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Drug Development for Hepatocellular Carcinoma: Knowing the Past

Helps to Understand the Future
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The pace of drug development for hepatocellular carcinoma
(HCC) has been astonishingly slow. At present, sorafenib is the
only approved systemic agent for treatment of advanced HCC.
Previous successes with sorafenib initially triggered a wave of
clinical trials of multitargeted agents aiming at angiogenic
signaling molecules for HCC. However, such high hope has
recently been let down by a series of negative results from
randomized clinical trials in both first- and second-line settings
(Table 1). Multifactorial reasons exist to account for the
difficulty in drug development for HCC. A well-known factor is
the presence of comorbid cirrhosis in most HCC patients,
leading to impaired drug metabolism and reduced drug
tolerability. Recent data on next-generation sequencing of
the tumor indicate that HCC is composed of a large number of
genetic and epigenetic alterations, and no clinically relevant
druggable driver molecules have been identified for HCC [12].
All of these factors could have contributed to failure of the
current approach to drug testing of antiangiogenic targeted
agents for treatment of HCC.

In the current issue of The Oncologist, Qin et al. report on
the use of cytotoxic chemotherapy as treatment for HCC in
a Chinese population [11].The study is based on amulticenter
randomized clinical trial, known as the EACH study, conducted
fromMarch2007toMay2009[10].TheEACHstudywascarried
out in Southeast Asian countries, from which patients with
a confirmed diagnosis of advanced HCC were randomized in
a 1:1 ratio into one of two chemotherapy regimens, namely,
FOLFOX4 (oxaliplatin, leucovorin, 5-fluorouracil) or doxorubi-
cin. The results of the whole EACH study have already been
published in full in 2013 [10]. In summary, the study failed
to meet its primary objective of improvement in overall
survival (6.4 months in the FOLFOX4 arm vs. 5.0 months in
the doxorubicin arm; p 5 .07) despite an improvement in
progression-free survival favoring the FOLFOX4 regimen [10].
In the current study, Qin et al. carried out an exploratory
analysis in the subgroupof patients of Chinese ethnicity,which
accounted for 75% of the EACH study population [11]. In this
subgroup, it was found that the FOLFOX4 regimen was as-
sociated with better overall survival, which was statistically
significant (5.7 vs. 4.3 months; hazard ratio: 0.74; p 5 .03).
Other efficacy endpoints, including progression-free survival
and response rate, also favored the FOLFOX4 regimen.

How should these results be interpreted in the context of
the existing literature? The use of cytotoxic chemotherapy in
HCC is not a novel concept. Its history dates back to the
1980s, and for the past 30 years, potential activities of a wide
spectrum of cytotoxic chemotherapeutic agents have been
reported by various studies, with doxorubicin as the most
commonly used regimen. According to large-scale random-
ized clinical trials using chemotherapy as first-line systemic
treatment, the overall survival of patients undergoing doxo-
rubicin treatment was in the range of 6–7 months, with
radiological and serological response rates of around 5% and
20%, respectively [8, 9, 13]. Unfortunately, there has never
been a single prospective randomized study to compare
chemotherapywith placebo for treatment of HCC. In addition,
the toxicity issue of chemotherapy has been a concern for
patients with more severe cirrhotic damage. Consequently,
cytotoxic chemotherapy has not beenwidely considered to be
a standard treatment for HCC [14]. In the EACH study, the
investigators decided to use doxorubicin, instead of sorafenib,
as the control drug. It was noted that the overall survival of 4
months observed in the doxorubicin arm of the current study
was worse than the previously reported figure. This discrep-
ancy could be explained by a portion (25%) of patients having
received prior systemic treatment and the lower dose of
doxorubicin used in the study. With this study design, the
authors have provided data to suggest that the FOLFOX4
regimen could be a potentially more efficacious alternative to
the conventional chemotherapy of doxorubicin in a Chinese
population. However, due to a lack of head-to-head compar-
ison between FOLFOX4 and sorafenib, it remains too early to
conclude that FOLFOX4 is a standard treatment for advanced
HCC in either the first- or second-line setting. The future
direction of research should be geared toward validation of
efficacy and toxicity of FOLFOX4 in comparison with sorafenib
in the first-line setting or in comparison with placebo in the
second-line setting.

Thecurrent studybyQinetal.has raisedanother important
issue about drug development for HCC: the tumor is known
to occur in the background of chronic hepatitis B virus (HBV)
and hepatitis C virus (HCV) infection. Although sorafenib is
approved for all patients with inoperable HCC regardless of
etiology, emerging evidence suggests that the benefits of
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sorafenib vary in patients with different etiologies. According
to subgroup analyses of the Asia-Pacific SHARP study (sorafenib
vs. placebo) [2], a phase III clinical trial comparing sunitinib
versus sorafenib [9], and the BRISK-FL study (brivanib vs.
sorafenib) [4], there was a persistent trend for patients with
chronic HBV infection to derive less benefit from sorafenib
when compared with patients without HBV infection. In fact, a
vast amount of literature indicates that the clinicopatholog-
ical features and prognoses differ significantly between HBV-
and HCV-related HCC [15, 16]. Generally, HBV-related HCC
tends to be associated with younger age at onset, larger
tumor, lower rate of cirrhosis, higher level of a-fetoprotein,
andmoreaggressivediseasecoursethanHCV-relatedHCC.Deep
sequencing work on HBV-related tumor has also indicated that
distinct molecular events are involved in hepatocarcinogenesis
and progression of the tumor [6]. Currently, most international
clinical trials allow recruitment of HCC patients with different
etiologies, includingbothHBVandHCV infection. Consequently,
the trial outcome is of efficacy observed in a heterogeneous
population ofHCC,which renders interpretationofdata difficult
[17]. Taking this evidence into consideration, HBV-related HCC
should be considered as a separate disease entity from HCV-
related HCC, and clinical trials focusing only on HBV-related
populations should be seriously considered.

Apart fromresorting to cytotoxic chemotherapy, a number
ofdifferent approaches havebeenproposedand attempted to
developnewsystemic treatment forHCC.Oneof the strategies

is to exploit targets other than angiogenic signalingmolecules.
A wide variety of targets, including nonangiogenic signaling
molecules (e.g., mammalian target of rapamycin [mTOR],
mitogen-activated protein kinase [MEK]) and non-signaling-
related targets (e.g., glypican-3, histone deacetylase, argi-
nase), have already undergone clinical testing in HCC. There
have been no winners to date. Recent clinical trials of agents
targeting mTOR (everolimus) [18], glypican-3 [19], MEK
(selumetinib) [20], and histone deacetylase (belinostat) [21]
have failed to yield remarkable results. Another approach is to
develop targeted agents in patient populations enriched with
apredictivebiomarker.Thismethod is basedon thehypothesis
that the targeted agent confers significant benefit only in
a small number of patients harboring the relevant markers
or targets. Examples include c-MET inhibitors for HCC with
overexpression of c-MET proteins or gene copies [22]. It is un-
clear whether this approach will be successful until the results
of these clinical trials become available. Finally, a number of
trials have commenced to test the combination of different
systemic agents, with the aim of producing synergistic effects.
At present, there have not been successful combinations of
targeted agents for HCC, but, as a chemotherapy backbone,
there was a promising phase II result for the combination of
doxorubicin and sorafenib, with overall survival of longer than
13months [8].This encouraging result has led to initiation of an
ongoing phase III trial comparing sorafenib and sorafenib plus
doxorubicin (ClinicalTrials.gov identifier NCT01015833).

Table 1. Key randomized studies of systemic agents for hepatocellular carcinoma

Study Population (n) HBV proportion (%) Regimen OS (months) Remarks

SHARP [1] White (602) 18.4 Sorafenib 10.7 Phase III (first-line); positive study

Placebo 7.9

ASIA-PACIFIC
SHARP [2]

Asian (226) 73.0 Sorafenib 6.5 Phase III (first-line); positive study

Placebo 4.2

Cheng et al. [3] Global (226) 54.7 Sorafenib 10.2 Phase III (first-line); negative study

Sunitinib 7.9

BRISK-FL [4] Global (1,155) 44.3 Sorafenib 9.9 Phase III (first-line), negative study

Brivanib 9.5

BRISK-PS [5] Global (395) 36.7 Brivanib 9.4 Phase III (second-line); negative study

Placebo 8.2

EVOLVE-1 [6] Global (546) 26.2 Everolimus 7.6 Phase III (second-line); negative study

Placebo 7.3

LIGHT [7] Global (1,035) 49.0 Sorafenib 9.8 Phase III (first-line); negative study

Linifanib 9.1

Abou-Alfa et al. [8] White (96) 10.4 Doxorubicin plus
sorafenib

13.7 Randomized phase II (first-line);
positive study

Doxorubicin plus
placebo

6.5

Yeo et al. [9] Asian (188) 80.9 PIAF 8.7 Phase III; negative study

Doxorubicin 6.8

EACH [10] Asian (371) 91.4 FOLFOX4 6.4 Phase III; negative study

Doxorubicin 5.0

Qin et al. [11] Chinese (279) 95.3 FOLFOX4 5.7 Subgroup analysis of EACH study

Doxorubicin 4.2

Abbreviations: FOLFOX4,oxaliplatin, leucovorin, 5-fluorouracil;HBV,hepatitisBvirus;OS,overall survival; PIAF, cisplatin,doxorubicin, 5-fluorouracil, and
a-interferon.
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In conclusion, the current work by Qin et al. has
undoubtedly provided us with one more drug option for
future testing [11]. However, HCC is a highly complicated
disease characterized by comorbid cirrhosis and disease
heterogeneity. Given multiple failures in the past, we need
to learn from previous experiences and generate novel ideas
to increase the chance of success. Apart from testing more
different drugs, more effort and patience should be exercised

in the selection of a homogeneous patient population and
identification of predictive markers during drug development
for HCC.
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EDITOR’S NOTE: See the related article,“Efficacy and Safety of the FOLFOX4 Regimen Versus Doxorubicin in Chinese Patients
With Advanced Hepatocellular Carcinoma: A Subgroup Analysis of the EACH Study,”on pages 1169–1178 of this issue.
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