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Abstract

BACKGROUND: Patients with platinum-refractory, recurrent or metastatic squamous cell
carcinoma of the head and neck (RM-SCCHN) have limited options. Activin receptor-like kinase 1
(ALK1) is a type | receptor of the transforming growth factor p superfamily expressed on activated
endothelial cells. Dalantercept is an ALK1 receptor fusion protein that acts as a ligand trap to
block signaling through ALK1 and inhibits stages of angiogenesis involved in blood vessel
maturation and stabilization. In a phase 1 study, dalantercept demonstrated clinical activity in
patients with RM-SCCHN. The objective of the current study was to evaluate the activity of
dalantercept in RM-SCCHN.

METHODS: Forty-six patients received dalantercept at doses of 80mg (n52), 0.6mg/kg (n513), or
1.2mg/kg (n531) subcutaneously every 3 weeks. The primary endpoint was the overall response
rate according to Response Evaluation Criteria in Solid Tumors (RECIST version 1.1). Secondary
endpoints included progression-free survival and overall survival, safety and tolerability, and
pharmacokinetic and pharmacodynamic assessments.

RESULTS: Forty patients were evaluable for response (13 who received dalantercept 0.6mg/kg
and 27 who received dalantercept 1.2mg/kg). The overall response rate was 5% (n52), and 35% of
patients had stable disease; 44% of patients who received 1.2mg/kg and 30.8% of those who
received 0.6mg/kg achieved disease control (partial response or stable disease). The median
progression-fee survival was 1.4 months (95% confidence interval, 1.3-2.2 months), and the
median overall survival was 7.1 months (95% confidence interval, 5.5-11.1 months). Drug-related
adverse events (>15%) were anemia, fatigue, peripheral edema, headache, and hyponatremia.

CONCLUSIONS: In an unselected, heavily pretreated population of patients with RM-SCCHN,
dalantercept monotherapy resulted in a favorable safety profile but only modest dose-dependent
activity, and it did not meet the primary efficacy objective of the study.

Keywords

activin receptor-like kinase 1 (ALK1); angiogenesis; bone morphogenetic protein 9 (BMP9);
dalantercept. squamous cell carcinoma of the head and neck (SCCHN)

INTRODUCTION

Squamous cell carcinoma of the head and neck (SCCHN) is among the few cancers with an
increasing incidence in the United States (59,340 vs 39,250 new cases in 2015 vs 2005),
with local relapses after primary therapy and the appearance of distant metastases
accounting for 12,290 US deaths in 2015.12 This is the combined result of increases in
tobacco-related laryngeal SCCHN (13,560 vs 9880 in 2015 vs 2005) and oral cavity and
oropharyngeal SCCHN (45,780 vs 29,370 in 2015 vs 2005).1:2 The most common etiologic
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factors in SCCHN are alcohol use, tobacco use and human papillomavirus (HPV) infection.3
The rising incidence of HPV infection has been associated with an increased incidence of
oropharyngeal SCCHN and with a favorable prognosis compared with HPV-negative
SCCHN.4

Recurrent, unresectable, or metastatic SCCHN (RM-SCCHN) remains incurable. Palliative
systemic therapies include combination regimens of platinum, antimetabolites, and the
EGFR inhibitor cetuximab; single agents (platinum, docetaxel, methotrexate, or cetuximab);
or other combination regimens. Cetuximab is the only approved targeted agent in platinum-
refractory RM-SCCHN and is associated with an overall response rate (ORR) of 13% and a
median overall survival (OS) of< 6 months.® Like many solid tumors, SCCHN relies on
neoangiogenesis to grow and disseminate. Vascular endothelial growth factor (VEGF) levels
and expression in SCCHN have been associated with lymph node metastases, decreased
apoptosis, and resistance to chemoradiation therapy.6 On the basis of compelling preclinical
rationale, several attempts at inhibiting the VEGF signaling pathway using agents like,
sorafenib, and bevacizumab have been evaluated.®” Single-agent antiangiogenic agents like
sorafenib and sunitinib in unselected populations of patients with RM-SCCHN have not
demonstrated substantial improvements in antitumor activity or survival.89 Given the
biologic relevance of angiogenesis in SCCHN and the limited activity of VEGF inhibitors,
the investigation of antiangiogenic agents with alternative mechanisms of action is justified.

Activin receptor-like kinase-1 (ALK1) is a type | receptor in the transforming growth factor-
B (TGFpP) superfamily that is expressed on activated endothelial cells and binds to the
ligands bone morphogenetic protein 9 (BMP9) and BMP10.10 ALK1 signaling leads to
phosphorylation of the SMAD family member 1 (SMAD1), SMADS5, and SMADS proteins,
resulting in the activation of cellular programs distinct from VEGF that are involved in
blood vessel maturation and stabilization.1? Mutations in this pathway cause hereditary
hemorrhagic telangiectasia, which results in impaired vascular development, including
arterial and venous malformations.1! In addition, the BMP9/BMP10/ALK1 pathway
regulates the development of lymphatic vessels, which could play a role in the metastatic
spread of tumor cells through lymphatic vasculature.12 ALK1 is present in the vasculature of
many human tumor types, including SCCHN.13.14 Moderate to high BMP9 expression

identified by immunohistochemistry has been documented in archived samples of SCCHN.
15

Dalantercept is a soluble receptor fusion protein consisting of the extracellular domain of
human ALKZ1 linked to the Fc portion of human immunoglobulin G1 (IgG1). Dalantercept
binds to BMP9 and BMP10 and inhibits the activation of endogenous ALK1.16 Dalantercept
has demonstrated antiangiogenic and antitumor activity in a variety of preclinical models
through a mechanism that may be complementary to the VEGF pathway.16:17 In a
preclinical mouse xenograft model of SCCHN (from the RPMI 2650 cell line), dalantercept
demonstrated both single-agent efficacy and additive activity combined with cisplatin.1® In a
phase 1 study of patients with solid tumors (N=37), dalantercept at doses ranging from 0.1 to
4.8mg/kg demonstrated antitumor activity, including 1 partial response and 27% prolonged
stable disease (=12 weeks) in evaluable patients.18 Two of 3 patients with SCCHN in that
study derived clinical benefit: 1 had a partial response with 33% tumor shrinkage and
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received 10 cycles (30 weeks) of dalantercept 0.4mg/kg; and the other received dalantercept
1.6mg/kg, had prolonged stable disease with 29% tumor shrinkage, and completed 11 cycles
(33 weeks) of dalantercept. In total, 8 patients across the higher dose levels developed
telangiectasias, which is an on-target pharmacodynamic effect of dalantercept inhibition of
the ALK1 pathway. The side-effect profile of dalantercept was distinct from that of VEGF
pathway inhibitors and consisted of peripheral edema, fatigue, and anemia, which occurred
more frequently at or above the 1.6mg/kg dose level.18 On the basis of those results, the
recommended phase 2 dose level was 1.2mg/kg (approximately 80% of the maximum
tolerated dose). Because of concern that patients with SCCHN would be at risk of
lymphedema and fluid retention, in the phase 2 study, dalantercept doses of 0.6 and
1.2mg/kg were explored.

Together, these preclinical and clinical data supported further exploration of dalantercept in
RM-SCCHN. Here, we report the results of an open-label, phase 2 study assessing the
antitumor activity and safety of dalantercept in patients with RM-SCCHN.

MATERIALS AND METHODS
Eligibility Criteria

This study (clinicaltrials.gov identifier NCT01458392) was approved by local institutional
review boards and conducted in accordance with national and local regulations. Written
informed consent was obtained before the initiation of study-related procedures. Eligible
patients were men and nonpregnant/lactating women aged =18 years who had histologically
and/or cytologically confirmed RM-SCCHN of mucosal origin (oral cavity, oropharynx,
hypopharynx, or larynx). Incurability (disease not amenable to surgery, radiation, or
reirradiation) and ineligibility for platinum (refractory or platinum contraindicated) were
required. Patients must not have received prior antiangiogenic therapy, were required to have
measurable disease according to Response Evaluation Criteria in Solid Tumors (RECIST)
version 1.1,19 and were required to have an Eastern Cooperative Oncology Group
performance status of 0 or 1. Patients with unknown primary SCCHN presumed to be of
head and neck mucosal origin were eligible if they met all other entry criteria.

Study Design

This was a phase 2, multicenter, open-label, multiple-dose study of dalantercept in RM-
SCCHN. Initially, a fixed dose of 80mg delivered as a subcutaneous injection every 3 weeks
for a 21-day cycle was evaluated in 2 patients. The protocol was amended to use weight-
based dosing (mg/kg), and 2 dose levels were evaluated (0.6mg/kg and 1.2mg/kg) every 3
weeks. The maximum dose that could be administered was capped based on a weight of
100kg. Tumor response imaging was evaluated using RECIST version 1.1 before every other
cycle (approximately 6 weeks) and was assessed by the investigator at each site.

Study Objectives

The primary objective of the study was to evaluate the objective response rate (ORR)
associated with dalantercept in patients with RM-SCCHN. Secondary objectives included to
evaluate safety and tolerability, progression-free survival (PFS), the disease control rate, and
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overall survival (OS) and to examine the pharmacokinetic profile and explore potential
pharmacodynamic biomarkers in sera and in archived and fresh tumor specimens.

Statistical Analysis

The efficacy analyses used a modified intent-to-treat population consisting of patients who
had received at least 1 dose of dalantercept (either 0.6 or 1.2mg/kg) and had undergone at
least 1 on-treatment tumor assessment. The response rate was determined using RECIST
version 1.1 and was assessed at the individual sites. A sample size of 29 evaluable patients
was required to provide at least 80% power to differentiate an ORR of interest (Ha) of 30%
from a minimal ORR of 10% (Ho) at a 1-sided type 1 error of 5% in a single-stage design.
The 95% exact confidence interval for the ORR was calculated based on the binomial
distribution. Safety analyses included all patients who had received at least 1 dose of
dalantercept (80mg, 0.6mg/kg, and 1.2mg/kg).

Evaluation of Safety

Safety endpoints included evaluation of adverse events, physical examination, vital signs,
electrocardiogram, echocardiogram, hematology, chemistry, urinalysis, and antidrug
antibodies. Testing for antidrug antibodies and neutralizing antibodies was performed using
an enzyme-linked immunosorbent assay at baseline, during dosing, and at the end of the
study. A data monitoring committee comprised of 2 independent oncologists and a
cardiologist met to review the safety data during the study.

Pharmacokinetics

Serum samples for determination of pharmacokinetic parameters were collected predose in
cycles 1 through 3, on day 8 during the first 2 cycles, and on day 15 of the first cycle. Serum
dalantercept concentrations were determined by enzyme-linked immunosorbent assay, and
pharmacokinetic parameters were estimated by noncompartmental analysis of dalantercept
concentration data, using actual collection times, with WinNonlin Professional (Pharsight,
Mountain View, Calif). Concentrations that were below the limit of quantification were set
to 0 for noncompartmental analysis.

Evaluation of Exploratory Biomarkers

Serum samples were collected on day 1 of each cycle, on day 8 of cycles 2 through 4, and at
the final visit. Select serum biomarkers associated with angiogenesis (BMP9, soluble
endoglin, VEGF, placental growth factor, VEGF receptor [VEGFRZ2], and VEGFR3) were
evaluated using a Luminex quantitative multiplex immunoassay platform (Luminex
Corporation, Austin, Tex) developed by Myriad RBM (Austin, Tex). Archived biopsies of
tumor specimens, optional skin biopsies, and fresh tumor biopsies obtained before cycle 1
and after cycle 2 were collected to be evaluated by immunohistochemical tissue staining and
laser-scanning cytometry. Eight tissue biomarkers were selected for evaluation: ALK1,
BMP9, BMP10, CD105 (endoglin), CD31 (platelet endothelial cell adhesion molecule),
helix-loophelix protein 1d2, phosphorylated SMADS5, and growth/differentiation factor 5
(GDF-5).
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Summary statistics as well as percentage changes from baseline were used to evaluate
baseline levels of each biomarker and postbaseline levels during dalantercept treatment.
Archived tumor specimens and fresh tissue samples, donated voluntarily during the study by
patients with telangiectasias, were individually evaluated.

Patient Characteristics

Efficacy

Safety

In total, 46 patients were enrolled between October 2011 and July 2013. Summary
demographics and baseline characteristics for these patients are provided in Table 1. Two
patients were enrolled at the fixed dose of 80mg, 13 patients were enrolled at the 0.6-mg/kg
dose level, and 31 were enrolled at the 1.2-mg/kg dose level. Patients had received a median
of 2 prior therapies, and the primary site of disease was oropharynx or oral cavity in 78.3%
of patients. The rates of HPV-positive and HPV-negative patients were 45.7% and 41.3%,
respectively, and 13% (n =6) had unknown HPV status.

Antitumor activity was assessed in 40 evaluable patients at the 0.6-mg/kg and 1.2-mg/kg
dose levels (Table 2). The 2 patients at the fixed 80-mg dose level were excluded from the
primary efficacy analysis, because the protocol had been amended to incorporate weight-
based dosing for the remainder of the study population. The ORR was 5%. There were no
partial responses at the 0.6-mg/kg dose level of dalantercept. Two heavily pretreated patients
—I1HPV-positive (who received 2 lines of cisplatin-based therapy) and the other HPV-
negative (who received 3 lines of carboplatin-based therapy)—at the 1.2-mg/kg dose level
experienced partial responses with —50% and —56% tumor shrinkage, respectively. Both
patients continued to receive treatment and maintained at least a stable disease response
beyond 1 year. Another 14 patients (35%) experienced stable disease, which lasted at least 3
months in 5 patients. The disease control rate was numerically greater (but the difference
was not significant) at the 1.2-mg/kg dose level compared with the 0.6-mg/kg dose level
(44.4% vs 30.8%; 1-sided Fisher exact test; P=.3177). The HPV-positive patients, as a group
(N=20), experienced a greater disease control rate compared with the HPV-negative patients
(N=15; 55% vs 20%; 1-sided Fisher exact test; P=.0392) (Supporting Table 1; see online
supporting information).

The overall median PFS was 1.4 months and was similar across both dose levels. The
median OS was 7.1 months in the 0.6-mg/kg group, 9.5 months in the 1.2mg/kg group, and
7.1 months overall. The OS rate at 1 year was 22.7%. There were no statistical differences in
PFS or OS between the dosing groups. Details on the maximum reduction in target lesion
size according to the best overall response and OS Kaplan-Meier curves by dose group are
provided in Supporting Figures 1 and 2, respectively (see online supporting information).

Treatment-emergent adverse events that occurred in >10% of patients are listed in Table 3.
Adverse events that were reported as related to dalantercept (>10%) included anemia,
fatigue, peripheral edema, headache, hyponatremia, and pleural effusion (Table 4). No
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worsening in cardiac function was observed clinically or on the echocardiograms obtained at
baseline and after therapy. Telangiectasias, clinical pharmacodynamic manifestations of
ALK1 pathway inhibition that have a known association with genetic ALK1 deficiency
syndrome (hereditary hemorrhagic telangiectasia 2), were reported in 4 patients (8.7%).
Anemia, peripheral edema, hyponatremia, and pleural effusions occurred more frequently at
the 1.2-mg/ kg dose level compared with the 0.6-mg/kg dose level. Grade =3 treatment-
related adverse events occurred in 15.2% of patients (N=7) and occurred most frequently at
the 1.2-mg/kg dose level (N=5). Hyponatremia was the most frequent treatment-related
grade >3 adverse event (N=3). Adverse events leading to treatment discontinuation included
amylase/lipase elevations without pancreatitis (n =1) and pleural effusion (n=1). Thirteen
patients (28.3%) experienced a serious adverse event. Three of those patients (6.5%)
experienced a treatment-related serious adverse event(s) of pleural effusion (n=2),
pulmonary edema (n =1), and tracheal obstruction (n =1). There were no treatment-related
deaths. No antidrug antibodies were detected.

Pharmacokinetics

Peak serum concentrations of dalantercept were reached around 7 days for both dose levels,
whereas concentrations declined in a monoexponential fashion (Fig. 1). Exposure was dose
proportional for cycle 1 and was slightly more than dose proportional for cycle 2, whereas
the time to peak concentration (approximately 7 days) was consistent across dose levels and
cycles (Table 5).

Exploratory Biomarkers

In total, 46 patients provided serum samples for biomarker analysis; however only patients
who received dalantercept doses of 0.6 and 1.2 mg/kg (n=44) were included in the analysis.
Summary statistics for each biomarker at baseline, before the second and third doses, and at
the last study visit are presented in Supporting Table 2. Serum samples were summarized
using the entire study population, because subgroup analyses by HPV status or dose level
led to very small sample sizes. Serum concentrations of 2 biomarkers, BMP9 and VEGF,
generally increased from baseline; whereas concentrations of placental growth factor and
VEGFR3 consistently decreased at each post-baseline visit. Serum concentrations of soluble
endoglin and VEGFR2 were similar at each study visit.

Because of the limited distribution of staining scores in archived tissue samples and the
suboptimal quality of the fresh tissue samples collected before and during treatment, no
additional observations could be made regarding biomarker expression levels. Two patients
underwent fresh skin biopsies of telangiectasias; and, in both samples, ALK1 and BMP9
staining was low, with staining scores of 1 or 2 on a scale from 1 to 9.

DISCUSSION

Antiangiogenic strategies targeting the VEGF pathway have demonstrated limited clinical
activity and, in some cases, significant toxicities, hindering further development in SCCHN.
RM-SCCHN is a highly angiogenic disease; therefore, further exploration of novel
angiogenic modulators is justified. It is known that the ALK1 pathway is activated in a
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variety of cancers, including SCCHN. Here, we report the first clinical study investigating
dalantercept, an ALK1 pathway inhibitor, in patients with RM-SCCHN. Dalantercept
monotherapy demonstrated modest clinical activity (2 patients achieved a partial response,
and 7 patients experienced disease control that lasted =3 months) and did not meet the
primary efficacy objective of the study. The median OS was 7 months.

Overall, dalantercept was well tolerated, the main side effects (fatigue, anemia, and
peripheral edema) were dose-dependent, and the safety and pharmacokinetic profiles were
consistent with those reported in the phase 1 study. Hyponatremia (24%) emerged as a
unique adverse event in this study compared with the phase 1 experience. Hyponatremia has
been described as a paraneoplastic Syndrome in squamous cancers typically involving the
lung but also recognized to occur in SCCHN.20:21 |n addition, cisplatin induces salt wasting,
and prior neck dissections and radiotherapy as part of the treatment for SCCHN can also
contribute to the development of hyponatremia.22-2% Serum and urine laboratory studies in
some of these patients were consistent with serum of inappropriate antidiuretic hormone
(SIADH) release. However, hypervolemic hyponatremia also contributed in some patients to
edema-related events associated with dalantercept. Finally, the management of edema with
diuretics also may have contributed to hyponatremia in some patients. Currently, the
mechanism of dalantercept-associated edema is not fully understood. ALK is expressed on
lymphatic endothelial cells and, thus, disruption of lymphatic vessel integrity may lead to
vascular leak resulting in fluid-related adverse events, such as peripheral edema, pleural
effusions, and pulmonary edema.23 It is noteworthy that the safety profile of dalantercept
remains unique among the class of antiangiogenic agents, because the anti-VEGF-based
therapies are more commonly associated with bleeding and other dose-limiting adverse
events, such as diarrhea, hypertension, proteinuria, and hand-foot syndrome.

Given the limited antitumor activity of dalantercept and the limited distribution of patient
outcomes, no definitive conclusions can be drawn from the exploratory biomarker data
collected in the serum and tumor specimens. Because dalantercept binds to the angiogenic
ligand BMP9, posthaseline changes in BMP9 levels were the primary focus of the biomarker
analysis. It is noteworthy that 1 patient who had a baseline BMP9 serum level of 64.0 pg/mL
(well above the population baseline mean of 7.1 pg/mL) experienced a 95% decrease in
BMP9 serum concentrations after the first dose of dalantercept and was 1 of the 2 partial
responders in the study. No significant dose-dependent biomarker changes were observed.
Of the patients who developed telangiectasias, all had stable disease as their best response,
and 3 were in the highest dose level tested. Immunohistochemical studies on 2 of these
patients’ skin biopsies revealed low levels of ALK1 and BMP9 expression, consistent with
an on-target effect of dalantercept.

The recently reported results from a trial of the programmed death receptor 1 (PD-1)
nivolumab in SCCHN, indicating improved OS compared with a single-agent investigator’s
choice of chemotherapy in patients with platinum-refractory RM-SCCHN, highlight the
value of targeting the tumor microenvironment in SCCHN.24 The reasons behind the lack of
activity or intrinsic nonresponsiveness of antiangiogenic therapy in patients with SCCHN is
currently unknown but may include challenges with drug delivery to the locoregional head
and neck area, in which the vasculature has been compromised by surgery and radiation.2>
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This study had several important limitations. First, the patient population was
heterogeneous, with both HPV-positive and HPV-negative patients and numerous prior
therapies. Second, the exploration of 2 dose levels, although it yielded valuable information
on drug tolerability, also introduced heterogeneity. Together with a limited total number of
patients treated, these elements of heterogeneity led to an inability to detect statistically
different treatment effects in subgroups. Other factors, including a predominantly HPV-
positive population and subsequent therapies, likely contributed to the favorable survival
results.

In conclusion, subcutaneous administration of dalantercept in this unselected population of
patients with RM-SCCHN demonstrated modest dose-dependent anticancer activity and a
favorable safety profile. Although the ORR was 5%, OS at 1 year was 22.7%. Patients with
HPV-positive disease and who received dalantercept at the higher dose level of 1.2mg/kg
appeared to derive the greatest clinical benefit. Post-treatment serum BMP9 levels generally
increased as tumors progressed, an observation that will be further evaluated in ongoing
studies exploring the combination of dalantercept with VEGF pathway inhibitors. Given the
overall favorable safety profile of dalantercept, combinations with chemotherapy and/or
radiation therapy are additional approaches that could be considered in patients with RM-
SCCHN.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
(A,B) Meanzstandard error (SE) serum concentrations versus time profiles of dalantercept

(ACE-041) are illustrated after single or multiple subcutaneous (SC) doses of dalantercept
(semi-log and linear scale).
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TABLE 2.

Antitumor Activity of Dalantercept by Dose Level®

No. of Patients (%)

Dalanter cept Dose

0.6 mg/kg, 1.2mgkg, Overall,

Endpoint N=13 N=27 N =40
Partial response 0 (0) 2(7.4) 2 (5)

Stable disease 4(30.8) 10 (37) 14 (35)
Disease control rate 4 (30.8) 12 (44.4) 16 (40)
Disease control rate = 3 mo 2 (15.4) 5(18.5) 7(17.5)
Progressive disease 9 (69.2) 15 (55.6) 24 (60)

aAII patients received at least 1 dose of dalantercept and had 1 postbaseline tumor imaging study assessed by an investigator according to Response
Evaluation Criteria in Solid Tumors (RECIST).
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