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ABSTRACT

Background: Hepatocellular carcinoma (HCC) is frequently resistant to
chemotherapy. However, epidermal growth factor receptor (EGFR) in-
hibition has demonstrated activity in HCC and overcomes chemother-
apy resistance in other settings. We studied the efficacy of combining
the anti-EGFR antibody cetuximab with capecitabine and oxaliplatin in
advanced HCC.

Methods: Patients who had chemotherapy-naive advanced/unresect-
able HCC and any Childs-Pugh–class chronic liver disease (provided
bilirubin was �3 mg/dl) received capecitabine 850 mg/m2 bid days
1–14, oxaliplatin 130 mg/m2 day 1, and cetuximab 400 mg/m2 day 1
then 250 mg/m2 weekly for each 21 day cycle.

Results: Twenty-nine patients received any protocol therapy, but 24
completed at least one cycle. Of the 24 patients evaluable for response,
3 had a partial response (12.5%, 95% confidence interval [CI], 3–32%)
and 17 had stable disease (71%), for a disease control rate of 83%. Of
patients with an elevated AFP, 57% had a �50% reduction in AFP.
Median time to progression was 4.5 months (95% CI, 3.2–6.4), and
overall survival was 4.4 months (95% CI, 2.4–7.3). Most common toxic-
ities included diarrhea (13 patients, 45%), fatigue (12 patients, 41%), and
hypomagnesemia (12 patients, 41%). Fatigue (6 patients) and diarrhea
(5 patients) were the most common grade 3–4 toxicities. Three patients
died within the first 30 days of treatment (one of toxicity, two of liver
failure presumed to be related to disease progression).

Conclusions: The capecitabine/oxaliplatin/cetuximab combination
was tolerable, though diarrhea was pronounced, in this population. The
combination was associated with a modest response rate, but a high
rate of AFP response and radiographic stable disease. Time to progres-
sion and overall survival were shorter than would be expected for
treatment with sorafenib.
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Hepatocellular carcinoma (HCC) is a
leading killer worldwide. With the inci-

dence of HCC on the rise in the United

States and elsewhere,1,2 lack of effective

treatment for advanced HCC is a growing

concern. Surgical resection or liver trans-

plantation remains the only potentially cu-
rative therapies for HCC, but most patients
are ineligible for such treatments. Locore-
gional strategies, such as chemoemboliza-
tion, are the mainstay of treatment for pa-
tients with inoperable HCC, because few

systemic options are available. Doxorubi-

cin, until recently considered the standard

chemotherapeutic for HCC, is associated

with an objective response rate of approxi-

mately 10%.3,4 Sorafenib is the first agent

to demonstrate a survival advantage over
supportive care in HCC. Nevertheless, in a
relatively fit group of sorafenib-treated pa-
tients (95% Childs-Pugh A), median sur-
vival was only 10.7 months.5

Epidermal growth factor receptor
(EGFR) is overexpressed in HCC, com-

pared with adjacent liver.6 Data for EGFR

inhibition in HCC by the tyrosine kinase

inhibitor erlotinib suggests a therapeutic

effect of EGFR inhibition.7 Cetuximab, a

chimeric murine-human monoclonal IgG1

to EGFR, prevents activation of EGFR by
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inhibiting ligand binding. Cetuximab may
also inhibit heterodimerization of HER-
family members, which could translate into
greater efficacy in HCC compared with ty-
rosine kinase inhibition given the dual ex-
pression of HER-1/erbB-1 and HER-3/
erbB-3 in HCC.8

A substantial body of literature now sug-
gests that inhibition of the EGFR pathway
can improve the response rate with chemo-
therapy and radiotherapy in tumors where
EGFR is constitutively active. This effect
likely results from lowering a tumor’s
apoptotic threshold by inhibiting important
antiapoptotic signals that are constitutively
activated by an overstimulated EGFR path-
way in cancer.9 This sensitization phenom-
enon has already been convincingly dem-
onstrated in colorectal cancer, where
cetuximab added to irinotecan is able to
overcome irinotecan resistance.10 Similar
preclinical data exist for platinum com-
pounds, with the suggestion of a synergistic
interaction between EGFR inhibition and
platinum agents.9

Oxaliplatin has demonstrated safety as
well as modest single-agent activity in
HCC.11 Oxaliplatin is also well tolerated in
patients with hyperbilirubinemia,12 making
it an excellent potential agent for HCC com-
pared with doxorubicin, a drug contraindi-
cated in those with abnormal bilirubin lev-
els. The combination of oxaliplatin and
capecitabine has also shown some promise

in the phase II setting.13 This is an attractive
combination for use in HCC because both
drugs are tolerated in the setting of hepatic
dysfunction.

We conducted a phase II trial of the
combination of capecitabine/oxaliplatin
(CapeOx) with cetuximab in patients with
unresectable or metastatic HCC not previ-
ously treated with systemic therapy to eval-
uate the response rate, time to progression,
and safety of this combination.

METHODS

Eligibility
This single-institution phase II trial enrolled
patients from the gastrointestinal oncology
clinic at the University of North Carolina.
Eligible patients were 18 years of age or
older and had a histologic diagnosis of hep-
atocellular carcinoma, or an alpha fetopro-
tein (AFP) level �400 ng/mL in the setting
of a clinical picture (tumor characteristics
on imaging studies in a patient with cirrho-
sis) consistent with HCC. EGFR positivity
was not required because immunohisto-
chemistry staining for EGFR is inaccurate
for determining response in tumors such as
colorectal cancer. All patients had either
metastatic disease or disease not amenable
to resection or immediate transplantation.
Measurable disease or evaluable disease in
combination with an AFP level two times
the upper limit of normal (ULN) were also

required. Prior locoregional therapy, in-

cluding transarterial chemoembolization,

was permitted, but prior systemic therapy

was not.

Laboratory requirements included the

following: total bilirubin � 3 � ULN; aspar-

tate aminotransferase (AST) and (alanine

aminotransferase) ALT � 5 � ULN; creat-

inine clearance (estimated by Cockcroft-

Gault) � 50 ml/min; absolute neutrophil

count � 1.5 � 109 cells/L; hemoglobin � 9

g/dl; international normalized ratio (INR) �

1.5. An initial platelet cutoff of �100,000 �

109 cells/L was amended to 75,000 � 109

cells/L after the initial six patients.
Patients were ineligible if they had any

of the following conditions: a comorbid ill-
ness with a life expectancy of �6 months or
a second cancer other than nonmelanoma-
tous skin cancer or cervical intraepithelial
neoplasia; uncontrolled central nervous
system metastases; variceal bleeding within
60 days; ongoing drug or alcohol abuse; or
need for therapeutic anticoagulation with
warfarin.

Treatment
Treatment consisted of oxaliplatin 130
mg/m2 intravenously (IV) over 120 min on
day 1, cetuximab 400 mg/m2 IV over 90
min on day 1 of cycle 1 followed by 250
mg/m2 IV over 60 min weekly, and cape-
citabine 850 mg/m2 PO bid days 1–14 of
each 21-day cycle.

Treatment with oxaliplatin and capecit-
abine was held for grade 3 or higher che-
motherapy toxicity, with resumption at 80%
of the initial dose after resolution to grade
0–1. For the following toxicities, however,
treatment was held for grade 2 or higher
toxicity: thrombocytopenia with dose re-
duction for grade 4 thrombocytopenia; di-
arrhea with dose reduction for grade 2 or
higher; or hepatotoxicity with dose reduc-
tions for grade 2 or higher toxicity. CapeOx
was held in the setting of grade 4 anemia.
Cetuximab was held for grade 3 or higher
skin toxicity and was held permanently in the
case of grade 3 or 4 hypersensitivity reaction.

A protocol-specified halt in enrollment
occurred after the first 10 patients com-
pleted cycle 1 of therapy in order to assess
toxicity. According to the prespecified
rules, treatment continued at the original
doses for the subsequent patients.
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Figure 1. Consort diagram.
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Study Measures
Toxicity was measured using the National
Cancer Institute Common Terminology Cri-
teria for Adverse Events (CTCAE; version
3.0). Toxicity was recorded by study per-
sonnel in the second week of cycle 1, then
at the commencement of each subsequent
cycle. Response was measured using the
Response Evaluation Criteria in Solid Tu-
mors (RECIST) criteria, with a radiographic
assessment and repeat AFP for those with
elevated AFP at baseline performed every
other cycle.

Statistical Considerations
The primary objective was to ascertain the
response rate (RR) of HCC to the combina-
tion of CapeOx and cetuximab. Secondary
objectives included an assessment of
safety of CapeOx/cetuximab in patients with
HCC and compensated liver disease and
estimation of median overall survival (OS),
time to progression (TTP), and progression-
free survival (PFS) in HCC patients treated
with CapeOx/cetuximab.

A minimax two-stage design was used in
which two responses were needed in the first
16 evaluable patients to go on to the second
stage, after which 9 more evaluable patients
were enrolled. Five or more responses among
the 25 treated patients were required to con-
sider CapeOx/cetuximab to merit further
study. Enrollment was discontinued after 24
patients because the end point of five re-
sponses could not be reached.

TTP was defined as the time from study
entry to disease progression. Deaths occur-
ring in the absence of proven disease pro-
gression were censored. PFS was defined as
time from study entry to disease progression
or death from any cause. TTP, PFS, and OS
were estimated using the Kaplan-Meier
method, with cutoff for events of April 22,
2009. The trial was approved by the Biomed-
ical Institutional Review Board of the Univer-
sity of North Carolina at Chapel Hill.

Role of the Funding Source
The authors were responsible for study de-
sign, data collection, analysis and interpre-
tation of the data, and the decision to sub-
mit for publication. The principle investigator
(B.H.O.) had full access to the data. The
study sponsors had no role in design, data
analysis, or decision to submit these results
for publication.

RESULTS
Twenty-nine patients received any protocol
directed therapy (Figure 1), all of whom are
included in toxicity assessment. One pa-
tient with a diagnosis of HCC based on
fine-needle aspirate developed a hemotho-
rax, necessitating surgical intervention dur-
ing treatment. The surgical pathology spec-
imen demonstrated sarcoma, and the
patient was withdrawn from protocol. This
patient is not included in any efficacy anal-
ysis. Four additional patients received
some protocol treatment but withdrew be-
fore completing one cycle without assess-
ment of response. Reasons for withdrawal
included the following: one patient with an
immediate cetuximab-associated anaphy-
laxis who received no further protocol di-
rected therapy; one patient with grade 2
diarrhea in week 2; one patient with pneu-
monia in the setting of obstructive lung
disease who required a 2-week hospitaliza-
tion; one patient with hospitalization for
multiple grade 3 and 4 toxicities who was
discharged to hospice care. Two patients
had hypersensitivity reactions to cetuximab
and continued on protocol with CapeOx
alone.

The enrolled patients were predomi-
nantly male (82%) and white (61%), with
a median age of 59 years (Table 1). Thir-
teen (45%) had received prior locoregional
therapy including transarterial chemoem-
bolization (8), resection (4), radiofrequency
ablation (4), and external beam radiother-
apy (1). Three of these patients received
more than one prior treatment. At enroll-
ment, 14 (52%) patients had an Eastern
Cooperative Oncology Group (ECOG) per-
formance status (PS) of 0, 12 (44%) were
PS 1, and 1 patient had a PS of 2. All
patients had a Childs-Pugh classification of
A (18) or B. (6) Eighteen patients had an
elevated AFP prior to treatment.

Efficacy
Twenty-two patients underwent disease as-
sessment following two cycles of protocol
therapy. Two patients died of liver failure
clinically considered to be attributable to
rapid disease progression and are included
as progressive disease. Of 24 evaluable
patients, 3 (12.5%, 95% CI, 3%–32%, or
11% by intention to treat analysis [ITT])
had a partial response, and 17 patients
(71%, 63% ITT) had stable disease for a

disease control rate of 83%. One patient
continues on protocol with stable disease
for 19 months. Of the 18 patients with AFP
�200 ng/ml at baseline, 8 of the 14 pa-
tients with serial testing (57%) had at least
a 50% reduction in AFP during protocol
therapy. The two patients treated with
CapeOx alone following hypersensitivity to
cetuximab did not respond.

After a median 23 months follow-up of
survivors, median TTP was 4.5 months
(95% CI, 3.2–6.4) (Figures 2–4), median
PFS 3.3 (95% CI, 2.3–4.5). Median OS
was 4.4 months (95% CI, 2.4–7.3). Three
of the 28 patients are alive at 19 (remain on

Table 1. Patient characteristics

N � 28*

Median age (range) 59 (46–79)

Sex (n, %)

Male 23 (82%)

Female 5 (18%)

Race/ethnicity (n, %)

White 17 (61%)

Black 9 (32%)

Latino 1 (4%)

Other 1 (4%)

ECOG PS (n, %)

0 14 (52%)

1 12 (44%)

2 1 (4%)

Childs-Pugh classification†
(n, %)

A 18

B 6

Prior therapy (n, %)

None 15 (54%)

Yes 13 (46%)

Multiple 3

TACE 8

Resection 4

RFA 4

EBRT 1

Rows may not sum to 100% because of
rounding error.
*28 points with HCC.
†Childs-Pugh was available only for the 24
evaluable patients.
Abbreviations: ECOG � Eastern Cooperative
Oncology Group; PS � performance status;
RFA � radiofrequency ablation; TACE �
transarterial chemoembolization.
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study), 26, and 28 months. One-year sur-
vival was 27%, and 10% of patients were
alive at 2 years.

Toxicity
The most commonly experienced toxicities
were diarrhea (13, 45%), hypomagnesemia
(12, 41%), fatigue (12, 41%), mucositis (9,
31%), nausea (8, 28%), and hypocalcemia
(8, 28%) (Table 2). The most common
grade 3 or higher toxicities were fatigue (6,
21%), diarrhea (5, 17%), and mucositis (4,
14%). Grade 3 infection with grade 1–2 neu-
tropenia occurred in four patients, three of
whom had pneumonia and one who devel-
oped a simultaneous urinary tract infection
and wound infection. Twenty-one percent of
patients experienced cetuximab-associated ac-
neiform rash, only one of which was grade 3.

Severe toxicities reflective of worsening
liver function included hyperbilirubinemia
(3, 10%) and AST elevation (3, 10%).
Grade 3 thrombocytopenia occurred in
10% of patients, though only one patient
had any bleeding (grade 3 upper gastroin-
testinal bleed). Four patients (14%) had
hypersensitivity reaction to cetuximab, two
of which were severe. Three patients died
within 30 days of initiating treatment: two of
liver failure thought clinically to be due to
rapid progression of disease, and one of
treatment-associated toxicities.

DISCUSSION
In this single-institution phase II trial, treat-
ment with CapeOx and cetuximab in pa-
tients with advanced or metastatic HCC
resulted in a radiographic response rate of
only 12.5%, thus failing to meet our pre-
specified criteria for further study of this
combination. However, a disease control
rate of 83% and an AFP response in 57%
of patients suggest this regimen does have
activity against HCC.

That the base chemotherapeutic regi-
men has activity in HCC is supported by a
recently published French phase II trial of
CapeOx, with capecitabine given at 1,000
mg/m2 bid compared with 850 mg/m2 bid
in our study, that reported a response rate
of 6% and a disease control rate of 72%.13

Median OS (9.3 months) and PFS (4.1
months) were better than what we ob-
served (OS of 4.5 months). Eighty-six per-
cent of patients in the French study had

Childs-Pugh A liver disease, similar to the
75% in our study.

Another phase II trial of CapeOx with
bevacizumab reported similar results, with
a RR of 11%, disease control rate of 89%,
and PFS of 5.4 months.14 Though OS seen
in our patient population was substantially
shorter than that of sorafenib-treated

patients (median PFS 5.5 months and
median OS 10.7 months),5 these other
CapeOx trials support our findings that
CapeOx does result in disease control in the
majority of patients. The reason for the
short TTP, PFS, and OS in our study is not
clear. The mix of cases according to the
Childs-Pugh classification and PS were

Figure 2. Time to progression. Median time to progression was 4.5 months (95% CI, 2.3–4.5 months). Solid line
represents progression, dotted lines signify 95% CI (n�28, 15 events).

Figure 3. Progression-free survival. Median progression-free survival was 3.3 months (95% CI, 2.3–4.5 months).
Solid line represents progression, dotted lines signify 95% confidence intervals (n�28, 26 events).
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similar across all of these studies. However,
practice patterns and underlying disease
may differ between the centers recruiting to
these phase II trials and our institution.

To what extent the addition of cetux-
imab improved the disease control rate of-
fered by this regimen is unclear. In fact, a
study of single-agent cetuximab in HCC did
not demonstrate significant activity,15 with
stable disease seen in only 44% of patients.
Of those with stable disease for longer than
8 weeks, however, time to progression was
22 weeks, which suggests that some small
proportion of patients does glean benefit
from single-agent cetuximab.16

It has recently been found in colorectal
cancer that levels of EGFR ligands and lack
of mutation of KRAS predict activity of ce-
tuximab.17 As RAS mutation is infrequent in
HCC,18 one might have predicted signifi-
cant activity from cetuximab. Another fac-
tor that may influence response of colorec-
tal cancer to anti-EGFR therapy is presence
of excess levels of EGFR ligands, particu-
larly amphiregulin and epiregulin.19 Inter-
estingly, amphiregulin expression has been
noted to be up-regulated in cirrhotic liver
compared with normal liver in mouse mod-
els. To date, EGFR ligands have not been
studied extensively in human HCC sam-
ples,20 and further study of this would seem
warranted because such patients may

make up a subset that would benefit from
EGFR-based therapies.

Another recently reported phase II trial
of the combination of gemcitabine with ox-
aliplatin and cetuximab reported a fairly
good response rate (20%) and PFS time
(4.5 months),21 though again, to what de-
gree cetuximab contributed to this benefit
is unclear.

The incidence of cetuximab-associated
allergic reaction observed in HCC patients
enrolled in this trial was considerably lower
than we have previously reported for pa-
tients in the southeastern United States.
Among 88 patients treated with cetuximab
on clinical trials at cancer research centers
in North Carolina and Tennessee (Univer-
sity of North Carolina, Vanderbilt University,
and the Sarah Canon Cancer Institute), the
rate of cetuximab hypersensitivity reactions
was 28%.22 Twenty-two percent of patients
had a severe grade 3 or 4 allergic reaction.
In contrast, though still higher than ex-
pected, of the 29 HCC patients in this trial,
only 14% had any allergic reaction, and two
(7%) had a severe hypersensitivity reac-
tion. It is hoped that ongoing correlative
studies on cetuximab-associated reactions
will explain why HCC patients might have a
lower rate than the previously reported rate
in colorectal, lung, and head and neck
cancer patients.

CapeOx and cetuximab demonstrated
modest activity in advanced hepatocellular
carcinoma in this phase II trial. In light of the
similar results of our trial with other reports of
Cape/Ox alone in HCC, and that the most
common severe toxicities we observed (fa-
tigue, diarrhea, mucositis) were all likely ex-
acerbated by cetuximab, pursuing further
study of CapeOx with the addition of cetux-
imab in an unselected population of HCC
patients does not seem warranted. Future
work will need to focus on identifying molec-
ular markers (eg, amphiregulin and epiregu-
lin) predictive of clinical benefit from EGFR
inhibitors in HCC.

Figure 4. Overall survival. Median overall survival was 4.4 months (95% CI, 2.4–7.3 months). Solid line
represents survival, dotted lines signify 95% confidence intervals (n�28, 24 events).

Table 2. Most common toxicities
(n � 29)

Toxicity

All
grades
n (%)

Grades
3–5
n

Fatigue 13 (45%) 6

Diarrhea 12 (41%) 5

Hypomagnesemia 12 (41%) 2

Mucositis 9 (31%) 4

Hypocalcemia 8 (28%) 3

Nausea 8 (28%) 1

Anemia 7 (24%) 2

Hyperbilirubinemia 7 (24%) 3

Thrombocytopenia 7 (24%) 3

Vomiting 7 (24%) 1

Sensory neuropathy 7 (24%) 1

AST elevation 6 (21%) 3

Acneiform rash 6 (21%) 1

Infection with grade
1–2 neutropenia

5 (17%) 4

Hyponatremia 5 (17%) 3

Alkaline
phosphatase
elevation

5 (17%) 2

ALT elevation 5 (17%) 1

Hyperglycemia 4 (14%) 2

Hypersensitivity
reaction

4 (14%) 2

Neutropenia 4 (14%) 1

Hypokalemia 3 (10%) 3

Dehydration 3 (10%) 3

Hand-foot
syndrome

3 (10%) 0

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