Invest New Drugs (2015) 33:671-678
DOI 10.1007/s10637-015-0234-6

PHASE I STUDIES

A phase 1 study of ABT-806 in subjects with advanced

solid tumors

James M. Cleary'>® - David A. Reardon'? - Nilofer Azad® - Leena Gandhi'? -
Geoffrey I. Shapiro'>* . Jorge Chaves* - Michelle Pedersen® - Peter Ansell® -
William Ames® - Hao Xiong® - Wijith Munasinghe® - Matt Dudley” - Edward B. Reilly* -

Kyle Holen® - Rod Humerickhouse®

Received: 18 February 2015 / Accepted: 19 March 2015 /Published online: 17 April 2015

© Springer Science+Business Media New York 2015

Summary Purpose ABT-806, a humanized recombinant
monoclonal antibody, binds a unique epidermal growth factor
receptor (EGFR) epitope exposed in the EGFRde2-7
(EGFRVIII) deletion mutant and other EGFR proteins in the
activated state. This phase I study evaluated the safety, phar-
macokinetics, and recommended phase two dose (RP2D) of
ABT-806 in patients with solid tumors that commonly over-
express activated EGFR or EGFRVIIL. Methods Patients with
advanced solid tumors, including glioblastoma, were eligible.
Following a dose escalation phase, expanded safety cohorts of
patients with solid tumors or EGFR-amplified glioblastoma
were enrolled. Adverse events (AEs) were graded by National
Cancer Institute Common Terminology Criteria for Adverse
Events v4.0; tumor response was assessed by Response Eval-
uation Criteria in Solid Tumors v1.1. EGFR protein expres-
sion was quantified by immunohistochemistry. Results 49 pa-
tients were treated. Frequent AEs (=10 %) possibly/probably
related to ABT-806 were fatigue (18 %), nausea (16 %), der-
matitis acneiform (12 %), and vomiting (10 %). Only one
dose-limiting toxicity (grade three morbilliform rash)
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occurred. The RP2D was the pre-specified highest dose
(24 mg/kg). Systemic exposures were dose proportional be-
tween 2 and 24 mg/kg. Median time to progression was
55 days (95 % confidence interval, 53—57) in all patients and
43 days (22-57) for glioblastoma patients. No objective re-
sponses occurred; however, two patients had prolonged stable
disease. An EGFR-amplified penile cancer patient has stable
disease lasting over 2.5 years. Conclusions ABT-806 has
unique pharmacokinetic and safety profiles. Toxicities were
infrequent and typically low grade at the RP2D. Linear
ABT-806 pharmacokinetics suggest lack of significant bind-
ing to wild-type EGFR in normal tissues.
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Introduction

Tyrosine kinase signaling is responsible for triggering growth
and proliferation during normal physiologic development.
Many human cancers exploit these signaling pathways
through activation of growth factors and receptors in the tyro-
sine kinase family [1]. The epidermal growth factor receptor
(EGFR) is a member of the transforming growth factor recep-
tors, known to be dysregulated in a variety of epithelial can-
cers [2]. When activated, EGFR signals through mitogen-
activated protein kinase (MAPK) and phosphatidylinositol-
3-kinase (PI-3 kinase) pathways, leading to proliferation, sur-
vival, and metastasis [3].

EGFR overexpression has been linked to breast, brain,
head and neck, colon, penile, squamous cell lung, and pancre-
atic cancers, among others [4, 5]. Glioblastoma (GBM), the
most common malignant brain tumor in adults, is highly ag-
gressive. EGFR is overexpressed in approximately 50 % of
primary GBM tumors [6]. Genetic alterations conferring
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constitutive activity to the receptor are also enriched in the
subset of GBM tumors harboring EGFR amplification [6].
Although the specific type of mutation is variable, the most
common form, EGFRVIII, lacks the ligand-binding domain
from exons 2-7, conferring unregulated kinase activity [0,
7]. Patients with GBM have a poor prognosis, making EGFR
a promising target in this and other populations with EGFR
overexpression.

Two classes of anti-EGFR drugs have been approved for a
number of cancer types, including monocolonal antibodies
(mAbs) that block EGFR ligand binding (eg, cetuximab,
panitumumab) and EGFR-directed tyrosine kinase inhibitors
(eg, erlotinib, gefitinib, and afatinib). Although these therapies
have demonstrated clinical efficacy, including prolongation of
progression-free survival (PFS) and/or overall survival (OS),
nearly all patients eventually develop resistance [8, 9]. In ad-
dition, a high frequency of dermatologic toxicities, most com-
monly a skin rash resembling acne, can impact patient quality
of life and affect patient compliance [10].

Currently available antibody-based therapies target wild-
type EGFR by binding to an exposed domain on the receptor
to prevent dimerization and activation. Studies with
cetuximab demonstrate that antibody binding induces EGFR
cellular internalization and degradation, causing a decrease in
proliferative signaling through Erk-1 and —2, as well as in-
creased pro-apoptotic signaling through activation of Bax and
downregulation of Bcl-2 [11, 12]. Although selective for
EGFR, this approach targets all expressed receptors at the cell
surface irrespective of the activation state. In addition, because
EGFR is highly expressed in the skin, many anti-EGFR anti-
body therapies require saturating doses to reach steady-state
serum levels and achieve a therapeutic effect [13].

ABT-806 is a novel, humanized recombinant immunoglob-
ulin (Ig) G1x mAD that binds to a unique EGFR epitope ex-
posed in the constitutively active EGFRVIII deletion mutant
and EGFR proteins in the activated state [14, 15]. The activity
of the receptor is inhibited by binding of ABT-806 to this
epitope; however, this epitope is largely inaccessible when
wild-type EGFR is expressed at normal physiologic levels
[14]. This unique mechanism of inhibition may limit off-
target activity resulting from wild-type receptor downregula-
tion and decrease the frequency of common toxicities seen
with non-selective EGFR inhibiting agents.

ABT-806 has demonstrated antitumor activity in a range of
different preclinical cancer models, including mouse xenografts
derived from EGFR-amplified glioma cells, orthotopic models
of GBM, and de novo non—small cell lung cancer (NSCLC)
models [15-17]. A phase one study using a labeled chimeric
version of ABT-806 has also shown specific targeting of tumor
tissue in both solid tumors and gliomas, in addition to demon-
strating linear pharmacokinetics (PK) and mild toxicities [18].
Consequently, a study to evaluate ABT-806 in patients with
advanced solid tumors, including GBM, was initiated.
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Methods

This was a phase 1, open-label study evaluating the safety,
PK, and preliminary efficacy of ABT-806 in patients with
advanced solid tumors that have historically been associated
with either overexpression of activated EGFR or the presence
of EGFRUVIII. The first portion of the study evaluated the safe-
ty and PK profile of ABT-806 through escalating doses
(Fig. 1). The second portion of the study included an expand-
ed safety cohort that evaluated ABT-806 at the recommended
phase two dose (RP2D) in patients with advanced solid tu-
mors likely to overexpress activated EGFR or EGFRVIII, in-
cluding patients with EGFR-amplified GBM (Fig. 1). Intrave-
nous (IV) dosing began at 2 mg/kg every other week (eow).
Based on safety and PK results, IV dosing continued to esca-
late to 6, 12, 18 and 24 mg/kg eow.

Eligible patients were >18 years of age with a solid tumor
type known to either overexpress activated EGFR or to ex-
press EGFRvVIIL. Patients had measurable lesions, Eastern Co-
operative Oncology Group (ECOG) performance status of 0
to 2, adequate organ function, and tumor tissue available for
pharmacodynamic analysis. Patients with GBM were exclud-
ed from the dose escalation portion of the study, but were
enrolled in the expanded safety portion. All patients with
GBM were required to have demonstrated EGFR amplifica-
tion on archival tumor tissue. Patients were not eligible if they
were deemed to be at high risk for toxicities, had uncontrolled
central nervous system metastases, or had received prior anti-
cancer therapy within 21 days or prior EGFR-directed mono-
clonal antibody therapy within 4 weeks of study start. All
patients provided written informed consent. This study was
approved by local institutional review boards and was con-
ducted in accordance with Good Clinical Practice guidelines
and the Declaration of Helsinki. The ClinicalTrials.gov
indentifier is NCT01255657.

Dose escalation was conducted using a 3+3 design. Esca-
lation proceeded if the first three evaluable patients in a cohort
completed 4 weeks of dosing without experiencing a dose-
limiting toxicity (DLT). If one patient experienced a DLT, then
three more patients were enrolled into the cohort and were
evaluated. Escalation could continue, provided no additional
patients experienced a DLT at that dose level. The maximum
tolerated dose (MTD) was defined as the highest dose level at
which fewer than two of six patients (<33 %) experienced a
DLT. If the MTD was not reached, the RP2D was to be deter-
mined from overall safety and PK results. The highest dosing
cohort, 24 mg/kg, was chosen because the projected human
exposure was comparable to exposures in mice at the maxi-
mally efficacious dose. In addition, the highest dose tested
was also the highest possible dose formulation; therefore,
the RP2D could not exceed 24 mg/kg.

Plasma samples were collected at weeks one and seven for
determination of ABT-806 exposure (C,.x), terminal
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Fig. 1 Study design. EGFR=
epidermal growth factor receptor;
GBM=glioblastoma; eow=every

Expanded Cohorts at
Escalation Recommended Phase 2 Dose
Cohort r 1 v

other week: RPn=recommended Scresning —_— EGFR-amplified GBM (11 patients) ,
phase two dose (sDay -21)
> Cohort #1
Cohort #2 >
Other EGFR-positive tumors (12 patients)
Informed Day 1 RP2D
Consent Reached

elimination half-life (t;,,), and area under the serum concen-
tration—time curve (AUC) from predose to 14 days (AUC,,),
using noncompartmental methods. An analysis of variance
(ANOVA) was performed on PK variables to assess dose pro-
portionality and linear kinetics.

Radiographic assessments for disease status were per-
formed at baseline (within 21 days of study start) and repeated
approximately every 8 weeks until the final visit. Tumor re-
sponse was measured by the Response Evaluation Criteria in
Solid Tumors (RECIST, 1.1). Time to progression (TTP), de-
fined as the number of days from the date of the first dose to
the date of disease progression, was analyzed using Kaplan-
Meier methodology. Adverse events (AEs) were monitored
and graded according to the National Cancer Institute Com-
mon Terminology Criteria for Adverse Events (NCI CTCAE,
version 4.0).

Archival tumor samples were assessed for EGFR protein
expression by immunohistochemistry (H-score) using the
pharmDx EGFR kit (DAKO, Carpinteria, CA). A membrane
H-score was calculated according to published methods [19].
Membrane staining was assessed visually and was scored by
intensity. H-score was calculated by the addition of the per-
centage of weak staining cells (x 1), moderate staining cells (x
2), and strong staining cells (x 3). The H-score and days on
study were compared to determine if an association existed
between EGFR expression and the length of time a patient
remained on study.

Results
Baseline characteristics

A total of 49 patients were enrolled at three sites in the United
States, including 26 patients in the dose-escalation portion of
the study and 23 patients in the expanded safety cohort. In the
expanded safety cohort, 12 patients had advanced solid tu-
mors and 11 had GBM. The median age of patients was
61 years (range, 39-81 years) and the majority of patients
had an ECOG performance score of 1 (Table 1). The most
common tumor types were GBM (22 %), NSCLC (22 %),

| ABT-806 (administered every other week, eow) |

colon (14 %), and head and neck (14 %). The most common
reason for discontinuation was progressive disease (67 % of
patients had radiographic progression and 22 % of patients
had clinical progression).

Dose-limiting toxicities and determination of RP2D

Twenty-six patients were enrolled in five dose escalation co-
horts: 2, 6, 12, 18, and 24 mg/kg. No DLTs were observed at
the 2, 6, 12, and 18 mg/kg dose levels. One patient treated
with 24 mg/kg ABT-806 experienced a DLT of grade three
morbilliform rash that the investigator deemed as possibly
related to the study drug. This rash was not acneiform and
resolved with the administration of loratidine. No other DLTs

Table 1  Baseline characteristics
Median age, years (range) 61 (39-81)
Gender, n (%)

Male/female 30 (61)/19 (39)
ECOG, 0/1/2 9/35/5
Previous EGFR therapy, n (%)

Solid tumor patients (n=38) 21 (55)
NSCLC (n=11) 7 (14)
GBM (n=11) 0(0)
Previous cetuximab therapy, n (%)

Head and neck (n=5) 3(8)

Colon (n=6) 4(8)
Tumor type, n (%)

GBM 11 (22)

NSCLC 11 (22)

Colon 7 (14)

Head and neck 7 (14)

Rectal 3 (6)

Esophageal 2(4)

Gastric 24

Other® 6 (12)

ECOG Eastermn Cooperative Oncology Group; EGFR epidermal growth
factor receptor; GBM glioblastoma; NSCLC non—small cell lung cancer

#“Other” comprises breast, anal, metastatic vulva, penal squamous cell,
squamous cell carcinoma unknown primary, and skin cancer
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occurred; therefore, the MTD was not reached. Given the
favorable PK and safety profile, the RP2D was determined
to be the pre-specified highest dose, 24 mg/kg eow.

Safety

Common treatment-emergent AEs and grade 3/4 AEs report-
ed during the dose escalation phase and each arm of the ex-
panded safety portion of the study were reported in Table 2.
The most frequently reported AEs (in >10 % of patients) that
were considered possibly or probably related to ABT-806
treatment were fatigue (18 %), nausea (16 %), dermatitis
acneiform (12 %), and vomiting (10 %). One event each of
atrial fibrillation, rash (morbilliform), and hypophosphatemia
were grade three or four in severity and were deemed possibly
or probably related to treatment with ABT-806. In total, six
patients (12 %) developed dermatitis; all of these acneiform
rashes were grade one.

Ten patients (39 %) during the dose escalation and 8 (35 %)
in the expanded safety portions of the study experienced

Table 2  Treatment-emergent adverse events

All grade AEs (=3 patients) n (%) Grade3/4 AEs  n (%)
(>2 patients)
Dose escalation (n=26)
Fatigue 9 (35) Dyspnea 6 (23)
Hyperglycemia 9 (35) Hypotension 3(12)
Nausea 8 (31)
Constipation 7(27)
Vomiting 6 (23)
Dyspnea 6 (23)
Hyponatremia 5(19)
Dermatitis acneiform 4 (15)
Abdominal distension 3(12)
Abdominal pain 3(12)
Abdominal pain upper 3(12)
Diarrhea 3(12)
Hypomagnesemia 3(12)
Hypotension 3(12)
Oral candidiasis 3(12)
Thrombocytopenia 3(12)
Expanded safety cohort
Solid tumor patients (n=12)
Nausea 4 (33) Abdominal pain 2 (16)
Constipation 3(25)
Cough 3(25)
Blood triglycerides increased 3 (25)
GBM patients (n=11)
Ataxia 3(27)
Headache 3(27)

AE adverse event
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serious AEs. Two of these events occurred in patients in the
GBM cohort and both were related to disease progression.
Two serious events, grade three atrial fibrillation and grade
two constipation, occurred during the dose escalation period
and comprised the only serious events deemed at least possi-
bly related to ABT-806 treatment. A total of 14 patients died
during the course of the study, all due to disease progression.
All treatment-emergent AEs that resulted in death were not
considered to be related to study drug.

Pharmacokinetics

ABT-806 exhibited biphasic disposition after IV administra-
tion (Fig. 2). Systemic exposure (C,,,x and AUC;4) was ap-
proximately dose proportional over the studied dose range of
2 mg/kg to 24 mg/kg (Fig. 2 and Table 3). The harmonic mean
for the terminal elimination phase half-life was 9.0 days fol-
lowing dosing on week 1 day 1. The PK of ABT-806 in the
expanded safety cohort A (patients with advanced solid tu-
mors) and cohort B (patients with GBM) were comparable
to those of patients with solid tumors in the 24-mg/kg dose
escalation cohort (data not shown).

Exploratory efficacy and biomarkers

The median time to progression was 55 days (95 % CI, 53—
57 days) in all patients and 43 days (95 % CI, 22-57 days) for
patients with GBM. No patients achieved a partial or a com-
plete response; however, one patient with lung adenocarcino-
ma had stable disease for more than 6 months and one patient
with penile cancer continues to have stable disease after more
than 2.5 years on therapy. Data were available for 35 patients
(69 %) whose EGFR expression was determined by comput-
ing average H-scores. H-scores were then plotted against each
patient’s number of days on study (Fig. 3). No clear associa-
tion existed between EGFR protein expression and duration of
treatment or time on study. However, both patients with
prolonged stable disease had a somatic EGFR genetic aberra-
tion. The patient with lung adenocarcinoma had a tumor har-
boring an EGFR exon 20 insertion mutation and the patient
with penile cancer had a tumor harboring EGFR
amplification.

Discussion

This study was a first-in-human study evaluating the safety
and tolerability of ABT-806. ABT-806 was well tolerated and
dose escalation was able to continue to the pre-specified
highest dose, leaving the highest dose tested, 24 mg/kg, as
the RP2D. At this dose, toxicities were mainly grade one
and two, including the AEs in patients with GBM.
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Preclinical data suggest that the mechanism of action of
ABT-806 differs from other Food and Drug Administration—

Table 3  Pharmacokinetic parameters by dose escalation cohort

approved EGFR antibodies. ABT-806 selectively binds to the
activated form of EGFR and the EGFRVIII deletion mutant.

Dose Week N Conax AUC AUC/dose Tip
pg/mL mg*h/mL (mg*h/mL)/ (day)
(mg/kg)

2 mg/kg 1 3 27.4+43 72+2.8 3.61+£1.37 11.1+4.2
7 2 49.44+20.2 9.09+5.6 4.55+2.8

6 mg/kg 1 4 126£13.9 333+2.7 5.54+0.45 10.6+£0.4
7 3 217.3£12.7 41.6+7.5 6.94+1.24

12 mg/kg 1 7 253.3+£54.2 57.7+£18.9 4.81£1.57 9.5+23
7 6 378.0+119.6 67.5+28.1 5.63+2.34

18 mg/kg 1 6 411.7+£61.6 83.1+23.6 4.62+1.31 6.8+3.6
7 5 506.0+£97.8 96.1+£26.4 5.34+147

24 mg/kg 1 6 528.3+121.6 116.5+38.0 4.86+1.58 9.6+3.5
7 3 731.7+136.1 150.9+48.8 6.29+2.03
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These preclinical findings suggest that ABT-806 would not
significantly bind to inactive EGFR proteins present in the
skin [20], which has been confirmed by H-scores. Consistent
with this prediction, our data show that ABT-806 had a low
level of cutaneous toxicity. Four studies with cetuximab have
noted a high rate of acneiform rashes (76 %—88 %) [21], with
as many as 17 % of these rashes graded as severe. In this trial,
however, low-grade dermatitis acneiform occurred in six pa-
tients (12 %). The only serious dermatologic AE was one
grade three morbilliform rash, which had a very different mor-
phology than the typical acneiform rash associated with
EGEFR inhibitors. Notably, the rash resolved with antihista-
mine therapy.

The favorable safety profile coincided with a linear PK of
ABT-806 throughout the dose range tested, indicating the ab-
sence of extensive EGFR binding in normal tissues. This find-
ing is again consistent with preclinical data that suggest that
ABT-806 does not bind to non-activated EGFR proteins pres-
ent in the skin. This is in contrast to published studies using
cetuximab or panitumumab, which demonstrate nonlinear PK
[22—24]. The high clearance rate of these antibodies at non-
saturating doses has been attributed to high levels of tissue
deposition, as wild-type EGFR expressed in the skin seques-
ters antibody from the systemic circulation. The absence of a
high incidence of dermatologic adverse events, as well as the
linearity of the PK of ABT-806, suggest that wild-type EGFR
binding in normal tissues is minimal.

ABT-806 did not show significant activity among patients
with heavily pretreated GBM with EGFR amplification. This
arm of the expansion cohort was selected because approxi-
mately 50 % of patients with GBM with EGFR amplification
have an EGFRVIII deletion [25]. Recent work has also shown
that GBM tumors are molecularly heterogeneous, with mutu-
ally exclusive subpopulations harboring amplifications of
EGFR and other tyrosine kinases, such as platelet-derived
growth factor receptor (PDGFR), existing in individual
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tumors [26]. Although preclinical and clinical data have dem-
onstrated that ABT-806 binds to GBM tumors, it is possible
that inhibition of EGFR signaling alone is not an effective
strategy for triggering cell death in this tumor type [17, 18].

Although no objective responses were observed, there were
at least two patients with solid tumors with prolonged stable
disease. Both of these patients had tumors with somatic EGFR
genetic aberration, including a patient with lung adenocarci-
noma containing EGFR exon 20 insertion mutation (EGFR
D770 N771insGL) who remained on trial for more than
6 months, and a patient with EGFR-amplified penile cancer,
who remains on trial after 2.5 years. The prolonged stable
disease seen in the patient with NSCLC is noteworthy. Pa-
tients with lung adenocarcinoma with EGFR exon 20 inser-
tion mutations typically do not respond to erlotinib or
gefitinib and new molecularly targeted agents are need-
ed for this population [27, 28].

One possible explanation why more activity was not seen
with ABT-806 was that the population studied was heavily
pretreated. Development of resistance to EGFR therapy is
common and, in this trial, 55 % of the patients without
GBM tumors were previously treated with EGFR inhibitors.
Notably, the patient with EGFR-amplified penile cancer had
never been treated with an EGFR inhibitor. Squamous carci-
noma of the penis is a rare disease with limited therapeutic
options. Several papers have reported EGFR overexpression
and case series have been published describing the efficacy of
EGFR inhibitors in this population [29—-33]. Clinical trials
studying EGFR inhibitors are needed to clearly establish the
efficacy of this class of drugs in penile cancers.

Although preliminary antitumor activity was an explorato-
ry objective, no correlation existed between tumor EGFR ex-
pression and the number of days a patient remained on study.
This subset analysis was limited by the phase one design and
overall low patient numbers. Tumor tissue was not tracked for
changes in EGFR expression; therefore, it is not known
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whether ABT-806 induced a significant change in the expres-
sion or activity of the receptor. Further study is required to
better define antibody targeting and its effect on receptor ac-
tivity in tumor tissue. Taking into account the promising pre-
clinical data and the PK and safety profile demonstrated in this
study, it appears that ABT-806 may effectively target activated
or mutant EGFR in tumor tissue without significant binding to
normal tissue. This holds the promise for the use of ABT-806
as a payload delivery antibody, with such payloads as
radiolabeling for diagnostic and predictive purposes and
toxins to increase potency. Both such drug conjugates are
currently being evaluated in ongoing clinical trials. In addi-
tion, the favorable toxicity profile of ABT-806 makes it an
ideal candidate to be combined with other targeted agents in
multi-drug regimens.
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