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A B S T R A C T

Purpose

Antli)vascular endothelial growth factor (anti-VEGF) therapy is a promising treatment approach for
patients with recurrent glioblastoma. This single-arm phase Il study evaluated the efficacy of
aflibercept (VEGF Trap), a recombinantly produced fusion protein that scavenges both VEGF and
placental growth factor in patients with recurrent malignant glioma.

Patients and Methods
Forty-two patients with glioblastoma and 16 patients with anaplastic glioma who had received

concurrent radiation and temozolomide and adjuvant temozolomide were enrolled at first relapse.
Aflibercept 4 mg/kg was administered intravenously on day 1 of every 2-week cycle.

Results
The 6-month progression-free survival rate was 7.7% for the glioblastoma cohort and 25% for

patients with anaplastic glioma. Overall radiographic response rate was 24% (18% for glioblas-
toma and 44% for anaplastic glioma). The median progression-free survival was 24 weeks for
patients with anaplastic glioma (95% CI, 5 to 31 weeks) and 12 weeks for patients with
glioblastoma (95% CI, 8 to 16 weeks). A total of 14 patients (25%) were removed from the study
for toxicity, on average less than 2 months from treatment initiation. The main treatment-related
National Cancer Institute Common Terminology Criteria grades 3 and 4 adverse events (38 total)
included fatigue, hypertension, and lymphopenia. Two grade 4 CNS ischemias and one grade 4
systemic hemorrhage were reported. Aflibercept rapidly decreases permeability on dynamic
contrast enhanced magnetic resonance imaging, and molecular analysis of baseline tumor tissue
identified tumor-associated markers of response and resistance.

Conclusion
Aflibercept monotherapy has moderate toxicity and minimal evidence of single-agent activity in
unselected patients with recurrent malignant glioma.

J Clin Oncol 29:2689-2695. © 2011 by American Society of Clinical Oncology

therapy less than 15% of the time and have median
PFS of 9 weeks for glioblastoma and 13 weeks for

Glioblastoma is the most common malignant
primary brain tumor with an expected median
progression-free survival (PES) of 6.9 months and
median overall survival (OS) of 10 to 14 months.!
Although the prognosis is better for patients with
anaplastic glioma, these tumors ultimately trans-
form into glioblastoma with increased vascular
endothelial growth factor (VEGF) production sec-
ondary to an angiogenic switch. Radiotherapy plus
temozolomide followed by adjuvant temozolomide
has significantly improved the outcome for patients
with glioblastoma'; however, tumor recurrence is
inevitable and no curative treatment options exist
for patients with recurrent malignant glioma. Pa-
tients with recurrent malignant glioma respond to

anaplastic astrocytoma.’

Vascular proliferation is one of the pathologic
hallmarks of glioblastoma. Recruitment of tumor
vessels from surrounding tissues requires angio-
genic growth factors, including VEGF and the
related placental growth factor (PIGF), which
preferentially act on VEGF receptor 1.> VEGF
expression by glioma cells and infiltrating bone
marrow—derived cells stimulate endothelial cell
proliferation, migration, and survival, and in-
crease vascular permeability. Tumor angiogenesis
is a complex process whereby multiple molecules
in normal and tumor tissue activate a series of
signaling events leading to cooption of new blood
vessels™” which may underlie the angiogenic switch
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and progression of anaplastic astrocytoma to glioblastoma. Preclinical
studies highlight the potential efficacy of targeting VEGF and VEGF
receptor (VEGFR) in the treatment of glioblastoma.® Recent clinical
trials”® in glioma with small-molecule inhibitors of VEGFR and
VEGEF antibody (bevacizumab [Avastin]) alone and in combination
with cytotoxic chemotherapy”'> have shown promising results.

PIGF stimulates angiogenesis, in part, by enhancing the activity of
VEGEF signaling by activation of VEGF receptor 1, and it is known to
contribute to the angiogenic switch in cancer.>'? Recent studies dem-
onstrate that PIGF may mediate angiogenic escape and resistance to
treatment,'* and blocking PIGF alone has evidence of preclinical effi-
cacy.'® PIGF levels were recently shown to be markedly increased in
patients with recurrent glioblastoma following treatment with a pan-
VEGF receptor tyrosine kinase inhibitor,'® which supports the ratio-
nale for inhibiting both VEGF and PIGF in patients with glioma.

Aflibercept (VEGF Trap) is a recombinant fusion protein of the
extracellular domains of VEGF fused to the Fc portion of immunoglobu-
lin G1; it binds with high affinity to both VEGF (K VEGF [165] 0.5
pmol/L) and PIGF (Kj: 39 pmol/L). Aflibercept was safe in a phase I
clinical trial in solid tumors'” and is currently in phase II/III trials in
Several cancer types, including lung, prostate, and ovarian cancer. Preclin-
ical studies in glioma animal models demonstrate efficacy of aflibercept.'®
In this trial, we sought to determine whether aflibercept-mediated inhibi-
tion of VEGF and PIGF leads to an improvement in 6-month PFS in
patients with recurrent glioblastoma and anaplastic glioma.

Patient Eligibility

Patients were required to have histologically confirmed glioblastoma,
gliosarcoma, or anaplastic glioma (anaplastic astrocytoma, anaplastic oligo-
dendroglioma, anaplastic mixed oligoastrocytoma) with evidence of unequiv-
ocal progression after chemoradiotherapy and no more than one adjuvant
temozolomide-containing regimen. Additional eligibility requirements were
as follows: tissue available from primary surgery at initial diagnosis or at
relapse; Karnofsky performance status of = 60; baseline magnetic resonance
imaging (MRI) = 14 days of registration on a stable dosage of steroids; life
expectancy more than 8 weeks; recovered from the toxic effects of prior
therapy; adequate bone marrow (absolute neutrophil count = 1,500/mL;
platelet count = 100,000/mL), liver (ALT/alkaline phosphatase < 2 X normal;
bilirubin < 1.5 mg/dL), and renal (blood urea nitrogen and creatinine < 1.5 X
normal) functions; urine protein creatinine ratio (UPCR) less than 1; in-
formed consent; more than 28 days from cytotoxic chemotherapy or investi-
gational agent; and more than 4 weeks from surgery. Patients were excluded if
they were pregnant or nursing, had a history of intracerebral or intratumoral
hemorrhage, had treatment with prior bevacizumab or other antiangiogenic
agent, had a history of significant cardiovascular disease, had severe concur-
rent illness or prior malignancy, and for any reason for full dose anticoagula-
tion (such as deep venous thrombosis or pulmonary embolism). Patients who
developed a requirement for anticoagulation were removed from the study.
The study was approved by the Cancer Treatment Experimental Program
(CTEP) and the institutional review board of each participating North Amer-
ican Brain Tumor Coalition NABTC site.

Treatment Plan

Aflibercept was provided by CTEP and administered to patients at the
recommended phase IT dose of 4 mg/kg intravenously on day 1 of every 14-day
cycle. A 2-day window on either side of the 14-day treatment was allowed.
Patients were allowed up to two dose reductions for grade 3 or 4 toxicities and
were allowed to recover from treatment-related toxicities for up to 2 weeks or
longer with the permission of the principal investigator and CTEP medical

2690 © 2011 by American Society of Clinical Oncology

monitor. Patients received treatment until they experienced tumor progres-
sion or toxicity or withdrew consent.

Evaluations During Study

CBC with differential and serum chemistries were performed weekly for
the first 12 weeks and then every 2 weeks thereafter. Urinalysis and UPCR were
evaluated every week for the first 4 weeks and then every 4 weeks thereafter.
Prothrombin time and partial thromboplastin time were performed every 2
weeks. Detailed physical examination, including complete neurologic exami-
nation and determination of Karnofsky performance status, was performed
every 4 weeks. Blood pressure was carefully monitored every 2 weeks before
each cycle. UPCR was required to be less than 1 or a 24-hour urinary protein
concentration was required to be less than 2 g before treatment. Standard MRI
evaluations were performed at baseline, at 4 and 8 weeks after initiating
therapy, and every 8 weeks thereafter. The National Cancer Institute Common
Terminology Criteria, version 3.0, was used to evaluate and grade treatment-
related toxicities.

End Point and Assessment of Response

The primary end point for patients with glioblastoma was a 6-month
(26-week) PFS rate for patients treated with aflibercept defined as the time of
study registration to tumor progression. The anaplastic glioma cohort was
considered exploratory, with emphasis on estimating the potential success rate
in this patient group. Secondary end points included radiographic response
rate, time to progression (TTP), OS, and toxicity. Response to treatment was
determined by using modified MacDonald criteria,'” including a requirement
for a confirmatory scan. Clinical decisions regarding progression were per-
formed by the treating investigator on the basis of radiographic findings and
evidence of clinical deterioration with response and progression at 6 months
verified by central radiologic assessment. Final determination of response was
provided by NABTC central radiologic review. A special response review
sponsored by CTEP confirmed the central reviewer’s assessment of response
for the first 48 patients.

Correlative Studies

Tumor tissue obtained at the time of tumor diagnosis was evaluated for
markers predictive of response or resistance to aflibercept. Slides from each site
were used to isolate RNA from paraffin-embedded tissue as previously de-
scribed.?® A whole-genome cDNA-mediated annealing, selection, extension
and ligation assay (Illumina, San Diego, CA) was used to interrogate gene
expression profiles.”** After normalization and batch effect removal by using
ComBat,** we used Cox regression analysis with a random forest approach to
identify candidate genes associated with TTP. We then performed unsuper-
vised clustering on expression from the top TTP candidate genes.

Advanced Neuroimaging

Vascular MRI scans were performed on a cohort of patients with glio-
blastoma at baseline and following 24 hours of treatment with aflibercept.
Dynamic contrast enhanced MRI measures of vascular to extravascular extra-
cellular space (EES) transfer constant (K"*"), EES to vascular space rate
constant (kep), and EES volume fraction (v,) were assessed at the indicated
time points by using a two-compartment pharmacokinetic model.*#*> MRI
sequence parameters were standardized between the two centers participating
in the advanced imaging portion of this study (Dana-Farber Cancer Institute
and MD Anderson Cancer Center).

Statistical Considerations

Patients were stratified on the basis of tumor histology: glioblastoma or
gliosarcoma (n = 42) and anaplastic glioma (anaplastic astrocytoma, anaplas-
tic oligodendroglioma, anaplastic mixed oligoastrocytoma; n = 16). All effi-
cacy analyses were based on the principle of intent to treat and included all
eligible patients. Safety analyses included all patients who received at least one
dose of study medication. The primary end point of 6-month PFS was assessed
from the time of study registration. Patients not known to be progression free
at the time of the 6-month scan (24 weeks) were considered to have experi-
enced treatment failure. Efficacy was based on comparison with historical data
for 225 patients with recurrent glioblastoma treated on protocol in which
patients with glioblastoma treated with ineffective agents had a 6-month PFS
0f 15%.2 The trial was sized to be able to discriminate between a 15% and 30%
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rate of 6-month PFS for the glioblastoma group. A sample size of 42 patients
provided approximately 85% power to detect a true 30% 6-month PFS rate
while maintaining 0.91 probability of rejecting for a true 15% 6-month PFS
rate. In supplementary analyses, PFS and OS were estimated by using the
Kaplan-Meier method. For the purpose of this supplementary PES analysis, if
a patient stopped treatment for reasons other than progression, the following
rules were applied. If the patient continued to have regular scans and did not
receive alternative treatment, the date of progression or death was used for
assessing PFS. Otherwise the date of last scan or start of subsequent treatment
was used to determine follow-up time, and the patient was censored for PFS at
that date. If additional information post-treatment was not available, the
patient was censored at the last dose date. All patients alive as of the last contact
were censored for survival on the basis of that contact date.

Patient Characteristics

A total of 58 patients, including 16 patients with anaplastic gli-
oma and 42 patients with glioblastoma or gliosarcoma, were enrolled
from seven different institutions from February 2007 to November
2008. Patient demographic and pretreatment characteristics are pro-
vided in Table 1. All patients underwent central pathologic review by
the NABTC neuropathologist (K.A.). Of the 16 patients with anaplas-
tic glioma, 12 (75%) had anaplastic astrocytoma, three (19%) had
anaplastic oligodendroglioma, and one (6%) had an anaplastic mixed
oligoastrocytoma. Of the 42 patients enrolled on the glioblastoma
arm, all had pathologically confirmed glioblastoma with the exception
of three patients (7%) with gliosarcoma. All 42 patients with glioblas-
toma received radiation with concurrent and adjuvant temozolomide.
Three patients (7%) with glioblastoma were treated at their second
recurrence and were excluded from the final efficacy analyses. Two
patients in each cohort received only one cycle of treatment with one
patient in each cohort withdrawing consent.

PFS and OS
Three patients (7.7%) with glioblastoma had PFS of more than 6
months. Two patients experienced treatment failure at 50 and 65 weeks,

Table 1. Patient Characteristics
Anaplastic Glioblastoma
Glioma Arm Arm
Characteristic No. % No. %
No. of Patients 16 42
Age, years
Median 53 55
Range 26-70 33-72
Sex
Male 11 25
Female 5 17
Karnofsky performance status
Median 90 90
Range 60-100 60-100
Pathology
Glioblastoma 39 93
Gliosarcoma 3 7
Anaplastic astrocytoma 12 75
Anaplastic oligodendroglioma 3 19
Anaplastic mixed oligoastrocytoma 1 6
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Fig 1. Kaplan-Meier estimates of time to progression (TTP) and overall survival
(OS) for patients with anaplastic glioma (A) and glioblastoma (B).

and one was censored at 26 weeks. Thus, the primary efficacy end point for
the glioblastoma cohort was not met. The 6-month PFS for patients with
anaplastic glioma was 25%. The median PFS for the anaplastic cohort was
24 weeks (95% CI, 5 to 31 weeks), and the median PFS was 12 weeks (95%
CI, 8 to 16 weeks) for patients with glioblastoma. Six grade 4 and four
grade 3 patients were censored for progression before the 26-week time
point. Median survival for patients with anaplastic glioma was 55 weeks
with five patients living 2.5 years. For patients with glioblastoma, the
median survival was 39 weeks with two patients alive beyond 150 weeks.
Kaplan-Meier curves for PFS and OS for patients with glioblastoma and
anaplastic glioma are shown in Figure 1.

Response

Of the 39 patients with glioblastoma, seven (18%) achieved a
partial response (PR). One patient stopped treatment after 2 weeks
because of toxicity but had a 4-week scan showing a PR. The PFS for
the remaining six patients ranged from 15 to 65 weeks with a median
of 23 weeks. Figure 2 shows an example of a patient with recurrent
glioblastoma with a PR to aflibercept. Of 16 patients in the anaplastic
glioma cohort, one patient (6%) achieved a complete response, and six
patients (38%) showed a PR. Two patients with anaplastic glioma
stopped treatment early and were censored at 6 and 10 weeks, respec-
tively. PFS for the remaining five patients ranged from 24 to 134 weeks
with a median of 45 weeks.

© 2011 by American Society of Clinical Oncology 2691
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24 Hours

Baseline

11 Months

Fig 2. Coronal (top) and axial (middle)
T1-weighted post gadolinium (Gd) and fluid
attenuated inversion recovery (FLAIR; bot-
tom) magnetic resonance imaging of a pa-
tient with recurrent glioblastoma achieving a
partial response to aflibercept.

Toxicity

Aflibercept was only moderately well tolerated in this single-
agent phase II study. Table 2 lists the grade 3 (35 events) and grade 4
(three events) toxicities. No grade 5 toxicities were observed. Dose
reductions for toxicity occurred in 19 patients with 11 grade 3 and 4
adverse events observed at —1 (nine events) and —2 (two events) dose
levels. A total of 14 patients (eight anaplastic glioma, 50%; six glioblas-
toma, 14%) developed toxicity that required their discontinuing treat-
ment. The median number of cycles received before removal from
study for toxicity was five (range, one to 39 cycles) for the anaplastic
glioma cohort and 3.5 cycles (range, zero to eight cycles) for the
glioblastoma cohort. The most common adverse events leading to
study drug discontinuation were fatigue, thromboembolic complica-
tions, wound healing complications, and CNS ischemia.

Correlative Studies

Unstained, fresh-frozen, paraffin-embedded tumor tissue from
the patients’ original surgery was obtained for 40 of the 58 patients
(69%) enrolled on this trial (35 glioblastoma and five anaplastic gli-
oma). RNA was isolated and analyzed by genome-wide gene expres-
sion patterns. Although the number of samples was small, we observed
several genetic markers associated with TTP following treatment with

2692 © 2011 by American Society of Clinical Oncology

aflibercept (see Appendix Figs A1l and A2, online only). Genes associ-
ated with a longer time to progression included carbonic anhydrase 9
(CA9), hypoxia inducible factor 1 alpha (HIF-1«), and SMAD2. Con-
versely, expression of CXCL16, CXCR4, ZAP70, CD27, CD84, and
VEGEF-B were associated with a shorter TTP (Table 3 and Appendix
Table A1, online only).

Dynamic contrast enhanced MRI analysis was performed on 14
of 42 patients with glioblastoma at baseline and 24 hours following
aflibercept infusion. Pixel-by-pixel K™ maps of all slices containing
contrast-enhancing tumor were computed, and median values were
determined for each patient at each time point. Compared with base-
line, a 59% = 39% reduction in median K"*" was observed in 12 of 14
patients at 24 hours (P < .001, t test). Changes in K" at this early
time point were not predictive of durable response or TTP.

Targeting angiogenesis has recently been shown to improve PFS in
recurrent glioblastoma; however, tumor progression occurs because
of the development of resistance. Therefore, there is a strong rationale

JOURNAL OF CLINICAL ONCOLOGY
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Table 2. Grade 3 and 4 Toxicities per Patient (n = 58)
Grade 3 Grade 4

z
°

%

z
o

Toxicity %

Ataxia

CNS ischemia
Confusion
Dysphagia

Fatigue

Gl hemorrhage
Hand-foot syndrome
Headache
Hypertension
Hyponatremia
Hypophosphatemia
Hypoxia

Increased LFTs
Lymphopenia
Mucositis
Neutropenia

Pain

Pericarditis
Proteinuria

Rash
Thrombosis/embolism
Wound complication
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Abbreviation: LFT, liver function test.

for dual inhibition of VEGF and PIGF, a proangiogenic growth factor
which is thought to play an important role in stimulating pathologic
angiogenesis via direct stimulation of VEGFR1 and VEGFR2 and via
the attraction of proangiogenic myeloid cells. This NABTC phase II
trial was, to our knowledge, the first clinical trial of affibercept in
recurrent gliobastoma. Unfortunately, the primary end point of this
trial was not met because only three patients with glioblastoma (7.7%)
were alive and free of progression at 6 months.

The response rate in this study was similar to that for other
antiangiogenic agents in patients with recurrent glioblastoma, and
the durability of response was sustained in the patients who re-
sponded (median, 5.8 months). However, the number of patients
reaching the 6-month PFS end point was considerably lower than

Table 3. Selected Gene Expression Changes Associated With TTP

Longer TTP P Shorter TTP P

ANAPC7 .00213 SLC16A13 .00051
GRM8 .00329 EPHB4 .00491
PCDHGB1 .00551 VEGFB .00431
KNTC1 .00496 CD27 .00497
ITGB1 .00363 SLC16A12 .00455
PLEKHF1 .00506 CD84 .00406
PPRC1 .00673 CA13 .00480
SMAD2 .00271 CXCR4 .00565
CDKN2D .00351 CXCL16 .00383
HIF-1a .00492 TSPAN4 .00275
DRD4 .00265 WNT5B .00018
CA9 .00222 ZAP70 .00507

Abbreviation: TTP, time to progression.

WwWw.jco.org

that reported in several trials of bevacizumab and VEGFR inhibi-
tors.'>2® Patient attrition due to toxicity may have contributed to
the lower PFS rate in this study. Fourteen percent of the patients
with glioblastoma and 50% of the patients with anaplastic glioma
came off study because of toxicity, thus contributing to patients’
not reaching the 6-month PFS end point. Aflibercept targets both
VEGF and PIGF and binds to VEGF with a greater affinity than
does bevacizumab, yet this did not lead to greater efficacy com-
pared with bevacizumab therapy alone. The reasons for this dis-
crepancy need further study.

Glioma resistance to antiangiogenic therapy is inevitable for
many reasons, including the release of alternate proangiogenic factors
to promote VEGF-independent angiogenesis. PIGF has been reported
to be one such potential growth factor responsible for stimulation
of blood vessel growth in the setting of VEGF inhibition.>'>'*
Clinical support for this idea has been suggested in several stud-
ies'®* showing that PIGF levels increase in the blood of patients
treated with antiangiogenic therapies. However, it is not clear
whether the observed increase in PIGF is a response to the drug itself or
whether PIGF plays an active role in stimulating pathologic angiogen-
esis in patients receiving anti-VEGF therapy. If VEGF is the primary
driver of angiogenesis in glioblastoma, inhibiting PIGF may not pro-
vide additional benefit.

We performed expression analysis of patient samples to deter-
mine whether there were any genes significantly associated with
response or progression. Several markers were found to be signif-
icantly associated with longer TTP, including the hypoxia markers
CA9, HIF-1a, and SMAD2. Hypoxic tumors are known to increase
expression of CA9 and HIF-1q,” the latter a known transcription
factor that increases the expression of VEGF.*® Thus, we hypothe-
size that tumors with greater hypoxia have more VEGF-dependent
angiogenesis and would respond better to anti-VEGF therapy.
Conversely, there were several genes whose expression was signif-
icantly associated with shorter TTP, including CXCL16, CXCR4,
ZAP70, CD27, and CD84, which are associated with T lympho-
cytes. T lymphocytes are thought to infiltrate gliomas at an early
stage®® in which they mediate immunosuppression and resistance
to treatment.”>>* CXCR4 is also expressed on macrophages, gran-
ulocytes, and myeloid suppressor cells.”’ CXCL12 (SDF-1a), the
ligand for CXCR4, has been shown to attract myeloid cells to
gliomas in which they mediate resistance to antiangiogenic treat-
ment in preclinical models.** Although this analysis was performed
on tissue from the initial surgery, these data provide valuable
information about potential mediators of response and resistance.
However, the absence of a control arm limits the interpretation of
these markers, which could be prognostic.

In summary, single-agent aflibercept appears to have minimal
activity in recurrent glioblastoma. Although the primary end point of
this trial was not met, some patients had a durable response. Intensive
plasma (reported elsewhere) and tissue biomarker analyses were per-
formed to identify those patients most likely to benefit, and they
identified potential mechanisms of resistance to anti-VEGF therapy.
Preclinical data support a potential synergistic benefit of radiation
combined with aflibercept.”® Future studies may include combina-
tions with radiation or chemotherapy. If the biomarker analyses from
the ongoing studies confirm those described in this report, then future
trials could be enriched with patients most likely to obtain the great-
est benefit.

© 2011 by American Society of Clinical Oncology ~ 2693
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