Source: Reproduced with permission from ref. 23.
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HCCs considered borderline for resection, athough not al experiences have
been favorable (24-26). There is some evidence to suggest that preoperative
TACE may significantly prolong the interval between resection and HCC
recurrence(27). Literature concerning the possible efficacy of TACE asameans of
reducing tumor size to fulfill suitability criteriafor OLT isalso limited. Although
treatment doeslimit tumor progressioninthemgjority of patientswith small HCCs
who areawaiting OL T (28), any possible influence on post-OL T tumor recurrence
and survival rates has not been adequately assessed.

3. Percutaneous Ethanol Injection

Percutaneous ethanol injection (PEI) of up to 10 mL of absolute alcohol
under ultrasound guidanceis appropriatein patients with asingle HCC focus <
5cmindiameter or < 3 tumor nodules, each < 3 cmin size, especially if super-
ficially located. The procedure is usually repeated one to three times weekly
for several weeks until necrosis of the tumor, as evidenced by alack of lesion
enhancement on contrast-enhanced computerized tomography or magnetic
resonance imaging. A single treatment using alarger volume of ethanol is also
effective and generally well tolerated. Transient local pain sometimes requir-
ing narcotic analgesia is the most common side effect, even when smaller
volumes of ethanol are used. Other complications such as liver abscess, bile
duct injury, hemoperitoneum, or chemically induced portal vein thrombosis
occur in < 2% of patients. Rare instances of liver necrosis have also been
reported (29,30). The latter have been linked to the possible occlusion of
hepatic arterial and portal venous supply resulting from vasculitis induced by
ethanol extruded from the lesion (31). As with percutaneous biopsy, needletract
seeding is another potential, though uncommon, complication of PEI (32).
Contraindicationsinclude ascites and uncorrectable coagul opathy. PEI isnot effective
againgt larger tumors, as the texture of the tumor parenchyma and the presence of
septa prevent the homogeneous distribution of ethanol within thelesion. PEI issimi-
larly not of valuein patients with known extrahepatic dissemination.

Studies by Ebara et al. (33) and Livraghi et a. (34) in patients with favor-
able tumor characteristics have demondtrated 3-yr surviva rates following PEI of
up to 79%, depending on the underlying Child' s classification. Survival was 0-25%
in Child' sclass C patients (Table 2). Isobe et dl. (35) in anonrandomized compara
tive study found significantly better surviva in patients treated with PEI than in a
nontreated control group. In addition, Castells et al. (36) and Kotoh et d. (37) have
reported comparable cumulative survival and recurrence rates following PEI and
hepatic resection in patientswith small HCCs, despite less rigorous patient selec-
tion in the PEI group. Inview of itslower associated morbidity and cost, PEIl is
conseguently becoming increasingly used as an alternative to hepatic resection
in patients with small, resectable HCCs for whom OLT is not available or
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Table 2
Survival Rates Following PEI for HCC
HCC Characteristics Child’'sClass  3-yr Survival (%)
< 3foci, each < 3 cm diameter (ref. 33) A 72
B 72
C 25
Single focus, < 5 cm diameter (ref. 34) A 79
B 63
C 0
2-3foci, each < 3 cm diameter (ref. 34) A 68
B 59

otherwise contraindicated. However, patients remain predisposed to the
development of new HCC faci in the preneoplastic cirrhotic liver. The latter
occursin approximately 50% of patients by 3 yr.

4. Combination TACE and PEI

Combined modality treatment with aninitial session of TACE followed after
2 wk by a course of PEI has been proposed for large HCCs, especially when
encapsulated, on the basis that complete necrosis of large lesions with TACE
alone occursin approximately 50% or less of cases and that prior TACE would
disturb tumor parenchyma and disrupt septa such that ethanol is distributed
more evenly throughout large lesions. Two randomized studies performed in
patients with HCC > 3 cm in diameter found that tumor ablation rates were
substantially higher after combined TACE and PEI treatment than with
repeated sessions of TACE alone (38,39) (Table 3). One-year survival was
significantly better in the former group, ranging from 85% to 100% compared
to 48-68% in those treated with TACE aone. A recent report of two cases of
liver infarction following the PEI component of acombined TACE+PEI regimen,
compared with no such instances in 205 patients treated with PEI aone, raises
the possibility that this complication may be more prevaent with combination
treatment, especially when styrene-maleic acid neocarzinostatin is used for
TACE (40). Nonetheless, combined TACE and PEI should be considered the
treatment of choice at present for patients with large, inoperable HCCs.
Conversely, combined TACE and PEI does not improve the efficacy of PEI
alone in the treatment of patients with smaller HCCs (41).

5. Irradiation
Conventional external beam radiotherapy is not only ineffective against
HCC but also may precipitate liver failure as a consequence of radiation
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Table 3

Tumor Ablation and Survival Rates Following Treatment with Transcatheter

Arterial Chemoembolization Followed by a Course of Percutaneous Ethanol

Injection (TACE + PEI) or Repeated Sessions of TACE alone for HCCs >3 cm
in Diameter

__ HCC Ablation Rate (%)
Authors (Ref.) TACE TACE + PEI
Bartolozzi et al. (38) 52 852
Tanakaet al. (39) 20 83

2p <0.05.

hepatitis. Proton therapy isarelatively new method by which alarge amount of
rediation can be focused on the lesion, limiting exposure of adjacent
nontumorosliver. Matsuzaki et al. (42) applied thistechnology as monotherapy
to 21 patientswith HCC and documented at |east a50% reduction in tumor size
in the majority of cases. Nonetheless, thistherapy is currently limited to only a
few centers. Preliminary clinical experience with targeted radiotherapy using
intrahepatic arterial injection of lipiodol labeled with iodine3!, a - and -
emitter that produces alocal tumoricidal effect, isalso available. In a prospec-
tive, randomized trial, tumor size at 2 mo remained static or was partially
diminished in 68% of treated patients, comparable to that in those receiving
lipiodol-based TACE with epirubicin (43). Actuarial survival rates at 6, 12,
and 24 mo were also comparable in the two groups. Large-scale studies to
determine the safety and efficacy of these irradiation techniques are awaited.

6. Thermal Modalities

Thermally mediated techniques such as radio-frequency ablation, intersti-
tial laser coagulation, microwave therapy, and cryoablation each induce cell
death by coagulative necrosis. Initial clinical experiences with these modali-
ties are, in general, promising. Radio-frequency energy is delivered to the
tumor by electrically insulated 14- to 17-gage needles introduced percutane-
ously under ultrasound guidance. Radiofrequency ablation of HCCsisachieved
in asingle session in 85-90% of cases when the tumor issmaller than 5 cmin
diameter (44). Therate of local recurrenceislessthan 10%. Preliminary clinical
datain small numbers of patients are also available for interstitial laser coagu-
lation with neodymium-yttrium—aluminum-garnet. Bremer et al. (45) used this
modality in two patients with HCCs no larger than 4 cm in diameter, with some
evidence of stabilization of tumor size over follow-up of up to 11 mo. Photosensitiza-
tion with protoporphyrin synthesized from administered 3-aminolevulinic acid
followed by laser therapy has recently been shown to have an anti-HCC effect inan
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experimental rodent model (46). Whether such therapy will be applicable to human
HCC has not yet been addressed. Percutaneous microwave coagulation therapy is
associated with tumor ablation or reduction in sizein 70% of HCCs< 3cmindiam-
eter and in 55% of larger lesions (47). Higher response rates have been documented
in well-differentiated than in poorly differentiated HCCs. Sato et al. (48) found that
this technique can effectively coagulate an area up to 6 cm in diameter in asingle
session. Use of multiple electrodes may increase applicability to patients with larger
tumors. As with PEI, instances of tumor dissemination along the needle tract have
been observed (47). Experience with cryotherapy for HCC is limited. In generd,
this form of therapy must be delivered by ultrasound guidance at laparotomy,
thereby limiting its applicability in patients who cannot tolerate general anesthesia
because of hepatic decompensation or concurrent medical problems.

7. Hormonal Manipulation

A number of randomized controlled trials haveinvestigated the possiblerole
of treatment with the antiestrogen drug, tamoxifen. Earlier studies performed
in relatively small numbers of patients and using varying doses up to 60 mg
daily yielded conflicting results (49-52). An Italian study of alarge, multicenter
cohort of nearly 500 patients randomly allocated to receive 40 mg of tamoxifen
daily or no hormonal treatment suggests that tamoxifen has no overall efficacy
in prolonging survival in patients with HCC (53). Whether treatment confers
any benefit in that subgroup of HCC patients whose tumors express high levels
of normally functioning estrogen receptors has not been investigated. Use of
luteinizing hormone-releasing hormone analogs and the anti androgens
flutamide and nilutamide has no appreciable effect on survival, despite the
resultant suppression of sex-hormone synthesis (54-56) Conversely, a recent
study performed in asmall number of patients with inoperable HCC found that
treatment with the somatostatin analog octreotide was associated with
improved survival (57). Further studies are required to confirm this finding
and to determine the possible mechanism of antineoplastic action.

8. Systemic Chemotherapy

Systemic chemotherapy with a variety of agents, including doxorubicin,
epirubicin, mitoxantrone, cisplatin, and etoposide, either alone or in combina-
tion, is often used in patientswith HCC disseminated beyond theliver, although
response rates are generally of the order of only 15%. Furthermore, the value
of systemic chemotherapy has never been confirmed in controlled trials.
Conseguently, thisform of treatment has only alimited rolein the management
of HCC. Recent interest has centered on the possible efficacy of aliposomal
doxorubicin preparation preferentially retained by HCC cellsand amulticenter
trial is currently in progress.
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9. Preventive Measures

Astherate of recurrent and, especially, second primary HCC development is
high in non-OLT recipients in whom the cirrhotic liver remainsin situ, despite the
apparently successful treatment of theinitial tumor, several groupshaveinvestigated
the possibility of secondary chemoprevention in this group. Muto et al. (58)
developed a novel synthetic acyclic retinoid, polyprenoic acid, which binds
to the cellular retinoic-binding protein and has been shown to suppress both
chemically induced and spontaneous HCC development in rodents (59,60).
A placebo-controlled, prospective analysis of 89 patientsfree of disease after
successful treatment of HCC with resection or PEI, predominantly with chronic
hepatitis C virus (HCV) infection, demonstrated a threefold reduction in the
incidence of recurrent or new tumor development at a median follow-up of 38
mo in the group randomly allocated to receive theretinoid (58). The mechanism
of action against human hepatocarcinogenesis in vivo remains to be clarified,
although the drug has been shown to induce apoptosis in hepatoma cell lines
by blocking transforming growth factor-o. activity (61). A retrospective study
suggeststhat treatment of patients with chronic HCV infection with interferon-
o may also reduce the progression from cirrhosisto HCC by over sixfold (62).
Prospective studies are required to confirm this observation. Patients with
HCV-related cirrhosis should be encouraged to abstain from alcohol, as HCV
and alcohol appear to act synergistically in promoting HCC development. In
genetic hemochromatosis, the antineoplastic focus is on early iron chelation
therapy in order to prevent the development of cirrhosis.
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