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A B S T R A C T

Purpose
Increased hepatocyte growth factor/MET signaling is associated with poor prognosis and acquired
resistance to epidermal growth factor receptor (EGFR) –targeted drugs in patients with non–small-
cell lung cancer (NSCLC). We investigated whether dual inhibition of MET/EGFR results in clinical
benefit in patients with NSCLC.

Patients and Methods
Patients with recurrent NSCLC were randomly assigned at a ratio of one to one to receive
onartuzumab plus erlotinib or placebo plus erlotinib; crossover was allowed at progression. Tumor
tissue was required to assess MET status by immunohistochemistry (IHC). Coprimary end points
were progression-free survival (PFS) in the intent-to-treat (ITT) and MET-positive (MET IHC
diagnostic positive) populations; additional end points included overall survival (OS), objective
response rate, and safety.

Results
There was no improvement in PFS or OS in the ITT population (n � 137; PFS hazard ratio [HR], 1.09;
P � .69; OS HR, 0.80; P � .34). MET-positive patients (n � 66) treated with erlotinib plus onartuzumab
showed improvement in both PFS (HR, .53; P � .04) and OS (HR, .37; P � .002). Conversely, clinical
outcomes were worse in MET-negative patients treated with onartuzumab plus erlotinib (n � 62; PFS
HR, 1.82; P � .05; OS HR, 1.78; P � .16). MET-positive control patients had worse outcomes versus
MET-negative control patients (n � 62; PFS HR, 1.71; P � .06; OS HR, 2.61; P � .004). Incidence of
peripheral edema was increased in onartuzumab-treated patients.

Conclusion
Onartuzumab plus erlotinib was associated with improved PFS and OS in the MET-positive
population. These results combined with the worse outcomes observed in MET-negative patients
treated with onartuzumab highlight the importance of diagnostic testing in drug development.

J Clin Oncol 31:4105-4114. © 2013 by American Society of Clinical Oncology

INTRODUCTION

Non–small-cell lung cancer (NSCLC) represents
85% of all lung cancer cases; once metastatic, me-
dian survival is 10 to 12 months.1 Treatment with
erlotinib, a small-molecule inhibitor of the epider-
mal growth factor receptor (EGFR), improves sur-
vival in patients with recurrent NSCLC and
progression-free survival (PFS) in patients with un-
treated NSCLC with EGFR-activating mutations.2-4

Unfortunately, resistance eventually occurs; thus,
understanding mechanisms of resistance has been
the focus of much research.

MET, a transmembrane tyrosine kinase recep-
tor, is involved in cell proliferation, survival, motil-
ity, and invasion in normal and tumor cells.5 MET is
frequently dysregulated in tumor cells via multi-
ple mechanisms, particularly elevated expression,
with or without gene amplification.5,6 Elevated
MET expression, observed commonly in NSCLC
tumor tissues (61%),7 has been associated with
worse prognosis.5,8,9

MET activation increases the expression of
some EGFR ligands,10 and coactivation of EGFR
and MET is described in a distinct subset of
NSCLCs.11 Genetic amplification/overexpression of
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MET has been implicated as a mechanism of erlotinib resistance in
tumors with EGFR-activating mutations,12 and resistance to erlo-
tinib has been observed in an NSCLC wild-type cell line (H596) on
MET activation.13 Thus, EGFR and MET may cooperate in driv-
ing tumorigenesis.

MET is activated on binding by hepatocyte growth factor (HGF;
also known as scatter factor), the only known ligand for the MET
receptor.5 Onartuzumab (MetMAb; Genentech, South San Francisco,
CA) is a humanized monovalent (one-armed) monoclonal antibody
that binds the extracellular domain of MET to block HGF binding and
activation.14,15 The unique one-armed design of onartuzumab cir-
cumvents agonist activity observed with bivalent anti-MET antibod-
ies.16 We conducted a global, randomized, placebo-controlled, phase
II study in patients with recurrent NSCLC evaluating onartuzumab
plus erlotinib versus placebo plus erlotinib.

PATIENTS AND METHODS

Patients

Eligible patients had to be age � 18 years; have received one or two
systemic regimens (including platinum-based chemotherapy) for advanced
(stage IIIB/IV) NSCLC; have an Eastern Cooperative Oncology Group perfor-
mance status (ECOG PS) � 2; have measurable disease; consent to providing
sufficient representative tumor tissue; and have adequate hematologic, renal,
and liver function. Key exclusion criteria included � 30 days of exposure to an
EGFR-targeted therapy, untreated CNS metastasis, or any major medical
condition that could interfere with participation.

Study Design

The study was sponsored and study drugs provided by Genentech. The
protocol was approved by the institutional review board of each participating
center and conducted according to the Declaration of Helsinki. All patients

provided written informed consent. The clinical investigators collected the
data, which were stored by the sponsor.

OAM4558g was a phase II, double-blind, placebo-controlled, ran-
domized (ratio of one to one) global trial designed to evaluate the activity
and safety of onartuzumab plus erlotinib versus placebo plus erlotinib in
patients with recurrent NSCLC. Dynamic hierarchic random assignment
was performed through an interactive voice response system and stratified
according to smoking status (never or � 100 cigarettes lifetime v current
smoker or � 100 cigarettes), ECOG PS (0/1 v 2), and histology (squamous
cell carcinoma [SCC] v non-SCC). After disease progression, patients
randomly assigned to placebo plus erlotinib could receive onartuzumab
added to erlotinib, provided they met specific eligibility criteria (ECOG
PS � 2, no new CNS metastasis).

Study Treatments

Onartuzumab (15 mg/kg diluted in 0.9% normal saline solution to
total volume of 250 cm3) or placebo (250 cm3 0.9% normal saline solution
provided by investigative site) was administered by intravenous infusion
every 3 weeks. Erlotinib was administered orally at 150 mg daily; dose
reductions (to no less than 50 mg daily) or interruptions (� 7 consecutive
days) for related toxicities were permitted. No dose reductions of onartu-
zumab were allowed. Blinded treatment continued until disease progres-
sion, unacceptable toxicity, or death.

Assessments

During the study, tumor measurement and survival status were collected
for evaluation of PFS, overall survival (OS), and objective response rate (ORR).
Computed tomography (CT) scans were obtained at baseline and every two
cycles (6 weeks) for the first six cycles and then every three cycles thereafter.
Disease status per RECIST was assessed by the investigator. Patients were also
monitored for adverse events (AEs), changes in laboratory values, and physical
examination findings.

Tumor Tissue Assessments

Tumor tissue, archival permitted, was collected for confirmation of
NSCLC and evaluation of MET expression by immunohistochemistry (IHC)
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(n = 1)
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   Death
   Physician decision to discontinue 
      treatment
   Patient decision to discontinue
       treatment
   Sponsor decision to terminate 
      study

(n = 67)
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Fig 1. CONSORT diagram. IHC, immunohistochemistry.
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using the CONFIRM SP44 anti-MET monoclonal antibody (Ventana Medical
Systems, Tucson, AZ; cat No. 790-4430). A MET IHC scoring system was used
to evaluate both staining intensity (negative, weak, moderate, or strong) and
prevalence of these intensities in tumor cells.17 The four MET diagnostic
subgroups were defined as: 3� (� 50% of tumor cells staining with strong
intensity); 2� (� 50% of tumor cells with moderate or higher staining but
� 50% with strong intensity); 1� (� 50% of tumor cells with weak or higher
staining but � 50% with moderate or higher intensity); or 0 (no staining or
�50% of tumor cells with any intensity). MET positivity was defined as a score
of 2� or 3�. MET status was determined centrally after random assignment
and before unblinding.

Statistical Analysis

The coprimary end points were PFS in the intent-to-treat (ITT)
and MET-positive populations, defined as the time from random assign-
ment to the first occurrence of disease progression (according to RECIST
1.0) or death resulting from any cause within 30 days of the last treatment
or the latest CT assessment (censored). It was anticipated that 50% of
enrolled patients would have MET-positive tumors. The study was to
accrue 120 patients to provide 84 PFS events overall, with 42 in the
MET-positive population. For patients with MET-positive tumors, the
median PFS in the control arm was expected to be 3.3 months, and
the desired median PFS in the onartuzumab plus erlotinib arm was 5.5

Table 1. Patient Demographic and Clinical Characteristics

Characteristic

ITT MET Negative MET Positive

Placebo Plus
Erlotinib
(n � 68)

Onartuzumab
Plus Erlotinib

(n � 69)

Placebo Plus
Erlotinib
(n � 31)

Onartuzumab
Plus Erlotinib

(n � 31)

Placebo Plus
Erlotinib
(n � 31)

Onartuzumab
Plus Erlotinib

(n � 35)

No. % No. % No. % No. % No. % No. %

Age, years
Median 63 64 61 63 64 66
Range 42-83 30-83 42-83 45-82 44-82 30-83

Sex�

Male 42 62 40 58 17 55 20 65 20 65 18 51
Female 26 38 29 42 14 45 11 35 11 35 17 49

Race�

White 61 90 61 88 28 90 27 87 28 90 32 91
Black or African American 5 7 4 6 3 10 3 10 1 3 1 3
Asian 1 1 2 3 0 0 0 0 1 3 1 3
Other 0 0 1 1 0 0 0 0 0 0 1 3
Not available 1 1 1 1 0 0 1 3 1 3 0 0

ECOG PS�

0 21 31 22 32 9 29 8 26 10 32 13 37
1 45 66 43 62 22 71 20 65 19 61 21 60
2 2 3 4 6 0 0 3 10 2 6 1 3

Histology�

Adenocarcinoma 41 60 40 58 17 55 12 39 21 68 26 74
Squamous cell 20 29 20 29 12 39 14 45 5 16 5 14
Large cell 3 4 6 9 1 3 4 13 2 6 2 6
Bronchioloalveolar 1 1 0 0 0 0 0 0 1 3 0 0
Other 3 4 3 4 1 3 1 3 2 6 2 6

Smoking history�

Current/former 60 88 59 86 30 97 29 93 25 81 28 80
Never-smoker† 8 12 10 14 1 3 2 7 6 19 7 20

Line of therapy�

Second 46 68 46 67 20 65 21 68 22 71 22 63
Third 22 32 23 33 11 35 10 32 9 29 13 37

MET IHC status�

Positive 31 46 35 51 0 0 0 0 31 100 35 100
Negative 31 46 31 45 31 100 31 100 0 0 0 0
Unknown 6 9 3 4 0 0 0 0 0 0 0 0

KRAS mutation�

Wild type 43 63 43 62 21 68 19 61 20 65 24 69
Mutant 13 19 13 19 7 23 6 19 6 19 7 20
Unknown 12 18 13 19 3 10 6 19 5 16 4 11

EGFR mutation�

Wild type 50 74 49 71 24 77 25 81 24 77 24 69
Mutant 6 9 7 10 4 13 0 0 2 7 7 20
Unknown 12 18 13 19 3 10 6 19 5 16 4 11

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance status; IHC, immunohistochemistry; ITT, intent to treat.
�Because of rounding, some percentages do not sum to 100.
†Never-smokers defined as those who had never smoked or smoked � 100 cigarettes in lifetime.
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months, corresponding to a hazard ratio (HR) of 0.6. The type I
(two-sided) and II error rates were set as 10% and 50%, respectively.
Additional objectives included assessment of OS, ORR, safety, and tolera-
bility. All outcomes were assessed in the ITT and MET diagnostic groups.
Median PFS and OS were estimated from Kaplan-Meier curves. Stratified

log-rank test was used to test the difference in PFS and OS between
treatment arms. Estimated HRs and 95% CIs were determined using a
stratified Cox regression model. All authors reviewed the data and manu-
script and vouch for the accuracy, completeness, and fidelity of this report
to the study protocol.
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Fig 2. Kaplan-Meier estimates of (A, B, C) progression-free and (D, E, F) overall survival outcomes in (A, D) intent-to-treat, (B, E) MET-positive, and (C, F) MET-negative
populations. HR, hazard ratio.
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RESULTS

Patients

From March 2009 to August 2010, 137 patients were randomly
assigned, 69 to onartuzumab plus erlotinib and 68 to placebo plus
erlotinib. One hundred thirty-six patients received at least one dose of
study treatment (one patient assigned to placebo was removed for

pain before receiving any study drug; Fig 1). Median patient follow-up
was 10.4 months (range, .1 to 18.4 months).

Baseline characteristics were well balanced between the treat-
ment groups in the ITT population and within the MET diagnostic
subgroups, with the exception of EGFR mutation status (Table 1). Of
note, SCC was more prevalent in MET-negative versus MET-positive
patients (42% v 15%, respectively), whereas never-smokers were less
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prevalent in MET-negative versus MET-positive patients (5% v
20%, respectively).

All patients enrolled had tissue submitted for analysis. MET sta-
tus was determined in 128 patients (93%; Fig 1); 66 (52%) were MET
positive. Mutation testing was performed in 112 patients (88%): 26
(23%) harbored a KRAS mutation, and 13 (12%) had a nonoverlap-
ping EGFR mutation.

Twenty-seven patients (12 MET positive, 13 MET negative, and
two MET with status unevaluable) randomly assigned to placebo had
onartuzumab added to continued treatment with erlotinib at the time
of disease progression (Fig 1).

Efficacy

PFS. PFS did not differ between treatment arms (median, 2.6
months for placebo plus erlotinib v 2.2 months for onartuzumab plus
erlotinib; HR, 1.09; P � .69; Fig 2A) in the ITT population. However,
the addition of onartuzumab treatment resulted in a 47% reduction in
the risk of disease progression in the MET-positive subgroup, which
was statistically significant (median, 1.5 v 2.9 months; HR: 0.53;
P � .04; Fig 2B). MET-negative patients experienced progression
earlier with onartuzumab versus placebo (median, 2.7 v 1.4 months;
HR, 1.82; P � .05; Fig 2C).

OS. OS did not differ significantly between treatment arms
(median, 7.4 months for placebo plus erlotinib v 8.9 months for
onartuzumab plus erlotinib; HR, 0.80; P � .34; Fig 2D) in the ITT
population. However, the addition of onartuzumab nearly tripled
survival compared with placebo in the MET-positive population (me-
dian, 3.8 v 12.6 months, HR, 0.37; P � .002; Fig 2E). In the MET-
negative population, those randomly assigned to onartuzumab had
shorter survival versus those receiving placebo (median, 15.3 v 8.1
months; HR, 1.78; P � .16; Fig 2F).

ORRs. The ORRs were not significantly different between the
two treatment arms in all three specified populations (ITT: 4.4% for
placebo plus erlotinib v 5.8% for onartuzumab plus erlotinib; MET
positive: 3.2% v 8.6%; MET negative: 6.5% v 3.2%; Appendix Table
A1, online only).

Exploratory and sensitivity analyses. The impact of demo-
graphic and baseline characteristics, including histology, smoking
history, sex, baseline ECOG PS, line of therapy, age, MET IHC
score (0, 1�, 2�, or 3�), EGFR mutation status, and KRAS mu-
tation status, on PFS and OS was examined using exploratory
analyses. Analysis of the MET-positive subgroup for both PFS
(data not shown) and OS (Fig 3A) showed that the treatment effect
of onartuzumab plus erlotinib was similar across most of the
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Fig 4. Kaplan-Meier estimates of (A, B) progression-free and (C, D) overall survival in (A, C) MET-positive and (B, D) MET-negative populations, excluding known EGFR
mutation–positive patients. HR, hazard ratio.
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Table 2. Most Commonly Reported AEs

AE

ITT MET Negative MET Positive

Placebo Plus
Erlotinib
(n � 67)

Onartuzumab
Plus Erlotinib

(n � 69)

Placebo Plus
Erlotinib
(n � 31)

Onartuzumab
Plus Erlotinib

(n � 31)

Placebo Plus
Erlotinib
(n � 31)

Onartuzumab
Plus Erlotinib

(n � 35)

No. % No. % No. % No. % No. % No. %

Rash
All grades 41 61.2 42 60.9 18 58.1 18 58.1 19 61.3 22 62.9
Grade 3 2 3.0 6 8.7 1 3.2 2 6.5 1 3.2 4 11.4
Grade 4 0 0.0 1 1.4 0 0.0 0 0.0 0 0.0 1 2.9

Diarrhea
All grades 35 52.2 28 40.6 17 54.8 8 25.8 13 41.9 18 51.4
Grade 3 3 4.5 4 5.8 1 3.2 1 3.2 2 6.5 3 8.6
Grade 4 0 0.0 1 1.4 0 0.0 0 0.0 0 0.0 1 2.9

Fatigue�

All grades 24 35.8 22 31.9 11 35.5 6 19.4 12 38.7 16 45.7
Grade 3 2 3.0 6 8.7 1 3.2 2 6.5 1 3.2 4 11.4

Nausea�

All grades 21 31.3 22 31.9 10 32.3 9 29.0 9 29.0 13 37.1
Grade 3 2 3.0 0 0.0 1 3.2 0 0.0 1 3.2 0 0.0

Decreased appetite�

All grades 16 23.9 14 20.3 5 16.1 4 12.9 10 32.3 10 28.6
Grade 3 1 1.5 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0

Dyspnea�

All grades 16 23.9 13 18.8 6 19.4 4 12.9 8 25.8 8 22.9
Grade 3 3 4.5 3 4.3 1 3.2 1 3.2 2 6.5 1 2.9

Cough†
All grades 13 19.4 13 18.8 7 22.6 4 12.9 6 19.4 7 20.0

Vomiting†
All grades 13 19.4 4 5.8 7 22.6 2 6.5 5 16.1 2 5.7

Anemia�

All grades 10 14.9 10 14.5 3 9.7 4 12.9 6 19.4 6 17.1
Grade 3 1 1.5 0 0.0 1 3.2 0 0.0 0 0.0 0 0.0

Dermatitis acneiform†
All grades 10 14.9 10 14.5 6 19.4 5 16.1 3 9.7 5 14.3

Dry skin†
All grades 10 14.9 8 11.6 5 16.1 2 6.5 5 16.1 5 14.3

Pain�

All grades 8 11.9 4 5.8 6 19.4 0 0.0 1 3.2 4 11.4
Grade 3 3 4.5 1 1.4 3 9.7 0 0.0 0 0.0 1 2.9

Pruritus†
All grades 8 11.9 4 5.8 3 9.7 3 9.7 5 16.1 0 0.0

Anxiety
All grades 7 10.4 6 8.7 2 6.5 2 6.5 4 12.9 3 8.6

Back pain�

All grades 7 10.4 7 10.1 2 6.5 5 16.1 5 16.1 2 5.7
Grade 3 2 3.0 1 1.4 1 3.2 1 3.2 1 3.2 0 0.0

Chest pain†
All grades 7 10.4 2 2.9 5 16.1 1 3.2 2 6.5 1 2.9

Pyrexia�

All grades 6 9.0 10 14.5 2 6.5 5 16.1 3 9.7 5 14.3
Grade 3 0 0.0 1 1.4 0 0.0 0 0.0 0 0.0 1 2.9

Asthenia�

All grades 6 9.0 9 13.0 3 9.7 4 12.9 2 6.5 5 14.3
Grade 3 0 0.0 3 4.3 0 0.0 0 0.0 0 0.0 3 8.6

Urinary tract infection†
All grades 6 9.0 4 5.8 4 12.9 2 6.5 2 6.5 2 5.7

Insomnia�

All grades 5 7.5 8 11.6 2 6.5 3 9.7 3 9.7 5 14.3
Grade 3 0 0.0 1 1.4 0 0.0 0 0.0 0 0.0 1 2.9

(continued on following page)
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subgroups. The statistical significance of the treatment effect on OS
was maintained in the MET-positive subgroup after adjusting for
sex in the Cox regression model (OS: HR, 0.35; P � .0013). Simi-
larly, results for most subgroups of the ITT population were con-
sistent with the OS primary analysis (Fig 3B).

PFS and OS analyses, removing known EGFR mutation–positive
patients, were performed to address the imbalance in both MET-
positive and MET-negative populations. The overall interpretation of
the results was unchanged (Fig 4).

Prognosis, assessed in patients assigned to placebo plus erlotinib,
was worse in MET-positive versus MET-negative patients for both
PFS (HR, 1.71; P � .06) and OS (HR, 2.61; P � .004; Appendix Fig A1,
online only).

For patients originally randomly assigned to receive placebo who
chose to receive onartuzumab added to continued erlotinib treatment,
the majority experienced events at or before the next subsequent
tumor assessment. There was no difference in PFS for these patients
based on their tumor MET status (median, 1.3 months for MET
positive v 1.5 months for MET negative).

IHC evaluation. To determine the appropriateness of the IHC
cut point of � 50% of tumor cells staining moderately or strongly,
outcome analyses were performed in populations with � 10% or
� 90% of tumor cells staining at moderate to strong intensity. Com-
pared with the 50% cutoff, treatment benefit in both PFS and OS was
diminished using the less stringent cutoff of � 10% (PFS: HR, 0.78;
P � .317; OS: HR, 0.52; P � .023) and was similar using the more
stringent cutoff of � 90% (PFS: HR, 0.47; P � .028; OS: HR, 0.3;
P � .001). To assess the adequacy of the intensity cut point, PFS and
OS were assessed by each of the four MET IHC scores (3�, 2�, 1�, 0).
The benefit of adding onartuzumab was maintained in both 2� and
3�, and the detriment was observed in both 0 and 1� (Appendix Fig
A2, online only).

Safety

During the blinded stage, 129 patients (94.2%) discontinued
onartuzumab/placebo treatment: 62 patients (89.9%) in the onartu-
zumab plus erlotinib arm and 67 patients (98.5%) in the placebo plus
erlotinib arm. The rate of discontinuation because of AEs was slightly

higher in the onartuzumab plus erlotinib arm (11.6%) compared with
the placebo plus erlotinib arm (4.4%). Within the onartuzumab plus
erlotinib arm, this rate was higher in MET-positive patients (22.9%)
than in MET-negative patients (6.5%). The most common reason for
treatment discontinuation was disease progression (onartuzumab
plus erlotinib, 42 patients [60.9%]; placebo plus erlotinib, 50 patients
[73.5%]; Fig 1).

The most common AEs (all grades) in the safety-evaluable pop-
ulation (n � 136) were rash (60.9% v 61.2%), diarrhea (40.6% v
52.2%), fatigue (31.9% v 35.8%), and nausea (31.9% v 31.3%) for
erlotinib plus onartuzumab versus erlotinib plus placebo, respectively
(Table 2). AEs more frequently observed with onartuzumab were
peripheral edema, pyrexia, asthenia, insomnia, and pneumonia. Most
were grade 1 or 2 in severity. For patients originally randomly assigned
to receive placebo who chose to receive onartuzumab added to con-
tinued erlotinib, the subsequent AE profile was similar.

Grade � 3 AEs were more frequent in patients receiving onartu-
zumab, regardless of MET status; however, no specific pattern was
identified (Table 2). In the ITT population, serious AEs were reported
in 42.0% of patients randomly assigned to onartuzumab and in 32.8%
of patients randomly assigned to placebo. A majority of serious AEs
were grade 3 in severity and indistinguishable from the underlying
disease (pneumonia, dyspnea, hemoptysis, pulmonary embolism, re-
spiratory distress) or from a potential erlotinib effect (interstitial lung
disease and rash). There were four AEs, primarily NSCLC associated,
that resulted in death in each treatment arm (Appendix Table A2,
online only).

DISCUSSION

Patients with MET-positive NSCLC seemed to benefit from the com-
bination of onartuzumab and erlotinib. Patients randomly assigned to
placebo plus erlotinib performed similarly to historic controls.18,19

Consistent with previous reports, MET expression was associated with
worse prognosis. The addition of onartuzumab in MET-positive pa-
tients resulted in median PFS and median OS results similar to those
observed in MET-negative patients receiving erlotinib alone. This

Table 2. Most Commonly Reported AEs (continued)

AE

ITT MET Negative MET Positive

Placebo Plus
Erlotinib
(n � 67)

Onartuzumab
Plus Erlotinib

(n � 69)

Placebo Plus
Erlotinib
(n � 31)

Onartuzumab
Plus Erlotinib

(n � 31)

Placebo Plus
Erlotinib
(n � 31)

Onartuzumab
Plus Erlotinib

(n � 35)

No. % No. % No. % No. % No. % No. %

Peripheral edema�

All grades 5 7.5 16 23.2 3 9.7 7 22.6 2 6.5 8 22.9
Grade 3 0 0.0 2 2.9 0 0.0 0 0.0 0 0.0 2 5.7

Pneumonia‡
All grades 3 4.5 5 7.2 2 6.5 4 12.9 1 3.2 1 2.9
Grade 3 2 3.0 4 5.8 1 3.2 3 9.7 1 3.2 1 2.9
Grade 5 0 0.0 1 1.4 0 0.0 1 3.2 0 0.0 0 0.0

NOTE. Table shows AEs occurring at frequency of � 10%, ordered by frequency in placebo plus erlotinib (ITT) group.
Abbreviations: AE, adverse event; ITT, intent to treat.
�No grade 4 or 5 AEs.
†No grade 3 to 5 AEs.
‡No grade 4 AEs.
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suggests that the addition of onartuzumab to erlotinib in MET-
positive patients abrogated the negative prognostic effect of MET
expression. Clinical benefit from the addition of onartuzumab to
erlotinib was observed in nearly all analyzed MET-positive subgroups.
Furthermore, the degree of benefit seemed to be proportional to the
relative intensity of MET expression, supporting the criteria used to
define MET-positive disease.

In the MET-positive population, the ORRs were low (confined
mostly to those harboring EGFR mutations), and there was no differ-
ence between treatment groups. Interestingly, the magnitude of gain
in median OS in the onartuzumab versus placebo treatment arms was
much greater than that in median PFS (median OS gain of 8.8 months
v 1.4 months for mPFS).

Low response rates, coupled with a disproportionate PFS to OS
improvement, suggest that blockade of MET signaling in MET-positive
disease may be acting through a mechanism distinctly different from
other receptor tyrosine kinase inhibitors. MET has been implicated in the
spread of metastases, and therefore, the therapeutic benefit of onartu-
zumab may derive from inhibition of cancer-cell migration and invasion
rather than direct inhibition of existing tumor growth.

Analyses of pharmacokinetics, safety, AEs, patterns of disease
progression, and cause of death did not explain the worse outcome
observed in the MET-negative population treated with onartuzumab
plus erlotinib. The pharmacokinetics of both agents was not altered
(data not shown), nor were there obvious safety signals to explain the
findings. MET, like other proteins, has been postulated to possess both
tumor-suppressor and oncogenic properties.20 If such were the case in
NSCLC, MET might be acting as a tumor suppressor in MET-negative
disease and as an oncogene in MET-positive disease. Alternatively,
dual inhibition of EGFR and MET may have different consequences in
tumors with lower versus higher MET expression, suggesting this
phenomenon may only be seen against a background of EGFR inhi-
bition. The worse outcomes observed in the onartuzumab-treated
MET-negative NSCLC population may be an effect unique to patients
with NSCLC. Other cancers for which MET has been described as a
negative prognostic factor, such as gastric cancer,21 exhibit lower levels
of MET expression as measured by IHC using the SP44 antibody
(unpublished data). The definition of MET positivity used to predict
for benefit from onartuzumab may differ for cancers other than
NSCLC. Future studies evaluating outcomes in patients with MET-
negative tumors treated with onartuzumab will require close observa-
tion for similar results.

Despite the supporting sensitivity analyses regarding the efficacy
outcomes and diagnostic cut points, there are limitations to this study,
including small sample size, which could have been affected by both
known and unknown confounders, and no prospective stratification
on MET status (definition of MET positivity was determined before
unblinding but after random assignment). Nonetheless, the results are
encouraging given the magnitude of benefit observed in more than
one half of the study patients with NSCLC. Without a diagnostic
hypothesis, the results observed in the ITT population would have
likely led to a decision to discontinue onartuzumab development.

Combined with the observations in the MET-negative subgroup,
these results highlight the importance of diagnostic development in
clinical oncology studies. The activity observed in this study, com-
bined with the prevalence of MET and its association with poor prog-
nosis in other indications, provides a rationale for further clinical
evaluation in NSCLC and other indications. A randomized phase III
study evaluating erlotinib with or without onartuzumab in patients
with MET-positive NSCLC is under way.
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North America: Dr David R. Spigel (Sarah Cannon Research Institute [SCRI], Tennessee Oncology, Nashville, TN); Dr Thomas
Ervin (SCRI, Florida Cancer Specialists, Fort Myers, FL); Dr Davey Daniel (SCRI, Chattanooga Oncology and Hematology Associates,
Chattanooga, TN); Dr Jerome Goldschmidt (Blue Ridge Cancer Care, Salem, VA); Dr George Blumenschein (MD Anderson Cancer
Center, Houston, TX); Dr Ramaswamy Govindan (Washington University, St Louis, MO); Dr Taral Patel (Mid Ohio Oncology
Hematology, Columbus, OH); Dr Michael Wertheim (Hematology Onc Treasure Coast, Port St Lucie, FL); Dr Elke Friedman (SCRI,
Virginia Cancer Institute, Richmond, VA); Dr Fred Kudrik (SCRI, South Carolina Oncology Associates, Columbia, SC); and Dr Ian
Anderson (Redwood Regional Med Group, Santa Rosa, CA).

Europe and Australia: Dr Rodryg Ramlau (Centrum Pulmonologii i Torakochirurgii, Poznan, Poland); Professor Maciej J.
Krzakowski (Centrum Onkologii, Warsaw, Poland); Dr Gilles Robinet (University Hospital Morvan, Brest, France); Professor Yves
Martinet (Hôpital de Brabois, Nancy, France); Professor Fabrice Barlesi (Assistance Publique Hopitaux de Marseille [APHM], Université
Méditerranée, Marseille, France); Professor Sergey Orlov (Gosudarstvennogo Obrazovatelnogo Uchrezhdeniya Vysshego Professional-
nogo Obrazovaniya [GOU VPO], St Petersburg, Russia); Professor Christina Brambilla (Centre Hospitalier Universitaire [CHU] de
Grenoble, France); Professor Eric Dansin (Centre Oscar Lambret, Lille, France); Professor Anne Madroszyk (Institut Paoli-Calmettes,
Marseille, France); Professor Alain Vergnenegre (Hopital du Cluzeau, Limoges, France); Dr Michael Boyer (Royal Prince Alfred Hospital,
Camperdown, New South Wales, Australia); Dr Philip Clingan (Southern Medical Day Care, Wollongong, New South Wales, Australia);
Dr Elisabeth Quoix (Nouvel Hopital Civil, Strasbourg, France); and Dr Piotr Sawrycki (Szpital Zespolony w Toruniu, Torun, Poland).

Table A1. ORRs in Randomly Assigned Patients

ORR

ITT (n � 137) MET Positive (n � 66) MET Negative (n � 62)

Placebo Plus
Erlotinib
(n � 68)

Onartuzumab
Plus Erlotinib

(n � 69)

Placebo Plus
Erlotinib
(n � 31)

Onartuzumab
Plus Erlotinib

(n �35)

Placebo Plus
Erlotinib
(n � 31)

Onartuzumab
Plus Erlotinib

(n � 31)

No. % No. % No. % No. % No. % No. %

No. of patients experiencing OR 3 4.4� 4 5.8� 1 3.2 3 8.6 2 6.5 1 3.2
95% CI 1.2 to 11.7 2.0 to 13.9 0.2 to 16.1 2.4 to 21.5 1.2 to 20.0 0.2 to 16.1

Difference in ORR 1.4 5.3 �3.2
95% CI �6.0 to 8.7 �5.8 to 16.5 �13.9 to 7.4
Stratified P .7101 .3671 .6726

Abbreviations: ITT, intent to treat; OR, objective response; ORR, objective response rate.
�Six of these patients had known EGFR mutation–positive tumors.
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Table A2. Summary of Safety Data

AE

All Patients MET Negative MET Positive

Placebo Plus
Erlotinib
(n � 67)

Onartuzumab
Plus Erlotinib

(n � 69)

Placebo Plus
Erlotinib
(n � 31)

Onartuzumab
Plus Erlotinib

(n � 31)

Placebo Plus
Erlotinib
(n � 31)

Onartuzumab
Plus Erlotinib

(n � 35)

No. % No. % No. % No. % No. % No. %

Any adverse event 67 100.0 68 98.6 31 100.0 31 100.0 31 100.0 35 100.0
Grade � 3 32 47.8 38 55.1 13 41.9 17 54.8 17 54.8 20 57.1
Grade 3 25 37.3 26 37.7 12 38.7 10 32.3 11 35.5 15 42.9
Grade 4 4 4.5 8 11.6 1 3.2 4 12.9 2 6.5 4 11.4
Serious AE 22 32.8 29 42.0 9 29.0 13 41.9 11 35.5 15 42.9
AE leading to onartuzumab/

placebo discontinuation 2 3.0 10 14.5 0 0.0 2 6.5 2 6.5 8 22.9
AE leading to death 4 6.0 4 5.8 0 0.0 3� 9.7 4† 12.9 1‡ 2.9

Abbreviation: AE, adverse event.
�AEs reported: hemoptysis, pulmonary embolism, and pneumonia.
†AEs reported: interstitial lung disease, respiratory distress (n � 2), and unspecified cause (n � 1).
‡AE reported: aspiration pneumonia.
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Fig A1. (A) Overall and (B) progression-free survival by MET status in patients receiving erlotinib plus placebo. HR, hazard ratio.
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Fig A2. Forest plots of (A) progression-free and (B) overall survival by MET immunohistochemistry (IHC) cutoff (� 10%, � 50%, and � 90%) and MET IHC score
(0, 1�, 2�, and 3�). HR, hazard ratio.
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