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Abstract In murine models, overexpression of the MET

receptor transgene induces tumors with human basal gene

expression characteristics supporting MET inhibition as a

treatment strategy for triple-negative breast cancer

(TNBC). Foretinib is an oral multi-kinase inhibitor of

MET, RON, AXL, TIE-2, and VEGF receptors with anti-

tumor activity in advanced HCC and papillary renal cell

cancer. Patients with centrally reviewed primary TNBC

and 0–1 prior regimens for metastatic disease received

daily foretinib 60 mg po in a 2-stage single-arm trial.

Primary endpoints were objective response and early pro-

gression rates per RECIST 1.1. In stage 2, correlative

studies of MET, PTEN, EGFR, and p53 on archival and

fresh tumor specimens were performed along with enu-

meration of CTCs. 45 patients were enrolled with 37

patients having response evaluable and centrally confirmed

primary TNBC (cTNBC). There were 2 partial responses

(ITT 4.7 % response evaluable cTNBC 5.4 %) with a

median duration of 4.4 months (range 3.7–5 m) and 15

patients had stable disease (ITT 33 %, response evaluable

cTNBC 40.5 %) with a median duration of 5.4 months

(range 2.3–9.7 m). The most common toxicities (all gra-

des/grade 3) were nausea (64/4 %), fatigue (60/4 %),

hypertension (58/49 %), and diarrhea (40/7 %). Six serious

adverse events were considered possibly related to fore-

tinib and 4 patients went off study due to adverse events.

There was no correlation between MET positivity and

response nor between response and PTEN, EGFR, p53, or

MET expression in CTCs. Although CCTG IND 197 did

not meet its primary endpoint, the observation of a clinical

benefit rate of 46 % in this cTNBC population suggests

that foretinib may have clinical activity as a single, non-

cytotoxic agent in TNBC (ClinicalTrials.gov number,

NCT01147484).
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Introduction

Triple-negative breast cancer (TNBC) is defined by\1 %

cells with estrogen/progesterone (ER/PR) receptor expres-

sion and lack of HER2 overexpression and/or gene

amplification and accounts for roughly 15 % of all invasive

breast cancers [1, 2]. In the metastatic setting, TNBC has

been associated with a shorter duration of response to

chemotherapy and poorer overall survival outcomes com-

pared to either ER/PR? and/or HER2? subtypes [3]. In

the adjuvant setting, systemic risk reduction relies on

cytotoxic chemotherapy as there are no effective targeted

systemic therapies for TNBC.

MET is a receptor tyrosine kinase preferentially

expressed on epithelial and endothelial cells with the sole

known ligand being hepatocyte growth factor (HGF).

Ligand binding to MET triggers autophosphorylation and

dimerization of tyrosine residues in the kinase, leading to

downstream phosphorylation of different tyrosine residues

in the multi-functional docking site. Subsequent docking of

transduction molecules, such as growth factor receptor-

bound protein 2 (GRB2) and GRB2-associated protein 1

(GAB1), initiates signaling pathways involved with cellu-

lar proliferation, migration, and invasion. MET overex-

pression has been observed in a number of solid

malignancies including non-small cell lung, gastric, pha-

ryngeal, and breast cancer [4–6].

In breast tissue, a spectrum of MET overexpression has

been observed with lowest rates in normal breast epithe-

lium, intermediate rates in ductal carcinoma in situ (DCIS),

and highest rates in invasive breast cancers. In one of the

largest studies to date, MET immunohistochemistry was

evaluated in 1274 invasive breast tumors (153 of which

were basal-like) and was found to be independently asso-

ciated with basal-like breast cancer, as well as being an

independent adverse prognostic factor across all invasive

disease subtypes [7].

Currently, two broad classes of MET inhibitors are in

clinical development: monoclonal antibodies and small

molecule kinase inhibitors. Foretinib (GSK1363089) is an

oral multi-kinase inhibitor primarily targeting MET and

vascular endothelial growth factor receptor tyrosine kinase

families, but also exerting less potent inhibition of PDGFR,

AXL, RON, RET, FLT3, and the receptor of angiopoietin-2

(TIE-2). The main anti-tumor impact of foretinib is due to

its activity as a high affinity competitive inhibitor that

binds to the ATP pocket of both MET and VEGFR-2,

thereby exerting effects on cellular proliferation and

invasion, as well as angiogenesis [8].

Six phase I and II studies of foretinib have been com-

pleted across a number of tumor types with the recom-

mended continuous daily dose of foretinib being 80 mg of

the bisphosphonate salt formulation (GSK1353089A),

corresponding to a bioequivalent dose of 60 mg of the

foretinib free base formulation (GSK1363089G) [9].

We conducted a multi-centered phase II trial of oral

foretinib for locally recurrent or metastatic TNBC.

Patients and methods

IND 197 was a single-arm, non-blinded multicenter phase

II trial to investigate the efficacy of continuous single-agent

foretinib in patients with incurable TNBC, conducted by

the CCTG. A multinomial stopping rule incorporating

primary endpoints of both objective response and early

progression (at or before 8 weeks after starting treatment)

was employed in a 2-stage design [10, 11].The study was

conducted according to Good Clinical Practice guidelines

with full research ethics board approval at each of the

participating institutions. All patients signed written

informed consent before study entry.

Eligibility

Patients had to have histologically confirmed locally

recurrent or metastatic, incurable TNBC. Central confir-

mation of TNBC status on the primary tumor was under-

taken after patient registration on the trial. In cases where

central testing did not confirm TNBC, the treating inves-

tigator was informed and patients on treatment could

continue if in the opinion of the investigator it was

appropriate to do so. Archival tissue samples were col-

lected for translational studies in all patients and those

entered on the second stage of accrual had to have an

accessible tumor lesion for re-biopsy, and blood collection

for circulating tumor cells, prior to study entry. Patients

had to have measurable disease by RECIST 1.1 [12] with

an ECOG performance status of 0–2 and may have

received one prior line of chemotherapy in the metastatic

setting. No prior therapy with a MET or angiogenesis

inhibitor was permitted. The protocol was amended on

December 6, 2010 to exclude patients with a history of

deep venous thrombosis or pulmonary embolus diagnosed

and/or treated within 6 months prior to registration due to a

9.9 % rate of pulmonary embolism in a single-phase 2 trial

of foretinib for papillary renal cell carcinoma. The rate

across all other tumor types with foretinib was 3 %, similar

to that observed in advanced malignancy.

Study design and treatment plan

Foretinib 60 mg daily was administered in 4 week cycles.

Treatment was continued until disease progression,
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intercurrent toxicities, unacceptable adverse events, deci-

sion to withdraw from the study, or inability to continue

treatment.

Up to 38 evaluable patients, unselected for MET status,

were planned to be accrued with 23 entering the first stage.

The study drug would have been considered inactive for

the unselected TNBC population if, at the end of the first

stage, no responses were identified and C17 early pro-

gressions occurred. Prior to study closure in that eventu-

ality, MET expression would be assessed in the primary

tumors, and if 15 or more were MET negative, a MET-

enriched population with up to 23 IHC MET-positive cases

were to be enrolled. If C1 response or\17 early progres-

sions were observed in stage 1, the study would proceed to

stage 2 during which an additional 15 patients were plan-

ned to be accrued; 15 unselected TNBC if enrichment for

MET was not required in Stage 1 or 15 MET-positive cases

if enrichment was required. The study drug would be

accepted as active if, in the final sample of 38 patients,

there were C5 responses or B17 early progressions.

Management of toxicity

Up to two dose reductions were permitted for toxicity

management as follows: level 1, 45 mg daily and level 2,

30 mg daily. Dose reductions for toxicities were main-

tained. Grade 2 liver function abnormalities were managed

by dose reduction. Other grade 3 toxicities led to a 1 week

treatment hold until recovered to\ grade 2 with no dose

adjustment and a one dose level reduction for a second

event. Any grade 4 event led to protocol discontinuation.

Patients experiencing grade 1 or greater hypertension were

managed according to a specific hypertension algorithm as

well as holding foretinib for grade 3 hypertension refrac-

tory to medical therapy or grade 4 readings. Blood pressure

was monitored daily for those experiencing hypertension

until readings were\ grade 2. Patients requiring a delay

of[2 weeks or[2 dose reductions of foretinib were

removed from protocol therapy. Patients experiencing

ocular symptoms had foretinib held and a full ophthalmo-

logic assessment was conducted to ascertain etiology and

causality with treatment resumption only upon discussion

with the CCTG central office.

On study evaluation

Radiologic assessment was performed at baseline, at the

end of every second cycle (every 8 weeks), or more often if

there was clinical suspicion of progressive disease (PD).

Tumor response was evaluated using Response Evaluation

Criteria in Solid Tumors (RECIST) criteria 1.1 [12].

Stable disease required a minimum of 4 weeks duration.

Hematology and biochemistry were evaluated weekly in

cycle 1 and on day 1 of subsequent cycles. Thyroid func-

tion was evaluated on day 1 of cycle 1 and then on day 1 of

every third cycle. Coagulation parameters were evaluated

twice weekly for cycle 1 then on day 1 of subsequent

cycles for patients taking oral anti-coagulants. Blood

pressure and heart rate were assessed weekly for cycle 1

and then every 2 weeks of each subsequent cycle. Oph-

thalmoscopy was performed on day 1 of every third cycle.

Urinalysis was done on day 1 of each cycle. Patient review

and toxicity assessment were carried out on day 1 of each

cycle and graded according to the National Cancer Institute

Common Terminology Criteria Version 3.0. All patients

were seen 4 weeks after completion of protocol therapy.

Continued follow-up was not required for patients off

protocol treatment with PD except to document late toxi-

cities and death. Patients who went off protocol treatment

with complete or partial response or stable disease required

follow-up every 3 months until PD or death.

Correlative analysis

Archival (all study participants) and fresh tissue (partici-

pants enrolled to stage II) was analyzed for MET, epidermal

growth factor receptor (EGFR), PTEN and p53 expression

by immunohistochemistry (IHC) using monoclonal anti-

bodies against cMET (clone SP44; Ventana, Tucson, AZ),

PTEN (clone 138G6; Cell Signaling technology, Beverly

MA), EGFR (clone 31G7; Zymed Laboratories, S. San

Francisco, CA), and P53 (DO-7, Vector Laboratories, Bur-

lingame, CA). The stainings were conducted using the

Ventana BenchMark Autostainer as per the company’s

recommended protocol (SP44), or as reported previously

(PMID: 22982652 (PTEN), 21352589 (MET), 19884551

(EGFR), 18024870 (P53)). The expression levels of EGFR

and MET were assessed semi-quantitatively using the

standard H-score (value ranged from 0 to 300). MET posi-

tivity was defined as H-score C200. EGFR H-score was

analyzed as a continuous variable. PTEN was defined as

negative (loss) when complete lack of staining in the tumor

cells was noted (ref PMID 22982652).

Gene copy changes for EGFR, PTEN, and MET were

evaluated using fluorescence in situ hybridization (FISH),

as previously described [PMID: 22982652 (PTEN),

19884551 (EGFR)]. MET FISH analysis was performed

using the Vysis MET SpectrumRed and CEP7 (D7Z1)

SpectrumGreen probe (Abbott Molecular, Des Plaines, IL).

EGFR copy number changes were categorized as ampli-

fied/high polysomy versus other, using the Colorado

University Scoring System [13]. MET was classified as

positive if there were on average C5 copies/tumor cells

(PMID: 19255323).

For a subset of those entered on the second stage, CTCs

were isolated from 7.5 mL of blood using microfiltration.
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Filters were stained using a 3-color immunofluorescence

assay staining for cytokeratin (CK), MET, and DAPI, and

the entire filter was assessed for the presence/number of

CTCs as well as their characteristics. CTCs were enu-

merated as CTCs based on DAPI-positivity, CK positivity,

and/or morphology consistent with a tumor cell (vs a

hematopoietic cell). Identified CTCs were then assessed for

MET expression. MET positivity was defined as the pres-

ence vs absence of staining with intensity not taken into

account due to difficulties in assessing this parameter with

immunofluorescence vs immunohistochemical techniques.

Fishers exact or the Wilcoxon test was used to examine

the association of all correlative analyses with response.

Results

After evaluation of patients enrolled in the first stage,

IND197 proceeded to stage 2 in an unselected TNBC

population with a total of 45 patients accrued from 9 par-

ticipating centers across Canada enrolled between

September 2, 2010 and August 2, 2013. Two patients did

not have TNBC on central review due to minor discrep-

ancies in PR status. All patients receiving at least one dose

of foretinib are included in the toxicity analyses. The

primary response analysis was performed on the intent to

treat population (ITT) which included all 45 registered

patients, and a sensitivity analysis was undertaken to

evaluate response in the 37 patients with response evalu-

able and centrally confirmed TNBC (cTNBC).

Patient characteristics

Table 1 summarizes baseline patient and disease charac-

teristics of all subjects. The median age was 55 years

(range 29–81 years) and the majority had an ECOG per-

formance status of 0 (62 %). Most tumors were invasive

ductal carcinomas (93 %) and grade 3 (76 %). A minority

(31 %) had first line chemotherapy for metastatic disease

prior to registration.

Toxicity

The majority of the adverse events considered related to

foretinib were B grade 2 (Tables 2, 3). The most common

grade 3 non-hematological toxicities included hypertension

(49 %) and diarrhea (7 %). Two cases of grade 3 nausea,

fatigue, dyspnea, and thromboembolism and single cases of

grade 3 heart failure, QTc prolongation, anorexia, dehy-

dration, proteinuria, and pleural effusion were observed.

Table 1 Patient demographics
Variable Number (%)

N 45

Age (median) 55 years

Range 29–81

Performance status 0 28 (62)

1 15 (33)

2 2 (4)

Sex Female 45 (100)

Histology Infiltrating ductal 42 (93)

Lobular 2 (4)

Medullary 1 (2)

Grade 1 1 (2)

2 7 (16)

3 34 (76)

Unknown 3 (7)

Prior chemotherapy None 3 (7)

Metastatic disease only 5 (11)

Adjuvant/neoadjuvant only 24 (53)

Adjuvant and metastatic disease 9 (20)

Other 4 (9)

Lines of prior palliative chemotherapy 0 16 (36)

1 29 (64)

Centrally confirmed triple-negative cancer Yes 43 (96)

No 2 (4)

% May not add up to 100 % due to rounding
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An analysis of highest blood pressures revealed six patients

with at least one reading of[180 systolic and six with at

least one reading of[110 diastolic. There were six serious

adverse events considered related to foretinib. Four patients

(8.9 %) went off study due to adverse events.

Hematologic toxicity was mild with five patients having

asymptomatic grade 3 lymphopenia and two having

asymptomatic grade 3 neutropenia. Of those evaluable for

toxicity, 53 % received at least 90 % of planned dose

intensity and 11 patients had no dose modifications.

Efficacy

Of the 45 patients enrolled in IND 197, 37 had response

evaluable disease and cTNBC. Two partial responses (ITT

4.7 %; response evaluable cTNBC 5.4 %) with a median

duration of 4.4 months (range 3.7–5 m) were observed and

15 patients (ITT 33 %; response evaluable cTNBC 40.5 %)

experienced stable disease with a median duration of

5.4 months (range 2.3–9.7 m) (Table 3). Overall PR ? SD

rate was 38 % (95 % CI 24–52 %) in the ITT population and

46 % (95 % CI 30–62 %) in the response evaluable cTNBC

population. The Kaplan–Meier estimate of progression-free

survival for the ITT population is presented in Fig. 1 (me-

dian PFS 1.9 m; 95 % CI 1.8–3.2 m). The maximal decrease

in tumor measurements based on investigator assessment,

and including only those with repeated assessments of all

disease, is presented in the waterfall plot (Fig. 2).

Correlative analysis

Correlative analyses results are summarized in Table 4.

Only 3 archival cases were MET IHC positive and all 18

fresh biopsy specimens were negative with 100 % con-

cordance between archival and fresh biopsies. There was

no apparent correlation between MET status and response

(p = 0.46) and both patients that had a partial response had

MET-negative disease. A subset of patients had blood for

CTC enumeration collected at baseline. Of these, 13 were

Table 2 Adverse events considered possibly, probably, or definitely

related to study drug in C10 % of patients (all grades)

Adverse event All grades; N (%) Grade ‡3; N (%)

Fatigue 31 (69) 2 (4)

Nausea 29 (64) 2 (4)

Hypertension 26 (58) 22 (49)

Diarrhea 18 (40) 3 (7)

Vomiting 16 (36) 0

Headache 11 (24) 0

Anorexia 10 (22) 1 (2)

Constipation 9 (20) 0

Proteinuria 9 (20) 1 (2)

Dyspnea 8 (18) 2 (4)

Acneiform rash 8 (18) 0

Dry mouth 7 (16) 0

Cough 7 (16) 0

Abdominal pain 6 (13) 0

Dizziness 6 (13) 0

Myalgia 5 (11) 0

Insomnia 5 (11) 0

Other skin disorders 5 (11) 0

Table 3 Response rate in the intention to treat population (n = 43)

Number (%) Median duration,

months (range)

Complete response 0 (0)

Partial response 2 (4.7) 4.4 (3.7–5.0)

Stable disease 15 5.4 (2.3–9.7)

Progressive disease 20

Inevaluable for response

assessment*

6

* 4 Patients disease not reassessed

P
er

ce
nt

ag
e

0

20

40

60

80

100

Time (months)
 # At Risk(All Patients) 

45
 0  6 

6

SUMMARY STATISTICS:
Median for All Patients: 1.87-95% C.I. (1.81,3.22)

All Patients

Fig. 1 Kaplan–Meier estimate of progression-free survival

Fig. 2 Waterfall plot of tumor response distribution (n = 35)
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negative (\5 CTC) and 4 were positive with no association

between baseline CTC count and response. MET expres-

sion by IHC was evaluated in all cases with 1 or more CTC

and all cases were classed as positive. The discordance

between MET IHC expression in biopsy specimens and

CTCs is of uncertain significance but may merit further

investigation.

There were no significant associations between disease

response and PTEN or EGFR IHC or FISH status. Both

cases that responded to foretinib had p53-negative disease

and no PTEN loss, with a statistically significant associa-

tion with p53 IHC status but conclusions are limited due to

small numbers.

Discussion

TNBC accounts for approximately 15 % of new breast

cancer diagnoses. Although clinically conceived as a

homogeneous population, there is considerable complexity

within the TNBC subset due to incomplete overlap with

basal-like gene profiles, an association with BRCA-related

hereditary breast–ovarian cancer syndromes and the fact

that a small proportion of clinically defined TNBC cases

have low-level ER/PR and/or HER2 overexpression and/or

gene amplification [14].

The MET signaling pathway is increasingly recognized

as being of biologic importance in an array of malignan-

cies, including TNBC, due to MET-dependant cellular

processes promoting invasive growth including apoptotic

resistance, cellular proliferation, tissue infiltration, and

stimulation of angiogenesis [4]. A recent series evaluating

1115 tumor specimens from patients in the MD Anderson

Phase 1 Clinic observed that only 5 % of 64 breast cancer

cases were MET-amplified [15]. Another series of 1274

invasive breast cancers was assessed for MET expression,

correlated with breast cancer subtype and observed inde-

pendent association of MET expression with basal-like

breast cancer (OR = 6.44, 95 % CI 1.74–23.78,

p = 0.05), along with higher MET scores being indepen-

dently associated with worse outcome in the full cohort [7].

Despite increasing understanding of the molecular basis

of TNBC, there remains no targeted agent approved for this

disease, either as single agent or in combination with

chemotherapy. Most clinical trial data in TNBC is derived

from subset analyses within a diverse breast cancer patient

cohort with trials of cytotoxic chemotherapy alone docu-

menting objective response rates ranging from 10 to 30 %

and PFS ranging from 1.6 to 6.2 months [16]. The largest

head-to-head trial of single-agent chemotherapy (Carbo-

platinum-AUC 6 vs Docetaxel 100 mg/m2) in metastatic

TNBC reported to date randomized 376 patients and

observed no significant differences in ORR (36 vs. 31 %)

or PFS (4.8 vs. 5.2 m) in the overall trial population [17].

A systematic review of phase 3 randomized controlled

trials of biological agents in addition to chemotherapy

versus chemotherapy alone in metastatic TNBC has

recently been published. The authors observed a significant

improvement in PFS (HR 0.65; 95 % CI 25–43 %) with the

addition of bevacizumab to chemotherapy with no impact

on OS. There were no significant benefits observed with the

addition of sunitinib, sorafenib, lapatinib, iniparib, or

cetuximab to chemotherapy on either PFS or OS [18].

Importantly, IND 197 stands alone as a trial of a single-

Table 4 Correlative analyses

Biomarker Archival versus fresh N Results; N (%) Association with response (p value)

IHC

MET Archival 44 3 (7) positive P = 0.46

Fresh 18 0

PTEN Archival 42 24 (57) negative P = 0.14

Fresh 18 9 (50) negative

EGFR Archival 44 Median 45 (range 0–240) P = 0.20

Fresh 18 Median 100 (range 0–300)

P53 Archival 19 10 (22) positive P = 0.02

FISH

MET Archival 27 0 amplified

Fresh 16 0 amplified

PTEN Archival 44 5 (11) loss; 11 (25) hemi-deletion P = 0.36

Fresh 18 0 loss; 4 (22) hemi-deletion

EGFR Archival 44 7 (16) positive P = 0.74

Fresh 18 6 (33) positive
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agent, non-cytotoxic-targeted therapy in this disease

subset.

Both archival and fresh biopsy specimens were collected

from the relevant patient populations on either Stage 1 or

Stage 2 of IND197. Similarly to the MD Anderson cohort

which documented MET amplification via FISH in 3 of 64

patients with breast cancer (5 %), we observed a low rate

of MET IHC-positive tumors (6.7 %) with no association

between MET status and best response. Of note, cross-

study comparisons are limited due to significant variability

in MET assessment methodologies and scoring systems.

We also did not observe any association between non-

progression (PR ? SD) and EGFR, p53, PTEN status in

either the primary or freshly biopsied metastatic tumors, or

with MET-positive CTC number, among those entered on

to Stage 2 of the trial.

Although CCTG IND 197 did not meet its primary

endpoint, the observation of a clinical benefit rate of 46 %

in the response evaluable cTNBC population, in the context

of this particular breast cancer subset with suboptimal

outcomes, suggests a degree of clinical activity unique for

a non-cytotoxic single agent. This is supported by data in

the waterfall plot (Fig. 2) although anti-tumor activity

estimated by waterfall plots may appear to be superior to

RECIST criteria as only the best change in sum of diam-

eters, without need for confirmation, is plotted. Grade 3

hypertension (HTN) was observed in 49 % of patients,

consistent with VEGF targeting of foretinib, but responded

to medical management and was not associated with HTN-

related complications nor did it lead to study withdrawal in

any cases. Unfortunately, we were unable to confirm a

predictive biomarker for clinical benefit and suggest, as do

others, that putative predictive biomarkers be evaluated in

large pre-clinical panels with standardized methodologies

in attempts to optimize potential clinical benefit [19]. Our

study suggests that further research assessing foretinib

versus placebo subsequent to first line chemotherapy for

metastatic TNBC in efforts to improve progression-free

survival may be warranted.
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