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Abstract

Purpose—This phase I/11 single-arm study evaluated the safety, pharmacokinetics,
pharmacodynamics, and activity of foretinib, an oral multikinase inhibitor of MET, ROS, RON,
AXL, TIE-2, and VEGFR?2, in the first-line setting in advanced hepatocellular carcinoma (HCC)
patients.
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Methods—In the phase | part, advanced HCC patients were dose-escalated on foretinib (30-60
mg) once daily (QD) using the standard 3+3 design. Once the maximum tolerated dose (MTD)
was determined, an additional 32 patients were dosed at the MTD in the phase Il expansion cohort
for assessment of efficacy and safety. Exploratory analyses were conducted to assess potential
biomarkers that might correlate with clinical efficacy and survival.

Results—The MTD of foretinib was established as 30 mg QD. The most frequent adverse events
were hypertension, decreased appetite, ascites, and pyrexia. When dosed at 30 mg QD in the first-
line setting, foretinib demonstrated promising anti-tumor activity. According to the modified
Response Evaluation Criteria in Solid Tumors (MRECIST), the objective response rate was 22.9%,
the disease stabilization rate 82.9% and the median duration of response 7.6 months. The median
time to progression was 4.2 months and the median overall survival (OS) was 15.7 months. Fifteen
candidate biomarkers whose levels in the circulation were significantly altered in response to
foretinib treatment were elucidated. Multivariate analyses identified IL6 and IL8 as independent
predictors of OS.

Conclusion—Foretinib demonstrated promising anti-tumor activity and good tolerability in the
first-line setting in Asian advanced HCC patients. Baseline plasma levels of IL6 or IL8 might
predict the response to foretinib.
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Introduction

Advanced hepatocellular carcinoma (HCC) has a poor prognosis, and systemic therapy with
cytotoxic agents demonstrates no survival benefit [1]. Two phase 11l randomized trials
conducted in Western [2] and Asian [3] populations with advanced HCC demonstrated
improved survival with sorafenib monotherapy, which led to regulatory approval for the use
of sorafenib in advanced HCC. Nevertheless, the survival benefit associated with sorafenib is
generally modest.

MET is a receptor tyrosine kinase (RTK) that is widely expressed in epithelial and
endothelial cells. Its cognate ligand, hepatocyte growth factor (HGF), is secreted primarily
by cells of mesenchymal origin. HGF/MET mitogenic signalling is fundamentally important
in hepatic development and biology [4]. Notably, MET has also been implicated as a
mediator of many aspects of tumor pathobiology, including tumor survival, growth,
angiogenesis, invasion, and dissemination [5, 6]. Additionally, amplification, activating
mutations and overexpression of the MET gene have been associated with poor prognosis
and a metastatic phenotype in various human cancers [6]. The reported incidence of MET
gene amplification in HCC is variable: 1.7% of 350 samples assessed using fluorescence in
situ hybridization (FISH) or chromogenic in situ hybridization (CISH) [7]; 0.9% of 231
samples as assessed by single nucleotide polymorphism (SNP) array [8]; 3% of 440 samples
assessed by SNP array (TCGA provisional HCC data set); and 24% of 255 samples by SNP
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array [9]. MET mutation frequency is relatively low (0.9% of 440 samples in TCGA
provisional HCC data set), but MET overexpression is more common: 7% of 440 in TCGA
provisional HCC data set and 28% of 237 samples [9]. MET may thus be an attractive
molecular target for HCC therapy.

Cabozantinib is an inhibitor of MET and vascular endothelial growth factor receptor
(VEGFR)-2 that is currently in development for the treatment of HCC. In a phase Il trial,
Verslype and colleagues [10] reported that cabozantinib had preliminary activity in
sorafenib-refractory advanced HCC. A randomized phase 111 study of cabozantinib vs.
placebo is now recruiting HCC patients with prior sorafenib therapy (NCT01908426).
Tivantinib [11], an agent believed to act in part through MET inhibition, demonstrated
encouraging activity in a phase Il setting in patients with advanced HCC tumors that
displayed MET overexpression who had progressed on or were unable to tolerate first-line
systemic therapy [12]. Although these prior studies suggest that MET inhibitors may provide
clinical benefit in advanced HCC, they were conducted in the second-line setting, and the
impact of MET inhibition in patients with advanced HCC without prior sorafenib treatment
remains unevaluated.

Foretinib (GSK1363089) is an oral multikinase inhibitor of MET, ROS, RON, AXL, TIE-2,
and VEGFR2 that has demonstrated efficacy and acceptable tolerability in papillary renal
cancer [13]. The objective of this phase /11 single-arm, multicenter study was to identify the
maximum tolerated dose (MTD) of foretinib in Asian patients with advanced HCC and to
assess its clinical activity, safety and pharmacokinetics (PK) in the first-line setting.
Importantly, both pharmacogenomics and biomarkers potentially correlated with clinical
efficacy and survival were explored.

Materials and Methods

Study Design

This was a single-arm, phase 1/2 study performed at seven centers in Asia (Hong Kong,
Taiwan and Thailand). The study protocol was approved by the institutional review boards
or human research ethics committees of participating centers and complied with country-
specific regulatory requirements. The study was performed in accordance with both the
Declaration of Helsinki and the International Conference of Harmonisation Good Clinical
Practice. All patients provided informed consent before treatment was started. The trial was
registered at ClinicalTrials.gov (NCT00920192).

The aim of the phase | dose-escalation component of the study was to determine the MTD
and safety of foretinib. It was then further evaluated for efficacy, tolerability,
pharmacokinetics, pharmacogenomic and potential biomarkers in a phase Il dose expansion
cohort.

Patient Eligibility

Patients aged at least 18 years with advanced (unresectable or metastatic) HCC diagnosed
according to current guidelines [14, 15] with measurable disease according to RECIST v1.0
and/or mRECIST [16]. Prior local-regional therapies were allowed, provided that 4 weeks
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had elapsed since surgery or radiotherapy, 6 weeks since prior chemoembolisation, and 8
weeks since prior radiofrequency ablation. If a target lesion was within the field of prior
local therapy, an increase in size of >25% in that lesion had to be observed following local
therapy. Patients were also required to have at most a Child-Pugh A classification, an
Eastern Cooperative Oncology Group (ECOG) performance status of 0 or 1, no signs of
poorly controlled portal hypertension, and a life expectancy of =12 weeks. Adequate
hematologic (absolute neutrophil count 21.5 x 109/L, hemoglobin =9 g/dL, platelets =280 x
109/L, and PT/PTT/INR <1.3 x upper limit of normal; ULN), hepatic (albumin >2.8 g/dL,
serum bilirubin 2.0 mg/dL or <2 x ULN, and aspartate aminotransferase and alanine
aminotransferase <5.0 x ULN), renal (urine-protein-creatinine ratio <1 from a urine sample
or <1.0 g of protein determined by 24-hour urine protein analysis and calculated creatinine
clearance =50 mL/min), and adrenal (cortisol level after ACTH injection in ACTH
stimulation test at or above the level required by institutional guidelines for the ACTH
stimulation test or adequate cortisol levels according to the package insert of the specific
ACTH-stimulation test kit used) function was also required.

The main exclusion criteria included history of main portal-vein thrombosis; poorly
controlled systemic hypertension; history of cerebrovascular accident, including transient
ischemic attack, pulmonary embolism, or untreated deep venous thrombosis within the past
6 months; recent haemoptysis; and history of oesophageal or gastric variceal bleeding. No
prior sorafenib, investigational tyrosine kinase inhibitor, or other systemic therapies for
advanced HCC were allowed.

Phase | Dose-escalation

In the dose-escalation phase to determine the MTD in advanced HCC, three doses were
initially planned: foretinib 30 mg once daily (QD) (50% of MTD in other solid tumors), 45
mg QD, and 60 mg QD. Patients received increasing doses of foretinib in a standard 3+3
design with at least six patients treated at the MTD.

Dose-limiting toxicities (DLTs) were defined as 1) any grade 3 or 4 clinically significant
non-haematological toxicity except alopecia; grade 3 nausea, vomiting, or diarrhea for
which adequate supportive therapy was not instituted; grade 3 hypertension despite
optimalantihypertensive medication(s); grade 3 proteinuria without associated hypertension
and/or renal impairment that improved to grade 2 or lower upon interruption of foretinib; or
liver toxicity for which clinical and radiologic criteria supported either progressive disease
or viral reactivation as the cause of increased hepatic dysfunction; 2) grade 3 neutropenia
with a duration of at least 7 days or the occurrence of neutropenic fever; 3) grade 4
neutropenia; 4) grade 3 or 4 thrombocytopenia. The MTD was defined as the highest daily
dose of foretinib at which no more than one of six patients experienced DLTSs.

Phase Il Expansion Cohort

Once the MTD was determined, an additional 32 patients were recruited to receive foretinib
at the MTD in the phase Il expansion cohort to determine the anti-tumor activity (objective
response rate, ORR, disease stabilization rate, duration of response, and time to progression,
TTP) by modified Response Evaluation Criteria in Solid Tumors (MRECIST), overall
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survival (OS), effect on alpha fetoprotein (AFP) levels, safety and tolerability, and PK
profile of foretinib. Disease stabilization rate was defined as the proportion of patients
achieving best overall response of CR or PR or stable disease (SD) per mRECIST. SD was
defined as neither sufficient shrinkage to qualify for PR nor a sufficient increase to qualify
for progressive disease.

Disease Evaluation and Safety Assessment

Tumor assessments were performed at baseline, every subsequent 6 weeks and at the time of
progression. Patients were assessed according to mRECIST criteria to align with the
guidelines of the American Association for the Study of Liver Disease (AASLD) [15, 16],
with RECIST criteria serving as an additional form of analysis.

Stable disease was considered the best response, if it was demonstrated for >12 weeks after
baseline. Best overall response was considered not evaluable when PD had not been
documented, and a best overall response of CR, PR, or SD could not be established.

Safety was assessed through standard clinical and laboratory tests and reports of adverse
events (AEs) and serious AEs (SAEs) were documented. AEs were graded according to the
Common Terminology Criteria for Adverse Events (CTCAE) v3.0.

Pharmacokinetics

Blood samples for PK analysis were obtained before and after dosing (within 60 minutes
before administration, as well as 1, 2, 3, 4, 6, 8, and 24 hours post dose), on days 1 and 15,
in both the dose-escalation and expansion cohort phases. PK endpoints included maximum
plasma concentration (Cmax), time of maximum concentration (Tmax), area under the
concentration-time curve from time 0 (predose) to 24 hours (AUCO0-24), area under the
concentration-time curve extrapolated to infinity (AUC0-00), elimination half-life (T%2), and
plasma concentration 24 hours after dose administration (C24). PK parameters were
calculated from plasma concentrations of foretinib by noncompartmental analysis using
WinNonlin software version 5.1.1 (Pharsight Corporation, Mountain View, CA, USA) and
SAS® software version 9.1.3 (SAS Institute Inc., Cary, NC, USA).

Pharmacogenomics

Venous blood was collected from consenting patients and DNA was extracted using Qiagen
Autopure automated DNA extraction by Covance (Indianapolis, IN, USA) and genotyped
for 20 single nucleotide polymorphisms (SNPs) with potential functional consequence from
14 candidate genes. Genotyping was achieved using Sanger sequencing or custom TagMan®
SNP genotyping assays (Applied Biosystems, Foster City, CA, USA) at GlaxoSmithKline or
via TagMan®Assay on Demand genotyping assays (Applied Biosystems) by Gen-Probe
(Wythenshawe, Manchester, UK).

Exploratory Biomarkers

Blood samples were collected at baseline (day 1) and post-treatment on days 8, 15, and 22.
The following 29 circulating markers were measured using the Searchlight platform
(Aushon BioSystems): interleukin-6 (IL6), placental growth factor (PIGF), thrombomodulin
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(TM), transforming growth factor beta 1 (TGFBL), hepatocyte growth factor (HGF), Fas
ligand (FASL), granulocyte colony—stimulating factor (GCSF), IL8, TNF-related apoptosis-
inducing ligand (TRAIL), angiopoietin 2 (ANG2), fibroblast growth factor 2 (FGFb), stem
cell factor (SCF), vascular endothelial growth factor (VEGF), bone morphogenetic protein 9
(BMP9), osteopontin (OPN), E-cadherin, epidermal growth factor (EGF), E-selectin,
insulin-like growth factor-binding protein 1 (IGFBP1), leptin, thrombospondin 2 (TSP2),
vascular endothelial growth factor 2 (VEGFR2), insulin-like growth factor-binding protein 3
(IGFBP3), matrix metalloproteinase 9 (MMP9), tissue inhibitor of metalloproteinase 2
(TIMP2), vascular cell adhesion molecule 1 (VCAMZ1), clusterin, and fibronectin. Levels of
circulating SMET and HGF were determined using electrochemiluminescent two-site
immunoassays, as described previously [13].

Statistical Analysis

Results

The expansion cohort phase was to accrue 33 patients at the identified MTD. No formal
statistical hypothesis was tested, because there were no published tumor response data in the
advanced disease setting applying prospective evaluation according to mRECIST upon
which to base a hypothesis. Instead, an estimation approach was used with the point estimate
and corresponding 95% exact Cl for all efficacy variables. In addition, the ORR was
summarized for all patients enrolled in the dose-escalation phase and for each cohort
separately. Survival analysis was computed by the Kaplan-Meier method. TTP was
calculated from the date of commencement of study drugs to the date of documented
progression or death. All statistical analysis was performed using SAS version 8.2 (SAS
Institute Inc.).

For the pharmacogenomic analyses, the association with ORR was evaluated using Fisher’s
exact test; the association with TTP and OS was tested using time-to-event (progression)
models and the Score (log-rank) test. Because of the limited sample size, genetic analyses
were performed without adjustment for baseline demographics or potential covariates, and p
values were not adjusted for multiple testing.

In exploratory biomarker analyses, the correlation of baseline (day 1) circulating biomarker
levels and tumor burden—as measured by the sum of the longest diameter (SLD)—was
assessed using the Spearman rank-correlation test. The association between baseline
circulating biomarker levels and clinical response was assessed using univariate and
multivariate (covariate-adjusted) logistic regression analysis. The association between
baseline circulating biomarker levels and survival (both TTP and OS) was assessed using
univariate and multivariate (covariate-adjusted) proportional hazard regression analysis.
Multivariate analyses were conducted with the following covariates: ECOG performance
status, hepatitis status, cirrhotic status, sex, age, and baseline tumor burden.

Between August 2009 and August 2012, 45 patients with advanced HCC were enrolled.
Thirty-nine patients received foretinib 30 mg QD (dose-escalation phase, n=7; expansion
phase, n=32), and six patients received foretinib 45 mg QD in the dose-escalation phase.
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Dose-escalation Phase

Thirteen patients were enrolled in the dose-escalation phase. At the starting dose of foretinib
30 mg QD, three patients were initially enrolled and no DLTs were reported. The dose was
subsequently escalated to 45 mg QD and three patients were recruited, with one
experiencing a DLT (grade 3 proteinuria); three additional patients were recruited at this
dose, and an additional DLT was observed (grade 3 renal impairment and hyperkalaemia).
Four additional patients were then dosed at 30 mg QD: one patient was removed from the
study due to ineligibility and was not evaluable for DLTs, whereas the remaining three
patients did not report DLTs. Thus, the MTD of foretinib in Asian patients with advanced
HCC was established as 30 mg QD. This dose was used in the expansion phase.

Patient Demographics

Safety

Demographics and baseline characteristics are described in Table 1. Most enrolled patients
had Child Pugh A cirrhosis. Only 2 (5.1%) and 1 (16.7%) enrolled patients had no
underlying cirrhosis at baseline in the 30 mg QD and 45 mg QD cohorts, respectively.

In addition to two DLTSs, two other patients who received 45 mg foretinib had dose
reductions. In contrast, no patients dosed with 30 mg foretinib had dose reductions due to an
AE. These observations contributed to the determination of the MTD for foretinib at 30 mg

QD.

AEs for patients dosed with 30 mg foretinib are summarized in Table 2. Twenty-two patients
treated at 30 mg experienced an SAE; seven (17.9%) patients had treatment-related grade 3
AEs, and one (2.6%) patient had a treatment-related grade 4 AE (Table 2). Eleven (28.2%)
patients dosed with 30 mg foretinib had dose interruptions due to AEs: increased ALT (three
patients), thrombocytopenia, urinary tract infection, and hepatic encephalopathy (two events
each), and ascites, gingival bleeding, peritoneal haemorrhage, pyrexia, and hyponatremia
(one event each). Three (7.7%) patients experienced an AE leading to study treatment
discontinuation (one patient each due to increased ALT, ascites, and decreased appetite).

SAEs reported by more than one patient were hepatic encephalopathy (four patients; 10.3%,
including two patients who experienced grade 4 hepatic encephalopathy) and ascites (three
patients; 7.7%). Most other SAES were reported by only a single patient, apart from
abdominal pain, increased alanine aminotransferase (ALT), decreased appetite,
hyponatremia, and haemoptysis (each reported by two patients; 5.1%).

During the study among patients treated with 30 mg foretinib, there were three fatal events:
haemoptysis (patient was no longer on foretinib and was receiving sorafenib and
radiotherapy), possible brain infarction, and cardiopulmonary arrest in relation to intubation
for sepsis and associated septic shock; none of these events were considered related to study
treatment.
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Efficacy and Survival

Thirty-five patients treated with 30 mg foretinib were evaluable for efficacy using
mMRECIST. The ORR was 22.9% (95% CI 10.4-40.1), and eight patients achieved a PR
(Figure 1; Table 3). For three of the 35 subjects meeting the clinical criteria for inclusion in
the mRECIST evaluable population, a mRECIST radiological assessment could not be
made, reducing the number of subjects in the waterfall plot (Fig. 1) to 32. The disease
stabilization rate (defined as the proportion of patients achieving best overall response of CR
or PR or SD per mRECIST, where SD was defined as neither sufficient shrinkage to qualify
for PR nor a sufficient increase to qualify for progressive disease) was 82.9% (95% CI 66.4—
93.4); and the median duration of response was 7.6 months (95% CI 5.32—not available). A
lower response rate (7.9%; N=38) was observed when evaluated according to RECIST
(Table 3). The median TTP was 4.24 months (95% CI 2.79-9.59).

Overall, 46.7% (95% CI 21.3-73.4; N=35) of the patients dosed at 30 mg and with a
baseline alpha fetoprotein (AFP) level = 200 ng/mL had a 50% decrease from baseline at at
least one time point during foretinib treatment. Three patients received foretinib (30 mg) for
more than 2 years, two of whom received drug for more than 3.7 years. A Kaplan-Meier
curve of all enrolled patients treated at the MTD (N=39) revealed that the median OS was
15.7 months (95% CI 7.9-not available).

Pharmacokinetics and Pharmacogenomics

PK parameters obtained from both phases of the study are summarized in Supplementary
Table 1. Foretinib oral clearance (CL/F) on day 15 was 50% higher with the 45-mg dose
compared with the 30-mg dose, but this finding should be interpreted with caution due to the
small sample size (N=6) and between-subject variability (CV% 40%-60%). During the
expansion cohort phase (N=31 at the 30-mg dose), median Tmax was 3 hours on both days 1
and 15 and the mean T1/2 on day 1 was 38 hours at the 30-mg dose, consistent with
previous data [17]. During the dose-escalation phase (N=6 at both the 30- and 45-mg doses),
the time of maximum concentration (Tmax) of foretinib ranged from 3 to 3.5 hours. Results
from the dose-proportionality assessment suggested that foretinib exposures appeared to
increase with increasing dose from 30 to 45 mg on day 1, whereas on day 15 there was little
increase in exposures, suggesting dose proportionality was not achieved.

Thirty-one patients treated at the MTD of 30 mg QD provided consent and a sample for
pharmacogenomic research. No statistically significant associations were detected between
ORR and any of the genetic variants or haplotypes evaluated. The CAT haplotype (a unique
combination of the C, A, and T alleles of SNPs rs2307424, rs2307418, and rs4073054,
respectively) in NR1/3/CAR (nuclear receptor subfamily 1, group I, member 3/ Constitutive
Androstane Receptor) was significantly associated with TTP in foretinib-treated patients.
The presence of two copies of CAT in patients receiving foretinib was associated with
inferior TTP (median TTP: ~2 months) compared with patients with one or no copy (median
TTP: ~6 months; p=0-024; Supplementary Figure 1). None of the genetic variants or
combinations of variants (haplotypes) were significantly associated with OS (p>0.05),
although there was a non-significant trend toward inferior OS with the CAT haplotype.
NR1I3/CAR, a nuclear receptor, regulates the expression of CYP3A4 (cytochrome P450,
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subfamily 1A, polypeptide 4) and ABCBI, which code for proteins responsible for
foretinib metabolism and efflux, respectively.

Exploratory Biomarker Analyses

Thirty-eight patients had samples available for biomarker analysis; they all received foretinib
at 30 mg, had pharmacodynamic data available at baseline and for at least one post-baseline
time point, and received at least 75% of the planned doses up to the time of the last
pharmacodynamics sample. There was a significant change from baseline at one or more
post-baseline time points in 15 of 30 biomarkers analysed (all p<0.01; Supplementary Table
2). Additionally, five biomarkers (ANG2, IGFBP1, IL8, OPN and TSP2) had a statistically
significant positive association with baseline tumor burden (Table 4). No significant
correlations were observed between baseline tumor burden and plasma levels of either
soluble MET (SMET) or HGF (data not shown). No significant correlations were observed
between plasma levels of SMET and HGF and tumor response (data not shown). For the
association between baseline (day 1) circulating cytokine and angiogenic factor (CAF) levels
and tumor response, there were no significant associations in the univariate or multivariate
models.

Interestingly, higher baseline levels of MMP9 and IL6 were associated with shorter TTP in
univariate models (p=0.0109, hazard ratio [HR] 1.75; and p=0.0024, HR 1.44). The effect of
IL6 was retained in multivariate models. Using a median split, patients with lower baseline
IL6 levels (median-split) had a 6.7-month longer TTP than did those with higher IL6 levels
(9.6 vs 2.9 months). Shorter OS was associated with higher baseline levels of MMP9
(p=0.0059, HR 2.18), IL6 (p=0.0002, HR 1.79), IL8 (p<0.0001, HR 2.38), TSP2 (p=0.0024,
HR 2.21), and IGFBP1 (p=0.0071, HR 1.48). IL6 and IL8 were independent predictors of
OS in multivariate models. Using quartile splits, the effect of IL6 and IL8 levels on OS was
evident (Supplementary Table 3 and Figure 2).

Discussion

Single agent sorafenib is the only standard of care to treat advanced HCC patients. Prior
attempts to develop additional small molecule inhibitors—including alternative tyrosine
kinase inhibitors (TKIs) and mTOR inhibitors—that combat advanced HCC more effectively
than sorafenib have proven unsuccessful [18-20]. Notably, the MET inhibitors cabozantinib
[10] and tivantinib [11, 12] have shown activity as potential second-line therapies in
advanced HCC, and, in the case of tivantinib, immunohistochemical analysis showed that
TTP was higher in patients with tumors expressing high levels of MET. When evaluated in
conjunction with the known associations of MET status with HCC pathogenesis [6, 21-23],
these observations provide the rationale for development of foretinib—a multikinase
inhibitor of MET, ROS, RON, AXL, TIE-2, and VEGFR2—to treat advanced HCC.

The MTD for foretinib in Asian patients with advanced HCC was determined to be 30 mg
QD lower than the previously reported MTD (i.e., 60 mg QD) in other tumor types in
predominantly non-Asian populations [24]. However, foretinib exposures at the 30 mg dose
in patients with advanced HCC were similar to exposures at a dose of 60 mg QD in patients
with other solid tumors. The lower MTD in this study may be attributable to compromised
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hepatic function due to underlying chronic liver disease in patients with advanced HCC
(foretinib is metabolized primarily in the liver), lower mean body weight in the Asian
patients evaluated in this study compared with the North American—based patients analyzed
previously, or pharmacogenomic differences between patient populations. The MTD of 30
mg QD in this study had acceptable safety and tolerability; the AE profile of foretinib was
consistent with results from other foretinib cancer studies [13, 24]. The AE profile of
hypertension, increased ALT, and decreased appetite was also consistent with VEGFR
inhibition, but lesser frequencies of hand-foot syndrome and rash were observed than in
Asian subjects with HCC exposed to either sorafenib or sunitinib [25, 26]. A number of the
AEs seen in this study were consistent with the underlying liver disease and cirrhosis seen in
this study population. Increased ALT, ascites, and hepatic encephalopathy were seen in at
least 10% of subjects. Upon treatment with 30 mg QD foretinib, there were no dose
reductions and only 8% of patients discontinued due to an AE. These results are particularly
encouraging relative to the pivotal study of sorafenib in Asia-Pacific patients with HCC,
where 30.9% of sorafenib-treated patients required dose reduction and the discontinuation
rate was 19.5% [3]. Relevant patient demographics in the current study (n = 45 total) were
similar to those in the pivotal sorafenib study (n = 226 total [3]): median age (range), 57 (31
—82) in our study vs. 52 (23 — 79) [3]; male/female, 78%/22% in our study vs. 85%/15%
[3]; Child Pugh A, 93% in our study vs. 97% [3]; Child Pugh B: 0% in our study vs. 3% [3];
Hepatitis B positive: 58% in our study vs. 73% [3]; and Hepatitis C positive: 20% in our
study vs. 8% [3].

With regard to efficacy, a major limitation of the study is inherent in its phase I/11 design and
the lack of sorafenib as a comparative control arm. Nevertheless, at the MTD of 30 mg QD,
foretinib did show evidence of anti-tumor activity. Disease stabilization rates according to
mRECIST and RECIST criteria were 82.9% and 63.2, respectively. Moreover, the median
duration of response was 7.6 months and the median TTP 4.2 months. Importantly, the
median OS in the current study for foretinib-treated patients was 15.7 months in contrast to
the median OS of 6.5 months observed in the pivotal Asia-Pacific sorafenib study [3]. The
magnitude of response and survival data observed in Asian advanced HCC patients makes it
is unlikely that our results were biased by patient selection and subsequent therapies. Most
enrolled patients had advanced disease: ~90% patients were in BCLC stage C and ~62% had
distant metastases. Moreover, only 10 (25.6%) patients in the current study went on to
receive sorafenib as second-line therapy, thereby potentially contributing to the observed
OS. As with most phase Il efficacy studies, cross trial comparison of treatment efficacy
should be interpreted cautiously as the comparison might be confounded by the different
demographics of the enrolled patients in different trials and also might be due to stage
migration.

Pharmacogenomic analyses suggested that a haplotype of three SNPs in NR1/3/CAR was
significantly associated with TTP in foretinib-treated patients. Notably, CAT haplotype was
previously reported to be associated with worse progression-free survival (PFS) in sunitinib-
treated patients with renal cell carcinoma [27]. Our exploratory biomarker studies also
identified candidate biomarkers whose levels were associated with foretinib treatment,
baseline tumor burden, TTP, and OS. Of note, multivariate analyses revealed that baseline
IL6 and IL8 were independent predictors of OS; these data reinforce a prior report that
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found that higher baseline plasma levels of IL6 and IL8 were associated with tumor
progression and mortality in sunitinib-treated patients with advanced HCC [28]. High levels
of IL6 and 1L8 were also associated with shorter PFS in pazopanib-treated patients with
renal cell carcinoma, suggesting that IL6 and IL8 may represent broad prognostic indicators
that act across multiple tumor types and angiogenesis inhibitors [29]. We also identified 13
other candidate biomarkers whose levels in the circulation were significantly altered in
response to foretinib treatment. The possibility that IL6 and/or IL8 levels may predict
response to foretinib warrants testing in a randomized, placebo-controlled study.
Unfortunately, a second major limitation of the current study was that insufficient archival
tumor samples were available to assess the link between target inhibition (MET, ROS, RON,
AXL, TIE-2, and VEGFR2) and response; or the relationship between foretinib activity and
intratumoral MET expression levels and gene copy number. Moving forward, improved,
uniform tumor sample collection will be necessary to evaluate these factors, as well as other
tumor correlative analyses. Although foretinib and sorafenib have many common targets, an
extended analysis of those unique to each in future trials may shed light on activity
differences and inform patient selection. Recent studies reveal certain targets unique to
foretinib that deserve further interrogation: TYRO3 was shown to be overexpressed in HCC
tumors and linked to HCC cell growth in vitro [30], AXL protein abundance was positively
correlated with lymph node metastasis and HCC clinical stage [31], and AXL pathway
activation promoted autocrine transforming growth factor-g signaling [32] and invasiveness
through activation of SNAI2 [33] in HCC cell lines, as well as HCC xenograft growth in
mice [31].

In summary, this phase I/11 study of foretinib as monotherapy in first-line advanced HCC in
Asian patients showed promising anti-tumor activity and acceptable safety, tolerability, and
PK characteristics. These data warrant additional testing in a randomized setting to evaluate
the relative efficacy of foretinib and the current standard of care (sorafenib) in patients with
HCC.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

Financial Support: This study (NCT00920192) was funded, initiated and sponsored by GlaxoSmithKline. PPD
administered the study and also provided data analysis services. Biomarker studies were supported in part by the
Intramural Research Program of the NIH, National Cancer Institute, Center for Cancer Research. The study was
designed by some of the investigators in collaboration with the sponsor. Data were obtained by the sponsor and
investigators, and all authors had access to the study data. The manuscript was written by authors as noted in
collaboration with the sponsor, with editorial support from Clinical Thinking. All listed authors meet the criteria for
authorship set forth by the International Committee for Medical Journal Editors.

We thank all of the patients and their families for their participation. We also thank T-T Chang (National Cheng
Kung University Hospital, Taiwan). This work was supported in part by the Intramural Research Program of the
NIH, National Cancer Institute, Center for Cancer Research. Editorial support in the form of writing parts of the
first draft, collating comments, fact-checking, and graphic services was provided by Clinical Thinking and was
funded by GlaxoSmithKline.

Clin Cancer Res. Author manuscript; available in PMC 2018 May 15.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Yau et al.

References

1.

Page 12

Zhu AX, Fuchs CS, Clark JW, Muzikansky A, Taylor K, Sheehan S, et al. A phase 11 study of
epirubicin and thalidomide in unresectable or metastatic hepatocellular carcinoma. Oncologist.
2005; 10:392-8. [PubMed: 15967833]

. Llovet JM, Ricci S, Mazzaferro V, Hilgard P, Gane E, Blanc JF, et al. Sorafenib in advanced

hepatocellular carcinoma. N Engl J Med. 2008; 359:378-90. [PubMed: 18650514]

. Cheng AL, Kang YK, Chen Z, Tsao CJ, Qin S, Kim JS, et al. Efficacy and safety of sorafenib in

patients in the Asia-Pacific region with advanced hepatocellular carcinoma: a phase Il randomised,
double-blind, placebo-controlled trial. Lancet Oncol. 2009; 10:25-34. [PubMed: 19095497]

. Michalopoulos GK, DeFrances MC. Liver regeneration. Science. 1997; 276:60-6. [PubMed:

9082986]

. Gherardi E, Birchmeier W, Birchmeier C, Vande Woude G. Targeting Met in cancer: rationale and

progress. Nat Rev Cancer. 2012; 12:89-103. [PubMed: 22270953]

. Cecchi F, Rabe DC, Bottaro DP. Targeting the HGF/Met signaling pathway in cancer therapy. Expert

Opin Ther Targets. 2012; 16:553-72. [PubMed: 22530990]

. Ang C, Miura JT, Gamblin TC, He R, Xiu J, Millis SZ, et al. Comprehensive multiplatform

biomarker analysis of 350 hepatocellular carcinomas identifies potential novel therapeutic options. J
Surg Oncol. 2016; 113:55-61. [PubMed: 26661118]

. Ahn SM, Jang SJ, Shim JH, Kim D, Hong SM, Sung CO, et al. Genomic portrait of resectable

hepatocellular carcinomas: implications of RB1 and FGF19 aberrations for patient stratification.
Hepatology. 2014; 60:1972-82. [PubMed: 24798001]

. Lee SJ, Lee J, Sohn I, Mao M, Kai W, Park CK, et al. A survey of c-MET expression and

amplification in 287 patients with hepatocellular carcinoma. Anticancer Res. 2013; 33:5179-86.
[PubMed: 24222167]

10. Verslype C, Cohn AL, Kelley RK, Yang T-S, Su W-C, Ramies DA, et al. Activity of cabozantinib

11.

12.

13.

(XL184) in hepatocellular carcinoma: results from a phase 11 randomized discontinuation trial
(RDT). J Clin Oncol. 2012; 30(suppl) abstr 4007.

Santoro A, Simonelli M, Rodriguez-Lope C, Zucali P, Camacho LH, Granito A, et al. A Phase-1b
study of tivantinib (ARQ 197) in adult patients with hepatocellular carcinoma and cirrhosis. Br J
Cancer. 2013; 108:21-4. [PubMed: 23287988]

Santoro A, Rimassa L, Borbath I, Daniele B, Salvagni S, Van Laethem JL, et al. Tivantinib for
second-line treatment of advanced hepatocellular carcinoma: a randomised, placebo-controlled
phase 2 study. Lancet Oncol. 2013; 14:55-63. [PubMed: 23182627]

Choueiri TK, Vaishampayan U, Rosenberg JE, Logan TF, Harzstark AL, Bukowski RM, et al.
Phase Il and biomarker study of the dual MET/VEGFR2 inhibitor foretinib in patients with
papillary renal cell carcinoma. J Clin Oncol. 2013; 31:181-6. [PubMed: 23213094]

14. Bruix J, Sherman M, Llovet JM, Beaugrand M, Lencioni R, Burroughs AK, et al. Clinical

management of hepatocellular carcinoma. Conclusions of the Barcelona-2000 EASL conference.
European Association for the Study of the Liver. J Hepatol. 2001; 35:421-30. [PubMed:
11592607]

15. Bruix J, Sherman M. Practice Guidelines Committee AAftSoLD: Management of hepatocellular

carcinoma. Hepatology. 2005; 42:1208-36. [PubMed: 16250051]

16. Lencioni R, Llovet JM. Modified RECIST (mRECIST) assessment for hepatocellular carcinoma.

Semin Liver Dis. 2010; 30:52-60. [PubMed: 20175033]

17. Eder JP, Shapiro GI, Appleman LJ, Zhu AX, Miles D, Keer H, et al. A phase | study of foretinib, a

multi-targeted inhibitor of c-Met and vascular endothelial growth factor receptor 2. Clin Cancer
Res. 2010; 16:3507-16. [PubMed: 20472683]

18. Huynh H. Molecularly targeted therapy in hepatocellular carcinoma. Biochem Pharmacol. 2010;

80:550-60. [PubMed: 20371362]

19. Johnson PJ, Qin S, Park JW, Poon RT, Raoul JL, Philip PA, et al. Brivanib versus sorafenib as first-

line therapy in patients with unresectable, advanced hepatocellular carcinoma: results from the
randomized phase 111 BRISK-FL study. J Clin Oncol. 2013; 31:3517-24. [PubMed: 23980084]

Clin Cancer Res. Author manuscript; available in PMC 2018 May 15.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Yau et al.

20.

21.

22.

23.

24.

25.
26.

217.

28.

29.

30.

31.

32.

33.

Page 13

Llovet JM, Decaens T, Raoul JL, Boucher E, Kudo M, Chang C, et al. Brivanib in patients with
advanced hepatocellular carcinoma who were intolerant to sorafenib or for whom sorafenib failed:
results from the randomized phase 111 BRISK-PS study. J Clin Oncol. 2013; 31:3509-16.
[PubMed: 23980090]

Corso S, Comoglio PM, Giordano S. Cancer therapy: can the challenge be MET? Trends Mol Med.
2005; 11:284-92. [PubMed: 15949770]

Daveau M, Scotte M, Francois A, Coulouarn C, Ros G, Tallet Y, et al. Hepatocyte growth factor,
transforming growth factor alpha, and their receptors as combined markers of prognosis in
hepatocellular carcinoma. Mol Carcinog. 2003; 36:130-41. [PubMed: 12619035]

Ueki T, Fujimoto J, Suzuki T, Yamamoto H, Okamoto E. Expression of hepatocyte growth factor
and its receptor c-met proto-oncogene in hepatocellular carcinoma. Hepatology. 1997; 25:862-6.
[PubMed: 9096589]

Shapiro Gl, McCallum S, Adams LM, Sherman L, Weller S, Swann S, et al. A Phase 1 dose-
escalation study of the safety and pharmacokinetics of once-daily oral foretinib, a multi-kinase
inhibitor, in patients with solid tumors. Invest New Drugs. 2013; 31:742-50. [PubMed: 23054208]
Nexavar [package insert]. Wayne, NJ: Bayer HealthCare Pharmaceuticals Inc; 2011 Oct.

Cheng AL, Kang YK, Lin DY, Park JW, Kudo M, Qin S, et al. Sunitinib versus sorafenib in
advanced hepatocellular cancer: results of a randomized phase 111 trial. J Clin Oncol. 2013;
31:4067-75. [PubMed: 24081937]

van der Veldt AA, Eechoute K, Gelderblom H, Gietema J, Guchelaar HJ, van Erp NP, et al. Genetic
polymorphisms associated with a prolonged progression-free survival in patients with metastatic
renal cell cancer treated with sunitinib. Clin Cancer Res. 2011; 17:620-9. [PubMed: 21097692]
Zhu AX, Sahani DV, Duda DG, di Tomaso E, Ancukiewicz M, Catalano OA, et al. Efficacy, safety,
and potential biomarkers of sunitinib monotherapy in advanced hepatocellular carcinoma: a phase
11 study. J Clin Oncol. 2009; 27:3027-35. [PubMed: 19470923]

Tran HT, Liu Y, Zurita AJ, Lin Y, Baker-Neblett KL, Martin AM, et al. Prognostic or predictive
plasma cytokines and angiogenic factors for patients treated with pazopanib for metastatic renal-
cell cancer: a retrospective analysis of phase 2 and phase 3 trials. Lancet Oncol. 2012; 13:827-37.
[PubMed: 22759480]

Duan Y, Wong W, Chua SC, Wee HL, Lim SG, Chua BT, et al. Overexpression of Tyro3 and its
implications on hepatocellular carcinoma progression. Int J Oncol. 2016; 48:358-66. [PubMed:
26573872]

XuJ,JiaL, MaH, LiY, Ma Z, Zhao Y. AxI gene knockdown inhibits the metastasis properties of
hepatocellular carcinoma via PI3K/Akt-PAK1 signal pathway. Tumour Biol. 2014; 35:3809-17.
[PubMed: 24347489]

Reichl P, Dengler M, van Zijl F, Huber H, Fihrlinger G, Reichel C, et al. AxI activates autocrine
transforming growth factor-@ signaling in hepatocellular carcinoma. Hepatology. 2015; 61:930-41.
[PubMed: 25251599]

Lee HJ, Jeng YM, Chen YL, Chung L, Yuan RH. Gas6/Ax| pathway promotes tumor invasion
through the transcriptional activation of Slug in hepatocellular carcinoma. Carcinogenesis. 2014;
35:769-75. [PubMed: 24233839]

Clin Cancer Res. Author manuscript; available in PMC 2018 May 15.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Yau et al.

Page 14

Translational Relevance

Hepatocellular carcinoma (HCC) is the sixth most common cancer in the world.
Advanced HCC has a poor prognosis and systemic therapy with cytotoxic
chemotherapeutics agents shows no survival benefit. Two phase Il randomized trials
conducted in Western and Asian populations with advanced HCC showed improved
survival with sorafenib monotherapy, leading to regulatory approval for its use; it is
widely considered the current standard of care for advanced HCC. Nevertheless, the
survival benefit associated with sorafenib is modest and more effective systemic therapies
are badly needed. In the phase I/11 study reported here, foretinib was assessed as a first-
line monotherapy for advanced HCC in Asian patients. Foretinib demonstrated promising
anti-tumor activity, as well as acceptable safety, tolerability and PK characteristics. These
results warrant further investigation in a randomized setting to evaluate the relative
efficacy of foretinib and the current standard of care treatment in patients with advanced
HCC.
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Figure 1.
Maximum percentage change from baseline in mMRECIST tumor measurement for patients

receiving 30 mg foretinib. mMRECIST=modified Response Evaluation Criteria in Solid
Tumors; PD=progressive disease; PR=partial response; QD=once daily; SD=stable disease.
PR, PD, and SD are best overall response. Asterisks indicate the four patients who were still
on treatment at the time of the analysis (August 2012).
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Figure2.

IL6 (left panel) and IL8 (right panel) were independent predictors of overall survival in
multivariate models. IL=interleukin; NR=not reached; OS=overall survival; Q=quartile.
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Table 1

Patient demographics and baseline characteristics (N=45).

Characteristic 30mg (n=39) | 45mg (n=6)
Age, median (range), y 56.7 (31-82) | 60.2 (50-68)
Sex, n (%)
Female 8(20.5) 2 (33.3)
Male 31 (79.5) 4 (66.7)
ECOG performance status at baseline, n (%)
0 34 (87.2) 5 (83.3)
1 5(12.8) 1(16.7)
Child-Pugh status, n (%)
A 37 (94.9) 5(83.3)
B 0 0
C 0 0
Hepatitis serology, n (%)
Hepatitis B surface antigen positive 20 (51.3) 6 (100)
On lamivudine 7(17.9) 3 (50)
On entecavir 10 (25.6) 2 (33.3)
On telbivudine 1(2.6) 0
On lamivudine + adefovir 1(2.6) 1(16.7)
Anti-hepatitis C antibody positive 9(23.1) 0
Baseline AFP level, n (%)
<200 ng/mL 22 (56.4) 4(66.7)
>200 ng/mL 17 (43.6) 2(33.3)
EASL diagnostic criteria, n (%)
Cytohistological criteria 14 (35.9) 3 (50)
Noninvasive criteria 25 (64.1) 3 (50)
BCLC stage at screening, n (%)
A (Early) 0(0) 0(0)
B (Intermediate) 4(10.3) 1(16.7)
C (Advanced) 35 (89.7) 5(83.3)
Receiving at least 1 course of prior local anticancer therapy, n (%) 12 (30.8) 5(83.3)
Local ablative therapy 12 (30.8) 5(83.3)
1-3 courses of chemoembolisation/trans-catheter therapy 7(17.9) 2(33.3)
>3 courses of chemoembolisation/trans-catheter therapy 5(12.8) 3 (50)
Prior radiotherapy, n (%) 1(2.6) 1(16.7)

AFP=alpha fetoprotein. BCLC=Barcelona Clinic Liver Cancer. EASL=European Association for the Study of the Liver. ECOG=Eastern

Cooperative Oncology Group.
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Most frequent adverse events experienced by at least 10% of patients dosed with 30 mg foretinib.

Table 2

Foretinib 30 mg QD (N=39)

All Patients, n (%)

Grade3,n (%)

Grade4, n (%)

Total number of AEs 341 — —

Patients with any AE 39 (100) 22 (55-4) 2(51)
Hypertension* 17 (43:6) 5(12-8) 0
Decreased appetite™ 11 (28-2) 0 0
Ascites 10 (25-6) 3(7'7) 0
Pyrexia 10 (25:6) 1(2.6) 0
ALT increased* 9(231) 5(12-8) 0
Constipation 8 (25:0) 0 0
Oedema peripheral 8 (25-0) 0 1(2.6)
Hypoalbuminaemia 7(17:9) 5(12.8) 0
Cough 6 (15-4) 0 0
Diarrhoea* 6 (15:4) 0 0
Insomnia 6 (15-4) 1(2.6) 0
Abdominal pain 5(12:8) 3(7:7) 0
Hyperbilirubinaemia 5(12-8) 3(7'7) 0
Urinary tract infection 5(12:8) 1(2.6) 0
Abdominal pain upper 4(10-3) 1(2.6) 0
Dyspnoea 4 (10-3) 2(51) 0
Fatigue* 4(10-3) 0 0
Haemoptysis 4 (10-3) 0 0
Hepatic encephalopathy 4(10-3) 2(51) 2 (51)
Hypoglycaemia 4 (10-3) 0 0
Hyponatraemia 4(10-3) 4 (10-3) 0
Palmar-plantar erythrodysaesthesia syndrome 4 (10-3) 0 0
Vomiting 4(10-3) 0 0

Page 18

AE=adverse event. ALT=alanine aminotransferase. QD=once daily. AEs were coded using MeDRA v11.0 or later. The incidence of the following

pairs of preferred terms cannot be summed because at least one patient reported at least one of each event: cachexia or decreased appetite,

hyperbilirubinaemia or jaundice, and abdominal pain or abdominal pain upper. Asterisk (*) indicates foretinib treatment-related adverse events.
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Table 3

Tumor response in patients receiving foretinib 30 mg QD.

Page 19

mRECI ST Population (n=35) | RECIST Population (n=38)

Criteria applied for assessing tumor response mRECIST RECIST
Patients achieving best overall response, n (%)

Complete response 0 0

Partial response 8 (22.9) 3(7.9)

Stable disease 21 (60-0) 21(55.3)

Disease progression 6 (17:1) 14 (36.8)
Objective response rate

n (%) 8(22.9) 3(7:9)

950 C1 * 10-4-40-1 17-214
Disease stabilization rate

n (%) 29 (82.9) 24 (63-2)

95% C1 * 66-4-93-4 46.0-782
Patients with baseline AFP >200 ng/mL, n 15 —
Patients achieving 250% reduction from baseline AFP, n (%) 7 (46:7) —

AFP=alpha fetoprotein. mMRECIST=modified Response Evaluation Criteria in Solid Tumors. QD=once daily. The Evaluable Population included all
patients who received at least one dose of study treatment, who met all eligibility criteria and completed at least one treatment period (3 weeks),

and underwent at least one post-baseline radiological evaluation of disease (ie, baseline and on-study disease assessment). The mRECIST-evaluable
population excluded patients from the evaluable population who discontinued treatment due to disease progression according to RECIST but would

not have discontinued treatment had mRECIST been applied.

Note: Denominators for percentages are N, the total number of patients. Best overall response was assessed by the central reader per mRECIST.
Objective response rate was defined as the proportion of patients achieving best overall response of complete response (CR) or partial response
(PR) across all evaluations. Disease stabilization rate was defined as the proportion of patients achieving best overall response of CR or PR or
stable disease (SD) per mRECIST. SD was defined as neither sufficient shrinkage to qualify for PR nor a sufficient increase to qualify for

progressive disease.

*
Exact Cls were obtained using the Clopper-Pearson Method.
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Table 4

Page 20

Circulating biomarkers with statistically significant correlation of baseline levels and baseline tumor burden

(N=35).
Circulating Biomarkers | Correlation | p Value
ANG2 0-62 0-0001
IGFBP1 056 0-0005
L8 0-56 0-0005
OPN 048 0-0035
TSP2 0-45 0-0064

ANG2=angiopoietin 2. IGFPB1=insulin-like growth factor—binding protein 1. IL8 =interleukin 8; OPN=osteopontin. TSP2=thrombospondin 2.
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