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Summary Background MET is a tyrosine kinase receptor
involved in the regulation of cell proliferation and migration.
Reported here are the phase I dose-escalation results for
LY2875358, a monoclonal antibody against MET, in
Japanese patients with advanced malignancies. Methods The
study comprised a 3 + 3 dose-escalation part for LY2875358
monotherapy in patients with advanced malignancies (Part A)
followed by an assessment of LY2875358 in combination
with erlotinib or gefitinib in patients with non-small cell lung
cancer (Part B). LY2875358 was administered once every
2 weeks. The primary objective was to evaluate the safety
and tolerability of LY2875358; secondary objectives included
evaluation of pharmacokinetics, pharmacodynamics, and antitumor activity. Results Eleven patients received LY2875358
monotherapy at 3 dose levels (700 mg, N = 3; 1400 mg, N = 3;
2000 mg, N = 5) and 6 patients received LY2875358 2000 mg
in combination with erlotinib (N = 3) or gefitinib (N = 3). No
dose-limiting toxicities or serious adverse events related to
LY2875358 were observed. The most frequently reported
drug-related adverse events were hypoalbuminemia (2 patients) in Part A and dermatitis acneiform (4 patients) in Part
B. LY2875358 area under the curve (AUC) and maximum
concentration (Cmax) increased with dose over the dose range
of 700 mg to 2000 mg. A best response of stable disease was
achieved by 2/11 patients in Part A and 4/6 patients in Part B
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(disease control rate: 35 %). Conclusions LY2875358 at doses
up to 2000 mg demonstrated a favorable safety and tolerability
profile as monotherapy or in combination with erlotinib or
gefitinib in Japanese patients with advanced malignancies.
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Introduction
The hepatocyte growth factor (HGF) receptor, also known
as MET, is a tyrosine kinase receptor that has been associated with tumor progression and metastasis [1–3]. Aberrant
activation of the HGF/MET signaling pathway promotes
tumor cell growth, survival, angiogenesis, invasion, and
metastasis [1–3]. Many tumor types, including gastric, colorectal, renal, breast, pancreatic, lung, thyroid, and hepatocellular carcinoma, have aberrant activation of the HGF/
MET signaling pathway [1, 4–8]. Activation of this pathway can occur by several mechanisms, including liganddependent activation by HGF and ligand-independent, constitutive activation of MET through gene amplification or
genetic mutations [3, 4, 9]. Elevated HGF expression and cMET amplification have been linked with acquired resistance to epidermal growth factor receptor tyrosine kinase
inhibitors (EGFR TKIs) in patients with non-small cell lung
cancer (NSCLC) [10–13]. As the HGF/MET signaling
pathway plays a role in several key processes underlying
tumor progression, targeting this pathway is considered a
promising therapeutic strategy for the treatment of patients
with MET-expressing cancers, including those with
NSCLC who have acquired resistance to EGFR TKIs.
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LY2875358 is a humanized, bivalent, monoclonal, immunoglobulin G4 (IgG4) antibody against MET [14]. It prevents
ligand-dependent and ligand-independent activation of the
MET/HGF pathway; by binding to MET, LY2875358 blocks
the binding of HGF to MET and thereby inhibits HGF liganddependent induction of MET phosphorylation [14]. In addition, binding of LY2875358 to MET results in internalization
and degradation of MET, leading to suppression of ligandindependent cell proliferation and tumor growth in preclinical
models where MET is constitutively activated [14]. These
characteristics suggest that LY2875358 is active against tumors whether they are driven by elevated HGF expression
or constitutive MET activation. The first human dose study
of LY2875358 showed that administration as monotherapy
(dose range: 20 mg to 2000 mg) or in combination with erlotinib (dose range: 700 mg to 2000 mg) was well tolerated in
patients with advanced solid tumors [15]. No dose-limiting
toxicities (DLTs), serious adverse events (SAEs), or ≥Grade
3 adverse events (AEs) possibly related to LY2875358 were
observed for LY2875358 monotherapy or LY2875358 plus
erlotinib in this mainly Caucasian patient population. The recommended phase II dose (RPTD) range of LY2875358 was
determined to be 700 mg to 2000 mg intravenously every
2 weeks for both monotherapy and combination therapy with
erlotinib.
The aim of this phase I study was to investigate the safety
of LY2875358 in Japanese patients. LY2875358 was administered as monotherapy in patients with advanced solid tumors
(Part A) or in combination with erlotinib or gefitinib in patients with advanced NSCLC (Part B). The primary objective
of the study was to assess the safety and tolerability of
LY2875358 at doses up to and including the RPTD range
from the first human dose study (Study JTBA) [15].
Secondary objectives included the assessment of toxicity,
pharmacokinetics, antitumor activity, and biomarker analysis.
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undergoing any study procedure. Patients who continued
study treatment after the first cycle of treatment signed a second informed consent form before starting the second cycle of
treatment. The study was registered at www.clinicaltrials.gov
(NCT01602289).
Study population

Materials and methods

Patients with histological or cytological evidence of advanced and/or metastatic malignancies who were considered an appropriate candidate for experimental therapy after
use of standard therapies were eligible for LY2875358
monotherapy (Part A). For the LY2875358 combination
cohorts (Part B), patients were eligible if they had histological or cytological evidence of Stage IV NSCLC [16] (with
activating EGFR mutations for Part B2), had no other effective therapeutic option, and were suitable for erlotinib
(Part B1) or gefitinib (Part B2) therapy per the Japanese
package insert [17, 18]. Previous EGFR TKI treatment
was permitted.
Additional inclusion criteria for the study included:
age ≥ 20 years; measurable or unmeasurable disease by
Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1 [19]; Eastern Cooperative Oncology Group (ECOG)
performance status (PS) of ≤2; and adequate organ function.
Exclusion criteria included: symptomatic central nervous system malignancy or metastasis (Part A); brain metastases that
were symptomatic or required ongoing treatment with steroids
or radiation therapy (Part B); active infection, including human immunodeficiency virus and hepatitis A, B, and C; previous treatment with any MET targeting agent; receiving warfarin therapy (Part B); concomitant treatment with cytochrome
P450 3A4 modulators (no treatment with a modulator within
14 days of Cycle 1, Day 1; Part B); evidence of clinically
active interstitial lung disease or pre-existing interstitial lung
disease risk as demonstrated by computed tomography (Part
B); and any disease of acute lung injury, idiopathic pulmonary
fibrosis, pneumonitis, or pneumoconiosis (Part B).

Study design

Study treatments

This study (Study JTBD) was a phase I, single-center, openlabel, nonrandomized, dose-escalation study of LY2875358 in
Japanese patients with advanced and/or metastatic malignancies. The study consisted of two parts: a dose-escalation part
for LY2875358 monotherapy (Part A) followed by a cohortexpansion part for LY287538 in combination with erlotinib
(Part B1) or gefitinib (Part B2). Dose escalations of
LY2875358 were performed following a standard 3 + 3 design. The study protocol was approved by the site’s ethics
review board and conducted in accordance with the
Declaration of Helsinki and Good Clinical Practice guidelines.
All patients provided written informed consent before

Patients in the dose-escalation part (Part A) were enrolled
sequentially into LY2875358 dose cohorts of 700 mg,
1400 mg, and 2000 mg using a flat dosing scheme. Patients
were administered LY2875358 intravenously over approximately 90 min (700 mg cohort) or 150 min (1400 mg and
2000 mg cohorts) on Day 1 and Day 15 of a 28-day cycle,
until any discontinuation criterion was met.
In Part B, patients with Stage IV NSCLC were administered LY2875358 2000 mg, using the same schedule and
method in Part A, in combination with erlotinib administered
orally as a once-daily dose of 150 mg (Part B1) or gefitinib
administered orally as a once-daily dose of 250 mg (Part B2).
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Dose-escalation method
Dose escalation of LY2875358 in Part A occurred sequentially
over the doses of 700 mg, 1400 mg, and 2000 mg until the
criteria for reaching the maximum tolerated dose (MTD) were
met or the highest planned dose cohort was completed. The
MTD was defined as the highest tested dose that had <33 %
probability of causing a DLT. A DLT was defined as an AE
during the DLT evaluation period (the first cycle: 28 days) that
was possibly related to the study drug (LY2875358 alone or in
combination with erlotinib/gefitinib) and fulfilled one of the
following criteria using the National Cancer Institute (NCI)
Common Terminology Criteria for Adverse Events
(CTCAE) version 4.02: ≥Grade 3 nonhematological toxicity;
Grade 4 neutropenia of duration >7 days; febrile neutropenia;
or Grade 3 thrombocytopenia with ≥Grade 2 bleeding or
Grade 4 thrombocytopenia with or without bleeding, regardless of duration.
Dose adjustments and delays
Dose adjustments of LY2875358 were not permitted during
the study. Before the start of each administration of
LY2875358, hematological toxicities (except anemia) and
nonhematological toxicities (except alopecia, fatigue, skin
rash, nausea, vomiting, or diarrhea that could be controlled
with treatment) possibly related to LY2875358 had to resolve
to ≤Grade 1 or baseline. The start of each administration of
LY2875358 could be delayed for up to 2 weeks to allow sufficient time for recovery.
The erlotinib dose could be reduced for toxicities attributable to erlotinib at the discretion of the investigator and according to the Japanese package insert [17]. For gefitinib,
poorly tolerated diarrhea, treatment-related AEs of the skin,
or any other AE that the investigator believed was attributable
to gefitinib could be managed by dosing interruption (up to
14 days), followed by reinstatement of the 250 mg daily dose
at the discretion of the investigator and according to the
Japanese package insert [18].
Clinical assessments
Adverse events were graded using the NCI CTCAE version
4.02. Tumor response was assessed by RECIST version 1.1
[19] every other cycle after Cycle 2 or as clinically indicated.
Responses required confirmation by the same tumor imaging
method within 4 weeks of the initial observation of an objective response. The objective response rate (ORR) was defined
as the percentage of patients who experienced a complete
response (CR) or partial response (PR). The disease control
rate (DCR) was defined as the percentage of patients who
experienced a CR, PR, or stable disease (SD). Progressionfree survival (PFS) was measured from the date of the first
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dose of study drug to the first date of objective progression of
disease or the date of death from any cause, whichever occurred first.
Dose intensity
Relative dose intensity was the actual dose intensity (in mg/
week) expressed as a percentage of the planned weekly dose.
Pharmacokinetics
Blood samples were collected for pharmacokinetic analysis
during Cycle 1 as follows: before the infusion on Day 1,
mid-infusion, at the end of the infusion, 2, 4, 6, 8, and 24 h
(Day 2) after the end of the infusion, Day 4–6 at any time, Day
8, before the infusion on Day 15, at the end of the infusion, 2,
4, and 6 h after the end of the infusion, and Day 22. Blood
samples were collected for pharmacokinetic analysis during
Cycle 2 as follows: before the infusion on Day 1, mid-infusion, at the end of the infusion, 2 and 4 h after the end of the
infusion, Day 8, before the infusion on Day 15, and at the end
of the infusion. The pharmacokinetic parameters for
LY2875358, erlotinib, and gefitinib were computed by standard noncompartmental methods using Phoenix WinNonlin
6.3 software (Certara USA, Inc., Princeton, NJ, USA).
Biomarker analysis
Immunohistochemical staining using the anti-MET antibody
A2H2-3 [20] was conducted for optionally available archival
tumor samples. A composite scoring system was devised to
determine the status of MET by immunohistochemistry.
Tumor samples with ≥50 % of cells stained 2+ or 3+ for
MET expression were considered MET diagnostic positive.
The H-score was calculated as described previously [21] as
the sum of 1 × (% of 1+ cells) + 2 × (% of 2+ cells) + 3 × (% of
3+ cells). Fluorescence in situ hybridization for the c-MET
gene was conducted to assess amplification in tumor samples.
The c-MET gene was considered to be amplified if the ratio of
the average copy number per cell of c-MET to the average
copy number per cell of the control chromosome 7 centromere
(CEP7) was ≥2. Serum was collected pre-dose and throughout
the study and assessed for the circulating extracellular domain
(ECD) of MET by a validated enzyme-linked immunosorbent
assay.
Statistical analysis
The sample size was determined by the incidence of DLTs (up
to 6 patients per cohort, up to 30 patients in total). All patients
who received at least 1 dose of any study drug were evaluated
for safety, toxicity, and antitumor activity (full analysis set).
All patients who met the DLT criteria at a particular dose level
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were evaluated for DLTs (DLT evaluation set). Descriptive
statistics were used to summarize safety and antitumor activity. Analyses were performed using SAS 9.2 (SAS Institute,
Cary, NC, USA).

Results
Patient disposition
A total of 17 patients were enrolled in Study JTBD and received at least 1 dose of LY2875358. Eleven patients were
enrolled in the LY2875358 monotherapy cohorts and received
700 mg (N = 3), 1400 mg (N = 3), or 2000 mg (N = 5)
LY2875358. Two patients in the 2000 mg monotherapy cohort were not evaluable for DLTs and were replaced (1 patient
discontinued study treatment after the first dose of study drug
because of an AE [hypoalbuminemia] not related to study
drug; 1 patient discontinued study treatment after the first dose
of study drug because of progressive disease [PD]). After
completion of Part A, a total of 6 patients were enrolled in
Part B to receive LY2875358 in combination with erlotinib
(Part B1; N = 3) or gefitinib (Part B2; N = 3). All patients
enrolled in the study were included in the safety and pharmacokinetic analyses.
Demographic and baseline clinical characteristics
All patients in this study had Stage IV solid tumors and had
received prior systemic therapy (Table 1). Patients enrolled in
Part A had a diagnosis of pancreatic adenocarcinoma, esophageal carcinoma (n = 2 for both), gastric adenocarcinoma,
biliary tract carcinoma, gall bladder carcinoma, neuroendocrine carcinoma, rectal carcinoma, thymic carcinoma, or gastrointestinal stromal tumors (n = 1 for all). All 6 patients in
Part B had a diagnosis of lung adenocarcinoma and had received treatment with at least one first-generation EGFR TKI
before enrolling in the study. The baseline patient and disease
characteristics are summarized in Table 1.
Safety and tolerability
LY2875358 treatment was well tolerated, both when administered as monotherapy and when administered in combination with erlotinib or gefitinib. No DLTs were observed in any
patient enrolled in this study.
Six of 11 patients (54.5 %) in Part A reported at least 1 AE
possibly related to study drug (Table 2). The most frequently
reported AE considered possibly related to LY2875358 was
hypoalbuminemia, which was reported by 2 patients (1 patient
each in the 700 mg and 2000 mg cohorts). Three patients
reported 7 Grade ≥ 3 AEs; of these, the Grade 3 anemia reported by 1 patient in the 700 mg cohort was considered
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possibly related to LY2875358. This patient (who had Grade
1 anemia at baseline) reported Grade 2 anemia on Day 36 of
Cycle 1, which had developed to Grade 3 at the time of treatment discontinuation. A total of 3 SAEs in 2 patients were
reported in Part A, none of which were considered possibly
related to LY2875358. This included 1 patient in the 1400 mg
cohort with Grade 4 sepsis and Grade 3 fatigue, and 1 patient
in the 2000 mg cohort with Grade 4 depressed level of consciousness. One patient in the 1400 mg cohort reported a
Grade 2 infusion-related reaction considered possibly related
to LY2875358.
All patients in Part B receiving LY2875358 treatment in
combination with erlotinib or gefitinib reported at least 1 AE
possibly related to study drugs (Table 2). The most frequently
reported AEs considered possibly drug related (LY2875358 or
erlotinib/gefitinib) included dermatitis acneiform (n = 4), hypoalbuminemia (n = 3), diarrhea (n = 3), fatigue (n = 3), and
paronychia (n = 3). One patient in Part B2 experienced peripheral edema considered possibly related to LY2875358.
Two patients in Part B reported ≥Grade 3 AEs, both of which
(Grade 3 fatigue, Grade 3 stomatitis) were possibly related to
LY2875358. One patient in Part B1 reported an SAE of Grade
3 metastases to the thoracic spine, which was not considered
related to study drug.
Progressive disease was the primary reason for discontinuation from study treatment (9/11 patients [81.8 %] in Part A
and 3/6 patients [50.0 %] in Part B). Two patients
discontinued study treatment because of an AE possibly related to LY2875358: 1 patient in the 700 mg cohort because of
Grade 2 hypoalbuminemia and 1 patient in the LY2875358
plus gefitinib cohort because of a Grade 2 decreased platelet
count. No AEs leading to death were reported in this study.
Pharmacokinetics
The pharmacokinetic parameters of LY2875358 when administered as monotherapy or in combination with erlotinib or
gefitinib are shown in Table 3. Following administration of
LY2875358 monotherapy on Day 1 of Cycle 1 in Part A, the
maximum concentration (Cmax) and area under the concentration time-curve (AUC) from 0 h to infinity (AUC(0-∞)) increased with increasing dose of LY2875358, whereas clearance was similar across doses (Table 3). The tmax (time at
which maximum concentration is reached) values for the patients in the 3 LY2875358 monotherapy cohorts ranged from
1.47 h to 10.53 h (Table 3). The mean plasma LY2875358
concentration-time profiles following administration of
LY2875358 on Day 1 of Cycle 1, Day 15 of Cycle 1, and
Day 1 of Cycle 2 for the 3 LY2875358 monotherapy cohorts
are shown in Fig. 1. The geometric mean accumulation ratio
of LY2875358 on Day 1 of Cycle 2 based on the AUC during
one dosing interval (AUC(0-τ)) was within the range of 1.5 to
2.0 for the 3 LY2875358 monotherapy cohorts. The geometric
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Summary of pharmacokinetic parameters following administration of LY2875358 on Day 1 of Cycle 1
Geometric mean (CV%)
Part A

Part B

Parameter

LY2875358
700 mg (n = 3)

LY2875358
1400 mg (n = 3)

LY2875358
2000 mg (n = 5)

Part B1
LY2875358
2000 mg + Erlotinib (n = 3)

Part B2
LY2875358
2000 mg + Gefitinib (n = 3)

Cmax, μg/mL
tmaxa, hr

219 (17)
1.50 (1.47–7.52)

395 (20)
6.50 (4.48–10.53)

575 (26)
6.53 (2.58–8.50)

589 (21)
6.48 (4.50–8.53)

704 (34)
8.38 (2.55–10.63)

t1/2b, hr

198 (157–265)
30,900 (15)

290 (266–342)
63,000 (22)

318 (262–637)
96,400 (24)

204 (163–238)
98,500 (27)

194 (137–288)
92,600 (36)

44,900 (28)
0.0158 (28)
4.45 (4)

113,000 (15)
0.0125 (15)
5.14 (27)

154,000 (35)
0.0131 (36)
5.85 (33)

145,000 (35)
0.0139 (35)
4.03 (20)

134,000 (56)
0.0150 (56)
4.14 (17)

AUC(0-tlast), μg•hr./mL
AUC(0-∞), μg•hr./mL
CL, L/h
Vss, L

Abbreviations: AUC(0-tlast) area under the concentration-time curve from 0 h to the time of the last measurable concentration, AUC(0-∞) area under the
concentration-time curve from 0 h to infinity, CL clearance, Cmax maximum concentration, CV coefficient of variation, t1/2 half-life, tmax time at which
maximum concentration is reached, Vss volume of distribution at steady state
a

Median (range)

b

Geometric mean (range)

Fig. 1 Semi-logarithmic plot of mean serum LY2875358 concentration-time profiles following intravenous infusion of LY2875358 700 mg, 1400 mg,
2000 mg, 2000 mg plus erlotinib 150 mg/day, or 2000 mg plus gefitinib 250 mg/day on a Day 1 of Cycle 1, b Day 15 of Cycle 1, and c Day 1 of Cycle 2
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mean trough concentration of LY2875358 on Day 1 of Cycle
2 was 87.1, 176, and 251 μg/mL in the 700 mg, 1400 mg, and
2000 mg dose cohorts, respectively.
The pharmacokinetics of LY2875358 were not obviously
affected by the administration of erlotinib or gefitinib in Part
B1 or B2, respectively (Table 3, Fig. 1). In particular, Cmax,
AUC(0-∞), and clearance were similar between the
LY2875358 2000 mg dose cohort and the LY2875358
2000 mg plus erlotinib and LY2875358 2000 mg plus gefitinib cohorts (Table 3). The tmax values for the patients in the
LY2875358 2000 mg plus erlotinib and LY2875358 2000 mg
plus gefitinib cohorts ranged from 2.55 h to 10.63 h (Table 3).
The mean plasma LY2875358 concentration-time profiles of
LY2875358 2000 mg plus erlotinib and LY2875358 2000 mg
plus gefitinib were similar to that of LY2875358 2000 mg
monotherapy following administration of LY2875358 on
Day 1 of Cycle 1, Day 15 of Cycle 1, and Day 1 of Cycle 2
(Fig. 1). The geometric mean accumulation ratio of
LY2875358 when administered in combination with erlotinib
or gefitinib was within the range of 1.5 to 2.0, as observed
when LY2875358 was administered as monotherapy. The
geometric mean trough concentration of LY2875358 on Day
1 of Cycle 2 was 233 and 251 μg/mL in the LY2875358
2000 mg plus erlotinib and LY2875358 2000 mg plus gefitinib cohorts, respectively.
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In Part B, 4/6 patients had a best response of SD (n = 2 in each
part, Table 4), for a DCR of 66.7 %, and PFS ranged from 50
to 174 days.
Biomarker analyses
MET expression status from archival tumor samples was
available for 6 patients, of whom 1 patient (700 mg cohort,
pancreatic adenocarcinoma) was MET diagnostic positive,
having 70 % of cells staining 2+ for MET expression
(Table 4). Amplification status of c-MET was evaluable for 5
patients, none of whom had amplification of the c-MET gene
(Table 4).
In each of the LY2875358 monotherapy dose cohorts and
in the LY2875358 plus erlotinib cohort, an increase in circulating MET ECD levels was observed after initiation of
LY2875358 treatment, which plateaued after approximately
4 weeks (Fig. 2a). There did not appear to be a clear dosedependent relationship between LY2875358 dose and circulating MET ECD levels in the LY2875358 monotherapy dose
cohorts or in the LY2875358 plus erlotinib cohort (Fig. 2b).
This pharmacodynamic biomarker analysis was not available
for the LY2875358 plus gefitinib cohort at the time of the data
cut-off.

Dose intensity of LY2875358, erlotinib, and gefitinib

Discussion

In Part A, patients received 1 to 5 cycles of LY2875358 treatment, with a mean relative dose intensity of LY2875358 of
100 %, 98.8 %, and 79.1 % in the 700 mg, 1400 mg, and
2000 mg cohorts, respectively. Interruption of an
LY2875358 infusion occurred in 1 patient in the 1400 mg
cohort because of a Grade 2 infusion-related reaction; the
interruption lasted approximately 3 h, with the patient completing the full dose after the interruption.
In Part B, patients received 2 to 6 cycles of treatment. The
mean relative dose intensity of LY2875358 and erlotinib in
Part B1 was 87.9 % and 99.4 %, respectively. Omission of an
erlotinib dose occurred for 1 patient because of an AE (fatigue). The mean relative dose intensity of LY2875358 and
gefitinib in Part B2 was 89.8 % and 99.8 %, respectively.
Omission of a gefitinib dose occurred for 1 patient because
of an investigator decision. No patients had a dose reduction
for erlotinib or gefitinib.

Here we report the findings from a phase I dose-escalation
study for the bivalent MET antibody LY2875358 when administered as monotherapy or in combination with firstgeneration EGFR TKIs in a Japanese patient population with
advanced and/or metastatic malignancies. Besides confirming
the safety and tolerability of LY2875358 monotherapy and in
combination with erlotinib, this is the first study to evaluate
the safety and tolerability of LY2875358 in combination with
gefitinib in patients with advanced NSCLC with activating
EGFR mutations. Although only a small number of patients
received the combination of LY2875358 and gefitinib, the
observed safety and tolerability profile appears to be similarly
favorable to the combination with erlotinib.
Adverse events possibly related to LY2875358 were observed at a low frequency and were mostly graded mild or
moderate in severity in Japanese patients. In both the current
study and the previously conducted phase I study of
LY2875358, where 23 patients with advanced solid tumors
received LY2875358 monotherapy and 14 patients with advanced NSCLC received LY2875358 plus erlotinib [15], there
were no DLTs or SAEs possibly related to LY2875358 monotherapy or in combination with erlotinib at any of the
LY2875358 doses evaluated. Although no patients in the previous phase I study reported AEs of ≥Grade 3 possibly related
to LY2875358 monotherapy [15], 1 patient in the current

Antitumor activity
No complete or partial responses were observed in this study.
In Part A, 2/11 patients had a best response of SD (Table 4),
for a DCR of 18.2 %. This included 1 patient with thymic
carcinoma who had PFS of 43+ days (censored value) and 1
patient with gall bladder carcinoma who had PFS of 139 days.

Rectal carcinoma
Lung adenocarcinoma
Lung adenocarcinoma
Lung adenocarcinoma

Lung adenocarcinoma
Lung adenocarcinoma
Lung adenocarcinoma

1105

1106
1107
1108
1109
1111

1112

1121

1122

1124

1131d

1132

1133

1400 mg

1400 mg
2000 mg
2000 mg
2000 mg
2000 mg

2000 mg
Part B1
LY2875358 +
erlotinib
LY2875358 +
erlotinib
LY2875358 +
erlotinib
Part B2
LY2875358 +
gefitinib
LY2875358 +
gefitinib
LY2875358 +
gefitinib
1

0

1

0

0

1

0

1
0
0
0
0

0

1
0
0

0

ECOG
PSa

6

5

5

10

4

7

2

2
2
3
3
3

3

4
2
5

4

No. of
prior
regimensb

6

2

6

2

2

2

1

1
5
2
1
1

2

1
1
2

2

SD

SD

PD

PD

SD

SD

PD

PD
SD
PD
PD
PD

PD

PD
SD
PD

PD

174

52+

53

50

57+

58

29

23
139
52
29+
14

48

29
43+
58

57

No.
BOR PFS,
of
days
cycles

NA

NA

NA

NA

−8.0 (−49.1)
0 (0)

NA

1.2 (17.6)

70

NA

−0.6 (−20.0)
0 (0)

NA

NA
70
NA
NA
NA

NA

50
100
20

100

0+,
%

NA

NA

NA

NA

20

NA

NA

NA
20
NA
NA
NA

NA

40
0
10

0

1+,
%

MET IHC

1.4 (15.7)

3.6 (36.7)
0.1 (1.4)
0.5 (11.6)
7.3 (52.1)
1.5 (19.0)

2.0 (31.7)

1.5 (18.1)
0.3 (6.5)
1.9 (37.3)

8.5 (50.0)

Change from
baselinec, cm
(%)

NA

NA

NA

NA

10

NA

NA

NA
10
NA
NA
NA

NA

10
0
70

0

2+,
%

NA

NA

NA

NA

0

NA

NA

NA
0
NA
NA
NA

NA

0
0
0

0

3+,
%

NA

NA

NA

NA

40

NA

NA

NA
40
NA
NA
NA

NA

60
0
150

0

Hscore

NA

NA

NA

NA

0.95

NA

NA

NA
1.01
NA
NA
NA

NA

0.92
NA
0.88

1.16

MET/CEP7
ratio

d

c

b

a

Note that this patient had shrinkage of the target lesion by 49.1 % but developed a new lesion (brain metastases), resulting in a BOR of PD

Change in target lesion at the time that BOR was observed

Of systemic therapy

Before Cycle 1

Abbreviations: BOR best overall response, CEP7 chromosome 7 centromere, ECOG Eastern Cooperative Oncology Group, IHC immunohistochemistry, NA not available, PD progressive disease, PFS
progression-free survival, PS performance status, SD stable disease, + = censored value

Pancreatic adenocarcinoma
Gall bladder carcinoma
Neuroendocrine carcinoma
Biliary tract carcinoma
Gastric adenocarcinoma

Esophageal carcinoma

1102
1103
1104

700 mg
700 mg
1400 mg

Gastrointestinal stromal
tumors
Esophageal carcinoma
Thymic carcinoma
Pancreatic adenocarcinoma

Pathological diagnosis

1101

Patient
number

Antitumor activity of LY2875358 as monotherapy and in combination with erlotinib or gefitinib

Part A
700 mg

Cohort
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Fig. 2 Serum MET ECD
concentration vs (a) time and (b)
serum LY2875358 concentration
for individual patients in the
LY2875358 700 mg, 1400 mg,
and 2000 mg cohorts and the
LY2875358 2000 mg plus
erlotinib cohort. Abbreviations:
ECD = extracellular domain

study (in the 700 mg dose cohort) reported Grade 3 anemia
possibly related to LY2875358. There was no dose dependency in the incidence of any AEs possibly related to LY2875358
in the current study. The only possibly related AE reported in
more than 1 patient for LY2875358 monotherapy was hypoalbuminemia, which has previously been reported as a classrelated effect for agents targeting MET/HGF [22–24]. For
patients receiving LY2875358 plus erlotinib, 2 patients in
the current study reported Grade 3 AEs (fatigue, stomatitis)
possibly related to LY2875358.
For the first time, the combination of LY2875358 and gefitinib was studied in patients with advanced NSCLC. No DLTs,
SAEs, or AEs ≥ Grade 3 possibly related to LY2875358 were
observed in patients receiving LY2875358 plus gefitinib. The
overall safety profile of LY2875358 plus gefitinib appeared to
be similar to that observed for LY2875358 plus erlotinib, with
mild to moderate hypoalbuminemia, diarrhea, decreased

platelet count, dermatitis acneiform, fatigue, paronychia, decreased appetite, dry skin, and pruritus reported for both combinations. The safety profile and the high relative dose intensity
of LY2875358 monotherapy and in combination with erlotinib
or gefitinib observed in the current study foster the notion that
LY2875358 may be safely administered with first-generation
EGFR TKIs at doses up to 2000 mg every 2 weeks.
The AUC and Cmax for LY2875358 increased with dose
over the range of 700 mg to 2000 mg in this population of
Japanese patients with advanced malignancies and did not
appear to be affected by combination with erlotinib or gefitinib. In addition, clearance of LY2875358 was similar in patients receiving LY2875358 2000 mg as monotherapy and in
those receiving the same dose of LY2875358 in combination
with erlotinib or gefitinib. In general, the tmax values observed
in this study (1.47 h to 10.63 h) occurred after the end of the
LY2875358 infusion (1.5 h for the 700 mg dose and 2.5 h for

594

the 1400 mg and 2000 mg doses), which is consistent with the
pharmacokinetics of LY2875358 observed in Caucasian patients in Study JTBA [25]. The doses of LY2875358 used in
this study were chosen to achieve exposures associated with
tumor growth inhibition in xenograft models. The geometric
mean trough concentrations of LY2875358 on Day 1 of Cycle
2, which ranged from 87.1 to 251 μg/mL in the 5 cohorts,
exceeded the 60 μg/mL threshold associated with ≥90 % tumor growth inhibition in the MKN45 xenograft model [25].
Although it should be noted that assessment of antitumor
activity was not a primary objective of the study and the number of patients evaluated was small, the potential for clinical
activity was shown in individual patients. While the majority
of patients who received LY2875358 monotherapy
discontinued the study with PD, 1 patient with gall bladder
cancer in the 2000 mg LY2875358 monotherapy dose cohort
received 5 cycles of treatment and had a best response of SD.
For LY2875358 in combination with erlotinib or gefitinib, 4
of 6 patients with NSCLC had a best response of SD, including 1 patient in the LY2875358 plus gefitinib group who received 6 cycles of treatment. It should be noted that all 6
patients had been previously treated with at least 1 firstgeneration EGFR TKI and progressed on this therapy before
enrolling in the study.
Circulating MET ECD has been proposed as a surrogate
measure of target engagement in studies of MET antibodies
[23, 26]. At the doses tested in the current study, MET ECD
levels increased from baseline, but there was not a strong dosedependent relationship between circulating MET ECD and
doses of LY2875358. This result is in line with previous reports,
including the MET ECD data from the phase I dose-escalation
study of onartuzumab, a humanized monovalent monoclonal
antibody against MET [23]. In that study, there was a dosedependent threshold (between 1 mg/kg and 4 mg/kg) for increasing MET ECD levels after onartuzumab treatment, with
no further dose-dependent increase in MET ECD with
onartuzumab doses higher than 4 mg/kg.
A limitation of the current study is the limited number of
patient tumor samples available for assessment of MET expression and c-MET amplification, precluding any assessment
of correlation between MET expression and antitumor activity
of LY2875358. It would be of value to investigate the possibility of such a correlation in future studies of LY2875358,
which could inform future patient tailoring strategies to identify patients who might benefit most from LY2875358
treatment.
In conclusion, LY2875358 administered at doses up to
2000 mg every 2 weeks in this phase I study was associated
with a favorable safety profile with no DLTs, both when administered as monotherapy and in combination with erlotinib
or gefitinib. The tolerability and pharmacokinetic/
pharmacodynamic data in Japanese patients with advanced
malignancies support the globally recommended phase II dose

Invest New Drugs (2016) 34:584–595

range of 700 mg to 2000 mg for LY2875358 monotherapy and
in combination with erlotinib. LY2875358 is currently being
studied in combination with erlotinib in ongoing phase II trials
of patients with NSCLC.

Acknowledgments The authors would like to thank all the patients
who participated in this study and their families, the study investigators,
and study staff.
Role of the sponsor Eli Lilly Japan K.K. was involved in the study
design, data collection, data analysis, and preparation of the manuscript.
Role of contributors All authors participated in the interpretation of
study results, and in the drafting, critical revision, and approval of the
final version of the manuscript. KY, TD, TK, HT, and YZ were investigators in the study. TD, VW, TN, and KT were involved in the study
design. TD and HO were involved in the data collection. VW was involved in the study oversight. TN was involved in the statistical analysis.
KU and KT were involved in the pharmacokinetics analysis.
Compliance with ethical standards
Funding support This study was sponsored by Eli Lilly and Company,
manufacturer/licensee of LY2875358. Medical writing assistance was
provided by Justine Southby, PhD CMPP, and Luke Carey, PhD, of
ProScribe – Envision Pharma Group, and was funded by Eli Lilly
Japan K.K. ProScribe’s services complied with international guidelines
for Good Publication Practice (GPP2).
Conflicts of interest SE, TN, and KU are employees of Eli Lilly Japan
K.K., and VW and KT are employees of Eli Lilly and Company. VW, SE,
KT, and KU have stock/equity ownership in Eli Lilly and Company. KY
and TD have received research funding from Eli Lilly and Company. HO,
TK, HT, and YZ have no conflicts of interest to declare.
Statement of human rights All procedures performed in human participants were in accordance with the ethical standards of the institutional
and/or national research committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards.
Informed consent Informed consent was obtained from all individual
participants included in the study.

Open Access This article is distributed under the terms of the Creative
Commons Attribution 4.0 International License (http://
creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a link
to the Creative Commons license, and indicate if changes were made.

References
1.

2.

Maulik G, Shrikhande A, Kijima T, Ma PC, Morrison PT, Salgia R
(2002) Role of the hepatocyte growth factor receptor, c-Met, in
oncogenesis and potential for therapeutic inhibition. Cytokine
Growth Factor Rev 13:41–59
Migliore C, Giordano S (2008) Molecular cancer therapy: can our
expectation be MET? Eur J Cancer 44:641–651

Invest New Drugs (2016) 34:584–595
3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

Luraghi P, Schelter F, Kruger A, Boccaccio C (2012) The MET
oncogene as a therapeutical target in cancer invasive growth.
Front Pharmacol 3:164
Comoglio PM, Giordano S, Trusolino L (2008) Drug development
of MET inhibitors: targeting oncogene addiction and expedience.
Nat Rev Drug Discov 7:504–516
Birchmeier C, Birchmeier W, Gherardi E, Vande Woude GF (2003)
Met, metastasis, motility and more. Nat Rev Mol Cell Biol 4:915–
925
Nakajima M, Sawada H, Yamada Y, Watanabe A, Tatsumi M,
Yamashita J, Matsuda M, Sakaguchi T, Hirao T, Nakano H
(1999) The prognostic significance of amplification and overexpression of c-met and c-erb B-2 in human gastric carcinomas.
Cancer 85:1894–1902
Go H, Jeon YK, Park HJ, Sung SW, Seo JW, Chung DH (2010)
High MET gene copy number leads to shorter survival in patients
with non-small cell lung cancer. J Thorac Oncol 5:305–313
Lee J, Seo JW, Jun HJ, Ki CS, Park SH, Park YS, Lim HY, Choi
MG, Bae JM, Sohn TS, Noh JH, Kim S, Jang HL, Kim JY, Kim
KM, Kang WK, Park JO (2011) Impact of MET amplification on
gastric cancer: possible roles as a novel prognostic marker and a
potential therapeutic target. Oncol Rep 25:1517–1524
Sattler M, Reddy MM, Hasina R, Gangadhar T, Salgia R (2011)
The role of the c-Met pathway in lung cancer and the potential for
targeted therapy. Ther Adv Med Oncol 3:171–184
Bean J, Brennan C, Shih JY, Riely G, Viale A, Wang L, Chitale D,
Motoi N, Szoke J, Broderick S, Balak M, Chang WC, Yu CJ,
Gazdar A, Pass H, Rusch V, Gerald W, Huang SF, Yang PC,
Miller V, Ladanyi M, Yang CH, Pao W (2007) MET amplification
occurs with or without T790 M mutations in EGFR mutant lung
tumors with acquired resistance to gefitinib or erlotinib. Proc Natl
Acad Sci U S A 104:20932–20937
Engelman JA, Zejnullahu K, Mitsudomi T, Song Y, Hyland C, Park
JO, Lindeman N, Gale CM, Zhao X, Christensen J, Kosaka T,
Holmes AJ, Rogers AM, Cappuzzo F, Mok T, Lee C, Johnson
BE, Cantley LC, Janne PA (2007) MET amplification leads to gefitinib resistance in lung cancer by activating ERBB3 signaling.
Science 316:1039–1043
Yano S, Wang W, Li Q, Matsumoto K, Sakurama H, Nakamura T,
Ogino H, Kakiuchi S, Hanibuchi M, Nishioka Y, Uehara H,
Mitsudomi T, Yatabe Y, Sone S (2008) Hepatocyte growth factor
induces gefitinib resistance of lung adenocarcinoma with epidermal
growth factor receptor-activating mutations. Cancer Res 68:9479–
9487
Yano S, Takeuchi S, Nakagawa T, Yamada T (2012) Ligandtriggered resistance to molecular targeted drugs in lung cancer:
roles of hepatocyte growth factor and epidermal growth factor receptor ligands. Cancer Sci 103:1189–1194
Liu L, Zeng W, Wortinger MA, Yan SB, Cornwell P, Peek VL,
Stephens JR, Tetreault JW, Xia J, Manro JR, Credille KM,
Ballard DW, Brown-Augsburger P, Wacheck V, Chow CK,
Huang L, Wang Y, Denning I, Davies J, Tang Y, Vaillancourt P,
Lu J (2014) LY2875358, a neutralizing and internalizing anti-MET
bivalent antibody, inhibits HGF-dependent and HGF-independent
MET activation and tumor growth. Clin Cancer Res 20:6059–6070
Goldman JW, Rosen LS, Algazi AP, Turner PK, Wacheck V, Tuttle
J, Wooldridge JE, Banck MS (2013) First-in-human dose escalation

595
study of LY2875358 (LY), a bivalent MET antibody, as monotherapy and in combination with erlotinib (E) in patients with advanced
cancer. J Clin Oncol 31(suppl):abstr 8093
16. Edge SE, Byrd DR, Compton CC, Fritz AG, Greene FL, Trotti A
(eds) (2009) AJCC cancer staging manual, 7th edn. New York,
Springer
17. (2013) Tarceva (erlotinib) [Japanese prescribing information].
Chugai Pharmaceutical Co., Ltd., Tokyo. http://www.info.pmda.
go.jp/downfiles/ph/PDF/450045_4291016F3023_1_06.pdf.
Accessed 30 June 2015
18. (2015) Iressa (gefitinib) [Japanese prescribing information].
A s t r a Z e n e c a , O s a k a . h t t p : / / w w w. i n f o . p m d a . g o .
jp/downfiles/ph/PDF/670227_4291013F1027_1_30.pdf.
Accessed 30 June 2015
19. Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent D,
Ford R, Dancey J, Arbuck S, Gwyther S, Mooney M, Rubinstein L,
Shankar L, Dodd L, Kaplan R, Lacombe D, Verweij J (2009) New
response evaluation criteria in solid tumours: revised RECIST
guideline (version 1.1). Eur J Cancer 45:228–247
20. Gruver AM, Liu L, Vaillancourt P, Yan SC, Cook JD, Roseberry
Baker JA, Felke EM, Lacy ME, Marchal CC, Szpurka H, Holzer
TR, Rhoads EK, Zeng W, Wortinger MA, Lu J, Chow CK, Denning
IJ, Beuerlein G, Davies J, Hanson JC, Credille KM, Wijayawardana
SR, Schade AE (2014) Immunohistochemical application of a highly sensitive and specific murine monoclonal antibody recognising
the extracellular domain of the human hepatocyte growth factor
receptor (MET). Histopathology 65:879–896
21. Portier BP, Minca EC, Wang Z, Lanigan C, Gruver AM, DownsKelly E, Budd GT, Tubbs RR (2013) HER4 expression status correlates with improved outcome in both neoadjuvant and adjuvant
Trastuzumab treated invasive breast carcinoma. Oncotarget 4:
1662–1672
22. Sharma N, Adjei AA (2011) In the clinic: ongoing clinical trials
evaluating c-MET-inhibiting drugs. Ther Adv Med Oncol 3:S37–
S50
23. Salgia R, Patel P, Bothos J, Yu W, Eppler S, Hegde P, Bai S, Kaur S,
Nijem I, Catenacci DV, Peterson A, Ratain MJ, Polite B, Mehnert
JM, Moss RA (2014) Phase I dose-escalation study of onartuzumab
as a single agent and in combination with bevacizumab in patients
with advanced solid malignancies. Clin Cancer Res 20:1666–1675
24. Okusaka T, Aramaki T, Inaba Y, Nakamura S, Morimoto M,
Moriguchi M, Sato T, Ikawa Y, Ikeda M, Furuse J (2015) Phase I
study of tivantinib in Japanese patients with advanced hepatocellular carcinoma: distinctive pharmacokinetic profiles from other solid
tumors. Cancer Sci 106:611–617
25. Goldman JW, Rosen LS, Algazi AP, Turner PK, Wacheck V, Tuttle
J, Wooldridge JE, Banck MS (2013) First-in-human dose escalation
study of LY2875358 (LY), a bivalent MET antibody, as monotherapy and in combination with erlotinib (E) in patients with advanced
cancer. Poster presented at: ASCO Annual Meeting, 31 June-4 May
2013, Chicago, IL, USA (abstr 8093)
26. Mai E, Zheng Z, Chen Y, Peng J, Severin C, Filvaroff E, Romero
M, Mallet W, Kaur S, Gelzleichter T, Nijem I, Merchant M, Young
JC (2014) Nonclinical evaluation of the serum pharmacodynamic
biomarkers HGF and shed MET following dosing with the antiMET monovalent monoclonal antibody onartuzumab. Mol Cancer
Ther 13:540–552

