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Atrasentan is an oral selective endothelin-A receptor
antagonist that may inhibit cell proliferation and inter-
fere with angiogenesis during glioma growth. We con-
ducted a dose-finding study to assess atrasentan’s safety
and toxicity and to gather preliminary evidence of effi-
cacy. Patients with recurrent malignant glioma received
oral atrasentan at =10 mg/day. We increased the dose
among cohorts until the maximum tolerated dose (MTD)
was defined. Patients were evaluated for response every
8 weeks and remained on the study until the tumor pro-
gressed or toxicities occurred. Twenty-five patients were
enrolled, with a median age of 53 years (range, 25-70)
and a median KPS of 90% (range, 60-100%). Twenty-
two patients had glioblastoma multiforme (GBM), 2 had
anaplastic astrocytoma, and 1 had an anaplastic oli-
ogodendroglioma; 24 patients had received one prior
chemotherapy regimen before being enrolled in the
study. The most common atrasentan-related toxici-
ties were grade 1 or 2 rhinitis, fatigue, and edema. One
patient developed grade 3 hypoxia and peripheral edema
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at a dose of 90 mg/day. We observed no dose-limiting
toxicities in an expanded cohort of 10 patients at 70
mg/day, which was declared the MTD. Two partial
responses (8%) were seen in patients with GBM at the
70- and 90-mg/day dose levels, and 4 patients had stable
disease before progressing. Nineteen patients have died,
and median survival was 6.0 months (95% confidence
interval, 4.2-9.5 months). We conclude that the MTD of
daily oral atrasentan in patients with recurrent malignant
glioma is 70 mg/day. Further study of atrasentan with
radiation therapy and temozolomide in newly diagnosed
GBM is warranted to evaluate the efficacy of this novel
agent. Neuro-Oncology 10, 617-623, 2008 (Posted to
Neuro-Oncology [serial online], Doc. DO7-00094, May
13, 2008. URL http://neuro-oncology.dukejournals
.org; DOI: 10.1215/15228517-2008-013)
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are estimated to occur at an incidence of 7.4 per

100,000, with an estimated 18,500 new cases in
2005.%2 Primary malignant brain tumors, the most
common of which is glioblastoma multiforme (GBM)
in adults, carry a grave prognosis.® Surgery, steroids,
and radiotherapy improve the outcome of disease in
patients with these tumors.* A recent study documented

In the United States, primary malignant brain tumors
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that temozolomide during and after radiation prolongs
overall survival by approximately 2.5 months over
radiotherapy alone in patients with GBM, with median
survival of 14.6 months.> Even with the best available
therapy, only 25% of patients with this disease survive
for 2 years.®” When GBM recurs, the efficacy of chemo-
therapy is limited, and median survival of patients is 6
months.®? Novel agents and approaches are needed to
improve the outcome of this disease.

The endothelin (ET) axis, which includes three
21-amino-acid peptide ligands designated ET-1, ET-2,
and ET-3 and two transmembrane G-coupled receptors,
ET, and ETg, is emerging as an important regulator
of vasomotor tone, tissue differentiation and develop-
ment, cell proliferation, and hormone production. ET-1
appears to be a relevant growth factor in preclinical and
clinical studies of many cancers, including cancer of the
prostate, ovary, colon, cervix, breast, kidney, lung, and
brain, as well as melanoma.'? These findings have led to
a search for selective ET, antagonists as potential cyto-
static agents. ET-1 is also involved in regulating cell pro-
liferation; it has been shown to stimulate DNA synthesis
and cell proliferation; and it is a mitogen for several dif-
ferent cell lines, including glioma, prostate, cervical, and
ovarian cancer cells. These findings have propelled the
development of several potent and selective ET, receptor
antagonists, which have entered clinical oncology trials,
contributing to our understanding of the relevance of
the ET axis.!12

To date, atrasentan has been investigated in 30 com-
pleted phase I, 11, and III studies. These studies included
433 healthy volunteers, 1,154 subjects with prostate
cancer, 61 subjects with other malignancies, 11 subjects
with diabetic nephropathy, and 12 subjects with conges-
tive heart failure. In the completed studies of subjects
with prostate cancer, 1,124 subjects received at least 10
mg of atrasentan daily for a minimum of 3 months, 579
subjects received atrasentan for at least 6 months, 291
subjects received atrasentan for at least 12 months, 19 sub-
jects received atrasentan for at least 24 months, and 4
subjects received atrasentan for at least 36 months. The
pharmacodynamics of astrasentan demonstrate that it is
orally bioavailable, readily absorbed with linear dose pro-
portionality, and can be administered once daily. Plasma
concentrations at doses of atrasentan =2.5 mg exceeded
the human ET), receptor K; (0.034 nM) and corresponded
to biologically active concentrations in human pharma-
codynamic studies and in preclinical studies in vivo. In
phase I studies involving both healthy subjects and sub-
jects with cancer, atrasentan was well tolerated over a
wide dose range.!3 In healthy volunteers, the most com-
monly observed adverse events were headache, rhinitis,
and peripheral edema. These adverse events are believed
to be associated with the vasodilatory effects of atrasen-
tan. Dosing in healthy volunteers was limited by head-
ache at 30 mg. In subjects with cancer, the safety profile
was consistent with that observed in healthy volunteers;
however, subjects with cancer tolerated doses as high
as 95 mg, and no maximum tolerated dose (MTD) was
identified. Few National Cancer Institute (NCI) Cancer
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Toxicity Criteria grade 3 or 4 toxicities were observed in
the studies involving subjects with cancer.

GBMs express high-affinity ET, receptors on vas-
cular elements and high-affinity ET}y receptors on non-
vascular elements.'*!’ Studies with human astrocytoma
cell line U138MG demonstrated ET, receptor expres-
sion and suggest a possible role for ET in the regula-
tion of angiogenesis of glioma growth by altering the
blood-brain barrier or by acting as a growth factor. In
30 samples of malignant and low-grade gliomas, bind-
ing of transforming growth factor (TGF)-B and ET-1 to
ET, correlated with malignant degeneration: 100% of
GBMs, 40% of astrocytomas, and 20% of low-grade
gliomas demonstrated binding to TGF- and ET-1.!¢ In
addition, ET may function synergistically with other
factors to promote growth, angiogenesis, and malignant
degeneration.

Atrasentan is a potent, orally bioavailable selective ET
antagonist that binds to the ET, receptor.'! It reverses or
blocks the effects of ET-1 on the ET, receptor, including
its proliferative and angiogenic effects.!” This study was
designed to describe the toxicities associated with the
administration of atrasentan, to determine the MTD of
this agent in patients with recurrent primary malignant
glioma, and to obtain preliminary data regarding its
therapeutic activity.

Materials and Methods

This study was conducted by the New Approaches
to Brain Tumor Therapy (NABTT) CNS Consor-
tium, which is funded by NCI.'® Participating insti-
tutions included the Sidney Kimmel Comprehensive
Cancer Center at Johns Hopkins, the H. Lee Moffitt
Cancer Center, Winship Cancer Institute at Emory Uni-
versity, Wake Forest University, the Cleveland Clinic,
Henry Ford Hospital, the University of Alabama at
Birmingham, and the University of Texas at San Anto-
nio. The clinical research protocol was reviewed and
approved by the Cancer Therapy Evaluation Program at
NCI and by the institutional review boards of all partici-
pating institutions. Informed consent was obtained from
each patient who participated in the research study. All
patients eligible for this study were registered through
the NABTT CNS Consortium’s Central Operations
Office in Baltimore, MD, USA.

Patient Eligibility Criteria

Patients were eligible for the trial if they were over 18
years of age, able to give informed consent, and under-
stood the investigational nature of this study and its
potential risks and benefits. In addition, patients had
to meet the following criteria: pathological confirma-
tion of GBM, anaplastic astrocytoma, or anaplastic
oligodendroglioma; progressive measurable disease on
contrast-enhanced CT or MRI after treatment with
radiation therapy; sufficient time for toxicities of pre-
vious therapies to have resolved (3 months since radia-
tion, >6 weeks since last nitrosourea, or >3 weeks since



other chemotherapy); KPS score of =60%; life expec-
tancy of >3 months; and adequate bone marrow (WBC
>2,000/mm? or absolute neutrophil count >1,500/mm?,
platelets >100,000/mm?), renal (serum creatinine <1.7
mg/dl), and hepatic function (total bilirubin <1.5 mg/
dl and aspartate aminotransferase/alanine aminotrans-
ferase <4 times the upper limit of normal). Participat-
ing patients were required to have a Mini Mental Status
Exam score of 15 or higher. Patients with the potential
for pregnancy or paternity agreed to follow acceptable
birth control methods to avoid conception. Women of
childbearing potential had to have a negative pregnancy
test result. Patients with uncontrolled hypertension,
congestive heart failure, a New York Heart Association
class-2 cardiovascular disability status, an active infec-
tious process (including hepatitis and HIV), or medical
or psychiatric problems unrelated to the malignancy that
might jeopardize compliance or put them at undue risk
were ineligible for this study. Patients who had received
more than one chemotherapy regimen or prior Gliadel
wafers or had a prior malignancy within 5 years, except
curatively treated carcinoma in situ or basal cell carci-
noma of the skin, were also ineligible.

Treatment Scheme

The first three planned dose levels were 10, 20, and
30 mg of oral atrasentan per day, and subsequent dose
increments were by 20 mg (e.g., 50, 70 mg), up to a max-
imum of 150 mg. As we did not expect toxicity at the
two lowest dose levels, only two patients were accrued
to these cohorts. Cohorts of three patients were accrued
to higher dose levels. Atrasentan was administered daily
until disease progression or toxicity required the drug
to be discontinued. We did not allow intrapatient dose
escalations. We formally assessed toxicity on day 15, day
29, and every 4 weeks thereafter while patients were on
study. All previously dispensed bottles and any unused
study drug were collected at each visit, along with a
medication diary to assess compliance.

Definition of MTD

For the purposes of this study, dose-limiting toxicity
(DLT) was defined as any of the following treatment-
related adverse events: (a) absolute neutrophil count
<500/pl for at least 3 days; (b) platelet count <25,000/
pl; (c) febrile neutropenia; (d) grade 3 or 4 nonhemato-
logic toxicities, with the exception of nausea and vom-
iting without adequate antiemetic prophylaxis; and (e)
a delay in starting a subsequent course of treatment of
more than 7 days due to incomplete recovery from tox-
icity. The development of seizures, other neurological
abnormalities, deep venous thrombosis, or pulmonary
emboli were not dose-limiting considerations unless the
investigator believed that the event was attributed to the
study drug and not the underlying CNS malignancy.
Atrasentan is not a cytotoxic agent, and therefore the
determination of the MTD did not follow the standard
design for those agents, which targets a 30% —33% tox-
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icity rate. In this clinical trial we defined the MTD as the
dose below the level that produced any DLT. We assigned
no more than three patients to a given dose level until
we had followed all patients for at least 4 weeks (one
cycle), which permitted toxicity to be assessed. We con-
tinued to increase the dose until one patient experienced
a DLT. We considered the dose preceding this dose level
to be the MTD and subsequently expanded the cohort
to a maximum of 10 patients. If one of these additional
patients experienced a DLT, we planned to decrease the
dose to the appropriate level and expand the cohort to a
maximum of 10 patients at that dose. This de-escalation
would continue until a cohort of 10 patients received a
dose with no DLTs. This dose was defined as the MTD.

Toxicity Evaluations

We evaluated toxicities during each 4-week cycle and
graded toxicity according to the NCI Common Toxic-
ity Criteria, version 2.0. A complete blood count with
differentials and platelet count was performed 7 days
after initiating treatment and once a week thereafter,
including within 3 days of starting each successive cycle
of therapy. In the event of hematologic toxicity, as indi-
cated by an absolute neutrophil count <1,500/ul or
platelet count <100,000/pl, we repeated these tests at
least every other day until recovery to normal values.
Evaluations performed within 3—5 days before begin-
ning every new treatment cycle included physical and
neurological examinations; vital signs and performance
status; complete blood count with differentials and
platelet count; and a serum chemistry profile.

Response Assessment

All eligible patients who consented to this study had a
baseline pretreatment MRI. CT scans were permitted if
there was a medical contraindication to obtaining an MR
scan. Scans were repeated before every other treatment
cycle (e.g., before cycles 1, 3, 5). If a partial or complete
response was noted, the scan was repeated in 1 month
to confirm the response. Only confirmed responses were
considered. The NABTT neuroradiologist reviewed all
radiologic responses using NABTT response criteria.!”

Statistical Considerations

The primary end point of this study was safety. We tal-
lied the frequency of toxicities greater than grade 2. A
secondary end point was to assess preliminary evidence
of efficacy. We calculated patient survival time from start
of treatment until death from any cause for overall sur-
vival and date of progression or death for progression-
free survival (PFS). Survival times were censored at date
of last follow-up. We estimated the survival distribution
using the method of Kaplan and Meier,?° and calculated
confidence intervals (CI) using standard methods. Analy-
ses were performed using SAS version 9.1 (SAS Institute,
Inc., Cary, NC, USA) and STATA (version 8, College
Station, TX, USA). All p values reported are two sided.
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Table 1. Baseline demographic and clinical characteristics

n (%) or

Characteristic Median (Range)
Age (years) 52 (25-70)
Gender, male 16 (64)
KPS

60% 1(4)

70% or 80% 11 (44)

90% or 100% 13 (52)
Histological diagnosis

Glioblastoma multiforme 22 (88)

Anaplastic astrocytoma 2(8)

Anaplastic oligodendroglioma 1(4)
Prior chemotherapy regimens

0 1(4)

1 24 (96)
Concomitant antiseizure drugs

Enzyme inducing 13 (52)

None or not enzyme inducing 12 (48)

Results

Patient Characteristics

Twenty-five patients were enrolled in this study between
July 2002 and May 2004, and their characteristics are
summarized in Table 1. Twenty-four patients were white
and one was Asian. Twenty-four patients had received
one chemotherapy regimen (1 1,3-bis[2-chloroethyl]-1-
nitrosourea; 1 procarbazine, lomustine, vincristine; 1

dalteparin; 2 CPT-11/temozolomide; 19 temozolomide),
and 1 patient had received no chemotherapy.

Dose Escalation and Toxicities

We were able to evaluate only 23 patients for toxicity, as
2 patients developed early progression. The dose levels
evaluated, the number of patients enrolled at each dose
level, and the toxicities that were at least possibly related
to atrasentan and occurred in at least 5% of the patients
are summarized in Table 2. The most common adverse
events were rhinitis, fatigue, and edema; these events
occurred in at least 28% of the patients. The only DLT
was a grade 3 hypoxia and peripheral edema in a patient
after 18 days of atrasentan at 90 mg/day. The 70-mg/day
cohort was expanded to 10 patients with no observed
DLT, and this was declared the MTD. No myelosup-
pression was observed. Although the study groups were
not stratified by P450 enzyme-inducing antiseizure drug
(ETASD) use, there were near equal numbers of patients
in each group, and we compared the frequency of toxici-
ties across strata. We did not observe significant toxici-
ties in either group. For the non-EIASD group (n = 12),
there were 11 (92%) grade 2, 4 (33%) grade 3, and 2
(17%) grade 4 toxicities. In the EIASD group (n = 13),
there were 12 (92%) grade 2, 10 (77%) grade 3, and 2
(15%) grade 4 toxicities.

Antitumor Activity

Two GBM patients (one at 90 mg/day and one at 70 mg/
day dose level) had a partial response (8% response rate)
for 111 and 356+ days, as illustrated in Figs. 1 and 2,
and four additional GBM patients (16%) had stable dis-

Table 2. All toxicities that occurred in at least 5% of patients and were related to atrasentan by dose level (n = 25)

Dose Level (mg)

Overall
10 20 30 50 70 90 Percentage
Toxicity (n=2) (n=2) (n=4) (n=3) (n=11) (n=23) of Patients
Nausea 1 1 8%
Vomiting 1 1 8%
Weight gain 1 1 8%
ANC 1 1 8%
Hypocalcemia 2 8%
Platelets 1 1 8%
SGPT 1 1 8%
Arthralgia 1 1 1 12%
Constipation 1 1 1 12%
Headache 1 2 12%
Low WBC 2 1 12%
Dyspnea 1 2 1 16%
Dry mouth 1 1 1 1 16%
Hemoglobin 1 4 1 24%
Allergic rhinitis 1 1 1 4 28%
Edema 3 5 1 36%
Fatigue 1 2 2 3 3 1 48%

Abbreviations: ANC, absolute neutrophil count; SGPT, serum glutamic pyruvic transaminase; WBC, white blood count.
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Atrasentan -2 Cycles (56 days)
Case 1-Partial Response in GBM

January 21, 2004

March 17, 2004

Fig. 1. Atrasentan (two cycles, 56 days): case 1, partial response in
glioblastoma multiforme (GBM). Tumor regression was evidenced
by MRI of the brain (axial T1 with gadolinium). A tumor (arrow)
showed a partial response.

ease for 117, 146, 343, and 407 days before progressing.
One patient withdrew from the study before response
evaluation. One patient treated at the 70 mg/day dose
level has remained on study for more than 12 months.
The other 23 patients have progressed, and 19 of the
25 (76%) patients have died. The Kaplan-Meier esti-
mate of median overall survival was 6.0 months (95%
CI, 4.2-9.5 months), and PFS was 1.5 months (95% CI,
1.0-2.7 months; Fig. 3). The 6-month PFS rate for the
22 patients with GBM was 18% (95 % CI, 5% -40%).

Discussion

This study is the first evaluation of an ET, receptor
antagonist in patients with glioma. The safety profile
of atrasentan in these patients was consistent with that
observed in healthy volunteers and prostate cancer
patients, even at the higher doses in this study, and it
reflects the physiologic antagonism of ET, receptors.!?!
The two patients with partial responses and several
patients with prolonged stable disease reflect similar
activity rates as those seen in relief of cancer pain and
reduction in prostate-specific antigen and other tumor
markers in prostate cancer.?? In addition, the 6-month
PFS rate of 13% in patients with GBM is comparable to
previous phase II studies of cytotoxic chemotherapy in
recurrent GBM, but with less toxicity.?

The more frequently observed adverse effects of
fatigue, rhinitis, and edema were attributable to the
vasoactive pharmacology of ET receptor compounds.
These effects were mild to moderate in intensity, revers-
ible, and when necessary, readily controlled with symp-
tomatic treatment, except in one patient at the 90 mg/day
dose level, who developed hypoxia and peripheral edema
as a DLT. Similar effects were previously observed in
healthy subjects who received up to 40 mg of atrasentan
once daily, and such effects have also been reported with
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Atrasentan — 6 Cycles
Case 2 — Partial Response in GBM

12/28/2004
Tumor = 1.56 x 1.04 cm

5/14/2004
Tumor=23.14 x 2.79 cm

Fig. 2. Atrasentan (six cycles): case 2, partial response in glioblas-
toma (GBM). Atrasentan-induced response in a patient with recur-
rent GBM after radiation and temozolomide by MRI of the brain
(saggital T1 with gadolinium).

administration of other ET antagonists.?3>* All cases of
edema occurred in patients taking doses of =50 mg of
atrasentan. Although headaches have been reported in
other studies of atrasentan and other ET antagonists,
headache was not a significant problem in this brain
tumor trial.?*-%’

There are several ways the ET axis could be of criti-
cal importance in the therapy of patients with malig-
nant gliomas, aside from its impact on cell proliferation.
ET-1 can be amplified by synergistic interactions with
other growth factors, including epidermal growth fac-
tor, basic fibroblast growth factor, insulin, insulinlike
growth factor, platelet-derived growth factor, TGF,
and interleukin-6.>% The transcriptional up-regulation

1.0
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=
3
o 0.6
o
S 04
c
> oS
? 02
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001

0 3 6 9 12 15 18 21 24 27
Months

Fig. 3. Kaplan-Meier survival curves for all patients enrolled in the
phase | study. Survival was measured from the time of entry into
the study. Abbreviations: OS, overall survival; PFS, progression-
free survival.
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of vascular endothelial growth factor (VEGF) has been
linked to a critical mediator of hypoxia signaling, the
hypoxia-inducible factor-la (HIF-1a). ET-1 promotes
VEGF production through HIF-1a, and this mecha-
nism might be responsible for increasing tumor angio-
genesis. Degradation of HIF-1a was, in fact, reduced
in ET-1-treated ovarian carcinoma cells under both
hypoxic and normoxic conditions. After ET-1 stimu-
lation, HIF-1a protein levels increase in the cells, and
the HIF-1 transcription complex is formed and binds
to the hypoxia-responsive element binding site. There-
fore, ET-1-induced HIF-1 accumulation activates all the
signals necessary for a complete HIF-1 response.?’ The
HIF-1a—mediated transcription of VEGF by ET-1 under
normoxic conditions points to a general mechanism
through which oncogenes and growth factors might up-
regulate VEGF and through which they could synergize
with hypoxia during tumor growth. Addition of a spe-
cific ET4 receptor antagonist blocked the ET-1-induced
up-regulation of VEGF expression and secretion as well
as the ET-1-induced activation of HIF-1 transcription
complex. In tumor cells, ET-1 might be unregulated by
hypoxia. Thus, under hypoxic conditions, ET-1 may
potentiate the hypoxic stimulus by amplifying HIF-1«
stability and VEGF production.3’ Activation of the
HIF-1 pathway, likely due to the effects of tumor tissue
hypoxia, is a common feature of malignant gliomas.
The present study suggests that chronic oral adminis-
tration of atrasentan, a potent and selective ET, receptor
antagonist, is safe for patients with recurrent malignant

gliomas. The MTD of daily oral atrasentan in patients
with recurrent malignant glioma is 70 mg/day. The
responses and stable disease noted in this study suggest
that this noncytotoxic compound used as monotherapy
in late-stage, recurrent GBM may have activity compa-
rable to other cytotoxic regimens, with much less toxic-
ity. Based on the results of this exploratory trial in recur-
rent GBM, a phase II study of atrasentan with radiation
therapy and concurrent temozolomide is warranted to
evaluate the efficacy of this agent in newly diagnosed
GBM.
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