245

Int J Clin Oncol (2010) 15:242-255

uonIqIyuI aseury aursorAl-nnuw YSnoiy) $109Jje dAneIajIjoidnur ARy OS[E qIUIIUNS pUE qIULjLIoS

YorIL PO WSISu] Weydolg ‘cgpA] ‘Woddsg ury a8pamouy SINT ‘BuLRyd eneAg ‘(IDN) AOD S[EULEIIUID) QA0 [ELL] S90S

uagemn)
SILBAON
YO
uagoig
BOQUAZBNSY

wreydolq ALL
QUITYIWSOXE[D)
BOUIZENSY
BIQUIZBISY
Yod1uauan)

Yooy

oyre],

oyrey

qqinbg s1akN-[o1sLIg
BMOY]

1zyd
Iaheg

Suroguo /1 aseyd
pereniut I1] °seyd
aro1dwod [f aseyq
ordwod | aseyd

Suro3uo || aseyq

noqy pajentu iy aseyd

Suroguo [ aseyq
Suto3uo ] aseyd
aroidwod |f aseyd
Sunmioal [ aseyd
Suro3uo |J aseyq
a1o[dwod | aseyd
paddoss 1 aseyq
ojdwiod |1 aseyd
Suro8uo [T eseyqd
aya1dwod [1y/11 9seyd
paddoss 11 oseyd
paroxddy

(reisourpag) 101AXd
100avy

QeUWIXNI))

88-1d

PP2oazv

qluejiury
dprwoptjey L
quunede

(essaI) quunyan
(quueaipa)) 1L17AZV

(UNSBAY) QRWINZIOBADE

(eAd2IR]) quUDOMY
101-DV.L

89-NS.L
queAng

(prounay 21PAYY) ¢ee-MIN

(uang) quuniung
(1eARXaN) ,qIuajeIos

Kuedwo)

smeys [euswdooaag

oseueiedo DVAH ¥XY ¥V YOLW AN Jed ¥dDd ¥dDd ¥dOAd ¥YADHA ADd ADIA

s1081e) onauagidonuy s1o81e) oAneIdjjoidnuy

s1051e) oruagorduenuy

Juady

DDH Ul paisa) Suraq sjuaSe pajedie1-Ie[nddojA [ dqel

pringer

As

— 156 —



246

Int J Clin Oncol (2010) 15:242-255

PI3K/Akt/mTOR pathway

The PI3K/Akt/mTOR pathway also plays an important
role in cell growth, survival regulation, metabolism, and
anti-apoptosis. The membrane lipid phosphatidylinositol
4,5-bisphosphate (PIP,) is phosphorylated by phosphati-
dylinositol 3-kinase (PI3K) into phosphatidylinositol
3,4,5-triphosphate (PIP;), which binds to and activates
the serine/threonine kinase Akt. The tumor-suppressor
gene product PTEN (phosphatase and tensin homolog
deleted on chromosome) is antagonistic to PI3K activity.
PTEN is a lipid phosphatase that dephosphorylates ino-
sitol phosphates such as PIP;. The inactivation of PTEN
through gene deletion increases PIP; levels, and activates
Akt, which inhibits apoptosis, leading to the development
of tumors. The serine/threonine kinase mTOR is an
important mediator in the PI3K/Akt pathway that binds
intracellularly to a protein called raptor or rictor, and
exists as two different complexes, complex 1 and 2
(mTORC1 and mTORC2). mTORC2 (mTOR-rictor)
activates Akt whereas mTORC! (mTOR-raptor) is acti-
vated downstream of Akt; thus, both molecules regulate
protein synthesis [23].

A study of 528 HCC samples showed that expression of
pAkt, PTEN, p27, and S6 ribosomal protein (pS6) was a
poor prognostic factor for survival [24]. A tissue micro-
array analysis of HCC samples revealed that the loss of
PTEN and overexpression of pAkt and p-mTOR were
correlated with tumor grade, intrahepatic metastasis, vas-
cular invasion, TNM stage, Ki-67 labeling index, and
matrix metalloproteinase (MMP)-2 and (MMP)-9 upregu-
lation, Meanwhile, PTEN mRNA expression in the can-
cerous tissue was downregulated, compared with that in the
non-cancerous tissue. The levels of PTEN, MMP-2, and
MMP-9 mRNA expression were correlated with tumor
stage and metastasis, and the levels of PTEN and MMP-9
mRNA expression were inversely correlated [25]. In an
extensive analysis of 314 HCC samples in terms of muta-
tion analysis, DNA copy number changes, mRNA levels,
and immunostaining, Villanueva et al. found that activation
of the IGF pathway, upregulation of EGF, dysregulation of
PTEN, and aberrant mTOR signaling were present in half
of the samples, and that inhibiting mTOR activity with
everolimus was effective in improved survival and sup-
pression of recurrence [26].

The PI3K inhibitor RG7321 and the Akt inhibitor
perifosine target the PI3K/Akt/mTOR pathway and are in
early stages of clinical development, whereas the mTOR
inhibitors everolimus (RADOO1), sirolimus (Rapamune),
and temsirolimus (CCI-779) are at more advanced stages
of development. Everolimus is used to treat sorafenib-
intolerant patients or for patients showing disease pro-
gression after sorafenib administration. A phase III study to
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compare everolimus and a placebo (EVOLVE-1: Advanced
Hepatocellular Carcinoma after Disease Progression or
Intolerance to Sorafenib EverOlimus for LiVer cancer
Evaluation) and a phase I/randomized phase II study
(sorafenib + everolimus vs. sorafenib alone) to test the
efficacy and tolerance of sorafenib in combination with
everolimus are underway. Because mTOR inhibitors have
cytostatic and antiangiogenic effects, they are expected to
be effective in combination with other angiogenesis
inhibitors such as bevacizumab, and may be appropriate
for administration after transarterial chemoembolization
(TACE). Furthermore, because the mTOR pathway is
stimulated by factors such as EGFR, PDGFR, and TGFx,
and is closely related to other signaling pathways including
the Ras/Raf/MEK/ERK pathway, they are likely to show
promising efficacy when used in combination with other
growth factor inhibitors [27].

VEGF/VEGFR, PDGFR, FGFR

Angiogenesis is an important event not only for HCC but
also for cancer growth and metastasis, and occurs because
of complex alterations involving promoting factors such as
VEGEF, angiopoietin, and FGF, inhibitory factors including
thrombospondin (TSP) and angiostatin and the surrounding
tissue. The VEGF family consists of VEGF-A, B, C, D, and
E, and placental growth factor (PIGF). The VEGFR family
comprises VEGFR-1 (fit-1), VEGFR-2 (flk-1/KDR), and
VEGFR-3 (flt-4). VEGF-A binds to VEGFR-1 and
VEGFR-2 and is involved in angiogenesis and the main-
tenance of mature blood vessels, whereas VEGF-C and
VEGF-D mainly bind to VEGFR-3, are involved in lym-
phangiogenesis [28, 29]. VEGF isoforms such as VFGF,,
and VEGF 45 have been identified, and isoform subtypes
also exist, for example EGF,4b. Thus, it is clear that these
growth factors do not exhibit angiogenesis-promoting
effects alone, and they have attracted attention as new
therapeutic targets [30].

HCC typically exhibits active angiogenesis. During the
progression from early to well, and to moderately differ-
entiated HCC, angiogenesis increases and cancer cells
acquire the ability to invade vessels and metastasize. Sci-
entific and clinical studies have revealed that, during the
progression from hepatitis to cirrhosis, angiogenesis and
disruption of the vascular architecture are linked to the
progression of HCC, and contribute to increased hepatic
vascular resistance and portal hypertension, and decreased
hepatocyte perfusion [31]. In addition, a meta-analysis has
demonstrated that VEGF expression is a prognostic factor
in HCC [32].

Phase II studies have been started to test the usefulness
of bevacizumab (Avastin®), which directly targets VEGF,
in TACE-treated HCC, and the use of bevacizumab in
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combination with erlotinib (Tarceva®), an EGFR tyrosine
kinase inhibitor.

Sunitinib (Sutent®) is a multi-kinase inhibitor that
inhibits tyrosine kinases such as VEGFR-1, 2, 3, PDGFR-
o, f, and c-Kit. A phase II study of sunitinib in 37
advanced HCC patients showed that the median progres-
sion-free survival (PFS) and median overall survival (OS)
were 3.7 and 8 months, respectively. In that study, adverse
events included grade 3/4 thrombocytopenia in 37.8% of
patients, neutropenia in 24.3%, asthenia in 13.5%, and
hand-foot syndrome in 10.8% [33]. Because sunitinib has a
lower ICs, for each target than sorafenib, it is expected to
have greater antitumor activity. However, this factor may
be responsible for the higher incidence of adverse events
with sunitinib. The main evaluation item in the above
phase II trial was the response rate, which did not reach the
expected value, leading to the conclusion that it was a
negative study [34]. In that study sunitinib was adminis-
tered at 50 mg/day for 4 weeks followed by 2 weeks of rest
per cycle [33], whereas Zhu et al. [34] used a dosing
schedule of 37.5 mg/day for 4 weeks followed by 2 weeks
of rest per cycle, and reported that the median PFS and OS
were 3.9 and 9.8 months, respectively. An ongoing global
cooperative phase III controlled clinical trial to compare
sorafenib and sunitinib head-to-head and to seek approval
for first-line indications for advanced HCC adopted a
sunitinib dosing schedule of 37.5 mg/day. However, in a
“Reflection and Reaction” regarding these trial results,
Forner et al. cast doubt on whether the drugs at this dose
could maintain tolerance and ensure efficacy [35]. Because
recruitment is progressing well, the results are expected to
be available soon.

Brivanib is a kinase inhibitor that selectively inhibits
VEGFR-1, 2, and 3, and FGFR-1, 2, and 3. As for suniti-
nib, an international global phase III clinical trial to com-
pare brivanib and sorafenib head-to-head and to seek
approval for first-line therapy for advanced HCC has
already been started, and the results are eagerly awaited.
Japanese centers are participating in this clinical trial.
Because brivanib targets FGF and VEGF, and is associated
with relatively mild adverse effects, a second-line study of
brivanib in sorafenib-ineffective and sorafenib-intolerant
patients and a trial to evaluate the use of brivanib in
combination with TACE are underway. Depending on the
results of these trials, indications for use in HCC may be
obtained; therefore, positive results are eagerly anticipated.
The results have been reported for a phase II study of
brivanib in 55 patients (cohort A) who had not received
systemic therapy for curatively unresectable HCC and 46
patients (cohort B) previously treated with angiogenesis
inhibitors such as sorafenib or thalidomide [36]. The
median TTP and OS were 2.8 and 10 months, respectively,
in cohort A versus 1.4 and 9.8 months, respectively, in

cohort B. Adverse events included fatigue (51.5%), diar-
rhea (41.6%), hypertension (42.6%), anorexia (41.6%), and
nausea/vomiting (40.6/30.7%). Thus, these results demon-
strated the efficacy of brivanib as a second-line treatment.
The results of three phase III clinical trials, BRISK-PS
(sorafenib failure or sorafenib-intolerant patients; briva-
nib + best supportive care (BSC) vs. placebo + BSC),
BRISK-FL (advanced HCC; brivanib vs. sorafenib), and
BRISK-TA (patients with unresectable HCC, brivanib vs.
placebo as post-TACE adjuvant therapy) are awaited.
Japanese centers participated in all three trials.

In a Japanese phase I/II trial of TSU-68, an oral
molecular inhibitor of VEGFR, PDGFR, and FGFR, to test
its safety and efficacy in 35 HCC patients, the response rate
was 5.6% (CR, PR, SD, PD, and NE in 1, 2, 15, 16, and 1
patients, respectively), and the disease control rate was
51.4% [37].

In addition, several phase I/II trials are being conducted
to assess kinase inhibitors such as linifanib (ABT-869) and
cediranib (AZD2171), which inhibit VEGFR, PDGFR,
CSF-1R (cFms), Kit, and Flt3. Furthermore, axitinib,
which is currently being tested in renal cell carcinoma, has
also attracted attention as a promising agent for treatment
of HCC because of its efficacy and mild side effects.

EGF/EGFR

EGFR is a member of the human epidermal growth factor
receptor (HER) family that includes EGFR (erbB 1), HER2/
neu (erbB3), and HER4 (erb4). All members of this family,
except HER3, have an intracellular tyrosine kinase domain,
and the binding of a ligand to its extracellular domain
triggers signal transduction through the above-described
MAPK and PI3K/Akt/mTOR pathways. Thus, these
receptors are involved in cell growth, differentiation, sur-
vival and adhesion [38]. EGFR overexpression has been
reported in many cancers, and in HCC. For example,
Buckley et al. reported that EGFR, detected by immuno-
histochemical analysis, was overexpressed in 50 (66%) of
76 HCCs, and that fluorescence in-situ hybridization
(FISH) showed extra EGFR gene copies in 17 (45%) of 38
HCCs [39].

EGFR-targeting drugs, which include anti-EGFR anti-
bodies, such as cetuximab and panitumumab, and small-
molecule inhibitors of EGFR tyrosine kinases such as
gefitinib, etc., have been used widely for treatment of
several cancers other than HCC. Unfortunately, except for
phase II trial data, there are few clinical data on the efficacy
of these drugs for the treatment of HCC.

Similar to gefitinib (Iressa®), erlotinib (Tarceva®) is an
oral EGFR tyrosine kinase inhibitor. Philip et al. and
Thomas et al. have reported the results of phase II studies
of erlotinib in HCC [40, 41]; the median OSs in their
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studies were 13 and 10.7 months, respectively. A phase III
clinical study (SEARCH study: Sorafenib and Erlotinib, a
Randomized Trial Protocol for the Treatment of Patients
with Hepatocellular Carcinoma) of sorafenib in combina-
tion with erlotinib versus sorafenib plus placebo is ongo-
ing. Because erlotinib is associated with a high incidence
of skin rash, dry skin, and gastrointestinal toxicity, for
example diarrhea, the results of the SEARCH study should
be evaluated to assess whether this combination therapy
can be used in clinical settings. Thomas et al. conducted a
phase II clinical study of erlotinib in combination with
bevacizumab in 40 advanced HCC patients, and reported
promising results; the median PFS and OS were 9 and
15.7 months, respectively. However, they noted frequent
treatment-related grade 3/4 toxicities, including fatigue
(20%), ' hypertension (15%), gastrointestinal bleeding
(12.5%), wound infection (5%), diarrhea (10%), elevated
transaminase levels (10%), and thrombocytopenia (10%)
[42], which necessitates further evaluation of drug toler-
ance. Although a clinical study of erlotinib in combination
with bevacizumab (OPTIMOX-3 study) was also con-
ducted in colorectal cancer patients, no tolerance was
observed, which led to a change in the protocol [43, 44].

After the introduction of a number of molecular-targeted
drugs, strategies for the inhibition of similar or different
signaling pathways (vertical or horizontal inhibition) with
several drugs have been proposed. However, the combined
use of molecular-targeted agents has remained largely
unsuccessful, including panitumumab in combination with
bevacizumab for treatment of colorectal cancer [45].
Similarly, results for sorafenib in combination with bev-
acizumab (vertical inhibition) have been reported [46].
Although some therapeutic response was obtained, the
combination therapy resulted in greater toxicity [46], sug-
gesting the need for detailed evaluation of the dosing
regimen.

Lapatinib (Tykerb®) is a dual inhibitor of EGFR and
HER-2/neu, and inhibits tumor growth by downregulating
MAPK, AKT, and p70S6 kinase [47]. In Japan, lapatinib is
indicated for treatment of breast cancer. In a phase II
clinical trial of lapatinib in 26 patients with unresectable
advanced HCC, the median PFS and OS were 1.9 and
12.6 months, respectively, and adverse events included
diarrhea (73%), nausea (54%), and skin rash (42%) [48].

Cetuximab (Erbitux®) is a human/mouse chimeric
monoclonal antibody consisting of the variable region of a
mouse anti-human EGFR monoclonal antibody and the
human IgGl constant region. Cetuximab inhibits the
binding of endogenous EGFR ligands, for example EGF
and TGFu, to EGFR. In a phase II clinical trial of cetux-
imab in 30 patients with unresectable or metastatic HCC,
the median PFS and OS were 1.4 and 9.6 months,
respectively, and treatment-related toxicities included
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grade 3 hypomagnesemia (3.3%) and grade 1/2 acne-like
rash (83.3%), which was observed for the duration of anti-
EGFR therapy in that study [49].

The EGFR is a very interesting therapeutic target. As
described above, use of erlotinib in combination with
sorafenib is still in the research stage. However, on the
basis of results from phase II studies, the efficacy of
cetuximab or lapatinib as monotherapy seems to be limited,
and the results of further studies evaluating their efficacy in
sorafenib-refractory or intolerant patients are awaited with
interest.

HGF/c-Met pathway

Because the hepatocyte growth factor (HGF)/Met pathway
is involved in tumor growth, invasion, and angiogenesis in
a wide range of neoplasms, HGF and Met have recently
attracted attention as therapeutic targets. HGF is a hetero-
dimer consisting of o and f chains bound together by a
disulfate bond. The « chain contains four kringle domains,
and the f§ chain contains a serine protease-like domain. Met
is a receptor tyrosine kinase for the HGF ligand, and
contains a semaphorin-like domain. HGF or Met overex-
pression and Met gene mutations and duplications have
been reported in various cancers, and abnormalities due to
HGF/Met pathway activation have also been noted [50].
These abnormalities activate the downstream signaling
cascade, leading to epithelial-mesenchymal transition and
increased proliferative, migratory, invasive and metastatic
potentials of cancer cells [50].

HGF/c-MET-targeted drugs, including kinase inhibitors,
HGF inhibitors, and decoy c-Met receptor molecules, are
being developed. Of particular interest is ARQ-197, a
c-Met receptor tyrosine kinase inhibitor which is a non-
ATP-competitive molecule that binds near the ATP-bind-
ing site. A randomized phase II study of ARQ-197 versus
placebo is ongoing in patients with unresectable HCC after
systemic therapy failure.

IGF/IGFR

The IGF/IGFR system is involved in cell growth and the
chemotherapeutic response. The ligands IGF-I and II bind
to their receptors IGF-1R and IGF-2R, and are involved in
DNA synthesis and cell growth. Abnormalities in IGF and
IGF-IR or their overexpression have been reported in
various cancers, including HCC. Their associations with
disease stage, metastasis, and survival [51] and the func-
tions of IGF and IGFR in HCC [52] have been reported.
IGF-targeting drugs are currently being developed, and
mainly include anti-IGF-1R antibodies, for example
BIIB022, AVEI1642, and cixutumumab (IMC-A12). A
phase II study of cixutumumab, a phase Ib/II study of
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Table 2 Results of the Asia— " : .
Pacific and SHARP studies End point Asia—Pacific SHARP
Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value
(O 0.68 (0.50-0.93) 0.014 0.69 (0.55-0.87) <0.001
TTSP 0.90 (0.67-1.22) 0.498 1.08 (0.88-1.31) 0.768
TTP 0.57 (0.42-0.79) <0.001 0.58 (0.45-0.74) <0.001
PFS 0.62 (0.46-0.82) <0.001 0.65 (0.52-0.79) <0.001

sorafenib versus sorafenib plus BIIB022, and phase I/II
studies of AVE1642 as monotherapy or in combination
with sorafenib or erlotinib are ongoing.

Sorafenib: trial results and clinical experience
Clinical results for sorafenib in HCC

As described above, sorafenib is a multi-kinase inhibitor of
tumor growth and angiogenesis, and has a strong inhibitory
effect on C-Raf and B-Raf serine/threonine kinases (com-
prising the Raf/MEK/ERK pathway), VEGFR and PDGFR
tyrosine kinases, and FLT-3 and c-kit [20]. To date,
sorafenib is the only molecular-targeted agent approved for
treatment of HCC, on the basis of the results of two large-
scale clinical trials, namely the SHARP (Sorafenib HCC
assessment Randomized Protocol) study [53] and the Asia—
Pacific study [54]. The median OSs for the sorafenib group
in the SHARP and Asia—Pacific studies were 10.7 months
(vs. 7.9 months for the placebo group, P < 0.001; HR:
0.69) and 6.5 months (vs. 4.2 months for the placebo
group, P = 0.014; HR: 0.68), respectively, indicating that
sorafenib prolongs survival by approximately 50%
(Table 2). These data should compel HCC specialists to
challenge their preconception that systemic anticancer drug
therapy is not effective for HCC.

Current status regarding the use of sorafenib in Japan

Sorafenib was approved in Japan in May, 2009. A survey
has confirmed that, at the time of writing (March, 2010),
over 3,700 patients have been prescribed sorafenib.
Across several centers, 15 Japanese patients have
achieved CR, which was not observed in the SHARP or
Asia—Pacific trials. This suggests that some Japanese
patients may be very sensitive to sorafenib [55]. The
reason for this, and predictive biomarkers, are now
actively under investigation.

On the other hand, it has been reported that hand—foot
syndrome occurs early after sorafenib administration [56]
more often than was noted in the SHARP and Asia—Pacific
studies, and the drug is often discontinued because of the
adverse effects in many patients [56]. As demonstrated in

the SHARP and Asia—Pacific studies, sorafenib is only used
to achieve stable disease; it is, therefore, important to
improve drug efficacy by extending the period of adminis-
tration for as long as possible. Therefore, it is no exagger-
ation to say that, in the case of sorafenib, the “successful
management of side effects” is equal to “successful treat-
ment.” According to “post-TACE phase III clinical study
[56]” performed in Japan and Korea, it is strongly specu-
lated that physicians who are unaccustomed to prescribing
molecular-targeted agents and who fail to see marked effi-
cacy, as induced by conventional chemotherapeutic agents,
often do not understand the properties of this drug, and they
(and the patients) do not fully comprehend therapeutic
efficacy. Moreover, they feel too anxious about side effects
that have not been encountered before. These circumstances
may result in treatment discontinuation in many patients.
Clearly, greater awareness among physicians for therapeu-
tic efficacy and approaches to manage adverse effects is
needed to improve treatment outcomes.

Experience of sorafenib use at our institute

Since the approval of sorafenib on May 20, 2009, we have
treated 90 patients with sorafenib, and few have discon-
tinued therapy because of adverse effects or patient refusal
to continue. Of these 90 patients, two achieved CR [55].
These two CR patients, in whom pulmonary and adrenal
metastases and intrahepatic lesions all disappeared, sur-
vived free of recurrence for more than 2 years and 1 year,
respectively, at the time of writing (March, 2010), i.e., they
are still alive at present. In other patients who apparently
achieved SD, the tumor marker levels reached a plateau
after sorafenib administration, when their levels were rising
rapidly before sorafenib administration. Even if hepatic
lesions do not show a clear tendency to undergo necrosis or
regression on CT images, three tumor markers (AFP,
PIVKA-II, and AFP-L3) are widely considered to serve as
surrogate markers. In fact, there are very few data on serum
tumor markers, except for AFP, outside Japan. Neverthe-
less, Japanese researchers have demonstrated the value of
changes in these markers and the antitumor efficacy of
sorafenib [55].

Interestingly, it has previously been demonstrated that
the levels of PIVKA-II or DCP tend to be increased by
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inducing hypoxia [57]. Therefore, PIVKA-II or DCP may

be a good predictive marker for evaluating the hypoxic

response to antiangiogenic therapy for HCC.

Only 17 of the 90 patients showed PD on computed
tomography (CT) images although follow-up period is still
short (less than 10 months). However, because the speed
with which the patient develops progressive disease may
slow down due to tumor growth inhibition, it is very dif-
ficult to determine when to discontinue treatment because
of tumor refraction. Important issues for future studies
include:

1 identification of biomarkers that can be used to predict
therapeutic responses, including CR or PR, in patient
groups;

2 evaluation of the role of tumor markers in the
determination of therapeutic responses;

3 establishing response evaluation criteria that can
determine the therapeutic responses to molecular-
targeted agents; and

4 development of effective second-line therapies after
sorafenib failure (Figs. 2, 3).

In the treatment algorithm (Figs. 2, 3) approved by the
Consensus Meeting of the 2009 Annual Meeting of the
Japan Society of Hepatology (Congress chair: Professor
Masatoshi Kudo), sorafenib is indicated for treatment of
patients with Child-Pugh A HCC with extrahepatic
metastasis, vascular invasion, or refractoriness to TACE or
arterial infusion chemotherapy.

In addition to the pharmaceutical-sponsored clinical
trials of sunitinib and brivanib as first and second-line
therapy in sorafenib-refractory patients, investigator-initi-
ated trials (IIT) of sorafenib in combination with hepatic
arterial infusion chemotherapy (SILIUS trial), pharma-
ceutical and IIT trials of sorafenib in combination with
TACE (SPACE, TACICS and BRISK-TA trials), and a
trial to test the inhibitory effect of sorafenib on tumor
recurrence after curative treatment (STORM trial) are
ongoing, and the results of these trials are eagerly awaited
(Figs. 2, 3). The working hypotheses in these studies can
be deduced by extrapolating the MST and hazard ratios in
overall survival (OS) calculated in a subanalysis of the
SHARP study (Table 3). The results obtained suggest that
starting treatment with molecular-targeted drugs at an
earlier tumor stage in combination with standard treatment
options such as resection, ablation, TACE, or hepatic
arterial infusion chemotherapy can improve the prognosis
of HCC. Thus, sorafenib has the potential to induce a
change of emphasis in the treatment of HCC. For example,
in a subanalysis of the SHARP trial, the hazard ratios for
OS and MST ratio in intermediate stage HCC without
vascular invasion or extrahepatic spread were 0.52 and
1.50, respectively (Table 4). This suggests that survival of
early stage HCC and intermediate stage HCC may be
prolonged from 5 years to 7.5-10 years by using sorafenib
in an adjuvant setting after curative treatment, and from
3 years to 4.5-6 years by using sorafenib in combination
with TACE (Fig. 4).

Fig. 2 Molecular targeted Angiogenesis mTOR EGFR
agents: ongoing trials in each
stage of HCC
Early Stage (STORM trial)
(Adjuvant setting)
Intermediate .Stage biivanit
(TACE combined) (BRISK-TA) |
bevacizumab
Advanced Stage linifanib erlotinib
(First line) brivaaib
(BRISK-FL) .
bevacizumab Lapatinib
Cetuximab
Advanceq Stage Gefitinib
(Second line) ,
~ brivanib RADO01
(BRISK-PS)
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Fig. 3 Consensus-based treatment algorithm for HCC proposed by
the Japan Society of Hepatology (JSH) revised in 2010. *1 Treatment
should be performed as if extrahepatic spread is negative, when
extrahepatic spread is not considered as a prognostic factor in Child-
Pugh class A/B patients, *2 sorafenib is the first choice of treatment in
this setting as a standard of care, *3 intensive follow-up observation is
recommended for hypovascular nodules by the Japanese Evidence-
Based Clinical Practice Guidelines. However, local ablation therapy
is frequently performed in the following cases: (1) when the nodule is
diagnosed pathologically as early HCC; (2) when the nodules show
decreased uptake on Gd-EOB-MRI; or (3) when the nodules show
decreased portal flow by CTAP, since these nodules frequently
progress to advanced HCC, *4 even for HCC nodules exceeding 3 cm
in diameter, transcatheter arterial chemoembolization (TACE) in
combination with ablation is frequently performed when resection is
not indicated, *5 TACE is the first choice of treatment in this setting.
Hepatic arterial infusion chemotherapy (HAIC) using an implanted
port is also recommended for TACE-refractory patients. The regimen
for this treatment is usually low-dose FP (SFU+CDDP) or intra-
arterial 5FU infusion combined with systemic interferon therapy.

Table 3 Subanalysis data of the SHARP study

Sorafenib is also recommended for TACE- or HAIC-refractory
patients with Child-Pugh class A liver function, *6 resection is
sometimes performed when more than four nodules are detected.
Ablation is sometimes performed in combination with TACE,
*7 Milan criteria: tumor size <3 cm and tumor number <3, or
solitary tumor <5 cm. Even when liver function is good (Child-Pugh
A/B), transplantation is sometimes considered for patients with
frequently recurring HCC, *8 sorafenib and HAIC are recommended
for HCC patients with major portal invasion such as Vp3 (portal
invasion in the first portal branch) or Vp4 (portal invasion in the main
portal branch), *9 resection and TACE are frequently performed
when portal invasion is minor, such as Vpl (portal invasion in the
third or more peripheral portal branch) or Vp2 (portal invasion in the
second portal branch), *10 local ablation therapy or subsegmental
TACE is performed even for Child-Pugh C patients when transplan-
tation is not indicated, when there is no hepatic encephalopathy, no
uncontrollable ascites, and a low bilirubin level (<3.0 mg/dl).
However, it is regarded as an experimental treatment because there
is no evidence of a survival benefit in Child-Pugh C patients.
A prospective study is necessary to clarify this issue

Advanced HCC with

vascular invasion

and extrahepatic spread

Advanced HCC without
vascular invasion or
extrahepatic spread

Hazard ratio
Median OS (MST) Sorafenib

Placebo

0.77 (95% CI: 0.60-0.99)
8.9 M (n = 209) (95% CI: 7.6-10.3 M)
6.7 M (n = 212) (95% CL: 5.2-8.0 M)

0.52 (95% CI: 0.32-0.85)
14.5 M (n = 90) (95% CI: 14.0 M-N/E)
102 M (n = 91) (95% CI: 8.6-15.5 M)

M, month
Sherman M et al. ASCO 2008
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Table 4 Results of studies of molecular-targeted agents for HCC

Agent Type Target Number of patients RR (%) PFS (month) TTP (month) OS (month) Reference
Phase IIT
Sorafenib s.m. C-Raf, B-Raf, 602 (299%) 2 - 5.5 10.7 Llovet [5, 53]
PDGFR, VEGFR 271 (150% 33 - 2.8 6.5 Cheng [54]
Phase II
Sorafenib s.m. C-Raf, B-Raf, 137 2.2 - 5.5 9.2 Abou-Alfa [58]
PDGFR, VEGFR
Sunitinib s.m. VEGFR, PDGFR, 37 2.7 3.7 53 8 Faivre [33]
SCFR, FLT3 34 29 3.9 4.1 9.8 Zhu [34]
Brivanib s.m. VEGFR, FGFR 55 n.r. - 2.8 10 Raoul [36]
Linifanib s.m. VEGFR, PDGFR 44 6.8 - 5.7 9.3 Toh [59]
Bevacizumab MoAb VEGF 46 13 6.9 - 12.4 Siegel [60]
Erlotinib s.m. EGFR 38 9 - 3.2 13 Philip [40]
40 0 - - 10.7 Thomas [41]
Gefitinib s.m. EGFR 31 32 2.8 - 6.5 O’Dwyer [61]
Lapatinib s.m. EGFR 40 2.3 - 6.2 Ramanathan [62]
26 1.9 - 12.6 Bekaii-Saab [48]
Cetuximab MoAb EGFR 30 0 1.4 - 9.6 Zhu [49]
# Sorafenib arm
4 ARG 3 h
Tumor ~ Early Stage HCC Intermediate Stage ~ Advanced Stage
Stage (within Milan criteria) without VI/EHS with VI/EHS
N : J
60-65% 30% 5-10%
e N
Curative treatment Mass Reduction Mass Rednc‘tio‘n .
Standard A | AR
Therapy 1. Resection 1.TACE 1. HAIC
2. Ablation 2. HAIC 2. Sorafenib
\ 3. Transplant )
p
Natural Median OS Median OS Median OS
Course > 36 Month 16 Month 6 Month (4-8M)
Standard Curative therapies TACE Sorafenib
Tx 0S>5 yrs 0S 3 yrs 0S 10.7M
Combined Curative therapies TACE HAIC
Tx + Sorafenib et al + Sorafenib et al + Sorafenib et al
08>7.5-10 yrs? OS >4.5-6 yrs? 0OS 1.5-2y?

Fig. 4 Outcomes of standard treatment modalities and expected effects of combination therapy with molecular-targeted agents

Summary and future prospects

The results of clinical trials [33, 34, 36, 40, 41, 49, 58-62]
of the molecular-targeted agents described above are
summarized in Table 4. Angiogenesis-inhibiting drugs,

) Springer

particularly sorafenib, have been evaluated for HCC, and
drugs targeting EGFR and mTOR are being developed. The
results (numerical values) of phase II clinical trials show no
marked differences in the therapeutic efficacy evaluated by
time to progression (TTP) or progression-free survival
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(RFS). However, results from phase II studies may be
subject to patient selection bias and cannot be compared
with results from other trials. Thus, when determining the
therapeutic efficacy of drugs, we should review the efficacy
of the respective drugs, and consider where the theoretical
target molecules are present and what combinations of
drugs have a theoretical rationale, and thus evaluate
options for monotherapy and combination therapy based on
the efficacy and safety data obtained from phase III clinical
trials.

Molecular-targeted agents that have been introduced
into clinical use in recent years are approved for treatment
of specific cancer and are then frequently used to treat other
cancers. Although not discussed here, studies to identify
predictors of efficacy (i.e., biomarkers) for angiogenesis
inhibitors and EGFR tyrosine kinase inhibitors, and factors
involved in drug resistance, are making steady progress,
and the associated therapeutic strategies are undergoing
major changes. Therefore, even in the treatment of HCC, it
is necessary for HCC specialists to expand their knowledge
of and techniques for applying existing treatment modali-
ties (resection, ablation, TACE, arterial infusion chemo-
therapy) to physically remove, destroy, or necrotize the
tumor, and to better understand clinical oncology, partic-
ularly the role and mechanisms of action of molecular-
targeted agents. We are entering an era in which physicians
treating HCC should pay close attention to the develop-
ment of therapeutic agents not only for HCC but also for
other cancers, and be aware of the use of molecular-tar-
geted agents for treating cancers in clinical and basic
research settings, and understand approaches to limit or
control adverse effects associated with these drugs.

Although sorafenib was recently approved, many issues
remain to be addressed, including:

1 how to determine and define refractoriness; and

2 whether to continue TACE or hepatic arterial infusion
chemotherapy (a de facto standard in Japan) in patients
with TACE-refractory tumors or portal tumor thrombi
before starting sorafenib therapy.

For oncology, in particular, the Pharmaceuticals and
Medical Devices Agency (PMDA) in Japan has approved
several drugs based on results from global clinical trials
and on Japanese phase I study data alone. We strongly
recommend that, on the basis of the molecular-targeted
agents currently under development, clinical studies
(including IITs) should be conducted aggressively, and
therapeutic strategies should be devised to resolve the
limitations of currently used therapeutic approaches and to
improve therapeutic outcomes.

The introduction of sorafenib to treat HCC in 2007 in
Western countries and in 2009 in Japan was undoubtedly
the beginning of a change of emphasis, representing a

significant breakthrough for HCC treatment not previously
experienced for this unique tumor.

Conflict of interest statement M. Kudo has received honoraria for
the lecture from Bayer HealthCare, Pfizer, and Bristol-Meyers.

References

1. Farazi PA, DePinho RA (2006) Hepatocellular carcinoma path-
ogenesis: from genes to environment. Nat Rev Cancer 6:674-687

2. Minguez B, Tovar V, Chiang D et al (2009) Pathogenesis of
hepatocellular carcinoma and molecular therapies. Curr Opin
Gastroenterol 25:186-194

3. Villanueva A, Newell P, Chiang DY et al (2007) Genomics and
signaling pathways in hepatocellular carcinoma. Semin Liver Dis
27:55-76

4. Laurent-Puig P, Zucman-Rossi J (2006) Genetics of hepatocel-
lular tumors. Oncogene 25:3778-3786

5. Llovet JM, Bruix J (2008) Molecular targeted therapies in
hepatocellular carcinoma. Hepatology 48:1312-1327

6. Hopfner M, Shuppan D, Scherubl H (2008) Growth factor
receptors and related signaling pathways as target for novel
treatment strategies of hepatocellular cancer. World J Gastroen-
terol 14:1-14

7. Campbell JS, Hughes SD, Gilbertson DG et al (2005) Platelet-
derived growth factor C induces liver fibrosis, steatosis, and
hepatocellular carcinoma. Proc Natl Acad Sci 102:3389-3394

8. Ogasawara S, Yano H, Iemura A et al (1996) Expression of basic
fibroblast growth factor and its receptors and their relationship to
proliferation of human hepatocellular carcinoma cell lines.
Hepatology 24:198-205

9. Kudo M (2008) Hepatocellular carcinoma 2009 and beyond: from
the surveillance to molecular targeted therapy. Oncology 75:S1-S12

10. Roberts PJ, Der CJ (2007) Targeting the Raf-MEK-ERK mito-
gen-activated protein kinase cascade for the treatment of cancer.
Oncogene 26:3291-3310

11. Schmidt CM, McKillop TH, Cahill PA et al (1997) Increased
MAPK expression and activity in primary human hepatocellular
carcinoma. Biochem Biophys Res Commun 236:54-58

12. Huynh H, Nguen TTT, Chow KHP et al (2003) Over-expression
of the mitogen-activated protein kinase (MAPK) kinase (MEK)-
MAPK in hepatocellular carcinoma: its role in tumor progression
and apoptosis. BMC Gastroenterology 3:19-30

13. Calvisi DF, Ladu S, Gorden A et al (2006) Ubiquitous activation
of Ras and Jak/Stat pathways in human HCC. Gastroenterology
130:1117-1128

14. Bos JL (1989) ras Oncogenes in human cancer: review. Cancer
Res 49:4682-4689

15. Beeram M, Patnaik A, Rowinsky EK (2005) Raf: a strategic
target for therapeutic development against cancer. J Clin Oncol
23:6771-6790

16. Tannapfel A, Sommerer F, Benicke M et al (2003) Mutations of
the BRAF gene in cholangiocarcinoma but not in hepatocellular
carcinoma. Gut 52:706-712

17. Jenke HS, Deml E, Oesterle D (1994) C-raf expression in early
ratliver tumorigenesis after promotion with polychlorinated
biphenyls or Phenobarbital. Xenobiotica 24:569-580

18. Beer DG, Neveu MJ, Paul DL et al (1998) Expression of the c-raf
protooncogene, gamma-glutamyltranspeptidase, and gap junction
protein in rat liver neoplasms. Cancer Res 48:1610-1617

19. Hwang YH, Choi JY, Kim S et al (2004) Over-expression c-raf-1
proto-oncogene in liver cirrhosis and hepatocellular carcinoma.
Hepatol Res 29:113-121

@ Springer

— 164 —



254

Int J Clin Oncol (2010) 15:242-255

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34

35

36.

37.

38.

39.

40.

41.

Wilhelm SM, Adnane L, Newell P et al (2008) Preclinical
overview of sorafenib, a multikinase inhibitor that targets both
Raf and VEGF and PDGF receptor tyrosine kinase signaling. Mol
Cancer Ther 7:3129-3140

Ohren JF, Chen H, Pavlovsky A et al (2004) Structures of human
MAP kinase kinase 1(MEKI1) and MEK2 describe novel non
competitive kinase inhibition. Nat Struct Mol Biol 11:1192-1197
Huynh H, Nguyen TTT, Chow KHP et al (2003) Over-expression
of the mitogen-activated protein kinase (MAPK) kinase (MEK)-
MAPK in hepatocellular carcinoma: its role in tumor progression
and apoptosis. BMC Gastroenterol 3:19—40

Engelma J (2009) Targeting PI3K signalling in cancer: oppor-
tunities, challenges and limitations. Nat Rev Cancer 9:550-562
Zhou L, Huang Y, Li J et al (2009) The mTOR pathway is
associated with the poor prognosis of human hepatocellular car-
cinoma. Med Oncol (Epub ahead of print)

Chen J, Wang Q, Fu X et al (2009) Involvement of PI3K/PTEN/
AKT/mTOR pathway in invasion and metastasis in hepatocellular
carcinoma: association with MMP-9. Hepatol Res 39:177-186
Villanueva A, Chiang DY, Newell P et al (2008) Pivotal role of
mTOR signaling in hepatocellular carcinoma. Gastroenterology
135:1972-1983

Treiber G (2009) mTOR inhibitors for hepatocellular carcinoma:
a forward-moving target. Expert Rev Anticancer Ther 9:247-261
Ferrara N, Davis-Smyth T (1997) The biology of vascular
endothelial growth factor. Endocr Rev 18:4-25

Griffioen AW, Molema G (2000) Angiogenesis: potentials for
pharmacologic intervention in the treatment of cancer, cardio-
vascular diseases, and chronic inflammation. Pharmacol Rev
52:237-268

Harper SJ, Bates DO (2008) VEGF-A splicing: the key to anti-
angiogenic therapeutics? Nat Rev Cancer 8:880-887

Fernandez M, Semela D, Bruix J et al (2009) Angiogenesis in
liver disease. J Hepatol 50:604-620

Schoenleber SJ, Kurtzl DM, Talwalkar JA et al (2009) Prognostic
role of vascular endothelial growth factor in hepatocellular car-
cinoma: systematic review and meta-analysis. Br J Cancer
100:1385-1392

Faivre S, Raymond E, Boucher E et al (2009) Safety and efficacy of
Sunitinib in patients with advanced hepatocellular carcinoma: an
open-label, multicenter, phase II study. Lancet Oncol 10:794-800
Zhu AX, Sahani DV, Duda DG et al (2009) Efficacy, safety, and
potential biomarker of sunitinib monotherapy in advanced
hepatocellular carcinoma: a phase II study. J Clin Oncol
27:3027-3035

Forner A, Llovet JM, Bruix J (2009) Sunitinib and the benefits of
a negative study. Lancet Oncol 10:743-744

Raoul JL, Flinn RS, Kang YK et al (2009) An open-label phase II
study of first- and second-line treatment with Brivanib in patients
with hepatocellular carcinoma (HCC). J Clin Oncol 27:15S
Suppl; Abstr 4577

Kanai F, Yoshida H, Tateishi R et al (2008) Final results of a
phase I/II trial of the oral anti-angiogenesis inhibitor TSU-68 in
patients with advanced hepatocellular carcinoma. J Clin Oncol 26
(abstract 4589)

Ciardiello F, Tortora G (2008) EGFR antagonists in cancer
treatment. N Engl J Med 358:1160-1174

Buckley AF, Burgart LJ, Sahai V et al (2008) Epidermal growth
factor receptor expression and gene copy number in conventional
hepatocellular carcinoma. Am J Clin Pathol 129:245-251

Philip PA, Mahoney MR, Allmer C et al (2005) Phase II study of
erlotinib (OSI-774) in patients with advanced hepatocellular
cancer. J Clin Oncol 23:6657-6663

Thomas MB, Chadhal R, Glover K et al (2007) Phase 2 study of
erlotinib in patients with unresectable hepatocellular carcinoma.
Cancer 110:1059-1066

@ Springer

42.

43.

45.

46.

47.

48.

49.

50.

51.

92;

53.

54.

55.

56.

57.

58.

59.

— 165 —

Thomas MB, Morris JS, Chadha R et al (2009) Phase II trial of the
combination of bevacizumab and Erlotinib in patients who have
advanced hepatocellular carcinoma. J Clin Oncol 27:843-850
Modified folfox7/bevacizumab or modified Xelox/bevacizumab
with or without erlotinib in first-line metastatic colorectal cancer
(MCRC): results of the feasibility phase of the DREAM-OPTI-
MOX3 study (GERCOR). J Clinical Oncol, 2007 ASCO Annual
Meeting Proceedings Part I, vol 25, No. 18S: 4097

. Tournigand B, Samson W, Scheithauer C et al (2009) mFOL-

FOX-bevacizumab or XELOX-bevacizumab then bevacizumab
alone or with erlotinib in first-line treatment of patients with
metastatic colorectal cancer (mCRC): interim safety analysis of
DREAM study. J Clin Oncol 27:15S, ASCO Annual Meeting
Abstract No:4077C

Hecht JR, Mitchell E, Chidiac T et al (2008) A randomized phase
IIB trial of chemotherapy, bevacizumab, and panitumumab
compared with chemotherapy and bevacizumab alone for meta-
static colorectal cancer. J Clin Oncol 27:672-680

Azad NS, Posadas EM, Kwitkowski VE et al (2008) Combination
targeted therapy with sorafenib and bevacizumab results in enhanced
toxicity and antitumor activity. J Clin Oncol 26:3709-3714

Burris HA III, Hurwitz HI, Dees EC et al (2005) Phase I safety,
pharmacokinetics, and clinical activity of Lapatinib
(GW572016), a reversible dual inhibitor of epidermal growth
factor receptor tyrosine kinases, in heavily pretreated patients
with metastatic carcinomas. J Clin Oncol 23:5305-5313
Bekaii-Saab T, Markowitz J, Prescott N et al (2009) A multi-
institutional phase II study of the efficacy and tolerability of
Lapatinib in patients with advanced hepatocellular carcinomas.
Clin Cancer Res 15:5895-5901

Zhu AX, Stuart K, Blaszkowsky LS et al (2007) Phase 2 study of
cetuximab in patients with advanced hepatocellular carcinoma.
Cancer 110:581-589

Comoglio PM, Giordano S, Trusolino L (2008) Drug develop-
ment of MET inhibitors: targeting oncogene addiction and
expedience. Nat Rev Drug Dis 7:501-516

Scharf JG, Braulke T (2003) The role of the IGF axis in
hepatocarcinogenesis. Horm Metab Res 35:685-693

Chen YW, Boyartchuk V, Lewis BC (2009) Differential roles of
insulin-like growth factor receptor—and insulin receptor-mediated
signaling in the phenotypes of hepatocellular carcinoma cells.
Neoplasia 11:835-845

Llovet JM, Ricci S, Mazzaferro V et al (2008) Sorafenib in
advanced hepatocellular carcinoma. N Engl J Med 359:378-390
Cheng AL, Kang YK, Chen Z et al (2009) Efficacy and safety of
sorafenib in patients in the Asia-Pacific region with advanced
hepatocellular carcinoma: a phase III randomised, double-blind,
placebo-controlled trial. Lancet Oncol 10:25-34

Kudo M (2010) Positioning of a molecular-targeted agent,
sorafenib, in the treatment algorithm for hepatocellular carcinoma
in Japan, including its impact on complete remission. Oncology
(in press)

Okita K, Imanaka K, Chiba N et al (2010) Phase III study of
sorafenib in patients in Japan and Korea with advanced hepato-
cellular carcinoma (HCC) treated after transarterial chemoembo-
lization. ASCO Gastrointestinal Cancers Symposium Proceedings
2010: 89 (LBA128)

Murata K, Suzuki H, Okano H et al (2010) Hypoxia-induced des-
y-carboxy prothrombin production in hepatocellular carcinoma.
Int J Clin Oncol 36:161-170

Abou-Alfa GK, Schwartz L, Ricci S et al (2006) Phase II study of
sorafenib in patients with advanced hepatocellular carcinoma.
J Clin Oncol 24:4293-4300

Toh H, Chen PJ, Carr BI et al (2009) A phase II study of ABT-
869 in hepatocellular carcinoma (HCC) : Interim analysis. J Clin
Oncol 27:15s (Suppl; Abstr 4581)



Int J Clin Oncol (2010) 15:242-255 255

60. Siegel AB, Cohen EI, Ocean A et al (2008) Phase II trial eval- the Eastern Cooperative Oncology Group’s Study E1203. J Clin
uating the clinical and biologic effects of bevacizumab in unre- Oncol 24:18S (Suppl, Abstr 4143)

sectable hepatocellular carcinoma. J Clin Oncol 26:2992-2998 62. Ramanathan RK, Belani CP, Singh DA et al (2009) A phase II

61. O’Dwyer PJ, Giantonio BJ, Levy DE et al (2006) Gefitinib in study of Lapatinib in patients with advanced biliary tree and

advanced unresectable hepatocellular carcinoma: Results from hepatocellular cancer. Cancer Chemother Pharmacol 64:777-783

@_ Springer

— 166 —



Introduction

Oncology

Oncology 2010;78(suppl 1):1-6
DOI: 10.1159/000315222

Published online: July 8, 2010

Management of Hepatocellular Carcinoma:
From Prevention to Molecular Targeted

Therapy

Masatoshi Kudo

Department of Gastroenterology and Hepatology, Kinki University School of Medicine, Osaka, Japan

Key Words
Hepatocellular carcinoma, prevention - Molecular targeted
therapy - Sorafenib - Treatment algorithm

Abstract

Hepatocellular carcinoma is a malignant tumor responsible
for approximately 600,000-700,000 deaths worldwide, and
is becoming more prevalent not only in South-East Asia and
Africa, but also in Western countries; therefore, interest in
hepatocellular carcinoma has mounted in recent years in
the West, where little or no interest was evident 10-20 years
ago. Copyright © 2010 S. Karger AG, Basel

Introduction

The 3rd International Kobe Liver Symposium on He-
patocellular Carcinoma (HCC) was held on June 6-7,
2009, in conjunction with the 45th Annual Meeting of the
Japan Society of Hepatology on June 4-5 (Congress Pres-
ident: Prof. Masatoshi Kudo). To this symposium, a total

of 20 oversea guests, all globally recognized HCC special-
ists, were invited (table 1). Numerous topics were present-
ed followed by extensive discussions with Japanese HCC
specialists.

This supplement issue focuses on these topics, from
the prevention to molecular targeted therapy. I firmly
believe that readers will gain a deeper insight into the
latest progress and updated diagnosis and treatment of
HCC.

Table 1. Invited overseas speakers at the 3rd IKLS 2009 in Kobe

Luigi Bolondi (Italy)

Jordi Bruix (Spain)

Pei-Jer Chen (Taiwan)
Byung Ihn Choi (Korea)
Michel Claudon (France)
Kwang Hyub Han (Korea)
Riccardo Lencioni (Italy)
Shi-Ming Lin (Taiwan)
Joseph M. Llovet (Spain
Jorge Marrero (USA)
Vincenzo Mazzaferro (Italy)

Joong-Won Park (Korea)
Ronnie T. Poon (Hong Kong)
Tania Roskams (Belgium)
Myron Schwartz (USA)
Morris Sherman (Canada)
Mitchell L. Shiffman (USA)
Hui Chuan Sun (China)

S. Thorgeirsson (USA)

Swan N. Thung (USA)

J. Zucman-Rossi (France)
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Prevention

Prevention of Hepatitis B Virus (HBV)-Related HCC

Primary Prevention of HCC by HBV Vaccination

About 350 million people are chronic carriers of the
HBV worldwide. The efficacy of universal immunization
has been shown in many countries, with striking reduc-
tions of the prevalence of HBV carriage in children. A
nationwide vaccination program against HBV launched
in Taiwan [1-3] has drastically reduced the HBsAg car-
rier rate in younger populations [4]. More importantly,
follow-up results from the Taiwan vaccination programs
have shown the incidence of HCC has been significant-
ly reduced in children. The average annual incidence
of HCC in children 6-14 years of age declined from
0.70/100,000 children between 1981 and 1986 to 0.57 be-
tween 1986 and 1990, and further to 0.36/100,000 be-
tween 1990 and 1994 (p < 0.01) [5].

Secondary Prevention of HCC by Interferon (IFN)

Therapy

There was one randomized controlled trial [6] which
involved 101 Taiwanese men with chronic hepatitis B, 67
of whom received IFN and 34 of whom received placebo.
During 1.1-11.5 years after completion of therapy, the in-
cidence of HCC in untreated patients was higher than
that in IFN-treated patients (12 vs. 1.5%, p = 0.043). The
cumulative incidence of HCC was also higher in untreat-
ed patients than treated patients (p = 0.013).

A meta-analysis of randomized studies comparing
IFN-treated versus untreated patients with HBV-related
cirrhosis showed that IFN seemingly decreased the rate
of HCC [7].

Secondary Prevention of HCC by Nucleoside Analog

To date, only one randomized controlled trial suggests
that lamivudine (LAM) treatment of chronic hepatitis B
and advanced liver disease does reduce the incidence of
HCC but with marginal significance (hazard ratio 0.49;
95% CI0.25-0.99; p = 0.047) [8]. A multicenter retrospec-
tive study of 2,795 patients (657 treated with LAM, 2,138
not treated with LAM) was reported from Japan [9]. The
cumulative HCC incidence was significantly lower in the
LAM group (p <0.001). These findings suggest that LAM
effectively reduces the incidence of HCC in patients with
chronic hepatitis B.

2 Oncology 2010;78(suppl 1):1-6

Prevention of HCV-Related HCC

Primary Prevention by Prevention of Viral

Transmission

It is well known that HCV infection has become prev-
alent recently under artificial circumstances: mother-ne-
onate transmission and sexual transmission of the virus
are possible but not common. In many countries, new
acquisition of HCV infection is decreasing due to grow-
ing concern about blood-transmitted infections, espe-
cially about HIV, and this trend should be further en-
couraged considering the absence of an effective vaccina-
tion for either HCV or HIV.

Secondary Prevention by Treatment of Chronic

Hepatitis C

The effect of IFN therapy on HCC incidence in non-
cirrhotic patients has been evaluated in non-randomized
studies. All studies agree that the risk is reduced in pa-
tients who show sustained virologic response or persis-
tent normalization of serum ALT levels [10-13]. Although
documentation is rather scarce, the combination with
ribavirin will produce a stronger effect on HCC preven-
tion among overall treated patients [14].

Surveillance for Early Detection of HCC

Definition of the Population at High Risk for HCC

Liver cirrhosis induced by causes other than HBV and
HCV is a risk for liver carcinogenesis. Since carcinogen-
esis occurs in some cases of liver cirrhosis associated with
non-alcoholic steatohepatitis, alcoholic liver disease, pri-
mary biliary cirrhosis and autoimmune hepatitis, the
course of the disease should be followed with close atten-
tion to carcinogenesis, particularly in viral liver cirrhosis.
Alcohol increases the risk of chronic hepatitis B- and C-
associated liver carcinogenesis.

Based on the above, patients with chronic hepatitis B
and C and non-viral liver cirrhosis are defined as high-
risk populations for HCC in both the Evidence-Based
Practice Guidelines [15] proposed by the Japan Society
of Hepatology and the Consensus-Based Clinical Prac-
tice Manual [16] in Japan and Practice Guidelines pub-
lished by the American Association of Study of the Liver
(AASLD) [17]. Patients with liver cirrhosis types B and C
are defined as a super-high-risk population [15, 16].

Surveillance Protocol for Early Detection of HCC
No clear evidence is available to determine the optimal
interval for periodic screening, but HCCs detected in pe-

Kudo
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riodic screening by AFP, a protein induced by vitamin K
absence or antagonist-I1I (PIVKA-II), AFP lectin fraction
(AFP-L3) measurement, and ultrasonography are soli-
tary and small in many cases, as compared to those de-
tected in symptomatic patients. Thus, the Japanese Evi-
dence-Based Clinical Practice Guidelines [15] and Con-
sensus-Based Clinical Practice Manual [16] propose
ultrasonography and tumor marker measurements every
3-4 months in the super-high-risk population and every
6 months in high-risk populations.

Result of Early Detection of HCC in Japan

In Japan, approximately 65% of the patients are de-
tected in an early stage, for which curative treatment in-
tervention is possible according to the nationwide survey
in 198,000 patients [18]. This can be attributed to the es-
tablishment of a nationwide surveillance system all over
the Japan.

Newly Introduced Diagnostic Techniques

Contrast-Enhanced US (CEUS) with a New Contrast

Agent, Sonazoid

Clinical Significance of CEUS

Sonazoid is a newly introduced second-generation ul-
trasound contrast agent exclusively approved in Japan in
2007. The important characteristics of Sonazoid are that
it facilitates real-time imaging in blood flow images at
low acoustic power and stable Kupffer phase imaging, tol-
erable for multiple scanning from 10 to 120 min after its
injection [19], which resulted in the invention of the
breakthrough method, defect reperfusion imaging. So-
nazoid-enhanced US with defect reperfusion imaging is
an innovative technology that will greatly change the dai-
ly practices of HCC.

Development of Defect Reperfusion Imaging

(Dual-Phase Fusion Imaging)

We recently developed defect reperfusion imaging
[20-22] using the properties of very stable Kupffer im-
ages and real-time fine blood flow images obtained with
Sonazoid for typical HCC, which is depicted by CT but
not by B-mode scanning. This method is a breakthrough
for accurate localization and treatment guidance [21].
Until recently, diagnosis in dynamic studies is usually
based on enhancing patterns according to a time se-
quence or phase; however, by introducing the novel idea
of dual-phase imaging with the re-injection method,
both Kupffer and arterial-phase images are obtained at

Management of HCC: From Prevention
to Molecular Targeted Therapy

the same slice of ultrasound plane, which is really an in-
novative technique. Namely, this method is performed as
follows: re-injection of Sonazoid is performed into areas
that show defects in the post-vascular phase [19-22]. The
introduction of this method hasled to dramatic solutions
of many limitations in the diagnosis and treatment of
HCC, such as detection of small HCCs [23], evaluation of
treatment response [24], or needle insertion guidance
[25]. The detection rate of small HCCs by Sonazoid-en-
hanced US is even more sensitive than that by MDCT
[23].

MRI Using a New Contrast Agent, Gd-EOB-DTPA, in

the Diagnosis of Early HCC

A newly introduced contrast agent, gadolinium-
diethylene-triamine-pentaacetic acid (Gd-EOB-DTPA),
approved in 2008 in Japan, is a hepatocyte-specific MRI
contrast medium with a different mechanism, utilizing
both dynamic and Kupffer cell imaging. This new con-
trast medium is useful to diagnose cases which would
have been difficult using previous techniques such as dy-
namic MRI or SPIO-MRIL

In well-differentiated early HCC, some nodules may
not be completely shown as a defective area on CTAP, but
Gd-EOB-DTPA uptake is apparently lower than that in
the surrounding normal liver parenchyma, being imaged
as a low-intensity nodule. Well-differentiated early HCC
having Kupffer cells with enhanced SPIO uptake and re-
ceiving portal blood flow on CTAP has been difficult to
characterize by SPIO-MRI or CTAP; however, it can be
imaged clearly as hypointense nodule using Gd-EOB-
DTPA MRI in many early HCC cases due to differences
in the biological characteristics, indicating that this con-
trast agent may lead to a breakthrough in the diagnosis
of early HCC [26, 27], which has been clinically difficult
and difficult even by pathological diagnosis when biopsy
sample is used. In other words, this technique may be the
most sensitive tool in the detection of the phenotypic
change of early hepatocarcinogenesis, much more sensi-
tive than CTAP, CTHA, or SPIO-MRI.

Therefore, diagnostic algorithm will be changed by in-
troducing Gd-EOB-DTPA MRI in hyper- and hypovas-
cular liver nodules [28, 29].

Value of an Integrated Staging System
The staging system integrating the TNM and liver

damage stage is very important. Various staging systems,
such as (1) Okuda stage, (2) BCLC stage [30, 31], (3) CLIP
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score [32], (4) JIS score [33, 34], and (5) Tokyo score [35]
have been proposed and used in different regions of the
world. The JIS score, utilizing both the LCSG] TNM [36]
and Child-Pugh stages, is considered to be the most use-
ful for integrated staging of HCC in Japan. In contrast,
the CLIP score has several disadvantages: specification of
the tumor-spreading degree is rough, only AFP is used as
a biological malignancy marker, and stratification ability
is also poor in advanced cases (many cases cluster to a
score of 0-2). By contrast, the JIS score is superior for
score stratification.

Hepatic Arterial Infusion Chemotherapy for
Advanced HCC

No effective anticancer drug for advanced liver cancer
had been demonstrated before sorafenib was introduced
[37]. ‘Far advanced liver cancer’ represents stage [Va liver
cancer accompanied by vascular invasion and stage IVb
liver cancer accompanied by distant metastasis, for which
low-dose FP (5-FU and cisplatinum) [38] therapy and he-
patic arterial infusion of 5-FU in combination with IFN
treatment [39] were established as an effective treatment
option in Japan. In fact, response rate (CR + PR) reaches
45.9% according to the Nationwide Survey by LCSGJ [18].
In addition, it is well established that overall survival of
the responder is definitely better than the non-responder
or best supportive care group. However, the intra-arteri-
al infusion procedure is complex because establishment
of areservoir port for arterial infusion is necessary; there-
fore, this technique is not performed in Western coun-
tries.

Hepatic intra-arterial infusion chemotherapy is not
recommended in the AASLD guidelines [17]; therefore,
although the response rate is high, the efficacy of espe-
cially survival benefit of intra-arterial infusion chemo-
therapy and that using an intractable delivery port sys-
tem should be confirmed by further randomized stud-
ies.

New Treatment Option: Molecular Targeted Agent,
Sorafenib

Sorafenib is a low-molecular-weight compound dis-
covered by screening inhibitors of Raf kinase, an impor-
tant molecule in the MAP kinase cascade located down-
stream of the growth factor receptor. Sorafenib exhibits
strong inhibitory activity for not only c-Raf, the wild-
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type, and V600OE mutant b-Raf, but also receptor tyrosine
kinases involved in angiogenesis and cell growth, such as
vascular endothelial growth factor receptor (VEGFR)-2,
VEGFR-3, platelet-derived growth factor receptor, Fms-
related tyrosine kinase-3 (Flt-3), and c-Kit.

The positive results of a phase III study for HCC
(SHARP trial) [40] gave a strong impact on treatment
strategy of HCC. This study was performed as a random-
ized double-blind placebo-controlled multicenter study
initiated in March 2005. The subjects were advanced
HCC patients at ECOG PS 0-2 with Child-Pugh A liver
function without previous systemic chemotherapy. Re-
garding the study design, two groups, sorafenib (400 mg
b.i.d.) and placebo treatment, were established and the
primary endpoints were overall survival. The secondary
endpoints were time to progression.

Ongoing Clinical Trials with Molecular Targeted

Agents

As stated earlier, the STORM trial using sorafenib as
an adjuvant setting after curative treatment such as resec-
tion or ablation is ongoing as a global trial. In addition,
the SPACE trial and TACTICS trial using sorafenib in
combination with TACE are ongoing in Western coun-
tries and Japan, respectively. The SILIUS trial using
sorafenib in combination with hepatic arterial infusion
chemotherapy is under investigation in Japan. Further-
more, head-to-head trials of sunitinib versus sorafenib
and brivanib versus sorafenib for advanced HCC are on-
going globally. Finally, a second-line trial of brivanib for
the sorafenib failure is also ongoing as a global clinical
trial [29]. These trial results are awaited to bring better
outcomes for different stages of HCC. If positive results
are obtained by these clinical trials, the life expectancy in
each stage is expected to be considerably prolonged if a
theoretical calculation using the hazard ratio on overall
survival is incorporated from the SHARP trial [29].

In Japan, although a phase III study in HCC patients
following TACE was revealed to be a negative study [41],
an investigator-sponsored trial of investigating efficacy
and tolerability of a combination of TACE with sorafenib
is underway. In addition, a phase III trial for HCC of acy-
clic retinoid, a vitamin A analog, after resection or RFA
has been completed and will be presented at the Ameri-
can Society of Clinical Oncology Meeting, 2010.

A global phase III trial of sorafenib as an adjuvant
therapy after surgery or ablation is now ongoing
(STORM trial) and a global phase II trial of sorafenib as
a maintenance therapy with a combination of TACE is
also ongoing (SPACE trial). These results are awaited to
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confirm its usefulness in daily clinical practice. A para-
digm shift in HCC treatment may be induced if the pos-
itive results are obtained by these currently ongoing

sorafenib trials.

Conclusion

Oncology.

strongly expected that this supplement issue will enhance
the most up-to-date knowledge on HCC of the readers of
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Recent progress in the management of HCC, includ-
ing issues from prevention to molecular targeted therapy
for HCC, has been discussed at this symposium. It is

References

[y

37:588-594.

‘2 Chen DS, Hsu NH, Sung JL, Hsu TC, Hsu ST,
Kuo YT, Lo KJ, Shih YT: A mass vaccination
program in Taiwan against hepatitis B virus
infection in infants of hepatitis B surface
antigen-carrier mothers. JAMA 1987;257:

2597-2603.

‘3 Hsu HM, Chen DS, Chuang CH, Lu JC, Jwo
DM, Lee CC, Lu HC, Cheng SH, Wang YF,
Wang CY, et al: Efficacy of a mass hepatitis B
vaccination program in Taiwan. Studies on
3,464 infants of hepatitis B surface antigen-
carrier mothers. JAMA 1988;260:2231-2235.

‘4 Chen HL, Chang MH, Ni YH, Hsu HY, Lee
PI, Lee CY, Chen DS: Seroepidemiology of
hepatitis B virus infection in children: ten
years of mass vaccination in Taiwan. JAMA

1996;276:906-908.

‘5 Chang MH, Shau WY, Chen CJ, Wu TC,
Kong MS, Liang DC, Hsu HM, Chen HL,
Hsu HY, Chen DS: Hepatitis B vaccination
and hepatocellular carcinoma rates in boys

and girls. JAMA 2000;284:3040-3042.

‘6 Lau DT, Everhart J, Kleiner DE, Park Y, Ver-
galla ], Schmid P, Hoofnagle JH: Long-term
follow-up of patients with chronic hepatitis
B treated with interferon alfa. Gastroenterol-

ogy 1997;113:1660-1667.

'7 Yang YF, Zhao W, Zhong YD, Xia HM, Shen
L, Zhang N: Interferon therapy in chronic
hepatitis B reduces progression to cirrhosis
and hepatocellular carcinoma: a meta-anal-

ysis. ] Viral Hepat 2009;16:265-271.

‘8 Liaw YF, Sung JJ, Chow WC, Farrell G, Lee
CZ, Yuen H, Tanwandee T, Tao QM, Shue K,
Keene ON, et al: Lamivudine for patients
with chronic hepatitis B and advanced liver

disease. N Engl ] Med 2004;351:1521-1531.

El-Serag HB: Epidemiology of hepatocellu-
lar carcinoma in USA. Hepatol Res 2007;

Management of HCC: From Prevention
to Molecular Targeted Therapy

9

14

Matsumoto A, Tanaka E, Rokuhara A, Kiyo-
sawa K, Kumada H, Omata M, Okita K,
Hayashi N, Okanoue T, lino S, et al: Efficacy
of lamivudine for preventing hepatocellular
carcinoma in chronic hepatitis B: a multi-
center retrospective study of 2795 patients.
Hepatol Res 2005;32:173-184.

Yoshida H, Shiratori Y, Moriyama M, Ara-
kawa Y, Ide T, Sata M, Inoue O, Yano M,
Tanaka M, Fujiyama S, et al: Interferon ther-
apy reduces the risk for hepatocellular car-
cinoma: national surveillance program of
cirrhotic and noncirrhotic patients with
chronic hepatitis C in Japan. IHIT Study
Group. Inhibition of Hepatocarcinogenesis
by Interferon Therapy. Ann Intern Med
1999;131:174-181.

Imai Y, Kawata S, Tamura S, Yabuuchi I,
Noda §, Inada M, Maeda Y, Shirai Y, Fuku-
zaki T, Kaji I, et al: Relation of interferon
therapy and hepatocellular carcinoma in pa-
tients with chronic hepatitis C. Osaka Hepa-
tocellular Carcinoma Prevention Study
Group. Ann Intern Med 1998;129:94-99.
Ikeda K, Saitoh S, Arase Y, Chayama K, Su-
zuki Y, Kobayashi M, Tsubota A, Nakamura
I, Murashima N, Kumada H, et al: Effect of
interferon therapy on hepatocellular carci-
nogenesis in patients with chronic hepatitis
type C: a long-term observation study of
1,643 patients using statistical bias correc-
tion with proportional hazard analysis.
Hepatology 1999;29:1124-1130.

Shindo M, Ken A, Okuno T: Varying inci-
dence of cirrhosis and hepatocellular carci-
noma in patients with chronic hepatitis C re-
sponding differently to interferon therapy.
Cancer 1999;85:1943-1950.

Yu ML, Lin SM, Chuang WL, Dai CY, Wang
JH, Lu SN, Sheen IS, Chang WY, Lee CM,
Liaw YF: A sustained virological response to
interferon or interferon/ribavirin reduces
hepatocellular carcinoma and improves sur-
vival in chronic hepatitis C: a nationwide,
multicentre study in Taiwan. Antivir Ther
2006;11:985-994.

15

16

17

18

19

20

21

22

Makuuchi M, Kokudo N, Arii S, Futagawa S,
Kaneko S, Kawasaki S, Matsuyama Y, Oka-
zaki M, Okita K, Omata M, et al: Develop-
ment of evidence-based clinical guidelines
for the diagnosis and treatment of hepatocel-
lular carcinoma in Japan. Hepatol Res 2008;
38:37-51.

Kudo M, Okanoue T: Management of hepa-
tocellular carcinoma in Japan: consensus-
based clinical practice manual proposed by
the Japan Society of Hepatology. Oncology
2007;72(suppl):2-15.

Bruix J, Sherman M: Management of hepato-
cellular carcinoma. Hepatology 2005;42:
1208-1236.

Tkail, Arii S, Okazaki M, Okita K, Omata M,
Kojiro M, Takayasu K, Nakanuma Y, Makuu-
chi M, Matsuyama Y, et al: Report of the 17th
Nationwide Follow-Up Survey of Primary
Liver Cancer in Japan. Hepatol Res 2007;37:
676-691.

Inoue T, Kudo M, Hatanaka K, Takahashi S,
Kitai S, Ueda T, Ishikawa E, Hagiwara S,
Minami Y, Chung H, et al: Imaging of he-
patocellular carcinoma: qualitative and
quantitative analysis of postvascular phase
contrast-enhanced ultrasonography with
Sonazoid. Oncology 2008;75(suppl 1):48-54.
Kudo M, Hatanaka K, Maekawa K: Defect re-
perfusion imaging, a newly developed novel
technology using Sonazoid in the treatment
of hepatocellular carcinoma. ] Med Ultra-
sound 2008;16:169-175.

Kudo M, Hatanaka K, Chung H, Minami Y,
Maekawa K: A proposal of novel treatment-
assist technique for hepatocellular carcino-
ma in the Sonazoid-enhanced ultrasonogra-
phy: value of defect re-perfusion imaging (in
Japanese). Kanzo 2007;48:299-301.

Kudo M, Hatanaka K, Maeckawa K: So-
nazoid-enhanced ultrasound in the diagno-
sis and treatment of hepatic tumors. ] Med
Ultrasound 2008;16:130-139.

Oncology 2010;78(suppl 1):1-6 5

— 171 —



23

24

25

26

27

28

29

Hatanaka K, Kudo M, Minami Y, Maekawa
K: Sonazoid-enhanced ultrasonography for
diagnosis of hepatic malignancies: compari-
son with contrast-enhanced CT. Oncology
2008;75(suppl 1):42-47.

Xia Y, Kudo M, Minami Y, Hatanaka K,
Ueshima K, Chung H, Hagiwara S, Inoue T,
Ishikawa E, Kitai S, et al: Response evalua-
tion of transcatheter arterial chemoemboli-
zation in hepatocellular carcinomas: the use-
fulness of Sonazoid-enhanced harmonic
sonography. Oncology 2008;75(suppl 1):99-
105.

Minami Y, Kudo M: Contrast-enhanced har-
monic ultrasound imaging in ablation ther-
apy for primary hepatocelular carcinoma.
World ] Radiol 2009;31:86-91.

Kanematsu M, Kondo H, Goshima §, Tsuge
Y, Watanabe H: Magnetic resonance imag-
ing of hepatocellular carcinoma. Oncology
2008;75(suppl 1):65-71.

Kim M, Choi J, Chung Y, Choi S: Magnetic
resonance imaging of hepatocellular carci-
noma using contrast media. Oncology 2008;
75(suppl 1):72-82.

Kudo M: Will Gd-EOB-MRI change the di-
agnostic algorithm for hepatocellular carci-
noma? Oncology 2010;78(suppl 1):87-93.
Kudo M: The 2008 Okuda Lecture: Manage-
ment of hepatocellular carcinoma: from sur-
veillance to molecular targeted therapy. |
Gastroenterol Hepatol 2010;439-452.

30

32

33

34

35

36

Bruix J, Sherman M, Llovet JM, Beaugrand
M, Lencioni R, Burroughs AK, Christensen
E, Pagliaro L, Colombo M, Rodes J: Clinical
management of hepatocellular carcinoma.
Conclusions of the Barcelona 2000 EASL
Conference. European Association for the
Study of the Liver. ] Hepatol 2001;35:421-
430.

LlovetJM, Bru C, Bruix J: Prognosis of hepa-
tocellular carcinoma: the BCLC staging clas-
sification. Semin Liver Dis 1999;19:329-338.
The Cancer of the Liver Italian Program
(CLIP) Investigators: Prospective validation
of the CLIP score: a new prognostic system
for patients with cirrhosis and hepatocellular
carcinoma. Hepatology 2000;31:810-845.
Kudo M, Chung H, Osaki Y: Prognostic stag-
ing system for hepatocellular carcinoma
(CLIP score): its value and limitations, and a
proposal for a new staging system, the Japan
Integrated Staging Score (JIS score). ] Gas-
troenterol 2003;38:207-215.

Kudo M, Chung H, Haji S, Osaki Y, Oka H,
Seki T, Kasugai H, Sasaki Y, Matsunaga T:
Validation of a new prognostic staging sys-
tem for hepatocellular carcinoma: the JIS
score compared with the CLIP score. Hepa-
tology 2004;40:1396-1405.

Tateishi R, Yoshida H, Shiina S, Imamura H,
Hasegawa K, Teratani T, Obi S, Sato S, Koike
Y, Fujishima T, et al: Proposal of a new prog-
nostic model for hepatocellular carcinoma:
an analysis of 403 patients. Gut 2005;54:419-
425.

Liver Cancer Study Group of Japan: General
Rules for the Clinical and Pathological Study
of Primary Liver Cancer, Engl ed 2. Tokyo,
Kanehara, 2003.

Oncology 2010;78(suppl 1):1-6

— 172 —

37

38

39

40

41

Kitai S, Kudo M, Minami Y, Haji S, Osaki Y,
Oka H, Seki T, Kasugai H, Sasaki Y, Matsu-
naga T: Validation of a new prognostic stag-
ing system for hepatocellular carcinoma: a
comparison of the biomarker-combined Ja-
pan integrated staging score, the conven-
tional Japan integrated staging score and the
BALAD score. Oncology 2008;75(suppl 1):
83-90.

Ando E, Tanaka M, Yamashita F, Kuromatsu
R, Yutani S, Fukumori K, Sumie S, Yano Y,
Okuda K, Sata M: Hepatic arterial infusion
chemotherapy for advanced hepatocellular
carcinoma with portal vein tumor thrombo-
sis: analysis 0f 48 cases. Cancer 2002;95:588-
595.

Sakon M, Nagano H, Dono K, Nakamori §,
Umeshita K, Yamada A, Kawata S, Imai Y,
lijima S, Monden M: Combined intraarterial
5-fluorouracil and subcutaneous interferon-
o therapy for advanced hepatocellular carci-
noma with tumor thrombi in the major por-
tal branches. Cancer 2002;94:435-442.
Llovet JM, Ricci S, Mazzaferro V, Hilgard P,
Gane E, Blanc JF, de Oliveira AC, Santoro A,
Raoul JL, Forner A, et al: Sorafenib in ad-
vanced hepatocellular carcinoma. N Engl |
Med 2008;359:378-390.

Okita K, Imanaka K, Chiba N, Tak W, Naka-
chi K, Takayama T, Suh D, Kumada H, Wada
M, Kudo M: Phase III study of sorafenib in
patients in Japan and Korea with advanced
hepatocellular carcinoma treated after
transarterial chemoembolization. ASCO
Gastrointestinal Cancers Symposium Pro-
ceedings 2010, No 89 (LBA128).

Kudo



Oncology

T e N e T T e R L R R R T R
Oncology 2010;78(suppl 1):148-153

Published online: July 8, 2010

DOI: 10.1159/000315244

Hepatic Arterial Infusion Chemotherapy
Using Low-Dose 5-Fluorouracil and Cisplatin
for Advanced Hepatocellular Carcinoma

Kazuomi Ueshima Masatoshi Kudo Masahiro Takita Tomoyuki Nagai

Chie Tatsumi Taisuke Ueda Satoshi Kitai

Emi Ishikawa Norihisa Yada

Tatsuo Inoue Satoru Hagiwara Yasunori Minami Hobyung Chung

Department of Gastroenterology and Hepatology, Kinki University School of Medicine, Osaka, Japan

Key Words
Hepatocellular carcinoma - Hepatic arterial infusion
chemotherapy - Cisplatin < 5-Fluorouracil - Low-dose FP

Abstract

Background: Although hepatic arterial infusion chemother-
apy (HAIC) using low-dose 5-fluorouracil (5-FU) and cisplatin
(low-dose FP) is commonly used for advanced hepatocellu-
lar carcinoma (HCC) with vascular invasion in Japan, few re-
ports have investigated the efficacy and safety of this ap-
proach. We investigated the efficacy and toxicity of HAIC us-
ing low-dose FP for patients with advanced HCC as a phase
Il trial. Methods: Low-dose FP consisted of a continuous arte-
rial infusion of 5-FU (250-500 mg/day, 5 days/week, for the
first 2 weeks) and cisplatin (10 mg/day, 5 days/week, for the
first 2 weeks). Then, 5-FU (1,000 mg/body for 5 h) and cispla-
tin (10 mg/body) were administered once weekly. Results: in
these patients treated with low-dose FP, the response rate
was 38.5%, the median time to progression was 4.1 months
(95% ClI 2.1-6.1 months) and the median survival time was
15.9 months (95% Cl 9.8-22.0 months). The most frequent
adverse events were myelosuppression such as neutropenia
or thrombocytopenia. Conclusions: HAIC using low-dose FP
is an effective treatment option for locally advanced HCC.
However, it is not well tolerated hematologically because of

potent pancytopenia and poor hepatic reserve. Therefore,
this regimen should be performed carefully with regular
monitoring of hematological function.

Copyright © 2010 S. Karger AG, Basel

Introduction

Hepatocellular carcinoma (HCC) is one of the most
common malignancies in Japan and the fifth most com-
mon cancer worldwide [1-3]. It was established in Japan
that surveillance of high-risk groups, such as patients
with hepatitis C virus (HCV) or hepatitis B virus (HBV),
can enable the detection of HCC in the early stage. How-
ever, about 10% of patients with HCC are still detected in
advanced stages [4]. In the early stage, HCC is treatable
by standard therapies such as hepatic resection, radiofre-
quency ablation (RFA) and transcatheter arterial chemo-
embolization (TACE). Interferon therapy improves the
prognosis of patients who are curatively treated by he-
patic resection or RFA [5-9]. However, many patients re-
quire repeated treatment, and the standard therapies may
not be effective in such patients. In the intermediate stage,
TACE is considered to be the standard treatment, but
TACE is often not curative and is commonly repeated.
Moreover, TACE is contraindicated in patients with HCC
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that has progressed into the portal vein, particularly the
main trunk. In such cases, hepatic arterial infusion che-
motherapy (HAIC) using low-dose 5-fluorouracil (5-FU)
and cisplatin (low-dose FP) is often selected. HAIC has
been established as a treatment option in Japan. However,
there is little evidence of the efficacy of this method.
Therefore, we performed a phase II trial to investigate the

efficacy and toxicity of low-dose FP for patients with ad-
vanced HCC.

Materials and Methods

Patients

Fifty-two patients with advanced HCC, who were admitted to
the Department of Gastroenterology and Hepatology, Kinki Uni-
versity School of Medicine, were enrolled in the current study
between April 2004 and August 2006. Advanced HCC was con-
sidered as the presence of a portal vein tumor thrombus or HCC
refractory to TACE. Written informed consent was obtained from
each participant after explaining the advantages and risks of
HAIC using low-dose FP.

Eligibility Criteria

The eligibility criteria of this therapy were as follows: (1) ad-
vanced HCC, which was uncontrollable with standard treatment
such as TACE, or HCC with vascular invasion; (2) age under 80
years; (3) Eastern Cooperative Group performance status of 0 or
1; (4) Child-Pugh grade A or B; (5) encephalopathy degree 0; (6)
leukocyte count >2,000 cells/mm?, hemoglobin level >10 g/dl,
platelet count >75,000 cells/mm?; (7) serum creatinine <1.5 mg/
dl, and (8) serum total bilirubin level <3.0 mg/dl.

HAIC was performed in cases in which the intrahepatic tumor
threatened the patient’s life, even in the presence of extrahepatic
spread.

Catheter Placement

Angiography was performed from the right femoral artery us-
ing the Seldinger technique. Arteriography of the celiac trunk and
the superior mesenteric artery was performed to detect HCC and
its feeding artery, and arterioportography via the superior mesen-
teric artery was performed to evaluate the portal vein patency. To
avoid gastrointestinal mucosal injury due to anticancer agents,
arteries supplying the gastrointestinal tract were embolized by
the metallic coils. A 5-Fr heparin-coated catheter was placed and
the tip of the catheter was located in the gastroduodenal artery
and fixed by the metallic coils. The side hole of the catheter was
located at the common hepatic artery (GDA-fixed method) [10].
Another tip of the catheter was connected to the injection port
system and implanted in a subcutaneous pocket in the right in-
guinal part in front of the femoral region.

Treatment

Cisplatin and 5-FU were administered via the implanted port
system. 5-FU was administered continuously using an ambula-
tory balloon infusion pump (LV2; Baxter, Chicago, Ill., USA) at a
dose of 250-500 mg/day for 5 days/week for the first 2 weeks. Cis-
platin was administered manually at the dose of 10 mg/day for 5

HAIC Using Low-Dose 5-FU and
Cisplatin for Advanced HCC

CDDP
10 mg/body
g 1 4 1 1
Week 1 5-FU: 250-500 mg/24 h for 5 days I Rest (2 days)
CDDP
10 mg/body
Week2 | 5-FU:250-500mg/24 hfor 5days | Rest(2days) |

Fig. 1. Schedule of the low-dose FP during the first 2 weeks.

days/week for the first 2 weeks (fig. 1). The dose of these drugs was
reduced according to hepatic reserve. To prevent emesis caused by
cisplatin, 5-HT3 antagonists were given. After 2 weeks, the dose
of cisplatin was changed to 10 mg/body and 5-FU was adminis-
tered using an ambulatory balloon infusion pump (LV50; Baxter)
at the dose of 1,000 mg/body for 5 h every week until HCC pro-
gressed (requiring a change in treatment) or an unacceptable ad-
verse event occurred.

Evaluation and Statistical Analysis

Response was assessed according to the Response Evaluation
Criteria in Solid Tumors (RECIST) [11] every 2 months on treat-
ment. The overall survival time was calculated from the date of
initiation of this therapy to the date of any cause or confirmed
survival. The time to progression was calculated from the date of
initiation of this therapy to the date of radiological progression.
The overall survival and time to progression were analyzed using
the Kaplan-Meier method. Statistical analysis was conducted us-
ing SPSS version 11.5.1 for Windows. Toxicity was assessed ac-
cording to the Common Terminology Criteria for Adverse Events
v3.0 (CTCAE) [12].

Results

Table 1 summarizes the clinical profiles of the 52 pa-
tients (46 males, 6 females) treated with low-dose FP. The
mean age was 61.3 years (range 30-79; median age 63.5
years old). The numbers of patients at United Internation-
al Consensus Committee (UICC) stages III, IVA and IVB
were 10, 36 and 6, respectively. The number of patients at
American Joint Committee of Cancer (AJCC) [13] stages
IT, ITIA, IIIB and IV were 9, 37, 2 and 4, respectively. Three
patients were at an intermediate stage and 49 at an ad-
vanced stage based on Barcelona Clinic Liver Cancer
(BCLC) [14] grading. Forty-two patients had macroscopic
vascular invasion, including portal vein thrombosis. Four
patients had extrahepatic spread including bone metasta-
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Table 1. Patient characteristics

Age 61.3 (30-79)
Sex male/female 46/6
Stage (UICC) III/IVA/IVB 10/36/6
Stage (AJCC) II/IITA/TIIB/TV 9/37/2/4
Stage (BCLC) B (intermediate)/ 3/49
C (advanced)
MVI yes/no 42/10
EHS yes/no 4/48
Cause of disease HBV/HCV/NBNC/ 12/30/9/1
HBV+HCV
Child-Pugh class A/B 38/14
ALB, g/dl median (range) 3.5(2.7-4.8)
BIL, mg/dl median (range) 1.0 (0.3-2.5)
PT, % median (range) 81.5 (48.3-120.0)

UICC = United International Consensus Committee; AJCC =
American Joint Committee of Cancer; BCLC = Barcelona Clinic

Liver Cancer; MVI = macroscopic vascular invasion; EHS = ex-
trahepatic spread; NBNC = not infected with HBV and HCV.

ses or lung metastases. Twelve patients were infected with
HBYV, 30 were infected with HCV, 9 were not infected with
either HBV or HCV, and 1 was infected with HBV and
HCV. Overall, 38 patients were at Child-Pugh grade A and
14 at Child-Pugh grade B.

Three patients (5.8%) withdrew during follow-up on
their own accord and were not evaluated; therefore, tu-
mor response could be assessed in 49 of 52 patients. In the
intent-to-treat analysis (comprising all treated patients),
4 of 52 patients (7.7%) achieved complete response (CR)
and 16 (30.8%) achieved partial response (PR). Stable dis-
ease (SD) was observed in 14 patients (26.9%) and pro-
gressive disease (PD) was observed in 15 patients (28.8%).
Therefore, the objective response rate was 38.5%. The dis-
ease control rate (CR + PR + SD) was 65.4%.

The cumulative survival rate of the 52 patients is
shown in figure 2. The 1-, 2- and 3-year cumulative sur-
vival rates were 53.3, 34.8, and 26.1%, respectively. The
median survival time was 15.9 months (95% CI 9.8-22.0
months). The patients with PR or CR had a median sur-
vival of 40.7 months (95% CI 11.3-70.1), whereas the pa-
tients with SD or PD had a median survival of 6.8 months
(95% CI 5.6-8.0 months). The overall survival (OS) of the
patients with PR or CR was significantly longer than that
of patients with SD or PD (median OS: 40.7 vs. 6.8 months;
p < 0.0001) (fig. 3). The median time to progression was
4.1 months (95% CI 2.8-5.2 months) (fig. 4).
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Fig. 2. Kaplan-Meier analysis of overall survival of 52 patients
treated by HAIC with low-dose FP.

Adverse Effects

The treatment-related adverse effect was assessed in
two categories: events potentially related to the antican-
cer agent and events potentially related to the implanted
catheter system. The events related to the antitumor agent
are summarized in table 2. Hematologic toxicities, in-
cluding leukopenia, neutropenia, anemia, and thrombo-
cytopenia, were relatively severe. Grade 3 leukocytope-
nia, neutropenia, anemia and thrombocytopenia were
observed in 10 (19.2%), 12 (23.1%), 5 (9.6%), and 22 (42.3%)
patients, respectively. Grade 4 thrombocytopenia with-
out any associated bleeding event was observed in 2 pa-
tients (3.8%); 1 of these patients required thrombocyte
transfusion. Grade 3 hyperbilirubinemia was observed in
7 patients (13.5%). These toxicities were improved by dis-
continuing the treatment or reducing the dose of antican-
cer agents. Non-hematological events were mild and well
tolerated. Grade 1 anorexia, fatigue, mucositis and diar-
rhea were often observed. These events were managed by
symptomatic therapy without discontinuing the treat-
ment.

In terms of implanted catheter system-related compli-
cations, obstruction of the hepatic artery was observed in
1 patient. Anticoagulation therapy was performed but the
obstruction did not improve. No infection of the catheter
system was observed. No treatment-related deaths were
observed.
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