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This phase II study evaluated the efficacy and safety of
AMG 102 (rilotumumab), a fully human monoclonal
antibody against hepatocyte growth factor/scatter
factor (HGF/SF), in patients with recurrent glioblas-
toma (GBM). Patients with histologically confirmed,
measurable recurrent GBM or gliosarcoma (World
Health Organization grade 4) and ≤3 relapses or prior
systemic therapies received AMG 102 (10 or 20 mg/
kg) by infusion every 2 weeks. The primary endpoint
was best confirmed objective response rate (central
assessment) per Macdonald criteria. Of the 61 patients
who enrolled, 60 received AMG 102. Twenty-nine
patients (48%) had previously received bevacizumab.
There were no objective responses per central assess-
ment, but 1 patient had an objective response per inves-
tigator assessment. Median overall survival (95% CI) in

the 10- and 20-mg/kg cohorts was 6.5 months (4.1–9.8)
and 5.4 months (3.4–11.4), respectively, and pro-
gression-free survival (PFS) per central assessment was
4.1 weeks (4.0–4.1) and 4.3 weeks (4.1–8.1), respect-
ively. PFS was similar among patients who had pre-
viously received bevacizumab compared with
bevacizumab-naive patients. The most common
adverse events were fatigue (38%), headache (33%),
and peripheral edema (23%). AMG 102 serum concen-
trations increased approximately dose-proportionally
with 2-fold accumulation at steady state. Plasma total
HGF/SF and soluble c-Met concentrations increased
12.05- and 1.12-fold, respectively, from baseline
during AMG 102 treatment. AMG 102 monotherapy
at doses up to 20 mg/kg was not associated with signifi-
cant antitumor activity in heavily pretreated patients
with recurrent GBM.

Keywords: Rilotumumab, AMG 102, hepatocyte
growth factor, c-Met, glioblastoma, phase II clinical
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H
igh-grade gliomas are associated with a poor
prognosis.1–3 Surgical resection followed by
radiotherapy and adjuvant temozolomide is

the standard of care for patients with newly diagnosed
glioblastoma (GBM), but median overall survival (OS)
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is 14.6 months, and the 2-year survival rate is approxi-
mately 27%.4 Because therapies for recurrent high-grade
gliomas are limited, there has been increasing interest
in investigational therapies.5,6 Bevacizumab recently
received FDA approval as a salvage therapy for recurrent
GBM and is currently the only available targeted therapy
in recurrent GBM.7,8

Hepatocyte growth factor/scatter factor (HGF/SF)
and its receptor c-Met have been implicated in the patho-
genesis of GBM through autocrine and/or paracrine
mechanisms, potentially affecting tumor cell growth,
survival, invasion, migration, and angiogenesis.9–12

Intratumoral HGF/SF and c-Met expression and cere-
brospinal fluid HGF/SF concentrations have been associ-
ated with poor prognosis in GBM.13–15 In preclinical
studies, inhibition of the HGF/SF–c-Met axis resulted
in regression of human GBM tumor xenografts.10,16,17

AMG 102 (rilotumumab) is a fully human monoclonal
antibody that specifically targets HGF/SF and has shown
antitumor activity in vitro and in U-87 MG tumor xeno-
graft models as a single agent and in combination with
temozolomide.18,19 In a phase I, first-in-humans study,
AMG 102 was well tolerated and had linear pharmaco-
kinetics (PK) up to the planned maximum dose of
20 mg/kg.22 The objective of this study was to evaluate
the efficacy and safety of AMG 102 in patients with recur-
rent GBM.

Patients and Methods

Patients

Eligible patients (aged ≥18 years) had histologically
confirmed GBM or gliosarcoma (World Health
Organization grade 4), bidimensionally measurable
and recurrent disease as assessed by MRI, Karnofsky
performance score ≥60%, ≤3 prior relapses or systemic
treatments, and archived tissue from initial diagnosis or
upon transformation to glioblastoma. Key exclusion cri-
teria were history of another neoplasm (except curatively
treated); hemorrhagic stroke or intraocular bleeding
within 6 months of enrollment; acute intracranial/intra-
tumoral hemorrhage (except stable grade 1); severe or
uncontrolled medical disease; inadequate cardiac,
hepatic, hematologic, or renal function; prior treatment
with c-Met- or HGF/SF-targeted therapy; surgical resec-
tion of brain tumor within 4 weeks of enrollment; major
surgery or treatment with radiation therapy, immu-
notherapeutic agents, vaccines, monoclonal antibody
therapy, or alkylating agents within 4 weeks of enroll-
ment; or treatment with thalidomide, tamoxifen, or
anticoagulation therapy (except low-molecular-weight
heparins or warfarin) within 1 week of enrollment.
Prior treatment with bevacizumab and other antiangio-
genic agents was permitted. The study protocol was
approved by an institutional review board at each parti-
cipating site. All procedures were performed in accord-
ance with the ethical standards of the Helsinki
Declaration. All patients provided written informed
consent.

Study Design

This multicenter, open-label, single-agent, 2-stage, phase
II study of AMG 102 in patients with recurrent GBM
was conducted at 6 centers. The primary endpoint was
best confirmed objective response rate (ORR; complete
response and partial response) per Macdonald criteria
by independent radiologic assessment.23 Secondary end-
points included adverse events (AEs), OS, progression-free
survival (PFS), duration of response, time to response, and
AMG 102 PK. Exploratory endpoints included the phar-
macodynamic tumor response of AMG 102 as assessed
by HGF/SF–c-Met axis markers and variation in cancer
and drug-target genes. Exploratory endpoints not
reported in this manuscript due to space limitations
included objective response predicted by changes in cer-
ebral blood volume, functional diffusion maps, or
proton magnetic resonance spectroscopic imaging.

Patients received AMG 102 10 or 20 mg/kg by intra-
venous infusion (over 30–60 min) every 2 weeks. Based
on assessments of serum concentrations of AMG 102
observed in the first-in-humans study22 and values of
90% inhibitory concentrations predicted with U-87
MG glioblastoma cell proliferation assays,18 10 mg/kg
was selected as the starting dose of AMG 102.
Initially, 20 patients were to receive the 10-mg/kg
dose. If ≥1 minor response (.25% reduction from
baseline tumor sum of longest diameters) was observed
(per investigator assessment) at week 9, then an
additional 20 patients were to be enrolled in the
10-mg/kg cohort. If no response was observed in the
initial 20 patients or if ,5 responses were observed in
the total of 40 patients, then an additional 20 patients
were to receive the 20-mg/kg dose. If either the 10- or
20-mg/kg dose continued to the second stage of
accrual, then the primary evaluation of best ORR was
determined by central assessment. Intrapatient AMG
102 dose modifications were not permitted. Doses of
AMG 102 were withheld for grade 3 treatment-related
toxicities or serious AEs or any grade 4 toxicity until
resolved. Treatment was withdrawn in patients requir-
ing ≥3 weeks to recover from grade 4 toxicities.

Tumor Assessments

For the primary analysis of efficacy, tumor response was
assessed per Macdonald criteria23 by independent
central radiologic assessment (MedQIA, Los Angeles,
CA). Contrast- and non–contrast-enhanced MRI was
performed at baseline (within 14 days before enroll-
ment), weeks 5 and 9, and every 8 weeks thereafter or
as clinically indicated.

Safety

All AEs occurring from enrollment until the end of study
were graded using the National Cancer Institute
Common Terminology Criteria for Adverse Events,
version 3.0. Clinical and laboratory assessments were
performed at baseline, week 1, and every 2 weeks
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thereafter during treatment. Blood samples were col-
lected predose; at weeks 1, 5, and 9; and every
8 weeks thereafter and analyzed for anti–AMG 102
antibodies using an electrochemiluminescent
immunoassay.22

Pharmacokinetics

Blood samples for AMG 102 PK analysis were collected
prior to the end of AMG 102 infusion at weeks 1, 5, and

9. The serum AMG 102 concentrations were measured
as described previously.22 Descriptive statistics were
used to summarize AMG 102 concentration data.

Biomarker Development

Plasma samples for the exploratory analysis of soluble
c-Met and total HGF/SF were collected before and
after AMG 102 dosing at week 1 and after dosing at
weeks 5 and 9, every 8 weeks thereafter, and the end

Table 1. Demographics and Key Baseline Characteristics

Characteristics AMG 102 10 mg/kg n 5 40 AMG 102 20 mg/kg n 5 20 All Enrolled Patients N 5 60a

Sex, n (%)

Women 15 (38) 7 (35) 22 (37)

Men 25 (63) 13 (65) 38 (63)

Race, n (%)

White 36 (90) 18 (90) 54 (90)

Black 3 (8) 0 (0) 3 (5)

Hispanic 1 (3) 1 (5) 2 (3)

Asian 0 (0) 1 (5) 1 (2)

Age, median (range) 54 (19–71) 54 (26–71) 54 (19–71)

Karnofsky performance status, n (%)

100 1 (3) 1 (5) 2 (3)

90 18 (45) 7 (35) 25 (42)

80 14 (35) 7 (35) 21 (35)

70 4 (10) 3 (15) 7 (12)

60 3 (8) 2 (10) 5 (8)

Histologic type for primary tumor, n (%)

Glioblastoma multiforme 38 (95) 20 (100) 58 (97)

Low-grade gliomab 1 (3) 0 (0) 1 (2)

Other 1 (3) 0 (0) 1 (2)

Months since initial diagnosis,c

median (range) 16 (3.9–78) 14 (1–40) 16 (1–78)

Prior therapies,d n (%)

0 0 (0) 0 (0) 0 (0)

1 11 (28) 3 (15) 14 (23)

2 13 (33) 9 (45) 22 (37)

≥3 16 (40) 8 (40) 24 (40)

Prior radiotherapy, n (%)

0 1 (3) 0 (0) 1 (2)

1 33 (85) 19 (95) 52 (87)

2 5 (13) 1 (5) 6 (10)

≥3 1 (3) 0 (0) 1 (2)

Prior VEGF pathway inhibitors, n (%)

Bevacizumab 19 (48) 10 (50) 29 (48)

Aflibercept 3 (8) 1 (5) 4 (7)

Sorafenib 0 (0) 2 (10) 2 (3)

Pazopanib 1 (3) 0 (0) 1 (2)

Vandetanib 1 (3) 0 (0) 1 (2)

Vatalanib 1 (3) 0 (0) 1 (2)

Prior surgery,e n (%) 40 (100) 20 (100) 60 (100)
aPatients who received ≥1 dose of AMG 102.
bEnrollment of the patient with low-grade disease was a protocol violation.
cDate of enrollment minus date of primary diagnosis.
dIncludes chemotherapy, immunotherapy, hormonal therapy, targeted biologics, small-molecule inhibitors, vaccines, and others.
ePrior surgery includes biopsy and resection procedures.
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of treatment. As described previously,22 plasma total
HGF/SF (pro-HGF/SF, mature HGF/SF, and
AMG 102–bound HGF/SF) was measured by sandwich
enzyme-linked immunosorbent assay, and soluble c-Met
was measured by a Meso Scale Discovery assay. In an
exploratory analysis, archival tumor samples were
stained for cytoplasmic and membrane c-Met staining
by immunohistochemistry as described previously.22

The c-Met assay was evaluated by a pathologist on a
semiquantitative scale, and the percentage of cancer
cells staining at each of the following 4 levels was
recorded: 0 (unstained), 1+ (weak staining), 2+ (mod-
erate staining), and 3+ (strong staining). The presence
or absence of epidermal growth factor receptor
(EGFR) mutant EGFRvIII RNA was determined by
quantitative reverse transcription (qRT) PCR analysis.24

Changes in log total HGF/SF and soluble c-Met
changes over time were analyzed using repeated-
measures analysis of variance (ANOVA); their relation-
ships with PFS and best ORR were assessed using pro-
portional hazards and nominal logistics models and
2-way ANOVA. For c-Met immunohistochemistry,
associations between categorical variables were assessed
with a logistic model using a likelihood ratio test; a
log-rank test was used to assess differences in PFS
among categorical groups. Relationships between
EGFRvIII mutations and PFS were assessed by
log-rank and Wilcoxon tests.

Statistical Analysis

The study design had a power of 0.90 for a given cohort
to distinguish between an active drug with a 20% true
response rate and a drug with a response rate of ≤5%
with an alpha level of 0.05. The best ORR (complete
response and partial response) was summarized by
dose by calculating the response rate with an exact
2-sided 95% confidence interval (CI) as described pre-
viously.25 For PFS and OS, Kaplan–Meier estimates
and 2-sided 95% CIs for rates at 8-week intervals and
for quartiles were calculated, and group differences
were evaluated with the log-rank test. PFS was calcu-
lated as the time in weeks from the first dose of AMG
102 to disease progression (per Macdonald criteria) or
death from any cause. The primary and secondary end-
point and safety analyses were conducted for all patients
who received ≥ 1 dose of AMG 102 in each cohort. SAS
software (version 9.1; SAS Institute, Cary, NC) was used
for statistical analyses.

Results

Patients

Between January 12, 2007, and February 20, 2008, 61
patients were enrolled in this study (10-mg/kg cohort,
n ¼ 41; 20-mg/kg cohort, n ¼ 20) and received
AMG 102, except for 1 patient (10-mg/kg cohort)
who was not treated (Table 1). Approximately one half
(n ¼ 29, 48%) of patients had previously received

bevacizumab (10-mg/kg cohort, n ¼ 19 [48%];
20-mg/kg cohort, n ¼ 10 [50%]). Some patients
received agents with potential anti-angiogenic activity,
including vascular endothelial growth factor (VEGF)
receptor 2 tyrosine kinase inhibitors (n ¼ 5), aflibercept
(n ¼ 4), cilengitide (n ¼ 2), thalidomide or lenalidomide
(n ¼ 2), and/or other non–anti-angiogenic targeted
therapies (n ¼ 15). Fifty-nine patients (98%) received
prior radiotherapy (10-mg/kg cohort, n ¼ 39 [98%];
20-mg/kg cohort, n ¼ 20 [100%]), including 6 (all in
the 10-mg/kg cohort) who received treatment within
12 weeks of enrollment and thus may have exhibited
pseudoprogression.26 The median (range) duration of
treatment with AMG 102 was 4.1 weeks (2.1–167.7)
and 4.1 weeks (1.9–25.0) in the 10- and 20-mg/kg
cohorts, respectively. The median (range) follow-up
times were 27.6 weeks (3.0–106.1) and 23.4 weeks
(3.1–56.7) in the 10- and 20-mg/kg dose cohorts,
respectively. The reasons for discontinuing the
study were disease progression (n ¼ 52 [87%]),
consent withdrawn (n ¼ 3 [5%]), AEs (n ¼ 2 [3%]),
protocol deviation (n ¼ 1 [2%]), and death (n ¼ 1
[2%]). As of May 2010, a 51-year-old white male
patient (10-mg/kg cohort) diagnosed with stage
IV GBM and 90% KPS was still receiving AMG 102
after 167.7 weeks.

Best Objective Response

Investigator assessment.—The rates of best-response
stable disease, regardless of prior bevacizumab
therapy, were generally consistent between central
assessment and investigator assessment. However, a
patient with GBM (10-mg/kg cohort) with stable
disease per central assessment had a confirmed partial
response per investigator assessment (Table 2).

Central Assessment

There were no complete or partial responses by central
assessment (Table 2). Among patients who received
prior bevacizumab therapy, no patients in the 10-mg/kg
cohort and 1 patient (10%) in the 20-mg/kg cohort had
a best response of stable disease. Among bevacizumab-
naive patients, 4 (19%) in the 10-mg/kg cohort and 2
(20%) in the 20-mg/kg cohort had a best response of
stable disease.

Progression-Free Survival

At the time of analysis, 38 patients (95%) in the
10-mg/kg cohort and 19 patients (95%) in the
20-mg/kg cohort had disease progression per central
assessment or had died (Table 2). In a post hoc analy-
sis, PFS, OS, and stable disease at 6 months were ana-
lyzed according to prior bevacizumab status (Table 3).
Among patients who had received prior bevacizumab,
estimated median (95% CI) PFS was 4.0 weeks (4.0–
4.1) in the 10-mg/kg cohort and 4.1 weeks (3.9–8.1)
in the 20-mg/kg cohort. Among patients who had
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received prior bevacizumab, the percentage (95% CI)
of patients with stable disease at 6 months was
5.3% (0.4–21.4) in the 10-mg/kg cohort and 10.0%
(0.6–35.8) in the 20-mg/kg cohort. In bevacizumab-
naive patients, median PFS was 4.1 weeks (3.9–8.1)
in the 10-mg/kg cohort and 4.7 weeks (4.1–17.0) in
the 20-mg/kg cohort. The percentage (95% CI) of
bevacizumab-naive patients with stable disease at 6
months was 17.9% (5.0–37.1) in the 10-mg/kg
cohort and 15.0% (1.0–45.7) in the 20-mg/kg
cohort. Overall median PFS is shown in
Figure 1A. Median PFS in patients who completed
radiotherapy/temozolomide ,12 weeks from enroll-
ment (6.0 weeks; n ¼ 6) was not significantly different
from that in patients who completed radiotherapy/
temozolomide ≥12 weeks from enrollment (4.1
weeks; n ¼ 34) (p ¼ .38).

Overall Survival

The Kaplan-Meier estimate of median (95% CI) OS was
6.5 months (4.1–9.8) for the 10-mg/kg cohort and 5.4
months (3.4–11.4) for the 20-mg/kg cohort (Fig. 1B).
Among patients who received prior bevacizumab, esti-
mated median (95% CI) OS was 3.6 months (1.9–6.2)
in the 10-mg/kg cohort and 3.4 months (1.5–6.6) in
the 20-mg/kg cohort (Table 3). Among bevacizumab-
naive patients, estimated median (95% CI) OS was
10.9 months (8.7–16.0) in the 10-mg/kg cohort and
11.4 months (5.4–13.0) in the 20-mg/kg cohort.

Safety

The most common AEs (any grade) were fatigue (38%),
headache (33%), and peripheral edema (23%). The

Table 2. Tumor Responsea

Central Assessment Investigator Assessment

Parameter AMG 102 10 mg/kg
(n 5 40)

AMG 102 20 mg/kg
(n 5 20)

AMG 102 10 mg/kg
(n 5 40)

AMG 102 20 mg/kg
(n 5 20)

Tumor response

Best confirmed response, n (%)b

Complete response 0 (0) 0 (0) 0 (0) 0 (0)

Partial response 0 (0) 0 (0) 1 (3)c 0 (0)

Stable disease 4 (10) 3 (15) 4 (10) 3 (15)

Progressive disease 32 (80) 13 (65) 32 (80) 15 (75)

Unable to evaluated 2 (5) 2 (10) 1 (3) 0 (0)

Not doned 2 (5) 2 (10) 2 (5) 2 (10)

Progression-free survivale

Patients with events, n (%) 38 (95) 19 (95) 37 (93) 20 (100)

Disease progression 33 (83) 14 (70) 34 (85) 18 (90)

Death (any cause) 5 (13) 5 (25) 3 (8) 2 (10)

Kaplan-Meier median progression-free
survival time, wk (95% CI)

4.1 (4.0–4.1) 4.3 (4.1–8.1) 4.1 (4.0–4.3) 4.1 (4.0–8.0)

Overall survivale

Kaplan-Meier median overall survival
time, mo (95% CI)

6.5 (4.1–9.8) 5.4 (3.4–11.4)

aSafety analysis set. Tumor assessments taken after initiation of any non–AMG 102 antitumor therapy, tumor resection, or first tumor
progression were excluded. Tumor assessments taken .70 d following the last dose of AMG 102 were also excluded.
bResponse based on the Macdonald criteria. Complete responses and partial responses were subsequently confirmed no less than 4 wk
after the criteria for response were first met.
cOne patient with a partial response per investigator assessment subsequently had a complete response per investigator assessment
following the cut-off date for analysis. The patient continues to receive treatment with AMG 102 (duration of therapy ¼ 167.7 wk).
dPatients with complete responses, partial responses, or stable disease not confirmed after day 49 were classified as unevaluable. Patients
without postbaseline assessments due to progressive disease or early death were classified as not done.
ePatients who did not progress or die were censored at the last evaluable radiograph.

Table 3. Patient Outcome According to Prior Treatment with Bevacizumaba

Bevacizumab-Naive Prior Bevacizumab

Parameter AMG 102
10 mg/kg (n 5 21)

AMG 102
20 mg/kg (n 5 10)

AMG 102
10 mg/kg (n 5 19)

AMG 102
20 mg/kg (n 5 10)

Median progression-free survival, wk (95% CI) 4.1 (3.9–8.1) 4.7 (4.1–17.0) 4.0 (4.0–4.1) 4.1 (3.9–8.1)

Patients with stable disease at 6 mo, % (95% CI) 17.9 (5.0–37.1) 15.0 (1.0–45.7) 5.3 (0.4–21.4) 10.0 (0.6–35.8)

Median overall survival, mo (95% CI) 10.9 (8.7–16.0) 11.4 (5.4–13.0) 3.6 (1.9–6.2) 3.4 (1.5–6.6)
aPost hoc analysis of safety analysis set. Tumor assessments taken after initiation of any non–AMG 102 antitumor therapy, tumor
resection, or first tumor progression were excluded. Patients who did not progress or die were censored at the last evaluable radiograph.
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incidence of AEs (any grade) considered by investigators
to be related to treatment with AMG 102 was 52%
(Table 4), the most common being fatigue (25%),
nausea (10%), and peripheral edema (8%). The inci-
dence of treatment-emergent edema of any grade (7%)
was greater than that of treatment-related edema (3%).
Eighteen patients (30%) had serious AEs, the most
common (occurring in ≥2 patients) being convulsion
(n ¼ 4 [7%]), confusional state (n ¼ 2 [3%]),
and edema (n ¼ 2 [3%]). Two patients (both in the
10-mg/kg cohort) discontinued AMG 102 as a result
of treatment-related AEs. One patient had serious
grade 3 edema considered related to treatment with
AMG 102 (Table 4), and a second patient had grade 3
genital edema and peripheral edema; all resolved after
treatment was discontinued. Deaths on study were
attributed to disease progression (10-mg/kg cohort,
n ¼ 6 [15%]; 20-mg/kg cohort, n ¼ 3 [15%]) and
brain herniation (20-mg/kg cohort, n ¼ 1 [5%]).
Notable grade 3 or 4 laboratory findings included hypo-
phosphatemia (n ¼ 3 [5%]) and hypocalcemia (n ¼ 1
[2%]). There were no notable changes from baseline in

creatinine or albumin. No anti–AMG 102 antibodies
were detected.

Pharmacokinetics

Pre-infusion and end of infusion AMG 102 concen-
trations increased approximately dose-proportionally
and accumulated by 2-fold at steady state. The end of
infusion concentrations at the 10- and 20-mg/kg doses
were 237+64 mg/ml and 482+92 mg/ml, respect-
ively, at week 1 and 518+77 mg/ml and 897+
437 mg/ml, respectively, at week 9. The pre-infusion
concentration at the 10- and 20-mg/kg doses was
218+37 mg/ml and 507+168 mg/ml, respectively, at
week 9.

Biomarker Development

Plasma total HGF/SF and soluble c-Met were measured
in 46 patients (n ¼ 30, 10 mg/kg; n ¼ 16, 20 mg/kg)
and increased from baseline following AMG 102 admin-
istration (12.05-fold, p , .0001, and 1.12-fold, p ¼
.012, respectively; Fig. 2). No significant associations
between log baseline concentrations of either marker
and PFS, best ORR, or change in target lesion dimen-
sions were observed. Expression of cytoplasmic c-Met
protein was detected in 30 of 50 (60%) evaluable
samples, 9 (18%) of which had membrane staining.
No significant association between c-Met expression
and PFS or best ORR was observed. Analysis by
qRT-PCR identified EGFRvIII in 26% of 53 evaluable
samples, but its presence was not associated with PFS
or best ORR.

Discussion

AMG 102 did not have single-agent antitumor activity
in patients with recurrent GBM, 48% of whom had
received prior bevacizumab therapy. No responses
were seen per central assessment, although 1 patient
had an objective response per investigator assessment.
AMG 102 was generally well tolerated at doses of 10
and 20 mg/kg once every 2 weeks.

Although the reasons underlying the lack of activity by
AMG 102 in this study are unknown, there are several
plausible explanations. The patients were heavily pre-
treated, the majority having received at least 3 anticancer
therapies and at least 1 bevacizumab-based regimen
before enrollment. In studies of patients with recurrent
disease who progressed following salvage bevacizumab,
almost none appeared to benefit from treatment with sub-
sequent bevacizumab-based regimens,7,27 and they had
PFS times consistent with those reported in the current
study. Similar results were observed in a study of patients
with high-grade gliomas who progressed following treat-
ment with VEGF receptor tyrosine kinase inhibitors, in
which treatment with bevacizumab was not associated
with durable tumor control in most patients.28

Therefore, it is possible that AMG 102 activity may
have been more favorable if the study had enrolled only

Fig. 1. Progression-free survival (PFS) per central assessment (A)

and overall survival (B). Tumor assessments that were taken after

initiation of any non–AMG 102 antitumor therapy, tumor

resection, or first tumor progression were excluded from PFS. All

deaths were included. PFS was defined as the time in weeks from

the first dose of AMG 102 to first progression by Macdonald

criteria or death from any cause, whichever occurred first.

Patients who did not progress or die were censored at the last

evaluable radiograph. If a patient had no evaluable postbaseline

radiograph and did not die, then the patient was censored at day 1.
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patients who had not previously received treatment with
bevacizumab or other VEGF pathway inhibitors.
Further, because patients treated with radiotherapy com-
bined with temozolomide mayexhibit early enhancement
without evidence of recurrence within 3 months of treat-
ment,29 it is possible that the study may have been limited
by the inclusion of the 6 patients who received radiother-
apy within 3 months of enrollment. However, PFS in
these patients did not significantly differ from those
patients who completed radiotherapy/temozolomide
≥3 months before enrollment. The blood-brain barrier
may also have contributed to the lack of efficacy by
AMG 102. Although it is unknown whether AMG 102
is capable of crossing the blood-brain barrier, the
anti-HGF/SF monoclonal antibody L2G7 has been
shown to accumulate in orthotopic human GBM xeno-
grafts in mice and cause tumor regression,20,21 suggesting
that AMG 102 had a reasonable chance of crossing the
blood-brain barrier. Further, multiple receptor tyrosine
kinases are simultaneously activated in GBM tumors,30

potentially explaining the lack of single-agent AMG
102 activity in this study and suggesting that a combi-
nation treatment approach may be required. Inhibition
of the HGF/SF–c-Met axis combined with radiation
therapy or inhibition of EGFRvIII synergistically inhib-
ited tumor growth in U-87 MG xenograft models.20,31

In a recent phase 2 study of patients with recurrent
GBM, some of whom had received prior anti-angiogenic
therapy including bevacizumab, treatment with XL184,
an oral inhibitor of c-Met, Ret, Kit, and VEGF receptor

2, was associated with antitumor activity.32 However,
because XL184 inhibits both the VEGF receptor 2 and
c-Met, it is unclear to what extent the inhibition of
c-Met contributed to the tumor reductions. Potentially,
treatment with AMG 102 in combination with
DNA-damaging agents and/or other targeted inhibitors
may become a feasible therapeutic approach in recurrent
glioma. In a phase Ib study, AMG 102 was well tolerated
in combination with bevacizumab in patients with
advanced solid tumors.33

The incidence and severity of treatment-emergent
AEs were generally similar to or less than those observed
in the AMG 102 first-in-human study.22 The incidence
and severity of certain AEs, including fatigue, nausea,
vomiting, and diarrhea, were similar to previous
reports.34,35 Edema occurred in 23% of patients (com-
pared with 30% in the first-in-human study22) and led
to discontinuation of treatment in 2 patients.
Peripheral edema was also reported in a phase I study
of SCH 900105, a monoclonal antibody against
HGF/SF, in patients with advanced solid tumors.36

The PK of AMG 102 maximum concentration was
similar to that observed in the first-in-humans study.22

Serum AMG 102 trough concentrations at the studied
doses exceeded the concentration that inhibits 50% of
proliferation (15 mg/ml) and 90% of proliferation
(75 mg/ml) estimated in HGF/SF-stimulated U-87 MG
cells and human umbilical vein endothelial cells.18

The expression of HGF/SF and c-Met have been
associated with poor survival in patients with

Table 4. Patient Incidence of Treatment-Related Adverse Eventsa

AEs AMG 102 10 mg/kg
n 5 40

AMG 102 20 mg/kg
n 5 20

All Enrolled Patients
N 5 60

Patients with any AE, n (%) 23 (58) 8 (40) 31 (52)

Patients with grade ≥3 AEs,b n (%) 4 (10) 1 (5) 5 (8)

AEs occurring in ≥2 patients, n (%) Any Grade Grade 3/4 Any Grade Grade 3/4 Any Grade Grade 3/4

Fatigue 9 (23) 1 (3) 6 (30) 1 (5) 15 (25) 2 (3)

Nausea 5 (13) 0 (0) 1 (5) 0 (0) 6 (10) 0 (0)

Peripheral edemac 4 (10) 1 (3) 1 (5) 0 (0) 5 (8) 1 (2)

Diarrhea 4 (10) 0 (0) 0 (0) 0 (0) 4 (7) 0 (0)

Dry skin 4 (10) 0 (0) 0 (0) 0 (0) 4 (7) 0 (0)

Arthralgia 3 (8) 0 (0) 0 (0) 0 (0) 3 (5) 0 (0)

Hypophosphatemia 3 (8) 3 (8) 0 (0) 0 (0) 3 (5) 3 (5)

Dysgeusia 2 (5) 0 (0) 0 (0) 0 (0) 2 (3) 0 (0)

Hypoasthesia 2 (5) 0 (0) 0 (0) 0 (0) 2 (3) 0 (0)

Edemab 2 (5) 1 (3) 0 (0) 0 (0) 2 (3) 1 (2)

Asthenia 1 (3) 0 (0) 1 (5) 1 (5) 2 (3) 1 (2)

Patients with any serious AE, n (%) 1 (3) 1 (3) 0 (0) 0 (0) 1 (2) 1 (2)

Edema (grade 3) 1 (3) 1 (3) 0 (0) 0 (0) 1 (2) 1 (2)

AE, adverse event.
aAEs are reported for patients who received ≥1 dose of AMG 102 and include all AEs for ongoing patients and AEs with onset from the
first dose of AMG 102 until 30 days after the last dose of AMG 102 for patients who discontinued treatment. Partial onset dates were
imputed.
bGrade 5 adverse events included disease progression (n ¼ 9) and brain herniation (n ¼ 1). These events were not considered by
investigators to be related to treatment with AMG 102.
cThe incidence of treatment-emergent peripheral edema of any grade was greater than the incidence of treatment-related peripheral
edema (23% vs 8%), and the incidence of treatment-emergent edema of any grade was greater than the incidence of treatment-related
edema (7% vs 3%).
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GBM,13–15 indicating potential involvement of this
pathway in disease progression. Plasma levels of total
HGF and soluble c-Met and tumor expression of
c-Met protein were assayed to investigate whether
these analyte levels might predict response to AMG
102. Due to the lack of response to AMG 102, these
hypotheses remain untested. However, consistent with
results in the AMG 102 first-in-humans study, plasma
total HGF/SF increased from baseline, likely as a
result of HGF/SF half-life extension by AMG 102 and
mobilization of HGF/SF from tissues.22 A slight increase
in soluble c-Met was detected, which may indicate
pathway inhibition. Based on the observation that
HGF/SF inhibition lacked antitumor activity in
PTEN-null/HGF+/c-Met+ mice harboring the constitu-
tively active EGFR deletion mutant EGFRvIII,20 we
hypothesized that patients expressing the EGFR deletion
mutant EGFRvIII would not be responsive to AMG 102
monotherapy. Although the patient who exhibited a
response per investigator assessment did not express
EGFRvIII, this hypothesis remains untested because of
the limited response observed in this study.
Additionally, because the archival tumor samples were
not collected immediately prior to initiation of AMG

102 treatment, they may not accurately represent the
tumor state prior to treatment. Whether or not the pres-
ence of the EGFRvIII mutant is a prognostic factor or
predictive of response in glioma is still under
debate.37–40

In conclusion, these results suggest that AMG 102
monotherapy at doses up to 20 mg/kg is not associated
with significant antitumor activity in heavily PYW has
research support from Amgen pretreated patients with
recurrent GBM, particularly patients who have received
prior therapy with bevacizumab.
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Fig. 2. Analysis of hepatocyte growth factor/scatter factor (HGF/SF) and c-Met as biomarkers. Plasma log total HGF/SF (A) and soluble

c-Met (B) concentrations from week 1 until the end of treatment (EOT). (C) Representative images of high (maximum intensity scale of

3) versus low (maximum intensity scale of 1) cytoplasmic c-Met expression assessed by immunohistochemistry staining of patient

archival tumor samples.
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