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Abstract
Purpose To evaluate the response to lapatinib, an inhibi-
tor of epidermal growth factor receptors 1 and 2, in patients
with advanced bilary tree cancer (BTC) and hepatocellular
cancer (HCC).
Methods Lapatinib was dosed at 1,500 mg/day orally
continuously.
Results Fifty-seven patients were accrued (BTC 17, HCC
40). Therapy was well tolerated. The response in BTC was
0% and in HCC was 5%. The progression free survival
(PFS) for BTC and HCC patients was 1.8 (95% CI: 1.7–5.2)

months and 2.3 (95% CI: 1.7–5.6) months. The median
survival for BTC and HCC patients was 5.2 (95% CI 3.3–
1) months and 6.2 (95% CI: 5.1–1) months. EGFR geno-
typing indicated HCC patients with <20 repeats have the
lowest PFS. The occurrence of any skin rash signiWcantly
prolonged PFS and survival.
Conclusions Lapatinib was well-tolerated. There was evi-
dence of activity in HCC, but therapy with lapatinib did not
meet the predeWned eYcacy rate.
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Introduction

There are few eVective therapies for patients with advanced
hepatocellular (HCC) or biliary tree cancer (BTC). HCC is
a common malignancy worldwide, with an estimated inci-
dence of 667,000 cases/year [1]. In the US (estimated inci-
dence 17,500/year), the incidence has increased, probably
due to hepatitis C exposure [1]. The overall prognosis for
HCC is poor with mortality similar to incidence rates. HCC
typically presents at an advanced stage with only a minority
of cases suitable for surgical resection, liver ablative
procedures or liver transplantation [2]. In patients who have
surgically unresectable HCC, few treatment options exist.
Transarterial chemoembolization (TACE) may beneWt
selected patients with localized diseases, however systemic
chemotherapy has been largely ineVective [2]. Administra-
tion of systemic chemotherapy is also limited, as patients
with HCC, frequently have multiple comorbidities, liver
dysfunction and cirrhosis. Advanced BTC (ampullary, bile
duct and gallbladder) similarly have a poor prognosis and
are resistant to standard chemotherapeutic regimens [3, 4].
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Hepato-carcinogenesis is a multistep process and multi-
ple molecular pathways are involved [5]. In particular,
growth factor receptor activation and angiogenesis may
play a signiWcant role in carcinogenesis. The epidermal
growth factor receptor (EGFR) family, especially EGFR1
(EGFR) is commonly overexpressed in HCC [5]. Though
over expression of EGFR2 (Her2/neu) is less common in
HCC, it may play an important role as Her2/neu somatic
mutations, which may predict response to EGFR targeted
agents have been reported [6]. Genetic alterations in BTC
are less well characterized, but similar molecular pathways
to HCC have been identiWed [7, 8].

Two phase 2 studies have reported on the activity of erl-
otinib, an oral inhibitor of EGFR in patients with advanced
HCC. Philip et al. [9] evaluated erlotinib in 38 patients.
EGFR overexpression was detected in 88% of specimens
by immunohistochemistry (IHC). Therapy with erlotinib
was well tolerated and a radiological partial response was
seen in 3 patients (8%), with median overall survival of
13 months. Thomas et al. evaluated the agent in 40 patients
with HCC. No objective responses were noted, and the
median survival of patients was 10.8 months [10]. Erlotinib
was also evaluated in 42 patients with BTC; EGFR expres-
sion was detected in 81% of patients, with response seen in
3 patients. The median survival was 7.5 months [11].

In this study, we evaluated lapatinib, an oral dual kinase
inhibitor of EGFR and Her-2/neu in patients with biliary
tree and HCC based on the hints of activity from the erloti-
nib clinical trials and the preclinical observation that dual
inhibition of the EGF family appears to have a greater
inhibitory eVect on downstream signaling pathways than
inhibition of either receptor alone [12]. The primary objec-
tive of this study was to determine the objective response
rate to lapatinib in patients with BTC and HCC. Secondary
objectives were to determine the overall survival (OS), pro-
gression free survival (PFS) and toxicities. Exploratory
molecular and pharmacogenomic correlative studies were
done on blood and archived tumor specimens to identify
speciWc patient subsets that may beneWt from lapatinib
therapy.

Materials and methods

Patient selection

Eligible patients were >18 years old, had histological or
cytological conWrmation of HCC or BTC and were not can-
didates for surgery or local ablative procedures. Patients
were required to have measurable disease, ·1 prior chemo-
therapy (including TACE) for metastatic or recurrent dis-
ease and the ability to swallow and retain oral medications.
Other eligibility criteria were life expectancy of greater

¸12 weeks and an Eastern oncology performance status
(ECOG) performance status of 0,1 or 2, adequate organ and
marrow function deWned as leukocytes ¸3,000/�L, abso-
lute neutrophil count ¸1,500/�L, platelets ¸75,000/�L,
total bilirubin <2 mg/dL, AST and ALT ·5.0 X upper limit
of institutional normal (ULN), prothrombin time <4 s
above ULN (unless taking warfarin), creatinine ·ULN or
creatinine clearance ¸50 mL/min/1.73 m2 for patients with
creatinine levels above ULN, left ventricular ejection frac-
tion (LVEF) > lower limit of normal as measured by echo-
cardiogram or multiple gated acquisition (MUGA) scan.

Ineligibility criteria included patients who were on con-
comitant medications classiWed as CYP3A4 inducers or
inhibitors, prior treatment with EGFR agents, receiving
combination anti-retroviral therapy for HIV, baseline
Childs B or C scores, known brain metastases or were preg-
nant and lactating women.

All patients signed an informed consent prior to therapy,
according to institutional and federal guidelines. The study
was sponsored by the Cancer Therapy and Evaluation Pro-
gram (CTEP) of the National Cancer Institute (NCI) and
conducted by the phase II consortiums of California, Pitts-
burgh and the University of Chicago.

Study assessments and requirements

Prior to the start of treatment, a history and physical exam
(H and P), complete blood count (CBC), chemistries includ-
ing liver function tests, urine analysis, ECG and radiological
scans to deWne extent of tumor were performed. LVEF was
assessed prior to start of therapy and then every 8 weeks
while on study. Following start of therapy, an H and P, CBC
and chemistries was done every 2 weeks. Toxicity was
graded according to the NCI common terminology criteria
for adverse events (CTCAE) version 3.0.

Drug therapy: schedule and dose modiWcation

Lapatinib was supplied as Wlm coated capsules of 250-mg
dosage strength by CTEP (Rockville, MD) under a clinical
trials agreement with GlaxoSmithKline pharmaceuticals.
Patients were instructed to take the required dose on an empty
stomach (either 1 h before or 1 h after meals). Antiemetic
therapy was at the discretion of the investigator, administered
according to institutional guidelines. Patients were asked to
complete a study medication diary on a daily basis, and the
diary was reviewed every 2 weeks to assess patient-reported
adherence. Each treatment cycle was 4 weeks.

Dose modiWcations

The starting dose was 1,500 mg/day continuously. Patients
were required to meet pre-study laboratory requirements
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prior to dosing every 2 weeks. A maximum of three dose
reductions and a 3-week delay for drug administration for
toxicity was permitted. The dose reduction levels were
1,000, 750 or 500 mg/day. Patients requiring a fourth dose
reduction were taken oV study.

The management of speciWc agent-related adverse
events were as follows: for cardiac toxicity: subjects who
had a >20% decrease in LVEF from baseline had a repeat
evaluation of LVEF, 1–2 weeks later while still receiving
lapatinib. If there was grade ¸3 dysfunction or if the
repeat LVEF value conWrmed a ¸20% decrease, then
lapatinib therapy was discontinued. For diarrhea: no inter-
vention was required for grade 1. Loperamide at standard
doses was started for grade 2 diarrhea, and lapatinib was
continued, but could be held at the discretion of the inves-
tigator depending on the medical condition of patient. For
grade ¸3 diarrhea, lapatinib was held until recovery to
·grade 1 for up to 21 days. Subsequent dose of lapatinib
was then reduced by 1 dose level. For skin rash: no inter-
vention was required for grade 1; for grade 2 toxicity
appropriate medical therapy was instituted, and therapy
was not held unless it was unacceptable to patient or med-
ically required. In that case lapatinib was held until recov-
ery to ·grade 1, up to 21 days, and then restarted at same
dose. For grade ¸3 rash, lapatinib was held until recovery
to ·grade 1 for up to 21 days. Subsequent dose of lapati-
nib was then reduced by 1 dose level. For other toxicity:
no intervention was necessary for grade 1 toxicity. In the
case of grade 2 toxicity appropriate medical therapy was
instituted, therapy was not held unless it was unacceptable
to patient or medically required. In that case lapatinib was
held until recovery to ·grade 1, up to 21 days, and then
restarted at same dose. In the case of grade ¸3 toxicity
lapatinib was held until recovery to <grade 1 for up to
21 days. Subsequent dose of lapatinib was then reduced
by 1 dose level.

Evaluation of response

Radiological tests were performed at baseline and every
8 weeks to assess response by RECIST criteria [13]. Pro-
gression free survival was calculated from the day of start-
ing therapy till progression or death. Overall survival was
calculated from day of starting therapy till death.

Trial design and statistics

The primary endpoint of this study was response rate.
Patients with BTC and HCC were accrued and assessed in
separate strata. A Simon optimal two-stage design was used
[14]. In the Wrst stage 17 patients were enrolled separately
to each group. At least >1 response was required to proceed
to the second stage, for a total of 37 patients in each cohort.

Lapatinib would be considered active if ¸4 responses
(¸11%) were observed among the 37 evaluable patients in
a cohort (90% power to detect a true response rate of
¸20%).

Correlative studies

ParaYn embedded tumor blocks and/or at least 16
unstained paraYn-embedded slides of tumor tissue were
collected at study entry. EGFR staining was performed
using Clone E30 (Biogenex, San Ramon CA). BrieXy, 4 �
paraYn sections were deparaYnized and exposed to micro-
wave heating for uniform antigen retrieval. The primary
antibody was applied for 60 min followed by appropriate
rinsing and application of a secondary antibody of biotinyl-
ated horse anti-mouse IgG (Vector, Burlingame CA) at
1:200 dilution. After rinsing, the Vector Elite ABC reagent
was used. After rinsing, DAB was applied and the color
development monitored by light microscopy. The patholo-
gist (RGE) interpreted the sections by light microscopy for
percentage of tumor cells having a distinct membrane stain-
ing pattern. Detection of KRAS codon 12 mutations was
carried out as previously described using a sensitive two-
step restriction fragment-length polymorphism–polymerase
chain reaction (RFLP–PCR) assay that enriches for the
presence of mutations [15]. Blood samples for EGFR geno-
typing were collected in two EDTA tubes (8–10 ml each)
pre study and prior to cycle 2 and 3. One tube was stored as
whole blood; the other was centrifuged and aliquoted for
analysis.

EGFR genotyping

The EGFR dinucleotide polymorphism was determined
with 5�-end 33p �ATP labeled PCR protocol with a few
modiWcations. In summary: DNA template, dNTPs, 5�-
end 33p �ATP labeled primer, unlabelled complementary
primer, Taq polymerase (Perkin Elmer Inc, Connecticut,
USA) and PCR buVer were used together in a Wnal PCR.
The reaction was carried out and the reaction products
were separated using a 6% denaturing polyacrylamide
DNA sequencing gel, which then was vacuum blotted for
1 h at 80°C and exposed to an XAR Wlm (Eastman-Kodak
Co., New York, USA) overnight. The exact number of
repeats was conWrmed by direct sequencing. The EGFR
intron 1 (CA)n16–23 repeat in each allele was categorized at
the sample median, 20 (CA)n, as described previously
[16]. Other polymorphisms including signiWcant polymor-
phisms in genes involved in the Her1/Her2 pathway (Tis-
sue Factor A-603G, Cox-2 T+8473C, EGF A+61G,
Cyclin D1 A+870G, IL-8 T-251A, VEGF-936 C+936T,
HER2_neu codon 655 A/G, EGFR G+497A) were deter-
mined.
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Results

Patient characteristics

Fifty-seven patients were entered between November 2004
and February 2006. There were 17 patients with BTC and 40
with HCC. On review, 3 treated patients with HCC were
ineligible for study due to having Child B scores and were
not evaluable for response, but included in the toxicity analy-
sis. Patient characteristics are given in Table 1. A total of 186
cycles were administered (median 2 cycles, range 1–12).

Toxicity

Therapy was well tolerated in both BTC and HCC subjects
(Table 2). Twenty-four of 57 patients (47%) required at
least one dose modiWcation, and 4 patients (7%) discontin-
ued therapy due to toxicity. Most dose reductions occurred
in patients who had received ¸4 cycles of therapy.

Hematological toxicities were uncommon with grade 3/4
anemia and thrombocytopenia seen in 4 and 2% of patients,
respectively. The most common grade 3/4 toxicities were
diarrhea (7%), fatigue (6%) and elevations of AST/ALT
(9%). Common grade 1–2 toxicities were diarrhea (46%),
nausea (32%) and fatigue (46%). Elevations of liver func-
tion tests were also seen, but these were mostly grade 1 or
2. A grade 1/2 skin rash was observed in 19 patients (35%)
and one patient developed a grade 3 rash. There were no
changes in LVEF following therapy.

EYcacy

There were no objective responses in the group of BTC
patients, stable disease (SD) was documented in 4 patients
(26%) with duration of 3–5.5 months. In patients with
HCC, 2 objective responses were noted (5%) and SD in 13
patients (35%) with duration of 3–14 months. The partial
responses were in a patient with no prior therapy and in a
other following TACE. PFS and OS are depicted in Fig. 1.
The median PFS for patients with BTC and HCC were
1.8 months (95% CI 1.7–5.2) and 2.3 months (95% CI 1.7–
5.6), respectively. The median OS for BTC and HCC
patients were 5.2 months (95% CI 3.3–1) and 6.2 months
(95% CI 5.1–1). The occurrence of any rash in BTC and
HCC patients signiWcantly correlated with prolonged PFS
(increased from 2.0 to 5.0 months, P = 0.03) and OS
(increased from 5.0 to 10.0 months, P = 0.004) (Fig. 2).

Correlative studies

The overexpression of EGFR was seen in 7 out 12 (58%) of
specimens with suYcient archival tumor material for analy-
sis. For BTC, 2 of 2 showed strong EGFR staining in

Table 1 Patient characteristics

a HCC-hepatocellular cancer
b ECOG-Eastern Oncology Cooperative group

Total patients 57

Bilary tree cancer 17

Gallbladder 5

Bile duct 9

Ampullary 3

HCCa 40 (3 ineligible)

Median age (range) 62 years (19–83)

Male 36 (63%)

Female 21 (37%)

Ethnicity

Caucasian 39 (68%)

Asian/Black/Hispanic 11/5/9 (32%)

Performance status (ECOG)b

0 26 (46%)

1 24 (42%)

2 7 (12%)

Prior drug therapy 27

Bilary tree cancer 11 (65%)

HCCa 16 (43%)

Table 2 Selected drug-related toxicities in all patients for all cycles

Related score by investigator as possibly, probably, or deWnitely relat-
ed to therapy. Toxicities reported for 57 patients

AP alkaline phosphatase, AST serum aspartate aminotransferase, ALT
alanine aminotransferase

Adverse event Grade 1/2 Grade 3/4

N (%) N (%)

Hematological

Hemoglobin 12 (21) 2 (4)

Platelets 3 (5) 1 (2)

Gastrointestinal

Diarrhea 26 (46) 4 (7)

Nausea 18 (32) 1 (2)

Vomiting 9 (15) 1 (2)

Constitutional

Anorexia 6 (11) 1 (2)

Fatigue 26 (46) (6)

Liver

AP 8 (14) 1 (2)

Bilirubin 9 (16) 1 (2)

AST 13 (23) 3 (5)

ALT 11 (19) 2 (4)

Others

Rash 19 (35) 1 (2)

Hypocalcemia 1 (2) 1 (2)

Neuropathy 1 (2) 1 (2)

Cardiac 0 0
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90–100% of tumor cells. In HCC, 5 of 10 showed staining
in 30–100% of tumor cells. In all these 12 samples, KRAS
wild type was detected and mutations were absent.

Genotyping information was available in 28 out of 40
(70%) HCC patients. To evaluate the eVect of the number
of (CA)n repeats on the clinical outcome among all study
participants, we separated patients into two subgroups: 8
patients (29%) had EGFR (CA)n repeats <20 and 20
patients (71%) had any (CA)n repeats ¸20. Patients with
(CA)n repeats <20 showed lower PFS compared to those
with (CA)n repeats <20. (P = 0.016, log-rank test). We did
not observe any statistical signiWcant association between
EGFR (CA)n repeats and response or OS. We did not
observe statistically signiWcant associations between other
tested genes involved in the EGFR pathway (n = 8) and
response, PFS or overall survival.

Discussion

Preclinical evidence supports the notion that progression of
HCC can be signiWcantly inhibited by EGFR-targeted
agents in vitro and in vivo, enhance chemo-sensitivity [17,
18] and that dual inhibition of EGFR and HER2 may be a
eVective therapeutic strategy in ERB-driven tumors [12].
Oral lapatinib therapy in our study was well tolerated. In
BTC, lapatinib did not show activity, however partial
responses were seen in two patients with HCC. The
response rate of 5% did not meet the predeWned endpoint of
11% and thus we do not feel that further evaluation of sin-
gle agent lapatinib in this disease is warranted in unselected
patients. The response rate of 5% in HCC patients in our
study is similar to published studies of single agent therapy

with erlotinib, soraWnib and cetuximab [9, 10, 19, 20]. Base
line characteristics of the etiology or viral titers in HCC
patients was not collected, but our patient population can be
expected to be similar to other studies [9, 10, 19]. However
the median survival of 6.2 months (95% CI 5.1–1) is
lower than other studies, where overall survival of 8–
13 months was reported [9, 10]. The low median survival in
our study may be due to the small sample size, but it is
likely that lapatinib did not have signiWcant activity in
HCC.

The occurrence of skin rash in about 1/3 of patients was
associated with improved PFS and survival, suggesting an
eVect on the ERB1 pathway. Though occurrence of a skin
rash is correlated to outcome in colon and pancreatic cancer
patients treated with cetuximab and erlotinib [21], in HCC
a similar association was not reported [9, 19]. In a random-
ized study of breast cancer patients who were treated with
capecitabine or the combination of capecitabine and lapati-
nib, the incidence of skin rash was low and did not correlate
to outcome [22]. Though in preclinical models lapatinib has
dual inhibitory activity on both ERB1 and ERB2, the pre-
dominant inhibitory action may be via the ERB2 pathway
[23]. In HCC, the incidence of ERB2 over expression and
activating mutations is low, which might in part explain the
disappointing results in our study [8]. Resistance to EGFR
therapy may be dependant on KRAS status, with resistance
seen in KRAS mutant tumors [24]. In HCC, KRAS appears
to be mutated in about 30% of tumors and may be associ-
ated with vinyl chloride exposure [25]. In our study KRAS
mutations were absent in all 12 samples studied.

Tumor and genomic biomarker collection was optional
and thus assessment in our trial and correlation to eYcacy
is limited by the number of samples and limited activity.

Fig. 1 Median overall survival and progression free survival
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We focused on EGFR genotyping based on the following
observations: overexpression of EGFR mRNA and protein
has been associated with tumor aggressiveness and poor
clinical outcome in a variety of epithelial malignancies,
including HCC [26, 27]. In addition, a highly polymorphic
region in intron 1 of the EGFR gene is associated with tran-
scription levels of EGFR in vitro and in vivo [28, 29]. The
length of this (CA)n dinucleotide polymorphism correlated
inversely with the transcriptional activity of the gene. In
vitro studies showed that the transcriptional activity in cell
lines containing a prolonged polymorphic region (>20 CA
repeats) was markedly reduced compared with cells con-
taining a shorter allele [18]. These Wndings were conWrmed
in human breast cancer samples. A constant decline of
intratumoral EGFR protein expression was associated with
increase in allele length. Furthermore, hemizygote tumors
showed higher EGFR expression if the longer allele was
lacking compared with tumors with the longer allele
remaining [28]. To date, EGFR polymorphisms have not
been reported to be causatively linked to clinical outcome
in HCC patients. However, in our study, short repeat alleles
of EGFR (CA)n, which code for increased EGFR gene
expression, were found to be signiWcantly associated with
PFS (P = 0.016, log-rank test).

Based on our results and other recently published trials,
there is a continued need for evaluation of novel molecu-
larly targeted agents for patients with HCC and biliary tree
cancer. Sorafenib [20], a small molecule inhibitor of the
VEGF and the RAF kinase pathway is the Wrst agent to be
approved by the FDA for HCC, based on improved survival
compared to best supportive care [20]. SoraWnib is now
being evaluated in combination with other agents which
target the signal transduction pathways. Understanding the
molecular mechanisms and individualizing therapy for
patients is the key to improve the outcome of patients with
HCC and BTC [30].
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