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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
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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
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Table 2. Grade 3 and 4 Toxicities per Patient (n = 58)
Grade 3 Grade 4
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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.
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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.
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