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ABSTRACT

Background. The EACH study assessed the efficacy of oxali-
platin, 5-fluorouracil, and leucovorin (the FOLFOX4 regimen)
compared with doxorubicin alone in terms of overall survival
(OS), progression-free survival (PFS), and safety in patients
with advanced hepatocellular carcinoma (HCC). We present
the results of this study in Chinese patients.
Methods. In a multicenter, open-label, randomized, phase III
study (NCT00471965), 371 patients (279 patients from the
People’s Republic of China) were randomized 1:1 to receive
either FOLFOX4 or doxorubicin until disease progression,
intolerable toxicity, death, or surgical resection.
Results. Baselinecharacteristicsof theChinesepatientsenrolled
in the study were similar for the 2 treatment groups and in
comparison with the whole EACH cohort. Median OS at the
prespecified time point of treatment was 5.7months with
FOLFOX4 and 4.3months with doxorubicin (hazard ratio [HR]:

0.74; 95% confidence interval [CI]: 0.55–0.98; p 5 .03). At the
end of the follow-up period, median OS was 5.9months with
FOLFOX4 and 4.3months with doxorubicin (HR: 0.75; 95% CI:
0.58–0.98;p5 .03).MedianPFSwas2.4monthsand1.7months
in the FOLFOX4 and doxorubicin groups, respectively (HR: 0.55;
95%CI: 0.45–0.78;p5 .0002).Theresponserate(RR)anddisease
control rate (DCR)weresignificantlyhigher intheFOLFOX4group
than in the doxorubicin group (RR: 8.6% vs. 1.4%,p5 .006; DCR:
47.1% vs. 26.6%, p 5 .0004). Hematological toxicity was more
frequently reported in the FOLFOX4 group.
Conclusion. For Chinese HCC patients enrolled in the EACH
study, FOLFOX4 significantly improved the RR and DCR and
prolonged survival compared with doxorubicin. Systemic
chemotherapy with oxaliplatin-based regimens may play an
important role in the treatment of Chinese patients with
advanced HCC. The Oncologist 2014;19:1169–1178

Implications for Practice: We report the results of the EACH study for the subgroup of Chinese patients with advanced
hepatocellular carcinoma (HCC) who are ineligible for curative resection or local treatment.We showed that an oxaliplatin-based
chemotherapy regimen (FOLFOX4; oxaliplatin, 5-fluorouracil, and leucovorin) significantly improved the response rate and
the disease control rate and prolonged survival compared with doxorubicin in Chinese patients. Oxaliplatin was approved by the
China Food and Drug Administration for systemic chemotherapy of HCC.The FOLFOX4 regimen is an affordable treatment option
for most advanced HCC patients in the People’s Republic of China, and it may play an important role in the treatment of these
patients.

Correspondence: ShukuiQin,M.D.,People’s LiberationArmyCancerCenterofNanjingBayiHospital,No.34,34Biao,YanggongjingStreet,Nanjing,
Jiangsu 210002, People’s Republic of China. Telephone: 86-25-84453932; E-Mail: qinsk@csco.org.cn Received May 13, 2014; accepted for
publication August 20, 2014; first published online in The Oncologist Express on September 15, 2014. ©AlphaMed Press 1083-7159/2014/
$20.00/0 http://dx.doi.org/10.1634/theoncologist.2014-0190

TheOncologist 2014;19:1169–1178 www.TheOncologist.com ©AlphaMed Press 2014

mailto:qinsk@csco.org.cn
http://dx.doi.org/10.1634/theoncologist.2014-0190
http://www.TheOncologist.com


INTRODUCTION

Worldwide, hepatocellular carcinoma (HCC) is the fifth most
common cancer in men and the seventh in women and is
responsible for 9.2% (696,000) of cancer deaths overall [1]. In
2008,more than50%of all newHCC cases reportedworldwide
were diagnosed in the People’s Republic of China [1].This high
incidence can be attributed primarily to a high prevalence of
hepatitis B virus (HBV) infection [2]. A serosurvey performed in
China in 2006, 14 years after the introduction of vaccination
against hepatitis B in infants, reported a hepatitis B surface
antigenprevalence of 7.2% inparticipants aged1–59 years [3].
Additionalenvironmental risk factorshavealsobeendescribed
in Chinese populations that affect either HCC prevalence
directly or progression fromhepatitis B infection toHCC.These
factors include exposure to aflatoxin [4, 5], contamination of
drinkingwaterwithblue-greenalgae, nitriteororganochlorine
pesticides [6], coinfection with hepatitis C virus (HCV) [7], and
excessive alcohol consumption. A number of genetic poly-
morphisms have also been associated with the progression to
HCC among persons infected with hepatitis B virus, including
the susceptibility locus (rs17401966) in the kinesin family
member 1B gene (KIF1B) at chromosome 1p36.22 [8],
rs9272105 (HLA-DQA1/DRB1), and rs455804 (GRIK1) [9].

To date, tumor resection, liver transplantation, and local
ablation are regarded as potentially curative therapeutic
options for early stages of HCC and are associated with 5-year
survival rates of 40%–70% [10–12]. Among noncurative
therapies, transarterial chemoembolization has been shown
topositively affect survival [13]. Recentadvanceshave focused
on identification of at-risk populations, early detection, and
treatment of early stage disease. However, the majority of
AsianHCCpatientshave locally advancedormetastaticdisease
at diagnosis and thus are not eligible for resection or local
treatments [14].

Previously, HCC was considered resistant to common
anticancer chemotherapy [15]. Prior to the introduction of
sorafenib in 2008, no effective systemic therapy for advanced
HCC was available. Although, doxorubicin was initially shown
to prolong survival when compared with best supportive care
[16], two analyses that included patients enrolled in clinical
studies showed a low overall response rate (RR) when
doxorubicin was used as single agent or in combination with
other agents [17]. The demonstration of the efficiency of
sorafenib, amultikinase inhibitor, was an importantmilestone
in the treatmentof patientswithadvancedHCC [10]. Sorafenib
has been shown to improve overall survival (OS) in both Asian
and white patients [18, 19]. In an Asia-Pacific randomized
phase III studyenrolling 271patientswithHCCandnoprevious
systemic therapy, treatment with sorafenib significantly
improved median OS compared with placebo: 6.5 months
(95% confidence interval [CI]: 5.56–7.56) versus 4.2 months
(95% CI: 3.75–5.46), with a hazard ratio (HR) of 0.68 (95% CI:
0.50–0.93; p5 .014) [17].

Oxaliplatin (Eloxatin; Sanofi, Paris France, http://en.sanofi.
com), a platinum-based cytotoxic agent, has been shown to be
active against several cisplatin-resistant cell lines, colorectal
carcinoma, and other solid tumors that are not responsive
to cisplatin [20]. In addition, the combination of oxaliplatin
with 5-fluorouracil (5-FU) has been demonstrated to have

synergistic antiproliferative activity in several in vivo tumor
models [21].The activity of oxaliplatin-containing regimens in
advancedHCChasbeendocumented inaseriesofphase Iand II
trials [22–26]. For example, a phase I trial using oxaliplatin plus
5-FU and leucovorin (the FOLFOX4 regimen) administered to
Chinese patientswith advancedHCC showed an improvement
in clinical symptoms and Karnofsky performance status in 8 of
10 enrolled patients, with 1 patient showing partial response
and 4 patients showing stable disease and a time to tumor
progressionof 1.3–5.6months [26]. A subsequent phase II trial
in Chinese patients with advanced HCC using the FOLFOX4
regimen showed a RR of 18.2% with an acceptable safety
profile [24].

The EACH study was conducted to assess efficacy and
safety in terms of OS of the FOLFOX4 regimen compared with
a single-agent doxorubicin regimen in advanced HCC patients
ineligible for curative resection or local treatment.We present
the results of the subgroup analysis of the EACH study in
Chinese patients.

MATERIALS AND METHODS

Study Design
The EACH study, an international, multicenter, open-label,
randomized, phase III study (NCT00471965), was conducted
between March 2007 and May 2010 at 38 study centers in
mainland China, Taiwan, the Republic of Korea, and Thailand
[27]. Of these, 23 participating centers were located in
mainlandChina, and 2 centerswere in Taiwan; 76%ofenrolled
patients were Chinese. The study design was previously
described in the paper presenting the EACH study results
[27]. Eligible patients were randomized 1:1 to receive either
the FOLFOX4 regimen or doxorubicin alone as systemic
chemotherapy [27]. Randomization was centralized and
stratified by country, Barcelona Clinic Liver Cancer (BCLC)
stage, and disease status (locally advanced or metastatic).
The treatment phase started within 7 days of randomization
and continued until disease progression, intolerable toxicity,
death, patient withdrawal of consent, or the patient became
eligible for surgical resection, whichever occurred first [27].
The patients from the FOLFOX4 treatment group received 1
cycle of treatment every 2 weeks; those from the doxorubicin
group received 1 cycle every 3 weeks. After the treatment
phase, patients were followed every 2 months until either
death or study termination.

The cut-off date for the prespecified final analysis of the
treatment phasewas planned to be triggered either when 249
events occurred or after enrollment of the 440th patient,
whichever occurred first. The cut-off date for the prespecified
final analysis of the treatment phase was May 31, 2009; the
cut-off date for the analysis of the data collected during
the follow-up (post hoc analysis) was December 31, 2009.
The analysis of the results of the Chinese patients enrolled in
the EACH study was a planned subgroup analysis and was
predefined in the statistical analysis plan.

Tumor evaluation, by imaging techniques (computed
tomography [CT] and/or magnetic resonance imaging [MRI]
scans) and assessment of serum a-fetoprotein levels, was
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performed at the screening visit, at randomization, every 6
weeks during the treatment phase, and at each study visit
during follow-up.Toxicity and safety weremonitored through-
out the study.

Written informed consent was obtained from all patients
prior to conducting any study-related procedures. The study
was conducted in accordance with good clinical practices
guidelines, the Declaration of Helsinki, and local laws, reg-
ulations, and applicable guidelines of the countries in which
the study was conducted. All study-related documents were
approvedby institutional reviewboards or independent ethics
committees.

Sanofiwasthe fundingsourceandwas involved inall stages
of the study conduct and analysis. The study was designed
by the principal academic investigators in conjunction with
Sanofi’s medical department. Data collection and statistical
analysiswereperformedbySanofi’smedical department.Data
were managed in parallel by the sponsor and the principal
investigators. Sanofi and the study steering committee were
responsible for the decision to publish the results of the study.
All authors had full access to all analyses performed; they took
full responsibility for these analyses and for the interpretation
of the results.

Objectives
The primary objective of the study was to assess and compare
OS inpatients treatedwitheitherFOLFOX4ordoxorubicin [27].
The secondary objectives were to assess and compare efficacy
in terms of progression-free survival (PFS), RR, disease control
rate (DCR), secondary resection rate, and safety, for both
treatmentgroups [27].Weaimtoassess theseobjectives in the
Chinese patients enrolled into the study.

Study Population
Enrolled patients were aged 18–75 years; had histologically,
cytologically, or clinically diagnosed unresectable HCC; were
ineligible for or unwilling to receive local invasive treatment
(e.g., chemoembolism, ablation); had at least onemeasurable
lesion ($2 cmon commonCT;$1 cmon spiral CTorMRI); had
not received previous cancer treatment (except for surgery) or
haddiseaseprogressionafteraprevious interventional or local
therapy, with Karnofsky performance status $70, life expec-
tancy$3 months, and BCLC stage B/C; and showed adequate
organ and marrow function. Clinically diagnosed patients had
to meet three criteria: a-fetoprotein $400 mg/L, CT or MRI
evidence of hypervascular liver tumor, and cirrhosis or ev-
idence of infection with hepatitis B or C (e.g., HBV- or HCV-
antigen positive).The full list of inclusion criteria was provided
in the paper describing the EACH study results [27].

Patients with previous interventional therapy involving
chemotherapeutic agents and patients on anticancer herbal
treatment were enrolled if the treatment was completed$4
weeks prior to randomization; patientswith previous adjuvant
chemotherapy were eligible if the treatment was completed
$12months prior to randomization.

Exclusion criteria included allergy to platinum compounds
or other study drugs; any previous oxaliplatin or doxorubicin
treatment (except adjuvant treatment more than 12months
before the randomization); previous liver transplantation;
concomitant administration of any other anticancer therapy,

including interferon-a and herbal medicines and excluding ra-
diotherapy to a nontarget lesion; central nervous systemmetas-
tasis; history of other malignant disease; pregnancy; lactation;
history of other serious illness; or medical conditions.

Study Treatment and Administration
Treatment regimens were administered as follows. The
FOLFOX4 regimen included oxaliplatin 85 mg/m2 in 250 mL
glucose 5% administered as 2-hour infusion on day 1;
leucovorin 200 mg/m2 (dextrorotatory/levorotatory [DL], or
DL isoforms) or 100 mg/m2 (levorotatory, or L isoform) in 5%
glucose solution administered by infusion on days 1 and 2;
a bolus of 400 mg/m2 5-FU; and a 22-hour continuous infusion
of 600 mg/m2 5-FU on days 1 and 2, repeated every 2 weeks.
Doxorubicin 50mg/m2 was administered as an intravenous in-
fusion every 3 weeks.The cumulative dose limit for doxorubicin
was 450mg/m2.

Oxaliplatin (Eloxatin; Sanofi) is a lyophilizedpowder (50 mg
per vial) manufactured by Thissen Laboratories (Braine-l’Alleud,
Belgium, http://www.cenexi.com/English/2/Cenexi_Thissen_Lab/8).
It was packed and labeled by the study sponsor. Leucovorin,
5-U, and doxorubicin were purchased in each participating
country and provided to the study centers.

All doses of the study medications were calculated in
milligrams of each drug per squaremeter of body surface area
(BSA) as measured at baseline (mg/m2) and rounded to the
nearest 5 mg. Dose adjustments during treatment were based
on adverse events (AEs). The BSA was recalculated if body
weight changed by .5% (i.e., grade 1 according to National
Cancer Institute Common Terminology Criteria [NCI-CTC 3.0]).
Weight loss was considered an AE.The maximum BSA used to
calculate oxaliplatin, 5-FU, leucovorin, and doxorubicin doses
was 2 m2. Dose reductions during treatment were based on
AEs. Dose re-escalation was not allowed in patients with
previousdosereduction relatedtotoxicity. Incasesof repeated
grade4 toxicitydespitedose reductionor if a dose interruption
of more than 2 weeks in the FOLFOX4 group or more than 3
weeks in the doxorubicin group was required because of
toxicity, the study treatmentwas discontinued and the patient
continued the study only for follow-up.

Assessment of Efficacy
Efficacy analyses were performed on the intention-to-treat
(ITT) cohort, which included all randomized patients, regard-
less of the number of treatment cycles received. The primary
endpoint was OS, measured from the date of randomization
until the date of death from any cause. If death was not con-
firmed, survival time was censored at the last date the patient
was known to have been alive or at the cut-off date,whichever
came first.

The secondary endpoints were PFS, RR, DCR, and sec-
ondary resection rate. PFS was measured from the date of
randomization to documentation of disease progression or
death from any cause. Patients lost to follow-up or who
received other anticancer therapy before progression were
censored. Complete and partial responses were assessed by
investigators according to the Response Evaluation Criteria in
Solid Tumors (RECIST) version 1.0 [28] and based on tumor
imaging (CTscansand/orMRI)performedevery6weeksduring
the treatment phase and at each study visit during follow-up.
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The number of patients receiving secondary resection after
chemotherapy was also recorded. DCR was calculated as the
ratio between the number of patients with a complete
response, partial response, or stable disease and the number
of patients with measurable tumor.

Safety and Toxicity Assessment
Safety analyses were performed on the safety cohort, ac-
cording to the treatment received. The safety cohort included
all patients who received at least one cycle of the study
treatment.

Safety data recorded were AEs, serious AEs (SAEs), he-
matological toxicity, general physical examination, special
examinations (chest x-ray, electrocardiogram, echocardiogra-
phy) and laboratory data. The toxicity profile was assessed
according to NCI-CTC version 3.0 and was recorded at every
visit after baseline. Blood samples for hematology and
biochemistry evaluations (hemoglobin, whole blood cell
count, sodium, potassium, calcium, albumin, alkaline phos-
phatase, alanine aminotransferase, aspartate aminotrans-
ferase, total bilirubin, serum creatinine, glucose, creatinine
clearance) were collected at each study visit. The AEs were
graded according toNCI-CTCversion3.0 criteria, and the grade
of each event was the worst grade that occurred during a two-
cycle regimen.

Statistical Analysis
Considering 80% power and a type I error of 5%, it was es-
timated that the inclusion of a minimum of 200 patients in
each group would allow detection of a difference between an
OS of 43% in the FOLFOX4 group and 30% in the doxorubicin
group at 1 year, assuming a constant HR of 0.701, an accrual
period of 12 months, and a total maximum follow-up period
of 18 months. The calculation took into account two interim

analyses ofOSusing a group sequential approachwith efficacy
boundaries based on O’Brien and Fleming’s a spending
function [29].Theprespecified final analysis ofOSwasplanned
to be triggered after 249 deaths or after enrollment of the
440th patient. Assuming a drop-out rate of 10%, the total
samplewas planned to include amaximumof 440 patients. OS
and PFS were compared between the treatment groups using
a stratified log-rank test at a significance level in the final
analysis of 5.0% (p # .05). BCLC staging and disease status
as specified at the time of randomization were used for
stratification.Thesurvival curveswereestimatedusingKaplan-
Meier methods. Medians and corresponding 95% CIs were
also provided by treatment groups. RR, DCR, and secondary
resection rate were compared between the two treatment
arms using the Cochran-Mantel-Haenszel test stratified by
BCLC stage and disease status.The chi-square test was used to
compare the incidence of AEs between study groups.

RESULTS

Patients
Of the 371 patients enrolled and randomized in the study
overall, 279patientswereenrolledandrandomized fromstudy
centers in China, including 259 from mainland China and 20
fromTaiwan (Fig.1).All randomizedChinesepatients (n5279)
were included in the ITTpopulation. At the cut-offdate for final
analysis, 231 Chinese patients had died (FOLFOX4: 117;
doxorubicin: 114); 13 patients were still on study treatment
(FOLFOX4: 7; doxorubicin: 6). Fourteen patients had not
received any study medication and thus were excluded
from the safety population (FOLFOX4: 1; doxorubicin: 13),
and 252 patients had discontinued study medication
(FOLFOX4: 132; doxorubicin: 120). The most common reason for
discontinuation was disease progression, which occurred in

Randomized to doxorubicin
n = 187

Randomized to doxorubicin
n = 139

Efficacy population
n = 140

Efficacy population
n = 139

No treatment received
n = 1

No treatment received
n = 13

Safety population
n = 139

Safety population
n = 126

Chinese patients enrolled
n = 279

Patients enrolled in EACH
study
n = 371

Randomized to FOLFOX4
n = 184

Randomized to FOLFOX4
n = 140

Figure 1. Disposition of Chinese patients.
Abbreviation: FOLFOX4, oxaliplatin, 5-fluorouracil, and leucovorin.
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47.1% (66 of 140) of patients in the FOLFOX4 group and 53.2%
(74of139)ofpatients in thedoxorubicingroup.Majorprotocol
deviations were violation of inclusion or exclusion criteria
(FOLFOX4:11;doxorubicin:13);administrationofconcomitant
anticancer medication or other investigational treatments, as
prohibited in the study protocol (FOLFOX4: 1; doxorubicin: 2);
randomization error (incorrect stratification; FOLFOX4: 17;
doxorubicin: 25); and dose modification error with patients
receiving,80% or.120% of the planned dose (FOLFOX4: 2;
doxorubicin: 0).

Except for previous administration of systemic adjuvant
chemotherapy, there were no significant differences in base-
line characteristics between the FOLFOX 4 and doxorubicin
study groups in the Chinese population (Table 1). The median
number of treatment cycles administered during the study
was 3 cycles (range: 1–18) in the FOLFOX4 group and 2 cycles
(range: 1–11) in the doxorubicin group.

Efficacy Analysis in the Chinese ITT Cohort
Median OS at the end of treatment was significantly longer in
the FOLFOX4 group than in the doxorubicin group (5.7months
[95% CI: 4.8–6.9] vs. 4.3 months [95% CI: 4.0–5.3]), with a
26.4% risk reduction in mortality (HR: 0.74 [95% CI: 0.55–
0.98]; p 5 .03) (Table 2; Fig. 2A). This difference remained
statistically significant at the end of the follow-up period, at
5.9 months in the FOLFOX4 group versus 4.3 months in the
doxorubicin group (HR: 0.75 [95% CI: 0.58–0.98]; p 5 .03).
MedianPFSwas2.4months (95%CI: 2.1–3.3) and1.7months
(95% CI: 1.6–2.2) months in the FOLFOX4 and doxorubicin
groups, respectively, with a 45% risk reduction in disease
progression (HR: 0.55 [95% CI: 0.45–0.78]; p5 .0002) (Table 2;
Fig. 2B).

In the FOLFOX4 group, 12 patients (8.6%) had partial
response and54 (38.6%)had stable disease; in thedoxorubicin
group, 2 patients (1.4%) had partial response and 35 (25.2%)
stable disease. There were no complete responses in either
group. The RR and the DCR were significantly higher in the
FOLFOX4 group than in the doxorubicin group (RR: 8.6% vs.
1.4%, p 5 .006; DCR: 47.1% vs. 26.6%, p 5 .0004) (Table 2;
Fig. 2C).

Safety Evaluation in the Chinese ITT Cohort
During the treatmentperiod, 93.5%ofpatients in theFOLFOX4
group and89.7% in the doxorubicin groupexperienced at least
1 AE (p 5 .21) (Table 3). Moreover, 91.4% of patients in the
FOLFOX4groupand86.5%ofpatients in thedoxorubicin group
reported AEs considered as possibly related to the study
medication (Table 3). A total of 24 patients (15 in the FOLFOX4
group and 9 in the doxorubicin group) reported at least 1 SAE.
Of these, 4 patients in the FOLFOX4 group and 2 patients in
the doxorubicin group reported SAEs considered as possibly
related to the studymedication (Table 3).Themost frequently
reported SAEs were hemorrhage (upper gastrointestinal,
gastrointestinal not otherwise specified; FOLFOX4: 4.32%;
doxorubicin: 3.17%) followedbypulmonary-other (respiratory
failure; FOLFOX4: 2.16%; doxorubicin: 0.00%). The most
frequently reported nonhematological AEs were nausea
(reported by 41.7% of patients in the FOLOFOX4 group) and
alopecia (reported by 38.9% of patients in the doxorubicin
group) (Table 4). The most frequently reported hematological

toxicity was neutropenia (FOLFOX4: 66.91%; doxorubicin
47.62%) (Table 5).

The rate of discontinuation of study drugs due to AEs was
higher in the FOLFOX4 group than in the doxorubicin group: 35
patients (25.2%) and 16 patients (12.7%), respectively. Of
these, 16 (11.6%) and 12 (9.6%) patients in the FOLFOX4 and
doxorubicin groups, respectively, had their medication with-
drawn due to events that were considered by the investigator
to be causally related to the study treatment.

Comparison of Chinese and Non-Chinese Populations
The baseline characteristics of the Chinese and non-Chinese
populations are presented in supplemental online Table 1.
Except for age and incidence of HBV or HCV infection, all
baseline characteristics were similar in the Chinese and non-
Chinese populations.Themean age of the Chinese population
was significantly lower than the mean age of the non-Chinese
population (47.96 10.5 vs. 54.16 10.5 years, p, .0001).The

Table 1. Baseline characteristics of Chinese patients enrolled

Baseline characteristics
FOLFOX4
(n5 140)

Doxorubicin
(n5 139) p value

Age (years), mean6 SD 48.26 10.9 47.66 10.0 .66a

Male sex, n (%) 128 (91.4) 125 (89.9) .67b

HBV infection, n (%) 135 (96.4) 131 (94.2) .39b

HCV infection, n (%) 6 (4.4) 5 (3.6) .75b

Liver cirrhosis, n (%) 77 (55.4) 77 (55.4) 1.00b

Time since diagnosis
(years), mean6 SD

0.66 1.5 0.86 1.6 .13a

Disease status, n (%)

Tumor confined
to the liver

62 (44.3) 56 (40.3)

Metastatic disease 78 (55.7) 83 (59.7) .50b

Child-Pugh, n (%)

A 126 (90.0) 121 (87.1)

B 14 (10.0) 18 (13.0) .44b

BCLC stage, n (%)

B 29 (20.7) 25 (18)

C 111 (79.3) 114 (82.0) .56b

Karnofsky performance
status, n (%)

0–40 0 (0.0) 0 (0.0)

50–70 19 (13.6) 16 (11.5)

70–100 121 (86.4) 123 (88.5) .60b

Prior treatment history
for HCC

Surgery 39 (27.9) 43 (30.94) .57b

Radiotherapy 5 (3.6) 8 (5.8) .39b

Chemotherapy 29 (20.7) 41 (29.5) .09b

Prior systemic adjuvant
chemotherapy

0 (0.0) 5 (3.6) .03b

Prior TACE/TAE 46 (32.9) 50 (36.0) —
aUnpaired t test.
bChi-square test.
Abbreviations:—, nodata;BCLC,BarcelonaClinicLiverCancer;FOLFOX4,
oxaliplatin, 5-fluorouracil, and leucovorin; HBV, hepatitis B virus; HCC,
hepatocellular carcinoma;HCV, hepatitisC virus; TACE/TAE, transarterial
chemoembolization/transarterial embolization.
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prevalence of HBV or HCV infection at baseline was signif-
icantly higher in Chinese patients than in non-Chinese
patients (96.77% vs. 89.13%, p5 .0039).

Median OS was higher in the FOLFOX4 group than in the
doxorubicin group at the two cut-off dates in both Chinese and
non-Chinese populations (supplemental online Table 2). In the
FOLFOX4 group, median OS was not statistically significant
between the Chinese and non-Chinese populations. However,
there was a significant difference between Chinese and non-
Chinese patients in the doxorubicin group, favoring non-
Chinese patients (p 5 .0134 and p 5 .0183 at the first and
second cut-off dates, respectively). No statistically significant
differences were observed between the Chinese and non-
Chinese patients in terms of PFS for both groups.

For the non-Chinese population, no statistically signifi-
cant difference was observed between the FOLFOX4 and
the doxorubicin groups in terms of OS and PFS (p 5 .98 and
p5 0.55, respectively). The RR in this population was similar
in both treatment groups: 6.8% in the FOLFOX4 group and
6.3% in the doxorubicin group (p5 1.00).

DISCUSSION

For the Chinese HCC patients included in the EACH study, the
patients treatedwithFOLFOX4hadsignificantly longermedian
OS at both cut-off dates than those treated with doxorubicin
alone. It was also observed that there was greater median PFS
(2.4 vs. 1.7 months), RR (8.6% vs. 1.4%), and DCR (47.1% vs.
26.6%) in the FOLFOX4 group.

The previously published Sorafenib Hepatocellular Carci-
noma Assessment Randomized Protocol (SHARP) andOriental
trials [18, 19] showed that molecularly targeted therapy is
a feasible approach to treat advanced HCC. Both trials
evaluated the potential effect of sorafenib on OS in HCC
patients. In the SHARP trial [19], 602 patients with unresect-
able advanced HCC and without prior systemic therapy were
randomly assigned to receive either oral sorafenib or placebo
until radiological and symptomatic progression. Sorafenib
significantly prolonged median OS (10.7 vs. 7.9 months; HR:
0.69 [95% CI: 0.55–0.87]; p , .001), and the median time to
radiological progression (5.5 vs. 2.8 months; p , .001). No
difference between the 2 study groups was observed in terms
of the time to symptomatic progression (4.1 vs. 4.9 months)
[19].The Oriental trial [18] confirmed the efficacy of sorafenib
in patients from the Asia-Pacific region. Median OS was 6.5
months in the sorafenib group and 4.2 months in the placebo
group (HR: 0.68 [95% CI: 0.50–0.93]; p 5 .014). Sorafenib
significantly improved the median PFS: 2.8 months (range:

2.6323.58) in the sorafenib group versus 1.4 months (range:
1.3521.55) in theplacebogroup (HR:0.57 [95%CI:0.42–0.79];
p5 .0005) [18]. In termsofefficacy, the results of the subgroup
analysis of the EACH study presented in this paper were of
similar magnitude in terms of PFS to those reported in the
Oriental trial but showed a smaller effect than in the SHARP
trial, whereas the EACH study [27] showed better results in
terms of RR and DCR than those reported in the Oriental trial.

In our trial, the Chinese patients treated with FOLFOX4
tended to show greater benefit in terms of survival compared
with the entire EACH study population [27] and the non-
Chinese population. Indeed, in the whole ITT cohort of the
EACH study, the difference between study groups in terms
of OS was not statistically significant at the cut-off date for
the final analysis of the treatment period (6.4 months in
the FOLFOX4 group vs. 4.9 months in the doxorubicin group,
p5 .06) [27]. However, themedianOS for theChinesepatients
(5.7months in the FOLFOX4and4.3months in thedoxorubicin
group) was shorter than that for the EACH study population
overall and for the non-Chinese population for both groups.
This lower median OS in the Chinese patients can probably be
attributed to thehigherproportionofpatientswithahistoryof
HBV infection at baseline in thesepatients (the vastmajorityof
Chinese patients had a history of HBV infection) than in the
EACH study overall (95.34% vs. 91.37%) or in the non-Chinese
population (89.1% had HBC or HCV infection at baseline).
Although the prognostic significance of viral etiology in the
treatment of advanced HCC is unclear, it remains a potential
key factor influencing the clinical manifestation, treatment,
and progression of HCC [30, 31].

The FOLFOX4 regimen was generally very well tolerated
by the Chinese HCC patients, with no statistically significant
differences in the number of patients reporting AEs or SAEs
between the study groups, in line with findings for the EACH
study cohort overall [27]. The most frequent AEs observed
were consistent with those reported for the whole EACH
cohort [27]and inprevious clinical trialsof FOLFOX4 inpatients
with colorectal cancer [32]. NounexpectedAEswere observed
in the study presented in this paper.

We observed a higher number of cases of neutropenia,
leukopenia, and thrombocytopenia in the FOLFOX group than
in the doxorubicin group, in linewith previous studies showing
frequent hematological toxicity during FOLFOX4 treatment
[33], with higher rates in older patients [32].

Therewasnostatistically significantdifference inthenumber
of deaths due to SAEs between the FOLFOX4 and doxorubicin
groups in the Chinese population. None of these deaths were

Table 2. Overall and progression-free survival in the Chinese intention-to-treat population

Rate FOLFOX4 (n5 140) Doxorubicin (n5 139) HR p value

Median OS, months (95% CI)

Final analysis 5.7 (4.8–6.9) 4.3 (4.0–5.3) 0.74 (0.55–0.98) .03

Continued follow-up analysis 5.9 (4.8–6.9) 4.3 (4.0–5.1) 0.75 (0.58–0.98) .03

Median PFS, months (95% CI) 2.4 (2.1–3.3) 1.7 (1.6–2.2) 0.55 (0.45–0.78) .0002

RR, % (95% CI) 8.6 (4.5–14.5) 1.4 (0.2–5.1) — .006

DCR, % (95% CI) 47.1 (38.7–55.8) 26.62 (19.5–34.8) — .0004

Abbreviations:—, no data; CI, confidence interval; DCR, disease control rate; HR, hazard ratio; FOLFOX4, oxaliplatin, 5-fluorouracil, and leucovorin; OS,
overall survival; PFS, progression-free survival; RR, response rate.
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Figure 2. Kaplan-Meier survival curves for the FOLFOX4 group versus the doxorubicin group (intention-to-treat cohort). (A): Overall
survival at final analysis. (B): Overall survival at follow-up analysis. (C): Progression-free survival.1, Stratified log-rank test.

Abbreviations: CI, confidence interval; FOLFOX4, oxaliplatin, 5-fluorouracil, and leucovorin; HR, hazard ratio.
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assessed by investigators to be treatment related. Similar ob-
servations were reported for the entire EACH trial cohort [27].

In this study, the control group was given doxorubicin at
a dose of 50mg/m2, which was lower than the dose admin-
istered in previous studies on chemotherapy [34, 35]. The
rationale for theselectionof thisdosewaspreviouslydiscussed
in the report of the EACH study [27]. The usual dose of doxo-
rubicin used for HCC treatment ranges from 40 to 75 mg/m2

[16, 17].We chose 50 mg/m2 mainly for safety reasons. Asian
patientswith advancedHCCoftenhaveHBV infection and liver
cirrhosiswith impaired liver function, and thus the tolerance to
chemotherapy is poor. In addition, it has been reported that
the administration of doxorubicin at doses of 60–75 mg/m2

was associated with a drug-related mortality rate of 25% in
Asian patients [16].

This subset analysis has several limitations that may have
influenced thestudyresults. First,more than90%ofpatients in
both treatment groups had HBV infection, but no data on HBV
treatment and the reactivation rate was collected during
the study. Another limitation is the lack of data collection on
the subsequent therapies recommended for the patients
and the response to these therapies. In addition, compared

with the FOLFOX4 group, the proportion of patients who
received prior systemic adjuvant chemotherapy was higher
in the doxorubicin group (0.0% vs. 3.6%), and this imbalance
may have influenced the results.

Currently sorafenib is the only molecularly targeted ther-
apy available, with strong evidence supporting its indi-
cation for the treatment of HCC. However, its efficiency as a
single-agent therapy in patients from the Asia-Pacific region is
limited, with a low RR of 2%–3% and a median survival period
of 2.3–2.8 months. Several mechanisms responsible for the
HCC resistance to the sorafenib therapy have been hypothe-
sized. Among these is the genetic heterogeneity of HCC cells,
probably reflecting that the etiology of HCC was linked to the
primary resistance to sorafenib and may explain its limited
efficacy in Asian patients [36]. A recent study has shown that
HBV-positive HCC cells exhibit lower expression of microRNA-
193b targeting urokinase plasminogen activator and higher
myeloid cell leukemia-1 protein levels, and increasing the
expression of microRNA-193b increased the HCC cells re-
sponse to sorafenib treatment [37]. In addition, treatment
with sorafenib is associated with high incidence of toxicity
events (e.g., diarrhea, hand-foot skin reaction, bleeding) and

Table 3. Incidence of adverse events during study period in both treatment groups (safety cohort)

Type

Adverse events
Adverse events possibly related to

treatment

FOLFOX4
(n5 139)

Doxorubicin
(n5 126) p value

FOLFOX4
(n5 139)

Doxorubicin
(n5 126) p value

Adverse events, n (%) 130 (93.5) 113 (89.7) .26 127 (91.4) 109 (86.5) .21

Adverse events grade$3, n (%) 73 (52.5) 50 (39.7) .04 57 (41.0) 34 (26.9) .02

Serious adverse events, n (%) 15 (10.8) 9 (7.1) .30 4 (2.9) 2 (1.6) .48

Deaths, n (%) 8 (5.8) 4 (3.2) .31 0 (0.0) 0 (0.0) NA

Discontinuations, n (%) 35 (25.2) 16 (12.7) .01 16 (11.5) 12 (9.5) .59

Abbreviation: FOLFOX4, oxaliplatin, 5-fluorouracil, and leucovorin.

Table 4. Nonhematological adverse events and adverse events possibly related to treatment (safety cohort)

Type

Adverse event, n (%)
Adverse event possibly related to

treatment, n (%)

FOLFOX4 (n5 139) Doxorubicin (n5 126) FOLFOX4 (n5 139) Doxorubicin (n5 126)

Patients with adverse events 119 (85.6) 106 (84.1) 106 (76.3) 90 (71.4)

Nausea 58 (41.7) 32 (25.4) 54 (38.9) 29 (23.0)

Abnormal AST values 32 (23.0) 33 (26.2) 20 (14.4) 20 (15.9)

Alopecia 18 (12.6) 49 (38.9) 17 (12.2) 48 (38.1)

Anorexia 32 (23.0) 22 (17.5) 19 (13.7) 14 (11.1)

Abnormal ALT values 26 (18.7) 19 (15.1) 18 (13.0) 14 (11.1)

Vomiting 29 (20.9) 20 (15.9) 26 (18.7) 17 (13.5)

Bilirubin 27 (19.4) 20 (15.9) 11 (7.9) 9 (7.1)

Pain not otherwise specified 30 (21.6) 16 (12.7) 4 (2.9) 2 (1.6)

Fatigue 24 (17.3) 16 (12.7) 15 (10.8) 9 (7.1)

Diarrhea 20 (14.4) 14 (11.1) 12 (8.6) 6 (4.8)

Fever 23 (16.6) 9 (7.1) 9 (6.5) 0 (0.0)

Distension 23 (16.6) 9 (7.1) 3 (2.2) 2 (1.6)

Phlebitis 15 (10.8) 0 (0.0) 15 (10.8) 0 (0.0)

Sensory neuropathy 17 (12.2) 0 (0.0) 17 (12.2) 0 (0.0)

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase.

©AlphaMed Press 2014
TheOncologist®

1176 FOLFOX4 and Advanced Hepatocellular Carcinoma



high associated costs. It was estimated that in China, because
of its costs (approximately $8,000 per month), only,1.0% of
the more than 400,000 newly diagnosed HCC cases each year
can be treated with sorafenib. Until recently, all other new
molecularly targeted therapiesdevelopedafter sorafenibhave
failed to show an improvement in the survival of patients
with advanced HCC in phase III trials [38, 39]. A number of
monoclonal antibodies that bind the vascular endothelial
growth factor and inhibit angiogenesis are currently under
evaluation in phase II and III clinical trials [40–43].

Other systemic therapy drugs such as doxorubicin, cis-
platin, and 5-FU have been used for the treatment of HCC but
with no evidence of improved survival [44, 45], probably due
to HCC resistance to these therapies [15], their increased tox-
icity counteracting the benefit [45, 46], and the surrogate
endpoints used to predict survival [47, 48].

The EACH studywas designed to confirm previous findings
from several phase II clinical studies suggesting that HCC is
sensitive to the FOLFOX4 treatment regimen, with manage-
able toxicity, in Chinese patients [24, 25]. Currently, an
oxaliplatin-based regimen is widely used in China and other
countries [23, 49–52]. Oxaliplatin was approved by the China
Food and Drug Administration for the systemic chemotherapy
of HCC on March 12, 2013, and the FOLFOX4 regimen was
included in the “Diagnosis and TreatmentGuideline of Primary
Liver Cancer” published by the China Ministry of Health on
October 24, 2011. Compared with sorafenib, oxaliplatin is less
expensive; therefore, the FOLFOX regimen is an affordable
treatment option for most advanced HCC patients in China.
Basedonthecostsand the results fromclinical studies showing

positive results in Chinese HCC patients, systemic chemother-
apy with an oxaliplatin-based regimen represents an accessi-
ble therapy that deserves further study, especially during its
use in clinical practice.

CONCLUSION
In contrast with the whole population of the EACH study, the
results from the Chinese subgroup analysis show that the
FOLFOX4 regimen significantly prolonged survival in Chinese
patients. These results may be due to ethnic differences in
etiology.Consequently, advancedHCCmaybesensitive tonew
cytotoxic agents with higher efficacy and lower toxicity in
Chinesepopulations. Systemic chemotherapywithoxaliplatin-
containing regimens may play an important role in the
treatment of advanced HCC in the future. Further studies
areneeded to investigate the roleof systemic chemotherapy in
the treatment of HCC, the potential effect of the association
between chemotherapy and molecularly targeted therapy,
the optimal combination of drugs, and the potential ben-
eficial effects of different drug combinations in the treatment
of HCC.
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