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Abstract

The largest burden of hepatocellular carcinoma (HCC) lies in Asia, secondary to hepatitis B virus (HBV) infection.
Improved survival with sorafenib has fostered new research but many challenges remain in designing clinical trials.
The disease, its management, and populations affected by it are heterogeneous worldwide and within Asia. An
expert conference of Eastern Asian oncologists and hepatologists was convened to foster consensus in clinical trial
design. The panel identified key areas that need to be addressed to facilitate clinical trials in Asia. Stratification by
viral etiology is desirable within Asia and by region in global trials. Antiviral therapy should also be considered as a
stratification factor and incorporated into HCC management in trials. The panel agreed that histological diagnosis is
not required for trial entry and that Barcelona-Clinic Liver Cancer (BCLC) staging is acceptable for trials as long as
portal hypertension can be better defined with standardized methodology. Consensus in treatment must be
sought to allow multi-national trials and it must be recognized that first-line sorafenib is not largely feasible in Asia.

treatment options in this challenging disease.

Finally, Asian nations must be urged to participate in clinical trials, many of which are ongoing, to advance new

Background

Over 600,000 cases of hepatocellular carcinoma (HCC)
are diagnosed annually worldwide and the mortality-to-
incidence rate ratio is second only to pancreatic cancer
[1,2]. The incidence of HCC varies widely by geographi-
cal region. Asia carries the largest burden with 55% of
all cases occurring in China [1]. Age-standardized inci-
dence rates per 100,000 persons for men are 45.0 in
Korea (1999-2001) [3], 37.9 in China (2002) [1], and
23.1 in Japan (2002) [1]. Corresponding rates for women
are 12.0, 14.2, and 7.6. Globally, the predominant cause
of HCC is viral infection with hepatitis B virus (HBV) or
hepatitis C virus (HCV) [4].

Hepatocellular carcinoma is refractory to cytotoxic
chemotherapy [5] and the failure of cytotoxic regimens
has led to a bleak outlook. However, the recent develop-
ment of molecular targeted therapies is changing the
landscape and offering hope. Researchers have found
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new optimism for initiating clinical trials after sorafenib
showed efficacy in advanced disease [6]. Currently, trials
are planned or ongoing in all stages of HCC; however,
many issues remain [7]. Most salient is the variability in
management practices both between Asia and the West
and within Asia. Key differences are apparent in the
etiology, diagnosis, staging, and treatment of HCC
among countries. These differences complicate the con-
duct of international clinical trials that will foster
approval and availability of new therapeutic entities.

In order to forge a better understanding of how HCC
clinical practices in the Eastern Asian region compare to
current global clinical trial requirements, an expert con-
ference was held. Participants of the panel (the authors)
are oncologists and hepatologists representing China,
Hong Kong, Japan, Korea, and Taiwan who have an
expertise in treating HCC. Each panelist offered insight,
reviewed herein, about how HCC is managed across
Eastern Asia and how management practices and clinical
trial requirements can be unified to advance new treat-
ments, particularly targeted agents, for HCC.

© 2010 Yeo et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http.//creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.
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Etiology

Viral etiology varies by region with HBV predominating
in non-Japanese Asians and accounting for approxi-
mately 70-80% of cases. In Japan, most of Europe, and
in the United States, HCV is more common than HBV
among viral etiologies [3,8-11]. However, in the United
States, 67% of HCC cases are seronegative for both
viruses [10].

The increased incidence of HBV-HCC in Eastern Asia
compared to Japan and Western nations leads to differ-
ent management issues and prognosis that affect clinical
trial design. Hepatitis C virus-HCC is more likely to
develop in the background of cirrhosis than HBV-HCC
[12]. Therefore, the underlying liver disease may differ
in HCC patients by region, a factor that weighs heavily
in treatment decisions.

Survival differences have been observed according to
geographic region and viral etiology, though the reasons
for these observations remain unclear. In clinical trials
of systemic therapy for advanced HCC, trials done in
Asian countries reported inferior survival compared
with trials done in non-Asian countries [13]. Possible
reasons include variation in genetic and/or epigenetic
aberrations between different viral etiologies and the
propensity for Asian physicians to use local therapy
more aggressively and in later stages, resulting in enroll-
ment of a more advanced patient population to trials of
systemic therapy. Survival between HBV-HCC and
HCV-HCC appears similar in early-stage, resectable
HCC, if staging and other clinical parameters are con-
sidered [14]. However, two retrospective studies have
found poorer survival in HBV-HCC among patients
with unresectable, advanced disease [15,16]. Attributing
the survival difference to viral etiology alone is difficult
but demonstrates the need for considering the potential
differences in clinical trials.

Additionally, in contrast to HCV, HBV reactivates
with immune suppression, complicating treatment with
immunosuppressive regimens [17,18]. The predomi-
nance of HBV-HCC in Asia is associated with increased
use of antiviral agents to prevent viral reactivation dur-
ing HCC treatment. Antiviral therapy with lamivudine
has reduced the incidences of HBV reactivation and
hepatitis, reduced the severity of hepatitis episodes, led
to fewer disruptions in chemotherapy, and reduced mor-
tality related to HBV reactivation in clinical trials of
patients with HCC or other cancers who are receiving
chemotherapy [19-22]. Anti-viral therapy following cura-
tive resection, radiofrequency ablation, or other local,
non-chemotherapeutic treatments for HBV-HCC, has
been shown to increase residual liver volume and/or
function and may prolong survival [23-25]. Furthermore,
interferon, given after curative therapy, may increase
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recurrence-free survival rates [26,27]. These benefits
indicate that use of antiviral therapy is an important
confounding factor in HCC clinical trials.

A separate international expert panel has recom-
mended stratification according to region for global
trials but discouraged further stratification according to
etiology [7]. However, in light of the confounding fac-
tors described herein, the current panel agreed that
trials within Eastern Asia should include stratification by
HBV or HCV etiology. Further, antiviral therapy should
be both considered as a stratification factor and incor-
porated into the overall management of patients in
international HCC clinical trials.

Screening

Stage at diagnosis differs both within Eastern Asia and
between Eastern Asia and Western nations. Using
TNM-based staging systems, China and Japan have rela-
tively high proportion of patients diagnosed at Stage I
or II compared to Hong Kong and Korea. In the United
States, a higher percentage of patients are diagnosed
with distant metastasis compared to Asian countries
[28,29].

The differences may reflect variable screening prac-
tices. The proportion of patients who receive screening
in the United States appears to vary according to the
individual’s healthcare. Only 25% of family practice phy-
sicians report routinely screening appropriate patients
for HCC compared to 84% of physicians who are mem-
bers of the Association for the Study of Liver Diseases
(AASLD) [30,31]. In a study of 157 patients diagnosed
with HCC at three US Veteran Affairs (VA) medical
centers, 39% of patients with a known risk factor for
HCC received screening [32]. With the exception of
Hong Kong, where screening has been conducted in the
context of study, screening high-risk populations is the
standard of care in Asia. With diagnosis occurring at
earlier stages, Eastern Asian countries are better able to
utilize curative therapies, significantly affecting treat-
ment paradigms and clinical trial populations.

Diagnosis

Both pathological and clinical diagnostic procedures
vary according to country. The majority of pathological
diagnoses are made by core biopsy in Korea, China, and
Hong Kong, with fine needle aspiration (FNA) used
infrequently. In contrast, 30% or fewer of pathological
diagnoses are made by core biopsy in Japan, and Tai-
wan. Taiwan employs FNA in approximately 10% of
cases but utilizes surgery for pathologic diagnosis in
approximately 38% of cases. Protocols designating
biopsy-proven HCC as an enrollment requirement
would conflict with current practices in Japan and

— 477 —



Yeo et al. BMC Cancer 2010, 10:620
http//www.biomedcentral.com/1471-2407/10/620

Taiwan. The panel agreed that for trials conducted in
the advanced/metastatic setting, histological confirma-
tion of HCC is not necessary. Further, pre-treatment
biopsy may result in tumor seeding which would com-
plicate neoadjuvant trials.

Staging

A variety of staging systems are employed worldwide
[33-36]. Several of these systems are based on the
tumor-node-metastasis (TNM) paradigm or incorporate
TNM groupings as a variable [33-35,37]. Other systems,
such as the Barcelona-Clinic Liver Cancer (BCLC) sta-
ging system, incorporate measures of liver function and
underlying disease. Complicating international clinical
trial design is the variable use of these systems both
within Asia and globally. Each region of Asia repre-
sented by the panel currently utilizes a different system.
In China, the revised Staging Criteria of Primary Liver
Cancer is used. This system was developed by the Chi-
nese Society of Liver Cancer. The system uses criteria
based on size, number and location of tumors, lymph
node spread, extrahepatic metastasis, portal vein throm-
bosis, and liver function (Child-Pugh scores) [38]. In
Japan, both the staging system and treatment algorithm
apply liver function as the first category of evaluation
rather than tumor size. Hong Kong does not have a uni-
fied staging system. Although BCLC is considered a
valuable tool for a treatment algorithm in Hong Kong,
the system is considered less useful for prognostication.
The Chinese University Prognostic Index (CUPI) [37]
has been found useful for prognostication at one center
due to the more advanced population [39]. Korea
employs a modified International Union Against Cancer
(UICC) system and Taiwan uses BCLC.

The TNM-based staging systems have an important
drawback: these systems do not account for underlying
liver disease [40]. In HCC, the presence of liver disease
is a common and important prognostic factor that is
integral in determining treatment [40,41]. For these rea-
sons, TNM-based systems have limited value in the
comprehensive management of HCC. The Child-Pugh
(CP) score is a widely-accepted system to evaluate liver
function. Despite empirical selection of variables, this
tool represents a simple, bedside tool that predicts mor-
tality in cirrhotic patients with a degree of accuracy not
substantially less than the more statistically sound
model for end-stage liver disease (MELD) [42]. The
BCLC staging system incorporates measures of liver
function (portal hypertension, bilirubin, and CP scores
at higher stages) and has emerged as the standard for
clinical trial design [6,43]. However, this system is not
generally used in Eastern Asia with the exception of
Taiwan. China, specifically, has failed to adopt this sys-
tem due to the omission of portal vein thrombosis as a
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factor, which has been shown to independently predict
mortality [41]. Additionally, BCLC includes portal
venous hypertension which requires an invasive proce-
dure to measure that is not standard practice in Asia.
However, the panel indicated that, if required for clinical
trials seeking United States Food and Drug Administra-
tion approval, BCLC would be acceptable if the
protocols also incorporated portal vein hypertension -
measured and defined with non-invasive standardized
methodology - and further evaluation of liver function.

Treatment Practices

Treatment practices vary somewhat throughout Eastern
Asia and no unified treatment algorithm exists. Japan,
China, Hong Kong, Korea, and Taiwan each use sepa-
rate treatment algorithms, all of which differ from the
BCLC treatment algorithm [7,44,45]. Such variations in
treatment practices cause challenges in defining treat-
ment protocols for international clinical trials.

Potentially Curative Treatment Options

Resection is utilized more often in Eastern Asia versus
Western nations, which may reflect diagnosis at earlier
stages and less cirrhosis in Asia [46]. In some centres in
China, Taiwan, and Japan, between 34-40% of patients
undergo resection, while the proportion is approxi-
mately 10-20% in others. In parts of East Asia [47,48],
patients with recurrence undergo re-resection. Local
ablation is performed in approximately 15% of patients
in China, Hong Kong, and Taiwan and approximately
30% of patients in Japan. Liver transplant is the only
treatment modality that offers a cure both for HCC and
the underlying liver disease, but its application is limited
both in Eastern Asia and the West.

Nonsurgical Local Treatments

Although TACE and transarterial embolization (TAE)
are standards of care, significant heterogeneity exists
among countries and institutions with respect to the
types of embolizing materials and techniques utilized.
Embolizing materials used typically include a mixture of
iodized oil (lipiodol) and an anthracycline (epirubicin or
doxorubicin) or cisplatin followed by gelatin sponge par-
ticles (Japan, Taiwan, Hong Kong). Nonetheless, other
agents are used, particularly in China where 5-fluoroura-
cil (5-FU) and mitomycin-C may be employed. Japan
uses HAI with cisplatin alone, 5-FU and cisplatin (FP),
or 5-FU and interferon. Currently, no consensus has
been reached regarding the interval between procedures
or endpoints. Other local therapies are variably utilized
and include intratumoral injection, laser therapy,
cryotherapy, microwave coagulation therapy, hepatic
arterial infusion (HAI), intraarterial radiotherapy with
yttrium-90 and conformal external radiotherapy.
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Systemic Therapy With Sorafenib

Targeted therapy has been employed only for advanced
disease [7,44,45]. A multitude of targeted therapies have
been investigated for use in HCC; however, only sorafe-
nib is approved for use in Asian and Western countries.
These approvals were based on improved survival in the
SHARP trial and the parallel Asian phase III trial [6,49].
Although sorafenib has been approved in Asia, the
agent is not widely used largely due to cost [50]. Cost-
sharing programs have been started in some countries
to manage this issue. Such programs have been success-
ful in that they expand usage; however, lack of long-
term coverage renders the practice unsustainable.

In addition to cost, emerging evidence suggests that
sorafenib may be less well tolerated by Asian patients
compared to Western patients. Hand-foot skin reaction
(HESR) appears to be more frequent in Asians, particu-
larly lower-grade reactions. Hand-foot skin reaction (all
grades) occurred in 21% of patients in the US SHARP
study; the rate was 45% in the Asian phase III sorafenib
trial [6,46]. Grade 3 event rates were 8% in SHARP
compared with 11% in the Asian trial. Korean and Japa-
nese studies have reported rates of 56%-57% (all grades)
[51,52]. In the Korean population, HFSR was the most
common reason for treatment interruption. Indeed, dose
reductions for HFSR were more frequent in the Asian
phase III trial (11%) than in SHARP (5%) [6,46] The
panelists noted that in practice, dose reduction or use of
a reduced starting dose of sorafenib is common in Asia.
Lower dosing is being investigated in small Asian trials.
In a Japanese phase I study, sorafenib 200 mg twice
daily led to a 38% incidence of HFSR [52].

Though HFSR is most common, some differences
between Westerners and Asians may be present with
respect to the drug’s effect on the liver. The Korean
population experienced a 4% rate of grade 3 or 4 hyper-
bilirubinemia associated with marked ALT elevations
[51]. Individual differences in drug metabolism may be
present. Increased bilirubin was reported separately in a
patient with UGT1A1 polymorphism; the authors pro-
posed that sorafenib inhibition of UGT1A1l in this
patient may have contributed to the hyperbilirubinemia
[53].

Other Systemic Therapies

Systemic cytotoxic chemotherapy has failed to prolong
survival in advanced HCC [5]. Small studies of cytotoxic
chemotherapy plus biochemical modulation may achieve
tumor control in patients with good performance status
and liver function reserves and no hypersplenism
[54-56]. In Korea, chemotherapy is used as part of con-
current chemoradiotherapy protocols at some centers.
In Hong Kong, systemic cytotoxic chemotherapy is con-
sidered when a patient fails or is ineligible for anti-
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VEGF therapy. Chemotherapy was not recommended in
Japanese treatment guidelines.

In China, use of traditional Chinese medicine (TCM)
is common and unique compared to Western nations.
These medicines can be categorized according to two
main purposes: 1) promoting liver health and delaying
cirrhosis and 2) countering the side effects of che-
motherapy. Panelists indicated that the first type of
TCM must be allowed in clinical trials; excluding these
treatments would severely restrict enrollment. However,
the second type of TCM could potentially be excluded if
required.

Investigational Targeted Therapy

Targeted agents are at the forefront of HCC clinical
research. Promoting clinical trial participation in Asia is
important to foster development of new drugs appropri-
ate for this population. Recently completed phase II
trials of new treatments are described below and
ongoing phase II and III trials of targeted therapies in
HCC are reviewed in Table 1.

The combination of sorafenib and chemotherapy has
been investigated in phase II trials. A randomized phase
II trial found superior outcomes with the combination
of sorafenib plus doxorubicin compared to placebo plus
doxorubicin [57]. Median progression-free and overall
survival times were 6.9 months and 13.8 months in the
sorafenib arm compared to 2.8 months and 6.5 months
in the placebo arm, respectively. The combination was
associated with a 21% incidence of left ventricular dys-
function, though mostly of grade 1 or 2 severity. The
SECOX trial evaluated sorafenib plus capecitabine and
oxaliplatin [58]. Response was observed in 14% with
stable disease in 61%. Median time to progression (TTP)
was 7.1 months and median survival was 10.2 months.
Toxicities included HFSR, diarrhea, and neutropenia.
When sorafenib was paired with metronomic tegafur/
uracil (UFT; 125 mg/m? twice daily), the combination
led to overall response and stable disease rates of 6%
and 51%, respectively [59]. Median progression-free sur-
vival was 3.7 months and median survival was 7.4
months. The most common grade 3 or 4 adverse events
were fatigue (15%), HESR (9%), and bleeding (8%).

Sunitinib has been evaluated at various doses and
schedules. The SAKK 77/06 trial utilized sunitinib 37.5
mg/day continuously in 45 Swiss patients [60]. Median
progression-free survival (PFS) was 2.8 months and
median survival was 9.3 months. The most frequent
grade 3/4 toxicities were fatigue in 24% and thrombocy-
topenia in 18%. Two US studies evaluated sunitinib 37.5
mg daily for 4 weeks every 6 weeks [61,62]. Response
rates were 3%-6% and stable disease rates were 35%-
47%. One study reported PFS and survival; median PFS
was 4.0 months and median survival was 9.9 months.
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Table 1 Ongoing Phase IlI/lll Trials in Advanced HCC

Study Name Phase Intervention Setting Location

Clinicaltrials.gov

Identifier

Advanced Disease

Targeted Agents With Cytotoxic Therapy

NCT00832637 I Erlotinib + gemcitabine + oxaliplatin Prior systemic therapy allowed us

HOG GI06-101 Il Erlotinib + docetaxel Third-line or less us

NCT00532441

NCT00384800 Il Thalidomide + tegafur/uracil No prior chemotherapy Taiwan

NCT00519688 Il Thalidomide + tegafur/uracil No prior chemotherapy Taiwan

NCT00862082 ] Sorafenib + PR104 First-line US, Asia
Sorafenib

Anti-VEGF Agents as Monotherapy

BRISK 1l Brivanib + placebo First-line International

NCT00858871 Sorafenib + placebo

NCT00825955 I Brivanib + placebo Sorafenib failure International
BSC + placebo

NCT00699374 i Sunitinib First-line International
Sorafenib

NCT00247676 Il Sunitinib First-line France, Korea, Taiwan

Other Targeted Agents as Monotherapy

NCT00225290 Il Thalidomide Any line Taiwan
Placebo Poor liver reserve

NCT00033462 Il Erlotinib First- or second-line us

NCT00077441 Il Bortezomib First-line US, Australia, Korea,

HK

NCT00390195 /11 Everolimus (weekly or daily) Any line Taiwan

NCT00920192 /1l Foretinib Any line Taiwan, HK

Combination Targeted Therapy

SEARCH I Sorafenib + erlotinib Sorafenib First-line International

NCT00901901

NCT00881751 I Erlotinib + bevacizumab Sorafenib First-line us

NCT00365391 I Erlotinib + bevacizumab First- or second-line us

TCOGP-1209 ] Thalidomide + sorafenib First-line Taiwan

NCT00971126

NCT00828594 /1 Everolimus + sorafenib Placebo + First-line International
sorafenib

NCT00791544 /1 AVE1642* +/- sorafenib or erlotinib Any line France

Earlier-stage Disease

STORM 1l Sorafenib Adjuvant (post-resection or -local ablation) International

NCT00692770 Placebo

BRISK-TA Il Brivanib + TACE BCLC B International

NCT00908752 Placebo + TACE

NCT00921531 Il Thalidomide + TACE BCLC A-B China
TACE

NCT00728078 [/ Thalidomide, low dose Adjuvant (post-RFA) China

START Il Sorafenib + TACE BCLC B Taiwan

NCT00990860

NCT00855218 1 Sorafenib + TACE BCLC B International
Placebo + TACE

COTSUN Il Sorafenib + TACE TNM lIl/IVa Korea

NCT00919009

NCT00576199 Il Bevacizumab Pre- and Post-TACE HK
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Table 1 Ongoing Phase II/1ll Trials in Advanced HCC (Continued)

JLOG 0901 /1l Sorafenib + fluorouracil/platinum HAI Not suitable for resection, ablation, TACE Japan
NCT00933816
NCT00293436 I/ Erlotinib + celecoxib Adjuvant (post-resection, -TACE, or -RFA), usS

high-risk

BSC, best supportive care; ECOG, Eastern Cooperative Oncology Group; HAI, hepatic arterial infusion; HK, Hong Kong; HOG, Hoosier Oncology Group; JLOG, Japan
Liver Oncology Group; RFA, radiofrequency ablation; TACE, transarterial chemoembolization; US, United States; VEGF, vascular endothelial growth factor

*Anti-insulin-like growth factor receptor-1 monoclonal antibody

The most common grade 3/4 toxicities were fatigue and
elevated liver function tests. A study in Europe and Asia
that evaluated high-dose sunitinib (50 mg daily for 4
weeks every 6 weeks) found similar response and stable
disease rates but higher toxicity with four grade 5 events
[63].

Other multiple receptor tyrosine kinase inhibitors that
target VEGF under investigation include brivanib, linifa-
nib (formerly ABT-869), vandetanib, and pazopanib. Bri-
vanib inhibits VEGF and fibroblast growth factor; a
phase II trial showed median survival of 10 months in
treatment-naive patients [64] and a 58% stable disease
rate in patients who failed one prior antiangiogenic ther-
apy [65]. The most frequent grade 3/4 toxicities were
hyponatremia (41%), fatigue (16%), and AST elevation
(19%) [64]. Linifanib inhibits VEGF and PDGF receptor
tyrosine kinases. A phase II study (n = 44; 84% treat-
ment-naive) showed a response rate of 7%, median PFS
of 3.7 months and median survival of 9.3 months [66].
Toxicities are consistent with anti-VEGF agents. A
phase II, placebo-controlled study of vandetanib, which
targets VEGFR, EGFR, and RET signaling, showed activ-
ity in HCC but failed to meet its primary endpoint of
tumor stabilization in a Taiwanese trial [67]. A phase I
dose-ranging study of pazopanib, which inhibits VEGF,
PDGF, and c-kit, showed evidence of activity [68].

Phase II trials of erlotinib plus bevacizumab are pro-
mising. In 16 previously untreated patients, the combi-
nation led to a median TTP of 2.3 months and median
survival of 13.7 months [69]. In 40 patients, 73% of
whom were previously untreated, the response rate was
25%, median PFS was 9.0 months, and median survival
was 15.7 months [70]. In 58 patients, 76% of whom
were previously untreated, median PFS times were 8.8
months in patients with no prior therapy, 7.9 months in
patients previously treated with sorafenib, and 6.6
months in those previously treated with therapy other
than sorafenib [71]. Corresponding median survival
times were 15.6 months, 13.3 months, and 14.4 months.
In all studies, adverse events were consistent with the
individual drug profiles.

Asian Panel Opinions on Clinical Trial Design
In 2008, the American Association for the Study of
Liver Diseases (AASLD) published a framework for

clinical trial design in HCC [7]. During the current
expert panel meeting, participants provided their views
about clinical trial design from an Asian perspective.
These views are outlined in Table 2.

The Asian panel also provided additional insights into
clinical trial issues specific to disease stage. The panel
noted a great need for trials in resectable disease. The
panel felt that testing compounds in the adjuvant setting
before establishing efficacy in the metastatic setting is
possible, citing positive phase II adjuvant results with
muparfostat (formerly PI-88) [72] and noting the need
for effective therapies in this setting. The panel also
expressed interest in chemoprevention with sorafenib
and other agents after resection or local ablation. In
unresectable disease, especially where locoregional ther-
apy is indicated, placebo-controlled trials remain feasi-
ble, though the panel acknowledged opportunities are
limited. In this setting, it may be beneficial to limit
enrollment to patients who experience a maximal
response after TACE based on modified EASL criteria
[73]. Such a requirement would facilitate identification
of subsequent disease progression across patients. How-
ever, additional research is necessary to identify the best
clinical endpoints in this setting. Because it remains dif-
ficult to differentiate recurrent disease from a second
primary cancer, time to development of a new lesion
may be an appropriate outcome in this setting. Finally,
in the advanced/metastatic setting, the panel felt that
developing new agents in the second-line setting is
warranted.

Summary

Hepatocellular carcinoma is a disease of variable inci-
dence and etiology that is managed differently world-
wide. This expert panel has identified key areas that
need to be addressed to facilitate clinical trials in Asia.
Stratification by viral etiology is desirable within Asia
and by region in global trials. Antiviral therapy should
also be considered as a stratification factor and incorpo-
rated into HCC management in trials. The panel agreed
with AASLD that histological diagnosis is not required
for trial entry. Staging and treatment plans vary signifi-
cantly. The panel felt BCLC staging is acceptable for
trials as long as portal vein hypertension can be mea-
sured and defined with non-invasive standardized
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Table 2 Eastern Asian Panel’s Opinions on Clinical Trial Design Aspects

Design Aspect  Panel Opinion

Patient Population

Diagnosis

« Agree with AASLD recommendations[7] - pathological confirmation OR noninvasive criteria per AASLD guidelines

Target population -« BCLC stage is acceptable, but clinical protocols must account for portal vein involvement and liver function
- Treatment options for CP B/C are needed; CP B/C (ECOG PS 0 only) is an ideal population to study in advanced/metastatic HCC

Liver function
of cirrhosis or liver function grade.

« Agree with AASLD recommendations[7]; however, trials should separately include and/or evaluate patients based on presence

Stratification « Stratification by viral etiology is important in trials conducted within Eastern Asia

- Stratification by use of antivirals should also be considered

« Protocols should standardize antiviral therapy and include appropriate monitoring parameters
Treatment

Control arm for
RCTs
pending maturity of post-TACE sorafenib data

- Heterogeneity in TACE/TAE practices must be addressed
« Placebo-controlled trials are feasible in unresectable disease, especially for those in whom locoregional therapy is indicated,

+ AASLD recommendation for sorafenib as comparator in advanced disease [7] is not necessarily reflective of real-world use in
Eastern Asia at this time due to high cost and intolerable side effects

Phase-specific Clinical Trial Recommendations

Phase |

« Consider conducting Asia-specific phase | trials due to the potential for PK/PD differences between Asian and Western

populations; however, Asian phase | trials may not be necessary for all targeted agents

« Population

« CP-A or CP score up to 7-8 (subgroup of CP-B) would be feasible for standard phase | trials
« CP-B with score 8-9 and CP-C could be enrolled in phase | trials testing agents at lower doses

Phase |l

« For first-line studies in advanced HCC, AASLD recommendation for sorafenib [7] is not necessarily reflective of real-world use in

Eastern Asia at this time due to high cost and intolerable side effects
« Agents demonstrated effective for second-line use in phase Il trials (not necessarily phase il trials) can be compared to

sorafenib in first-line studies

Phase lIl

+ 0S endpoint will soon no longer be appropriate in advanced disease with the introduction of multiple lines of therapies; PFS

may be a surrogate but it is necessary to evaluate correlation with OS (ie, as what was done in colorectal cancer)

- In unresectable disease, the most appropriate endpoint is unknown due to difficulty distinguishing recurrence from second
primary in the liver and unreliability of RECIST; time to development of new lesion is a possible endpoint

- Non-inferiority trials are acceptable if new agents have potential for less toxicity

AASLD, American Association for the Study of Liver Diseases; BCLC, Barcelona Clinic Liver Cancer; CP, Child-Pugh; OS, overall survival; PFS, progression-free
survival; PK/PD - pharmacokinetic/pharmacodynamic; RCT, randomized controlled trial; RECIST, Response Evaluation Criteria in Solid Tumors; TACE/TAE,

transarterial chemoembolization/transarterial embolization

methodology and liver disease is further evaluated. Con-
sensus in treatment must be sought to allow multi-
national trials and it must be recognized that first-line
sorafenib is not largely feasible in Asia. Finally, Asian
nations must be urged to participate in clinical trials,
many of which are ongoing, to advance new treatment
options in this challenging disease.
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S-1, an oral fluoropyrimidine derivative, has been shown to be
clinically effective against various solid tumors, and preclinical
studies have demonstrated activity against hepatocellular carci-
noma. We conducted a phase I/l study in patients with advanced
hepatocellular carcinoma to examine the pharmacokinetics, recom-
mended dose, safety and efficacy of S-1. In phase |, the adminis-
tered dose of -1 was approximately 64 mg/m? per day in three
patients (level 1) and approximately 80 mg/m* per day in six
patients (level 2). There was no dose-limiting toxicity at level 1,
but two patients had dose-limiting toxicity at level 2 (grade 3 anor-
exia and grade 2 rash requiring eight or more consecutive days
of rest). The recommended dose was finally estimated to be
80 mg/m? per day. There were no significant differences in the
pharmacokinetics of S-1 between patients with Child-Pugh A and
those with B. In phase II, five of 23 patients (21.7%) had partial
responses. The median progression-free survival and overall sur-
vival were 3.7 and 16.6 months, respectively. The most common
toxicities of grade 3 or 4 were elevated serum aspartate amino-
transferase levels, hypochromia and thrombocytopenia. In conclu-
sion, S-1 showed an acceptable toxicity profile and promising
antitumor activity for hepatocellular carcinoma, warranting fur-
ther evaluation in randomized clinical trials. (Cancer Sci 2010; 101:
2606-2611)

H epatocellular carcinoma (HCC) is one of the most com-
mon cancers in the world. Outcomes remain poor because
the disease is usually advanced and associated with hepatic
impairment at diagnosis, and because of the high rate of recur-
rence resulting from either intrahepatic metastases from the pri-
mary tumor or multicentric lesions. As for therapy, surgical
resection and percutaneous ethanol injection (PEI) or radiofre-
quency ablation (RFA) are considered the mainstays of treat-
ment in patients with potentially curable disease. Transcatheter
arterial chemoembolization (TACE) is the treatment of choice
for noncurative HCC. Despite numerous clinical trials of a wide
variety of cytotoxic agents, survival remains dismal in HCCW
Recently, sorafenib, an oral multi-kinase inhibitor that targets
mainly Raf kinases and receptor tyrosine kinases associated with
angiogenesis (vascular endothelial growth factor receptor [VEG-
FR]-2/-3 and platelet-derived growth factor receptor [PDGFR]|-
B), provided a significant survival benefit in patients with
advanced HCC enrolled in placebo-controlted, randomized,
phase III trials, including Asian as well as European sub-
jects.*? An initial phase I study in Japanese patients with HCC
associated mainly with hepatitis C virus (HCV) infection
showed gromising antitumor activity and a favorable tolerability
profile.”” However, further improvement in the treatment of
advanced HCC is essential.

S-1is a novel, orally administered drug that combines tegafur
(FT), 5-chloro-2,4-dihydroxypyridine (CDHP) and oteracil

Cancer S¢i | December 2010 | vol. 101 | no. 12 | 2606-2611

potassium (Oxo) in a molar concentration ratio of 1:0.4:1.

CDHP is a competitive inhibitor of dihydropyrimidine dehydro-
genase (DPD), a metabolizing enzyme of 5-fluorouracil (5-FU)
that is expressed in the liver. Inhibition of DPD by CDHP results
in prolonged effective concentrations of 5-FU in plasma and
tumor tissue.” Oxo, a competitive inhibitor of orotate phospho-
ribosyltransferase, inhibits the phosphorylation of 5-FU in the
gastrointestinal tract, thereby reducing serious 5-FU-related gas-
trointestinal toxicity.”” Clinically, S-1 has been shown to be
effective against a variety of solid tumors, with response rates
ranging 21-49% in late phase II studies conducted in Japan.‘
S-1 has yet to be evaluated in patients with HCC. However, in
nude rats with human HCC xenografts, S-1 has been confirmed
to have antitumor activity.’

Patients with HCC usually have various degrees of liver dys-
function because of associated liver disease and replacement of
liver tissue by tumor, leading to pathophysiological changes that
influence drug disposition. Decreased hepatic blood flow, extra-
hepatic and intrahepatic blood shunting and hepatocyte loss also
alter drug metabolism, and decreased protein synthesis reduces
drug binding to plasma proteins. In fact, the maximal tolerated
dose (MTD) of 5-FU given as a 5-day continuous infusion in
patients with HCC is approximately 50% of that in patients with
normal organ function, and patients with cirrhosis have signifi-
cantly lower clearance of 5-FU than those without cirrhosis.'??
We therefore conducted a multicenter phase I/II study to eva-
luate the pharmacokinetics, safety and efficacy of S-1 mono-
therapy in patients with advanced HCC.

Materials and Methods

Eligibility. Eligible patients had histologically or cytologi-
cally proved HCC that was not amenable to treatment by resec-
tion, liver transplantation, RFA, PEI or percutaneous
microwave coagulation therapy (PMCT) and was not expected
to respond to TACE. A hypervascular mass on computed
tomography (CT) or magnetic resonance imaging (MRI) associ-
ated with a serum alpha-fetoprotein level or a serum protein
induced by vitamin K absence or antagonist (PIVKA-II) level
of more than the upper limit of normal (ULN) was considered
a sufficient non-invasive diagnostic criterion for HCC. At least
one measurable lesion on CT or MRI (not including necrotic
lesions caused by prior treatment) was required. Other eligibil-
ity criteria included: age of at least 20 years; Eastern Coopera-
tive Oncology Group (ECOG) performance status (PS) of
0-2; estimated life expectancy of at least 60 days; adequate

6To whom correspondence should be addressed. E-mail: jfuruse@ks.kyorin-u.ac.jp
Clinical trial registration: this trial was not registered in the clinical trial database
because it was an early phase trial and not a controlled study.

doi: 10.1111/.1349-7006.2010.01730.x
® 2010 Japanese Cancer Association
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hematological function (white blood cells [WBC] >3000/mm
hemoglobin > 9.0 g/dL, platelets > 7.0 x 10° /mm°); adequate
hepatic function (aspartate aminotransferase [AST] and alanine
aminotransferase [ALT] <5 times the ULN, total bilirubin
<2.0 mg/dL, serum albumin >2.8 g/dL, prothrombin activity
240%); adequate renal function (serum creatinine <ULN); and
a Child-Pugh class of A or B. Prior treatment for HCC, such as
resection, liver transplantation, RFA, PEI, PMCT and TACE
was permitted if the treatment had been performed 30 or more
days before registration in the study. Patients were excluded if
they had: tumor involving more than 50% of the liver; brain or
bone metastasis or vascular invasion of the main trunk and
first-order branch(es) of the portal vein, hepatic veins, hepatic
arteries or bile duct; severe complications; other malignancies;
or inability to comply with the protocol requirements. Written
informed consent was obtained from each patient. The study
was approved by the local institutional review boards at all
participating centers.

Study design. S-1 was supplied by Taiho Pharmaceutical
Co., Ltd (Tokyo, Japan) in capsules containing 20 or 25 mg of
FT. Individual doses were calculated according to body surface
area. The calculated dose was rounded to derive the daily dose
and the number of capsules to be dispensed per patient. At each
dose level, S-1 was administered orally twice daily (after break-
fast and dinner) for 28 consecutive days, followed by a 14-day
recovery period. Each treatment cycle was 42 days. If grade 3 or
higher hematological toxicity, grade 2 or higher non-hematolog-
ical toxicity, grade 3 or higher elevations of AST or ALT, or
grade 2 or higher increases in the serum creatinine concentration
occurred, treatment with S-1 was temporarily suspended, the
dose of S-1 was reduced, or both (minimum dose, 50 mg/day).
Treatment continued until there was evidence of disease pro-
gression, or if the recovery period exceeded 28 days, the patient
requested treatment to be discontinued or unacceptable toxicity
developed and treatment was terminated at the discretion of the
investigator. Drug compliance and accountability were carefully
monitored; patients were requested to record their intake of S-1
and other medications in a diary.

During phase I, the starting dose of S-1 (level 1) was approxi-
mately 64 mg/m> per day twice daily (80% of the standard
dose), level 2 was approx1mate1y 80 mg/m? per day and level 0
was approxnmate]y 50 mg/m? per day (80% of level 1). Patients
were enrolled in cohorts of three for each dose level. The dose
was escalated according to the cohort and was not increased
in the same patient. If none of the first three patients had dose-
limiting toxicity (DLT) during the first cycle, the dose was
increased to level 2. If one or two of the first three patients had
DLT, three additional patients were entered at the same dose
level; if only one or two of the first six patients at level | had
DLT, the dose was increased to level 2; if all of the first three
patients or three or more of the first six patients had DLT, the
dose was decreased to level 0; if none of the first three patients
had DLT at level O or level 2, three additional patients were
assigned to receive the same dose level. The DLT was defined
as any of the following: (i) hematological toxicity 2grade 4; (ii)
non-hematological toxicity >grade 3; (iii) AST, ALT 215 times
the ULN; or (iv) a rest period of 8 or more consecutive days was
required. The recommended dose (RD) determined in the phase
1 part of this study was used in phase II.

Pharmacokinetics. Blood samples (5 mL) were obtained from
each patient assigned to receive level 2 in the phase I part of the
study. The samples were taken before and 1, 2, 4, 6, 8, 10 and
12 h after administration of S-1 on days 1 and 8 of the first
treatment cycle. Plasma was separated from the whole-blood
samples by centrifugation and stored at —20°C until analysis.
Plasma FT concentrations were measured by high-performance
liquid chromatography with ultraviolet detection. Plasma
concentrations of 5-FU, CDHP and Oxo were measured by gas

2607

chromatography-negative ion chemlca] ionization mass spec-
trometry, as described previously."!

Pharmacokinetic data, including the maximum plasma con-
centration (C,,.x, ng/mL), time to reach Cp.x (Tmax. h), area
under the plasma-concentration—time curve for 0-12 h (AUC,_,»,
ng h/mL) and the elimination half-life (T, ,, h) were calculated
by noncompartment model analysis using WinNonlin software,
version 4.1 (Pharsight, Cary, NC, USA).

Assessment of efficacy and toxicity. All patients who
received at least one dose of the study drug were included in
the evaluations of response and toxicity. During each course of
treatment, tumor response was assessed according to the
Response Evaluation Criteria in Solid Tumors (RECIST) by
computed tomography (CT) or magnetic resonance 1magmg
(MRI), with a slice thickness of no more than 5 mM."? The
primary efficacy end-point in the phase II part of this study was
the overall response rate, assessed on the basis of changes in
tumor dimensions. The other end-points were overall survival
(OS) and progression-free survival (PFES). The PFS was defined
as the interval between the date of initiating treatment and
the date on which disease progression was first confirmed or
the date of death from any cause. Overall survival was defined
at the interval from the date of initiating treatment to the date
of death from any cause. Median OS and median PFS were

Table 1. Patient characteristics
Level 1 (n = 3) Level 2 (n = 23)
n (%) n (%)

Median age (range) (years) 67.0 (63-68) 68.0 (45-78)
Gender

Male 2 (66.7) 21 (91.3)

Female 1(33.3) 2(8.7)
Virus marker

HBs (+) 1(33.3) 3(13.0)

HCV (+) 1(33.3) 14 (60.9)

HBs(-), HCV(-) 1(33.3) 6 (26.1)
Child-Pugh classification

A 3 (100) 16 (69.6)

B 0 (0) 7 (30.4)
Stage

Stage Il 1(33.3) 3(13.0)

Stage Il 1(33.3) 10 (43.5)

Stage VB 1(33.3) 10 (43.5)
Vascular invasion 0 (0) 2(8.7)
ECOG PS

0 3 (100) 21 (91.3)

1 0 (0) 2(8.7)
Pretreatment

TA(QE 2 (66.7) 17 (73.9)

Surgery 1(33.3) 8 (34.8)

RFA 0 (0) 7 (30.4)

HAI 2 (66.7) 6 (26.1)

PEI 0 (0) 4(17.4)

Radiation 0 (0) 4 (17.4)

PMCT 0 (0) 3(13.0)
Systemic chemotherapy 0 (0) 3(13.0)
BCLC staging

Early 0 (0) 1(4.3)

Intermediate 2 (66.7) 11 (47.8)

Advanced 1(33.3) 11 (47.8)

BCLC, Barcelona Clinic Liver Cancer Group; ECOG, Eastern Cooperative
Oncology Group; HAI, hepatic arterial infusion; HBs, hepatitis B
surface antigen; HCV, hepatitis C virus antibody; PEl, percutaneous
ethanol injection; PMCT, percutaneous microwave coagulation
therapy; PS, performance status; RFA, radiofrequency ablation; TACE,
transcatheter arterial chemoembolization.
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Table 2. Toxic effects

Level 1 (n =3) Level 2 (n = 23) Child Pugh A (n = 16) Child Pugh B (n=7)
Toxicity All grades >G3 All grades >G3 All grades >G3 All grades >G3
n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
All adverse events 3 (100.0) 0 (0.0) 23 (100.0) 10 (43.5) 16 (100.0) 8 (50.0) 7 (100.0) 2 (28.6)
Hematological
Erythropenia 1(33.3) 0(0.0) 21(91.3) 1(4.3) 14 (87.5) 1(6.3) 7 (100.0) 0(0.0)
Hypochromia 1(33.3) 0 (0.0) 19 (82.6) 4 (17.4) 12 (75.0) 4 (25.0) 7 (100.0) 0 (0.0)
Leukopenia 2 (66.7) 0 (0.0) 18 (78.3) 1(4.3) 12 (75.0) 1(6.3) 6 (85.7) 0 (0.0)
Lymphopenia 2 (66.7) 0 (0.0) 12 (52.2) 3(13.0) 7 (43.8) 3 (18.8) 5(71.4) 0 (0.0)
Neutropenia 1(33.3) 0 (0.0) 17 (73.9) 1(4.3) 12 (75.0) 1(6.3) 5(71.4) 0 (0.0)
Reduced hematocrit 1(33.3) 0 (0.0) 19 (82.6) 1(4.3) 12 (75.0) 1(6.3) 7 (100.0) 0(0.0)
Reduced prothrombin content 1(33.3) 0 (0.0) 19 (82.6) 0 (0.0) 14 (87.5) 0(0.0) 5(71.4) 0 (0.0
Thrombocytopenia 1(33.3) 0 (0.0) 18 (78.3) 4 (17.4) 12 (75.0) 4 (25.0) 6 (85.7) 0 (0.0)
Non-hematological
Elevated alkaline phosphatase 0 (0.0) 0 (0.0) 8 (34.8) 1(4.3) 7 (43.8) 1(6.3) 1(14.3) 0 (0.0)
Elevated lactate dehydrogenase 0 (0.0) 0 (0.0) 15 (65.2) 0 (0.0) 9 (56.3) 0 (0.0) 6 (85.7) 0 (0.0)
Elevated serum AST 1(33.3) 0 (0.0) 8 (34.8) 4(17.4) 6 (37.5) 3(18.8) 2 (28.6) 1(14.3)
Elevated serum bilirubin 0 (0.0) 0 (0.0) 18 (78.3) 3(13.0) 13 (81.3) 2 (12.5) 5(71.4) 1(14.3)
Hyponatremic 0 (0.0) 0 (0.0) 8 (34.8) 0 (0.0) 5(31.3) 0 (0.0 3(42.9) 0 (0.0)
Reduced cholinesterase 2 (66.7) 0 (0.0) 18 (78.3) 0 (0.0) 13 (81.3) 0 (0.0) 5(71.4) 0 (0.0)
Reduced serum albumin 0 (0.0) 0 (0.0) 18 (78.3) 2 (8.7) 12 (75.0) 1(6.3) 6 (85.7) 1(14.3)
Reduced total protein 0 (0.0) 0 (0.0) 11 (47.8) 0(0.0) 8 (50.0) 0 (0.0) 3 (42.9) 0 (0.0)
Anorexia 1(33.3) 0 (0.0) 18 (78.3) 2 (8.7) 13 (81.3) 1(6.3) 5(71.4) 1(14.3)
Ascites 0 (0.0) 0 (0.0) 7 (30.4) 0 (0.0) 3(18.8) 0 (0.0) 4 (57.1) 0 (0.0)
Diarrhea 0 (0.0) 0 (0.0) 10 (43.5) 0 (0.0) 8 (50.0) 0 (0.0) 2 (28.6) 0 (0.0)
Fatigue 0 (0.0) 0 (0.0) 19 (82.6) 2 (8.7) 13 (81.3) 2(12.5) 6 (85.7) 0 (0.0)
Pigmentation 0 (0.0) 0 (0.0) 20 (87.0) 0 (0.0) 14 (87.5) 0 (0.0) 6 (85.7) 0 (0.0)
Rash 0 (0.0) 0 (0.0) 8 (34.8) 0 (0.0) 5(31.3) 0 (0.0) 3 (42.9) 0 (0.0)
Stomatitis 0 (0.0) 0 (0.0) 7 (30.4) 0 (0.0) 5(31.3) 0 (0.0) 2 (28.6) 0 (0.0)
Dosage level, level 1, 2 (n = 3, 23); AST, aspartate aminotransferase.
Table 3. Efficacy in patients who received dose level 2
Child-Pugh A Child-Pugh B Total
(n=16) (n=17) (n =23)
Partial responset 4 1 5
Stable diseaset 5 2 7
Progressive disease 7 3 10
Not evaluable 0 1 1
Response rate (90%CI)§ (%) - - 23.1 (9.0-40.4)
Response rate (95%Cl) (%) 25.0 (7.3-52.4) 14.3 (0.4-57.9) 23.1 (7.5-43.7)
Median PFS (95% Cl) (months) 3.3 (2.3-5.1) 3.7 (2.5-7.4) 3.7 (2.5-5.1)

Median OS (95% Cl) (months) 17.8 (14.0-NA)
1-year survival (95% Cl) (%) -

1.5-years survival (95% Cl) (%) -

Disease control rate®

6W (95% CI) (%) =

12W (95% ClI) (%) -

24W (95% ClI) (%) -

14.5 (9.6-18.7) 16.6 (14.0-24.5)
- 69.6 (50.8-88.4)
- 43.0 (22.6-63.5)

- 47.8 (26.8-69.4)
- 26.1 (10.2-48.4)
= 21.7 (7.5-43.7)

tPartial response was re-evaluated after at least 4 weeks in patients with a partial response. +Stable disease was reassessed after at least

6 weeks. §Response rate (90% Cl) is a primary end-point. ¥Disease control rates were respectively estimated by dividing the number of patients
with no disease progression by the total number of patients. Disease control was defined as a response of complete response, partial response
or stable disease. Cl, confidence interval; NA, not available; OS, overall survival; PFS, progression-free survival.

estimated using the Kaplan—-Meier method. Physical findings
and the results of serum chemical and urine analyses were
assessed at 2-week intervals; vital signs were assessed as neces-
sary. Patients were observed until death or at least 1 year after
registration to determine survival status. The severity of all
adverse events was evaluated according to the Common Termi-
nology Criteria for Adverse Events, version 3.0 (CTCAE, Ver.

Furuse et al.

3.0). The duration of all adverse events and their relation to S-1
were initially assessed by the attending physicians. Subse-
quently, an independent review committee reviewed data on
objective response and adverse events.

Statistical considerations. With the response rate as the pri-
mary end-point, a total sample size of at least 23 patients was
estimated to be required in the phase II portion to allow the
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study to have a one-sided 5% significance level of 0.05 and a
power of 70%, assuming a threshold response rate of 5% and an
expected response rate of 20%.

Results

Patient characteristics and treatment. Between May 2006
and April 2007, a total of 26 patients (nine in phase I and 17
in phase II) were enrolled at four centers in Japan. All
patients were eligible for the evaluation of toxicity and effi-
cacy. The first six patients who received dose level 2
(80 mg/m? per day) during the phase I part of this study were
included in the phase II assessment, along with the 17 other
patients (a total of 23 patients in the phase II assessment).
The characteristics of patients are summarized in Table 1. At
the study entry, 11 of 26 (42.3%) had metastatic disease. Six
patients (23.1%) had single extrahepatic metastases (lung
metastases, three patients; lymph node metastasis, three
patients). Four patients had two sites of metastases, including
the lung, lymph nodes and adrenal glands. Of the 26 patients,
23 had received some prior treatment, including three who
had received systemic chemotherapy.

Dose-limiting toxicity and RD. None of the three patients who
received dose level 1 (64 mg/m? per day) in the phase 1 part of
the study had DLT. At dose level 2 (80 mg/m2 per day), one
patient with Child-Pugh class B had grade 3 anorexia during the
first course of treatment, but the other two patients in the same
cohort had no DLT. Three additional patients were enrolled to
confirm safety, and one patient with Child-Pugh class B had a
grade 2 rash; recovery required eight or more consecutive days
of rest. Because two of the six patients who received level 2 had
DLT, level 2 was defined as the RD for the phase II part of the
study.

Treatment delivered. Twenty-three patients received a total
of 85 cycles of treatment at dose level 2 (median, three cycles
per patient; range, 1-15). The dose of S-1 was reduced in seven
patients (30.4%) or a total of nine cycles (10.6%). The most
common reasons for dose reductions were rash in four patients,
and elevated serum bilirubin concentrations and anorexia in two
patients each (some overlap among patients). Treatment was
delayed because of toxicity in 12 patients (20 cycles), most often
in cycles 1 or 2. The most common reasons for toxicity-related
treatment delays were fatigue (five patients), rash (four patients)
and elevated serum bilirubin concentrations (three patients). The
reasons for terminating treatment were progressive disease in 19
patients (82.6%), adverse reactions in two patients (8.7%) and
other reasons in two patients (8.7%; one required 28 or more
consecutive days of rest, and one withdrew consent).

Toxicity. Drug-related adverse events occurring in all 26
patients in the phase I/II portion of the study are shown in
Table 2. Treatment with S-1 was generally well tolerated
throughout the study. Grade 3 or 4 toxicity occurred in 10 of the
23 patients (43.5%) who received level 2. Most toxic effects
were laboratory abnormalities. There was no grade 3 or 4 toxic-
ity at level 1. The most common grade 3 or 4 hematological
toxic effects were hypochromia (17.4%), thrombocytopenia
(17.4%) and lymphopenia (13.0%); the most common grade 3 or
4 nonhematological toxic effects were elevated serum AST lev-
els (17.4%) and elevated serum bilirubin concentrations
(13.0%).

Efficacy. A response could be evaluated in 26 patients in the
phase I/II portion of the study. In the phase I part of the study
(dose level 1), one patient had a partial response, one had pro-
gressive disease and the other was not evaluable. Of the 23
patients in the phase II part of the study, five (21.7%; 90% confi-
dence interval [CI], 9.0-40.4%) responded to treatment Among
the 23 patients in whom a response could be evaluated, five had
a partial response, seven had stable disease, and 10 had progres-
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Fig. 1. Progression-free survival (PFS) (a) and overall survival (b) in
patients who received dose level 2 of S-1 (n =23). The median
progression-free survival and overall survival were 3.7 and 16.6
months, respectively.

Table 4. Pharmacokinetics of FT, 5-FU, CDHP and Oxo on day 1 and
day 8 in patients with HCC who received dose level 2

Cmax Tmax AUCO-‘I 2 T1 /2

(ng/mL) (h) (ng h/mL) (h)
FT Day 1 2032 % 437 33+10 17070 = 5139 10.1+ 2.8
Day 8 4365+ 1712 3.7+08 42399+ 18137 12.7x5.0
5-FU Day 1 1145%355 43+08 6953+ 2236 23+1.0
Day8 1458+314 43+08 936.6 2923 24+1.0
CDHP Day 1 267.2+768 33+1.0 14248 +414.2 33+09
Day 8 281.0+113.8 3310 1694.4 +603.5 3.4+09
Oxo Day 1 385+ 1.8 37+08 2316 + 69.8 40=x21
Day 8 334 +95 40+00 2415+ 1156 40+ 2.0

Parameters are represented as mean * SD. CDHP, 5-chloro-2,4-
dihydroxypyridine; 5-FU, 5-fluorouracil; FT, tegafur; Oxo, oteracil
potassium.

sive disease (Table 3). The remaining patient underwent imag-
ing studies, but treatment was completed after one course, and
continuation of stable disease for at least 6 weeks could not be
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confirmed. The duration of the five responses was 42, 147, 188,
238 and 371 days, respectively.

The median PFS was 3.7 months (95% CI, 2.5-5.1 months).
The disease control rates at 6, 12 and 24 weeks were 47.8%
(95% CI, 26.8-69.4%), 26.1% (95% CI, 10.2-48.4%) and
21.7% (95% CI, 7.5-43.7%), respectively. The PFS and OS are
shown in Figure 1. The median OS was 16.6 months (95% CI,
14.0-24.5 months). Survival rates were 69.6% (95% CI, 50.8-
88.4%) at 1 year and 43.0% (95% Cl, 22.6-63.5%) at 1.5 years.

Pharmacokinetic analysis. Table 4 shows the pharmacokinetic
data for the components of S-1 and 5-FU at level 2 on days 1
and 8. Compared with day 1, the C,,x and AUCy |, of FT
increased markedly on day 8; however, these increases were
within the expected range given the slow elimination of FT, and
repeated administration of S-1 had no effect on the Ty, or T2
of FT. There was no evidence of accumulation of 5-FU, CDHP
or Oxo on day 8.

Figure 2 compares the plasma-concentration—time profiles of
S-1 components and 5-FU between patients with Child-Pugh
class A and those with Child-Pugh class B on days 1 and 8. The
plasma-concentration-time profiles of FT, 5-FU, CDHP and
Oxo were similar in patients with Child-Pugh class A and those
with Child-Pugh class B on both days.

Discussion

There has been no established standard therapy for patients with
advanced HCC refractory to surgery, transplantation, local abla-
tion and TACE.""*'* Some cytotoxic regimens have produced
encouraging response rates, but survival benefits have been min-
imal compared with control groups, at the cost of clinically
unacceptable adverse effects. 1>

S-1 is an anticancer drug consisting of FT, CDHP and Oxo.
The conversion of FT to 5-FU is mediated mainly by hepatic
cytochrome CYP2A6."® 5-FU is rapidly metabolized by DPD
in the liver after the intravenous administration of 5-FU alone,
but S-1, which includes a DPD inhibitor (i.e. CDHP), produces
prolonged, effective concentrations of 5-FU in the blood. Thus,
the liver plays an important role in the metabolism of FT.

The RD of S-1 in patients with HCC was estimated to be
80 mg/m? per day in phase I, which is similar to the dose
recommended for the treatment of other solid tumors. How-
ever, in patients with HCC, Ueno et al."” reported that the
DLT of 5-FU administered as a 5-day continuous infusion
was stomatitis. Moreover, the MTD was equivalent to approx-
imately 50% of that of 5-FU in patients with normal organ
function,'? suggesting that 5-FU-related gastrointestinal toxic-
ity was reduced by Oxo in the formulation of S-1. We did not
determine the MTD in this study because S-1 was approved
for the treatment of other cancers. The pharmacokinetic prop-
erties of S-1 components and 5-FU in patients with HCC were

Furuse et al.

~®-FT (A)
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Fig. 2. Plasma-concentration-time profiles of tega-
fur  (FT), 5-fluorouracil (5-FU), 5-chloro-2,4-
dihydroxypyridine (CDHP) and oteracil potassium
(Oxo) on day 1 and day 8 were similar in patients
2 with Child-Pugh class A (n=3) and those with

Child-Pugh class B (n = 3).

similar to those in patients with pancreatic cancer or biliary
tract cancer.!”"!®)

Hematological toxic effects and symptomatic events such as
pigmentation (87.0%), fatigue (82.6%), anorexia (78.3%) and
ascites (30.4%) were more common than previously reported for
S-1 in patients with other cancers. Nonetheless, severe toxic
effects were comparable among patients with HCC and those
with other cancers. Nonhematological toxic effects related to
hepatic function were also more frequent than reported previ-
ously for S-1 in patients with other types of cancer, but such
effects may have been caused by differences in underlying liver
disease.

The pharmacokinetics of S-1 did not obviously differ between
patients with Child-Pugh class A and those with Child-Pugh
class B, suggesting that hepatic dysfunction associated with
Child-Pugh class B did not affect the pharmacokinetics of S-1
components or 5-FU. The sample size of the pharmacokinetic
evaluations was small because the primary end-point was to
determine the RD as the evaluation of DLT in phase I. At dose
level 2, DLT occurred in two patients with Child-Pugh class B
(Grade 3 anorexia in one, and a Grade 2 rash requiring 8 or more
consecutive days of rest in the other). There was no DLT at level
1 (given only to patients with Child-Pugh class A). However,
the patient who had DLT of grade 3 anorexia had renal dysfunc-
tion at baseline, and the plasma 5-FU concentrations in this
patient on day 8 were higher than those in other patients, per-
haps contributing to the development of DLT (data not shown).
In addition, there were no obvious differences in the incidence
or grade of drug-related adverse events between patients with
Child-Pugh class A and those with Child-Pugh class B, consis-
tent with the results of pharmacokinetic analysis. These results
suggested that there were no clinically meaningful differences in
pharmacokinetics or safety according to Child-Pugh class or
between patients with HCC and those with other cancers, and
that S-1 was well tolerated in patients with HCC, similar to
patients with other cancers. However, our study had several lim-
itations: only a very small number of patients with Child-Pugh
class B were included; among the patients with Child-Pugh class
B, the score was heterogeneous, ranging from 7 to 9; and only
patients with better scores were studied. Therefore, extra care
should be taken when S-1 is given to patients with Child-Pugh
class B.

As for efficacy, five of 23 patients had partial responses at
dose level 2. Compared with previously reported response rates
obtained with single-agent chemotherapy in patients with HCC,
our results are good. In particular, the median OS appeared to be
longer than that obtained with other agents in non-Japanese
studies. The reason for the better OS in Japanese patients might
be similar to that previously reported for sorafenib.” The med-
ian OS in our stud!y was similar to that in a Japanese phase I
study of sorafenib.”” In studies of sorafenib in non-Japanese and
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Japanese patients with HCC, the median TTP and response rates
were comparable, but the median OS was 15.6 months in Japa-
nese patients compared with only 9.2 months in non-Japanese
patients."” Differences in various treatments, including hepatic
arterial infusion chemotherapy, and the palliative care of
patients with progressive disease who had conditions such as
hepatic decompression and variceal bleeding might be related to
the longer survival time in Japanese rather than non-Japanese
patients with HCC.

In conclusion, our results suggested that S-1 is effective and
has an acceptable toxicity profile in patients with advanced
HCC. Nonetheless, S-1 should be used with caution in the pres-
ence of liver dysfunction. Sorafenib has been established to be a
standard treatment for advanced HCC. Perhaps, systemic che-
motherapy with S-1 plus molecular-targeted therapies such as
sorafenib will further improve survival in patients with
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Abstract

Asia has a disproportionate share of the world’s burden of hepatocellular
carcinoma (HCC). However, the highly regarded clinical practice guidelines
and recommendations for the design and conduct of clinical trials for HCC
largely reflect Western practice. In order to design mutually beneficial
international clinical trials of promising targeted therapies, it is imperative to
understand how the aetiology, staging and treatment of HCC differ between
Asian and Western countries. Our group, comprising experts in oncology and
hepatology from countries that constitute the Eastern Asian region, convened
to compare and contrast our current practices, evaluate potential compliance
with the clinical trial recommendations, and offer suggestions for modifica-
tions that would enhance international collaboration. Here, we describe the
results of our discussions, including recommendations for appropriate patient
stratification based on potentially important differences in HCC aetiology,
identification of practices that may confound interpretation of clinical trial
outcomes (traditional Chinese medicine; antivirals that target hepatitis B
virus; heterogeneous embolization procedures), suggestions for utilizing a
common staging system in study protocols, recognition that sorafenib usage is
limited by financial constraints and potentially increased toxicity in Asian
patients, and expansion of patient populations that should be eligible for
initial clinical trials with new agents.
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Hepatocellular carcinoma (HCC) is the sixth most
common cancer worldwide, diagnosed in approximately
600000 people per year (1-2). Because of its poor
prognosis and high fatality rate, it ranks third among
the causes of global cancer-related mortality. A vast
majority of cases, and consequently deaths, occurs in the
developing world (2-3). HCC is relatively common in
the Asia-Pacific region and parts of Africa, but is rela-
tively uncommon in the Americas, Europe and Australia
(Table 1) (2). Indeed, more than 70% of cases are
diagnosed in Asia, with China alone accounting for 55%
of the global cases (3). New treatments are urgently
required worldwide.

Sorafenib is the only targeted therapy currently ap-
proved for use in HCC. As in the West, sorafenib is
specifically indicated in Asian countries for use in
patients with unresectable disease (although availability

Liver International (2010)
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is limited, particularly in Korea and Taiwan, by the
national health insurance agencies). Clinical trials are
underway or being developed for all stages of disease with
this agent, as well as with a variety of other targeted
therapies, including sunitinib, brivanib, foretinib, linifa-
nib (ABT-869), pazopanib and vandetanib. In 2008, the
American Association for the Study of Liver Diseases
(AASLD) published guidelines intended to provide a
framework for clinical trial design in HCC (4). As the
majority of cases of HCC occur in Asia, it is critical to
evaluate how the AASLD recommendations compare
with current practice patterns throughout this region.
Our group, comprising experts from China, Japan,
Korea, Taiwan and Hong Kong, convened in May 2009
to compare and contrast clinical practices and evaluate
potential compliance with the Western clinical trial
recommendations. The goal of this review is to
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Table 1. Age-standardized incidence rates for hepatocellular
carcinoma by geographical region in 2002 (2)

Males, rate Females, rate
Region per 100000 per 100000
Asia
China 37.9 14.2
Japan 23.1 7.6
Southeast Asia 18.2 5.7
Western Asia 4.6 2.0
South central Asia 2.6 1.4
Africa
Middle Africa 27.8 13.4
Eastern Africa 21.1 8.6
Western Africa 15.3 5.6
Southern Africa 7.0 2.5
Northern Africa 4.2 2.2
Europe
Southern Europe 11.6 4.0
Western Europe 6.2 1.7
Eastern Europe 5.3 2.4
Northern Europe 34 1.7
Americas
North America 5.3 1.9
Central America 49 49
South America 3.7 2.8
Australia/New Zealand 3.9 1.3

summarize our findings, highlight opportunities for
international collaboration, identify potential roadblocks
and offer suggestions intended to better facilitate the
international clinical development of promising targeted
therapies for HCC. Our conclusions are summarized in
Table 2 (4) and discussed in the following sections.

Aetiology and prognosis of hepatocellular carcinoma in
Eastern Asia vs the West

There are notable regional differences in the aetiology
and prognosis of HCC that cannot be ignored in the
design and conduct of international clinical trials (5-6).
These differences are likely because of both patient-
related factors and practice patterns (6). Because it is
not entirely clear as to why this clinico-pathological
variability exists, international trials must be stratified
appropriately to prevent confounding. We agree with the
AALSD that stratification by region (West vs Asia) is
appropriate and suggest additional stratification factors,
such as viral aetiology and use of antiviral therapy for
reasons described here.

There are a number of risk factors for the development
of HCC, including hepatitis, cirrhosis, certain metabolic
diseases and environmental carcinogens (5). Hepatitis B
virus (HBV) and hepatitis C virus (HCV) are two of the
most important risk factors for the development of HCC,
estimated to be responsible for more than 75% of HCC
cases worldwide (2). HBV-related HCC is more prevalent
than HCV-related disease in most Asian countries, with
the notable exception of Japan, where HCV-related
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disease predominates (3, 7-8). Although large-scale
vaccination programmes that began in the last 10-25
years are expected to reduce the incidence of HBV and
lead to a gradual decline in the incidence of HCC
throughout Asia in the future, there remains a large
number of people already infected with this virus who
will develop HCC and require treatment in the years to
come.

The predominance of HBV-related HCC in Eastern
Asia compared with Japan and Western nations has
implications for the design and conduct of international
clinical trials. Although the AASLD cautions against
‘over-stratification” for what it considers less important
prognostic factors, such as aetiology, our group believes
that viral aetiology may be an important stratification
factor in clinical trials for several reasons. Firstly, there
are important clinical differences between HBV- and
HCV-related HCC. Nearly all patients with HCV-related
HCC also have advanced-stage hepatic fibrosis or cirrho-
sis, but HBV-related HCC can occur with or without
concomitant cirrhosis, an important factor affecting
surgical resectability (5, 9—11). HCV-related HCC also
tends to evolve more quickly than HBV-related HCC (5).
It takes approximately 30 years for HCC to develop after
exposure to HCV via virally contaminated blood vs
40-50 years after exposure at birth to HBV. Different
mechanisms of carcinogenesis probably explain these
findings. It is presently believed that HCV-related HCC
occurs as a result of inflammatory processes; the HCV
genome does not integrate into the host’s genome.
Conversely, HBV-related HCC appears to result from
both virally induced activation of oncogenic processes
and chronic inflammation. Although published reports
of the prognostic significance of viral aetiology in ad-
vanced HCC are conflicting (6, 12, 13), it is biologically
plausible that it affects the clinical course of HCC. Until
we have a better understanding of these differences, it
may be prudent to stratify clinical trials, particularly
those conducted primarily in Asia, by viral aetiology.

A second rationale for stratification by viral aetiology
is to avoid potential confounding by the use of antiviral
therapy. Because HBV-related HCC predominates in
Eastern Asia (with the exception of Japan), antiviral
therapy is commonly used during and after HCC treat-
ment. Cancer patients who receive the antiviral agent
lamivudine as an adjunct to chemotherapy experience
lower rates of HBV reactivation and hepatitis, less severe
hepatitis episodes, fewer chemotherapy disruptions and
reduced mortality related to HBV reactivation (14-17).
In patients undergoing curative resection, radiofrequency
ablation (RFA) or other local, non-chemotherapeutic
treatments for HBV-related HCC, post-procedural anti-
viral therapy with lamivudine, adefovir dipivoxil or
entecavir increases residual liver volume and/or function
and may improve overall survival (OS) (18-20). Other
evidence suggests that adjuvant interferon improves
recurrence-free survival after potentially curative surgery
for HCC (21, 22). Because the use of antiviral therapy
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Table 2. Eastern Asian views on American Association for the Study of Liver Diseases recommendations for clinical trial design and endpoints

AASLD recommendations (4)

Authors’ perspectives

Diagnosis: pathological confirmation OR noninvasive criteria per AASLD
guidelines
Target population:

Homogenous, based on one BCLC stage or stratified accordingly

Focus on Child Pugh (CP) A because best prognasis; in CP-B/C, death
from cirrhosis could mask treatment effects

Stratification:
By BCLC stage

For BCLC stage C, stratify by ECOG PS (0 vs 1-2), tumour burden, and
CP score
By region (West vs Asia)
Overstratification is not desirable (e.g., aetiology and age are less
important)
Control arm for RCTs:
PEl and RFA are standards of care for early HCC
Chemoembolization is standard for intermediate stage HCC

Sorafenib is considered standard of care by most investigators for
advanced HCC

Liver function:
Cirrhotic patients present challenge to management and
interpretation of toxicities with new agents; trials should separately
include and/or evaluate patients with and without cirrhosis
Definition of cirrhosis and method of diagnosis should be identified in

the protocol
CP is the gold standard, but future trials should also consider MELD
Evaluate liver-related toxic effects via serum aminotransferase;
bilirubin; PT

Phase | trials:
BCLC CP-A population to define dose, toxicity, and liver-related
events

Phase Il trials:
Single arm trials acceptable if contemporary control arm available;
otherwise, RCT
TTP as primary endpoint; imaging surveillance every 6-8 weeks; OS as
secondary endpoint
Targeted therapy RCTshould collect tissue and/or serum samples for
correlative studies
Control arm for initial treatment of advanced disease should be
sorafenib, while placebo/BSC is acceptable for second-line studies
Only agents demonstrated effective for 2"%-line use in phase lll trials
should then be compared to sorafenib in first-line studies
New compounds for neoadjuvant/adjuvant use should be compared
with placebo or BSC

Phase Ill trials:
OS is the primary endpoint; control arm is current standard of care
Trials of adjuvant or locoregional therapies should include TTR; studies
that utilize TTR should conduct molecular studies to differentiate
recurrence from de novo metachronous tumour

Liver International (2010)
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Agree

BCLC stage is acceptable, but clinical protocols must take into
account portal vein involvement and liver function

There is a need for treatment options for Child-Pugh B/C; we

believe that in advanced/metastatic HCC, Child Pugh B/C is an
ideal population to study but limit to ECOG PS 0 (not 0-1)

Stratification by viral aetiology is important in trials conducted
within Eastern Asia
Stratification by use of antivirals should also be considered

Protocols should standardize antiviral therapy and include
appropriate monitoring parameters

Heterogeneity in TACE/TAE practices needs to be addressed
Placebo-controlled trials are feasible in unresectable disease,
especially for those who are indicated for locoregional therapy,
pending maturity of post-TACE sorafenib data

Recommendation for sorafenib as comparator in advanced disease
is not necessarily reflective of real-world use in North East Asia at
this time (e.q., high cost, intolerable side effects)

Agree; however, trials should separately include and/or evaluate
patients based on presence of cirrhosis or grade of liver function

There is interest in conducting phase | trials specifically in Asia
because of the potential for PK/PD differences between Asian and
Western populations; however, Asian phase | trials may not be
necessary for all targeted agents

CP-A population or CP score up to 7-8 (subgroup of CP-B) would
be feasible for standard phase | trials

Patients with poorer liver reserve (CP-B with score 8-9 and CP-C)
could be enrolled in phase | trials testing agents at lower doses

For first-line studies in advanced HCC, recommendation for
sorafenib is not necessarily reflective of real-world use in North
East Asia at this time (e.g., high cost, intolerable side effects)
Agents demonstrated effective as second-line therapy in phase Il
trials (not necessarily phase Il trials) can be compared with
sorafenib in first-line studies

0S endpoint but will soon no longer be appropriate in advanced
disease with the introduction of multiple line of therapies; hence
PFS may be a surrogate but will need to evaluate how well it
correlates with OS (i.e., as what was done in colorectal cancer)
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Table 2. Continued
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AASLD recommendations (4)

Authors' perspectives

Designs of new agent+sorafenib vs sorafenib are acceptable; direct
comparison to sorafenib as initial therapy only if sufficient evidence of

efficacy in phase Il studies
Prefer initial testing in Child—Pugh A patients

In unresectable disease, the most appropriate endpoint is
unknown because of difficulty distinguishing recurrence from
second primary in the liver and unreliability of RECIST; time to
development of new lesion is a possible endpoint
Non-inferiority trials are acceptable if new agents have potential
for less toxicity

RCT, randomized controlled trial; TTP, time to progression; OS, overall survival; BSC, best supportive care; MELD, model of end-stage liver disease; PT,
prothrombin time; PK/PD, pharmacokinetic/pharmacodynamic; TTR, time to recurrence.

Table 3. Summary of staging systems used in eastern Asia

Geographical

region Staging systems

China China Criteria of Primary Liver Cancer (PLC)

Hong Kong Chinese University Prognostic Index (CUPI)

Japan Liver Cancer Study Group of Japan (LCSG)J) 4th ed
Japan Integrated Staging (JIS)
American Joint Committee on Cancer (AJCC)
6thed

Korea Modified International Union Against Cancer
criteria (mUICC)

Taiwan Barcelona Clinic Liver Cancer criteria (BCLC)

differs by region, it may be an important stratification
factor. Ideally, efforts should be made to standardize
antiviral therapy in the clinical trial protocols to prevent
confounding.

Staging systems used in Eastern Asia

Hepatocellular carcinoma differs from other solid tu-
mours because it frequently occurs in an already-diseased
organ, which complicates staging as well as the inter-
pretation of survival outcomes in clinical trials (5, 23). As
in other tumour types, staging is used to plan therapy,
but there is no universally accepted HCC staging system.
Indeed, different staging systems are used throughout
Eastern Asia (Table 3). The Barcelona Clinic Liver Cancer
(BCLC) system (Table 4) (24), recommended by the
AASLD as the standard for clinical trial design (4), is
currently used only in Taiwan and, even there, only in
some institutions. Many clinicians in Eastern Asia believe
that the risks associated with invasive testing required to
diagnose portal hypertension, a component of BCLC
staging, are not acceptable, and such testing is, therefore,
not performed routinely. Tables 5 (25-27) and 6 (28)
summarize the key features of the other staging systems
that are used in Eastern Asia.

In China, the Chinese Society of Liver Cancer pub-
lished the revised Staging Criteria of Primary Liver
Cancer in 2001. These criteria are based on tumour size,
number and location; portal vein thrombosis; lymph
node spread; extrahepatic metastasis; and liver function
based on the Child—Pugh score (29). This system is
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preferred to BCLC because it includes portal vein throm-
bosis, which has been shown to be a robust independent
predictor of mortality (30). In the Japanese staging
system, liver function is the first category of evaluation.
The degree of liver damage is determined based on levels
of serum bilirubin, serum albumin, prothrombin activ-
ity, ICG R;5 and ascites. This information is considered
to be in concert with the Liver Cancer Study Group of
Japan (LCSGJ) staging system, which assesses the pri-
mary tumour (T), regional lymph nodes (N) and the
presence or absence of distant metastases (M). Hong
Kong does not have a unified staging system; BCLC is
considered to be a valuable tool for treatment planning,
but it is less useful for prognostication in this population.
The prognostic value of the CUPI system, however, has
been validated in a population of advanced HCC patients
with mainly HBV-related HCC at one centre in Hong
Kong (31). Finally, in Korea, the modified International
Union Against Cancer (mUICC) system is used.

Overall, we recognize that BCLC staging can be useful
for treatment planning, and if BCLC staging is required
for international trials that are designed to meet regula-
tory requirements in the United States or European
Union, Eastern Asian countries should be able to comply.
However, protocols will need to take into account the
portal vein involvement and liver function to better
reflect current practices in our countries. For example, it
may be necessary to create subclassifications within the
BCLC Stage C disease to differentiate patients identified
with advanced disease because of extrahepatic metastases
vs portal vein thrombosis.

Current treatment patterns in Eastern Asia — resection
and transplant

One of the purported advantages of the BCLC staging
system is its linkage to a treatment algorithm (Figs 1—4)
(32-34). According to this algorithm, patients with early-
stage HCC are candidates for a potentially curative
treatment, including surgical resection, liver transplant
and percutaneous ethanol injection or RFA (32). Che-
moembolization is reserved for the treatment of inter-
mediate-stage disease, whereas new agents can be
considered in advanced-stage disease. In intermediate-
and advanced-stage HCC, participation in randomized
controlled trials is also recommended.

Liver International (2010)
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Table 4. Barcelona Clinic Liver Cancer staging system for hepatocellular carcinoma (24)

Descriptor Stage ECOG PS Tumour Liver function

Early stage Al 0 Single tumour < 5cm No portal hypertension
A2 Portal hypertension; normal bilirubin
A3 Portal hypertension; abnormal bilirubin
A4 Up to three tumours < 3cm Not applicable

Intermediate B Large multinodular Child-Pugh A-B

Advanced C 1-2 Vascular invasion or extrahepatic disease

Terminal D 3-4 Any Child-Pugh C

ECOG Ps, Eastern Cooperative Group Performance Status Score.

Table 5. TNM-based staging systems used in eastern Asia

LCSGJ (25) AJCCICC 6th ed. (26) Modified UICC 6th ed. (27)
TNM descriptors
T1 Single tumour, < 2cm, no Solitary tumour without vascular invasion

vascular involvement

Solitary tumour with vascular invasion or multiple tumours but none > 5cm
Multiple tumours > 5cm or tumour involving a major branch of the portal or hepatic

Tumour(s) with direct invasion of adjacent organs other than the gallbladder or with

perforation of visceral peritoneum

T2 Any 2 criteria required for T1

T3 Any 1 criterion required for T1
vein(s)

T4 Meets none of the T1 criteria

N1 Regional lymph node metastasis

M1 Distant metastasis

Stages

Stage | TINOMO TINOMO

Stage ll T2NOMO T2NOMO

Stage Ill T3NOMO IA: T3NOMO
1IB: TANOMO

NC: Any T, N1, MO

Stage IV IVA: TANOMO or Any T, N1, MO Any T, Any N, M1
IVB: Any T, Any N, M1

IA: single tumour < 2cm

IB: single tumour > 2 cm, without vascular invasion

IIA: if multiple tumours, none > 5cm and no vascular
invasion

IIB: tumour with segmental macroscopic vascular invasion

LCSGJ, Liver Cancer Study Group of Japan; AJCC, American Joint Committee on Cancer; UICC, International Union Against Cancer.

Table 6. CUPI Staging System for hepatocellular carcinoma (28)

Variables Weight/score  CUPI Stage
TNM stage (5" edition)
V] -3
lNa/lllb -1
IVa/IVb 0
Asymptomatic on presentation  —4
Ascites 3
AFP>500 ng/ml 2
Total bilirubin (micromol/L)
<34 0
34-51 3
>52 4
ALP>200IU/L 3
Total score —7t01 Low risk
2to7 Intermediate risk
8to 12 High risk

AFP, a-fetoprotein; ALP, alkaline phosphatase.

Liver International (2010)
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Practice patterns in Eastern Asia generally overlap with
the BCLC recommendations, but there are notable differ-
ences (Figs 1-4) (32-34). Surgical resection is the treat-
ment of choice for non-cirrhotic patients worldwide;
however, the prevalence of cirrhosis varies from approxi-
mately 95% in Western patients to about 60% in Asian
patients, suggesting that a greater number of patients in
Asia are potential surgical candidates (32). Unlike resec-
tion, liver transplant has the potential to cure both the
cancer as well as any underlying cirrhosis, but transplant
is not currently a standard of care in much of Eastern
Asia. There is a shortage of cadaveric organs due in large
part to social and ideological issues (35, 36). Living
donor liver transplant (LDLT) is used increasingly in
Asia, but selection criteria for appropriate candidates
with HCC remain controversial (35). As a result of these
differences, rates of use of potentially curative treatments
differ between Asia and the West. Within Asia, surgery is
performed most frequently in China, Taiwan and Japan,
where 34-40% of patients undergo resection.
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