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Agents targeting the vascular endothelial growth factor
(VEGF) pathway are being used with increasing fre-
quency in patients with recurrent high-grade glioma.
The effect of more than one antiangiogenic therapy
given in succession has not been established. We
reviewed the efficacy of bevacizumab, a VEGF-A
monoclonal antibody, in patients who progressed fol-
lowing prior therapy with VEGF receptor tyrosine
kinase inhibitors (R-TKi). Seventy-three patients with
recurrent high-grade gliomas received VEGF R-TKi
(cediranib, sorafenib, pazopanib, or sunitinib) as part
of phase I or II clinical trials. Twenty-four of these
patients with glioblastoma progressed and received bev-
acizumab-containing regimens immediately after R-TKi.
Those who stopped R-TKi therapy for reasons other
than disease progression, or received a treatment that
did not include bevacizumab, were excluded from the
analysis. The efficacy of bevacizumab-containing regi-
mens in these 24 patients was evaluated. During R-TKi
therapy, 6 of 24 patients (25%) had a partial response
(PR) to treatment. The 6-month progression-free survi-
val (APF6) was 16.7% and median time-to-progression
(TTP) was 14.3 weeks. Grade III/IV toxicities were
seen in 13 of 24 patients (54%). Subsequently with bev-
acizumab salvage therapy, 5 of 24 patients (21%) had a
PR, the APF6 was 12.5%, and the median TTP was 8
weeks. Five of 24 patients had grade III/IV toxicities

(21%). The median overall survival (OS) from the
start of R-TKi therapy was 9.2 months (range: 2.8–
34.11), whereas the median OS after bevacizumab
was 5.2 months (range: 1.3–28.91). Bevacizumab
retains modest activity in high-grade glioma patients
who progress on R-TKi. However, the APF6 of 12.5%
in this cohort of patients indicates that durable tumor
control is not achieved for most patients.
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H
igh-grade gliomas are characterized by the pres-
ence of microvascular proliferation and necrosis
and are associated with elevated levels of

vascular endothelial growth factor (VEGF).1 Even with
optimal surgical resection, radiation, and standard
chemotherapy, high-grade gliomas virtually always
recur and median survival following recurrence is
7 months.2,3 There is no standard therapy at recurrence,
but the development of targeted molecular agents has
resulted in promising therapeutic options.

The highly vascular nature of high-grade gliomas and
the availability of molecular agents that inhibit the
VEGF pathway have made angiogenesis inhibition an
attractive therapeutic target for these tumors.4,5

Currently, there are two clinically available mechanisms
of VEGF inhibition.6 One is through ligand sequestra-
tion, in which a monoclonal antibody such as bevacizu-
mab7 or a soluble decoy receptor such as aflibercept
(VEGF-Trap)8 binds circulating VEGF and prevents it
from binding to the VEGF receptor. The other is by a
small molecular inhibition of the VEGF receptor
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tyrosine kinase. Small molecule receptor tyrosine kinase
inhibitors (R-TKis) selectively bind to the intracellular
domain of a given receptor and inhibit the downstream
effects mediated by that receptor tyrosine kinase. All
VEGF R-TKis used clinically have activity at
VEGFR-2, which inhibits angiogenesis, as well as at a
variety of other potentially important targets such as
VEGFR-1, VEGFR-3, platelet-derived growth factor
receptor (PDGFR), and cKit.9,10

Recent phase II randomized studies have measured
responses to bevacizumab, a humanized monoclonal
antibody that binds to circulating VEGF-A, given alone
or in combination with irinotecan for recurrent high-
grade glioma.11–13 For glioblastoma (GBM) patients,
bevacizumab at recurrence resulted in radiographic
response rates of 26%–61%, 6-month progression-free
survival (APF6) rates of 20%–50%, and a median
overall survival (OS) of 9 months.11–13 These results
are an improvement over historical data for GBM at
recurrence (APF6 16%; median OS 7 months)2,3 but
unfortunately for most patients, survival is still limited
and there is a need for more effective therapies.

Several phase I and II clinical trials using VEGF
R-TKis have been conducted in recent years.
Cediranib, a pan-VEGF R-TKi with additional activity
against PDGFR and cKit, has demonstrated activity in
a phase II trial of recurrent GBM, with radiographic
responses in over 50% of patients and a median OS of
7.5 months.14,15 These findings provided the basis for
a phase III trial of cediranib alone or in combination
with lomustine.

The optimal treatment for patients who fail VEGF
R-TKi is unknown. Some of these patients opt for con-
ventional salvage chemotherapy with known modest
activity, but increasingly, patients are being treated
with bevacizumab-containing regimens. The value of
bevacizumab therapy in these patients is not known. In
this pilot retrospective study, we reviewed our experi-
ence of patients with GBMs treated with VEGF R-TKi
who then received salvage therapy with a bevacizumab-
containing regimen.

Methods

We retrospectively reviewed all patients who received a
small molecule TKi of the VEGFR (cediranib, sorafenib,
sunitinib, or pazopanib) at our institutions as part of a
phase I or II clinical trial for recurrent high-grade
glioma. Seventy-three cases were identified. All the
cases had a pathological diagnosis of anaplastic astrocy-
toma or GBM and had been treated with radiation and
temozolomide according to the Stupp regimen.16 They
then had radiographic evidence of progressive disease
(PD) by the Macdonald criteria17 prior to clinical trial
enrollment.

Among the R-TKi trials included (Table 1), there
were both single-agent trials (sorafenib, cediranib, and
sunitinib) and trials in which the VEGF R-TKi was com-
bined with other molecularly targeted agents directed
against EGFR (pazopanib/lapatinib and sorafenib/

erlotinib) or mTOR (sorafenib/temsirolimus). One
trial combined cediranib with the alkylating agent
lomustine. All the TKis considered block VEGFR-2, as
well as several other potentially relevant receptors.
Sorafenib has activity at VEGFR-2, VEGFR-3, and
PDGFR-b. Cediranib and pazopanib both act at
VEGFR-1, VEGFR-2, VEGFR-3, PDGFR-a,
PDGFR-b, and cKit. Sunitinib has activity at
VEGFR-2, PDGFR-a, PDGFR-b, and cKit.

Of the 73 cases reviewed, 49 were excluded. The most
common reasons for exclusion were discontinuation of
TKi therapy due to grade IV toxicity (n ¼ 11), treatment
with a salvage therapy that did not contain bevacizumab
(n ¼ 10), or no additional therapy was given (n ¼ 10).
Of the remaining cases excluded, 6 received bevacizumab
prior to treatment with R-TKi, 6 remained on TKi therapy
without progression, and one developed leptomeningeal
disease. Five cases had insufficient follow-up information.

The 24 cases included in this study all had pathologi-
cally confirmed GBM prior to treatment with antiangio-
genic therapy. Each also had radiographic evidence of
disease progression on R-TKi therapy as determined by
the Macdonald criteria and received a bevacizumab-
containing salvage regimen (Table 2) immediately after
they had progressed. In these cases, survival, radio-
graphic response, and toxicity of therapy were assessed.

Best radiographic response was determined by
measuring the maximal cross-sectional area of the enhan-
cing abnormality according to the Macdonald criteria17

for partial response (PR) (at least a 50% decrease in the
maximal cross-sectional area of the enhancing abnormal-
ity), PD (a 25% or greater increase in the maximal cross-
sectional area of the enhancing abnormality), or stable
disease (those in which the change was not large
enough to meet criteria for PR or PD). Additional enhan-
cing abnormalities or clear clinical deterioration were
also considered evidence of progressive disease. Brain
MRIs done every 4–8 weeks during treatment were com-
pared with the pretreatment baseline scan, and all radio-
graphic responses were assessed by a single investigator
and corroborated by a second blinded review. There

Table 1. TKi trials

Number of patients

Single agent

Phase I

Sorafenib 2

Phase II

Cediranib 9

Sunitinib 1

Combination therapy

Phase I

Pazopanib þ lapatinib 4

Cediranib þ lomustine 1

Phase II

Sorafenib þ temsirolimus 3

Sorafenib þ erlotinib 4
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was a 90% concordance between the reviewers, and dis-
crepancies were adjudicated by a third reviewer.

Toxicities and adverse events of treatment were
graded according to the Common Terminology
Criteria for Adverse Events (CTCAE), version 3.0.
Grade III toxicities of R-TKi therapy are reported. Any
patients with grade IV toxicities on R-TKi therapy
came off study due to toxicity and were therefore not
included. Grade III or greater toxicities and adverse
events during bevacizumab therapy are also reported.

Statistical Methods

Median time-to-progression (TTP) and OS were esti-
mated by the Kaplan–Meier method. TTP was
measured in weeks from the therapy start date (R-TKi
or bevacizumab) to the date of the brain MRI demon-
strating progressive disease. OS was measured in
months from the therapy start date to the date of death
(available in 23 of the 24 patients). The adjusted APF6
is defined as the percentage of patients who achieved
APF6 from the initiation of a given therapy and is
reported for R-TKi and bevacizumab separately. For
comparisons between radiographic responders and non-
responders, Fisher’s exact test was used to compare the
rates of APF6 and the log-rank test was used to
compare survival curves. All tests were 2-sided, and stat-
istical analyses were performed with the use of SAS soft-
ware (version 9.2; SAS Institute, Cary, North Carolina).

Results

Patient Characteristics

There were 17 men and 7 women enrolled in this study
(Table 2). The median age was 52 (19–73) years, and
the median Karnofsky performance status prior to treat-
ment with R-TKi was 80 (70–100). Treatment with the

VEGF R-TKi was for first recurrence of disease in 16 of
24 (67%) of the cases and the second recurrence in the
remaining 8 of 24 (33%). Twenty-one out of 24 patients
had primary GBM, and the remaining 3 of 24 (12%) had
histologically confirmed secondary GBM. R-TKi
therapy included sorafenib in 9 patients, cediranib in
10 patients, pazopanib in 4 patients, and sunitinib in 1
patient. All patients were subsequently treated with bev-
acizumab either alone 2 of 24 patients (8.3%) or in com-
bination with a chemotherapeutic agent (irinotecan 20
of 24 [83.3%], carboplatin 1 of 24 [4.2%], or temozolo-
mide 1 of 24 [4.2%]).

Outcomes

Radiographic response, APF6, and OS are reported by
specific therapy in Table 3. Median TTP was 14.3
(range: 3.9–94) weeks during R-TKi therapy and 8
(range: 0.4–125.9þ) weeks during bevacizumab
salvage therapy. Median OS was 9.2 (range: 2.8–
34.1þ) months from the initiation of R-TKi therapy
and 5.2 (range: 1.3–28.9þ) months from the initiation
of bevacizumab. The APF6 was 16.7% with R-TKi
therapy and 12.5% with bevacizumab. None of the
patients who received bevacizumab alone achieved
APF6. The median OS was 5.2 months for the bevacizu-
mab plus chemotherapy subgroup and 1.5 months for
the 2 patients who received bevacizumab alone
(log-rank test, P ¼ .3225). The median OS from the
date of initial surgery was 24.5 (range: 12.6–63.0)
months. Of the 4 patients who achieved APF6 on
R-TKi therapy, none achieved APF6 on bevacizumab.
Conversely, of the 3 patients who achieved APF6 on bev-
acizumab, none achieved APF6 on R-TKi therapy.

Radiographic Response

Radiographic PR was seen in 6 of 24 patients (25%)
during R-TKi therapy and 5 of 24 (21%) during bevaci-
zumab therapy. Stable disease as best response was
present in 11 of 24 (46%) of patients during R-TKi
therapy and 14 of 24 (58%) during bevacizumab
therapy. There were no radiographic complete responses.

During R-TKi therapy, 50% of the radiographic
responders (CR and PR) achieved greater than APF6,

Table 3. Radiographic response and survival outcome by specific
therapy

Radiographic
PR (%)

APF6
(%)

Median
OS (mos)

VEGFR-2 TKi

Sorafenib (9) 11 22 9.9

Cediranib (10) 50 20 9.4

Pazopanib (4) 0 0 6.0

Sunitinib (1) 0 0 9.2

Bevacizumab salvage therapy

Bevacizumab þ chemo (22) 19 14 5.2

Bevacizumab alone (2) 50 0 1.5

Table 2. Patient characteristics

Male 17

Female 7

Median age 52 (19–73)

Number of prior therapies

One 16

Two 8

Median initial Karnofsky performance status 80 (70–100)

Degree of surgical resection

Biopsy 8

Subtotal resection 11

Gross total resection 5

Bevacizumab salvage regimen

Plus irinotecan 20

Alone 2

Plus other chemotherapy (carboplatin and
temozolomide)

2
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whereas only 5.5% of nonresponders (SD and PD)
achieved greater than APF6 (Fisher’s exact test, P ¼
.0353). However, median survival from the start of
R-TKi therapy was similar in both groups (11.3
months in responders vs 7.8 months in nonresponders,
log-rank test, P ¼ .1865). During bevacizumab
therapy, 20% of radiographic responders achieved
APF6, compared with 10% in radiographic nonrespon-
ders (Fisher’s exact test, P ¼ .5212). Median survival
from the start of bevacizumab therapy was similar
between those who had a radiographic response and
those that did not (6.0 vs 5.2 months, respectively,
log-rank test, P ¼ .1962).

Although the MacDonald criteria were used to define
radiographic response in this study, we also retrospec-
tively reviewed T2/FLAIR images in patients deter-
mined to have PR or SD by the MacDonald criteria.
Prior retrospective studies have noted that a subset of
patients treated with bevacizumab develop enlarging
regions of abnormal hyperintensity on T2-weighted or
FLAIR images without concordant findings on postga-
dolinium sequences.18,19 These areas of T2/FLAIR
hyperintensity may represent nonenhancing tumor infil-
tration with decreased tumor vascularity. In reviewing
the available scans from 15 patients during TKi
therapy, there were 2 patients who developed a promi-
nent T2/FLAIR hyperintense (nonenhancing) pattern
of disease recurrence prior to progression of enhancing
disease by the MacDonald criteria. The MRI scans of
13 patients with either PR or SD during bevacizumab
therapy revealed 1 patient with a similar nonenhancing
pattern of progression several weeks prior to the devel-
opment of increased enhancement.

Adverse Events

The grade III toxicities during R-TKi therapy were
largely hematologic and varied by drug. Two patients
had grade III hypertension and 1 had hand-foot syn-
drome on cediranib. As discussed in the Methods
section, patients with grade IV toxicities on R-TKi
therapy were not included in this study because they
were taken off R-TKi therapy for a reason other than
progression. During bevacizumab therapy, there were
no grade III hematologic toxicities. Treatment was dis-
continued due to bowel perforation (grade III) in 2
patients (8%) and pulmonary embolism (grade IV) in 2
patients (8%). One patient (4%) had interrupted bevaci-
zumab therapy due to a vascular necrosis of the femoral
head (grade IV). Three of the 4 patients who discontin-
ued bevacizumab due to adverse events had stable
disease at the time of discontinuation.

Discussion

There is increasing interest in the use of VEGF R-TKi for
the treatment of high-grade gliomas. Some agents such
as cediranib, a potent pan-VEGFR inhibitor, appear to
have activity producing response rates in excess of
50% and APF6 of approximately 26%.14,15 Other

VEGFR inhibitors under investigation in high-grade
gliomas include sorafenib,9 sunitinib, pazopanib, vande-
tanib, and XL184.10 Although certain VEGF R-TKi
therapies have demonstrated some activity, patients
inevitably progress. The optimal treatment following
progression on VEGF R-TKi therapy is unclear.

In this study, we evaluated the efficacy of bevacizu-
mab, alone or in combination with a chemotherapeutic
agent, in patients who progress on a VEGF R-TKi. The
administration of bevacizumab produced radiographic
responses in 21% of patients, but very few had sustained
benefit (median survival 5.2 months, APF6 12.5%).
Those that responded to bevacizumab after failing
R-TKi therapy may have had tumors that were suscep-
tible to angiogenesis inhibition, but for reasons of
dosing or delivery did not effectively inhibit the VEGF
pathway with the R-TKi. Alternatively, the benefit seen
in responders may have been due to the effect of the
accompanying chemotherapeutic agent such as irinote-
can, which has modest activity in recurrent glioma.20

In patients who responded to R-TKi therapy initially,
yet progressed on bevacizumab, perhaps continuous
exposure to VEGF pathway inhibitors resulted in
acquired resistance to VEGF inhibition,6 possibly
through upregulation of other angiogenic factors such
as basic fibroblast growth factor (b-FGF), ephrins, and
stromal-derived factor-1a (SDF-1a), increased pericyte
coverage, mobilization of bone marrow precursors, or
adoption of a more invasive phenotype associated with
vessel co-option.18,21,22

The population analyzed included various R-TKis,
given alone or in combination with chemotherapeutic
agents, and the results vary somewhat between each of
the drugs. For example, the majority (83%) of radio-
graphic responders during TKi therapy received cedira-
nib, and all the patients who achieved APF6 during
R-TKi therapy received either sorafenib or cediranib.
The 24 cases reviewed were a selected group, in that
they were able to tolerate TKi therapy, and had a clinical
and functional status that was sufficient for them to
receive multiple salvage therapies. This selection
process likely resulted in under-representation of toxici-
ties and a longer OS than that was seen for the popu-
lation as a whole.

Salvage therapy with bevacizumab was associated
with a few instances of grade III/IV nonhematologic
adverse events, with a rate of thrombotic complications
(8%) comparable to other studies of bevacizumab/irino-
tecan at recurrence (10%–12%).11,13 The rate of gastro-
intestinal perforation (8%) was slightly higher than
similar populations studied (0%–2.5%).11,13,23 The
administration of successive anti-VEGF targeted thera-
pies in this small population did not appear to be associ-
ated with cumulative toxicities above what has been seen
in trials of bevacizumab/irinotecan at first recurrence.

In conclusion, treatment of patients with high-
grade gliomas who progress on VEGF R-TKi with
bevacizumab-containing regimens produce only
modest benefits. Alternative strategies are needed to
improve the effectiveness of VEGF R-TKis and salvage
therapies for patients who progress on these agents.
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A more complete understanding of the mechanisms of
resistance to VEGF R-TKis will be crucial in developing
more effective therapies. Potentially, the combination of
agents targeting VEGFR-2 with agents targeting resist-
ance pathways (such as b-FGF or SDF-1a, or inhibiting
vessel cooption and invasion) may lead to more promis-
ing results.

Conflict of interest statement. P.Y.W. and T.T.B.
have received research support from Genentech and
AstraZeneca.

Funding

This work was supported by NIH grant
R21-CA117079, and in part by NIH grants
K24-CA125440 and R01-CA129371 and the Harvard
Clinical and Translational Science Center, from the
National Center for Research Resources. The content
is solely the responsibility of the authors and does not
necessarily represent the official views of the National
Center for Research Resources or the National
Institutes of Health.

References

1. Louis DN, Ohgaki H, Wiestler OD, Cavenee WK, eds. World Health

Organization Classification of Tumors of the Central Nervous System.

Lyon, France: IARC Press; 2007.

2. Wong ET, Hess KR, Gleason MJ, Jaeckle KA, Kyritsis AP, Prados MD,

et al. Outcomes and prognostic factors in recurrent glioma

patients enrolled onto phase II clinical trials. J Clin Oncol.

2001;19(19):3997–3999.

3. Lamborn KR, Yung WK, Chang SM, Wen PY, Cloughesy TF, DeAngelis

LM, et al. North American Brain Tumor Consortium. Progression-free sur-

vival: an important end point in evaluating therapy for recurrent high-

grade gliomas. Neuro-Oncology. 2008;10(2):162–170.

4. Kerbel RS. Tumor angiogenesis. N Engl J Med. 2008;358:2039–2049.

5. Chi A, Norden AD, Wen PW. Inhibition of angiogenesis and invasion in

malignant gliomas. Expert Rev Anticancer Ther. 2007;7(11):1537–1560.

6. Ellis LM, Hicklin DJ. VEGF-targeted therapy: mechanisms of anti-tumor

activity. Nat Rev Cancer. 2008;8:579–591.

7. Ferrara N. VEGF as a therapeutic target in cancer. Oncology.

2005;69(suppl 3):11–16.

8. Gomez-Manzano C, Holash J, Fueyo J, Xu J, Conrad CA, Aldape KD,

et al. VEGF Trap induces antiglioma effect at different stages of

disease. Neuro-Oncology. 2008;10(6):940–945.

9. Laird AD, Christensen JG, Li G, Carver J, Smith K, Xin X, et al. SU6668

inhibits Flk-1/KDR and PDGRFb in vivo, resulting in rapid apoptosis of

tumor vasculature and tumor regression in mice. FASEB J.

2002;16:681–690.

10. Kumar R, Knick VB, Rudolph SK, Johnson JH, Crosby RM, Crouthamel

MC, et al. Pharmacokinetic-pharmacodynamic correlation from mouse

to human with pazopanib, a multikinase angiogenesis inhibitor with

potent antitumor and antiangiogenic activity. Mol Cancer Ther.

2007;6(7):2012–2021.

11. Vredenburgh JJ, Desjardins A, Herndon JE, 2nd, Marcello J, Reardon

DA, Quinn JA, et al. Bevacizumab plus irinotecan in recurrent glioblas-

toma multiforme. Clin Cancer Res. 2007;25(30):4722–4729.

12. Cloughsey TF, Prados MD, Wen PY, Mikkelsen T, Abrey LE, Schiff D,

et al. A phase II, randomized, non-comparative clinical trial of the

effect of bevacizumab (BV) alone or in combination with irinotecan

(CPT) on 6-month progression free survival (PFS6) in recurrent,

treatment-refractory glioblastoma (GBM). ASCO 2008 Annual

Meeting Oral Presentation, abstract 2010b, Chicago, IL.

13. Kreisl TN, Kim L, Moore K, Duic P, Royce C, Stroud I, et al. Phase II trial

of single-agent bevacizumab followed by bevacizumab plus irinotecan

at tumor progression in recurrent glioblastoma. J Clin Oncol.

2009;27(5):740–745.

14. Batchelor TT, Sorensen AG, di Tomaso E, Zhang WT, Duda DG,

Cohen KS, et al. AZD2171, a pan-VEGF receptor tyrosine kinase

inhibitor, normalizes tumor vasculature and alleviates edema in

glioblastoma patients. Cancer Cell. 2007;11:83–95.

15. Batchelor TT, Sorensen AG, Ancukiewicz M, Duda DG, Louis DN,

Plotkin SR, et al. A phase II trial of AZD 2171 (cediranib), and oral

pan-VEGF receptor tyrosine kinase inhibitor, in patients with recurrent

glioblastoma. 2007 ASCO Annual Meeting Proceedings Part I. J Clin

Oncol. 2007;25(suppl 18S):abstract 2001.

16. Stupp R, Mason WP, van den Bent MJ, Weller M, Fisher B, et al.

Radiotherapy plus concomitant and adjuvant temozolomide for glio-

blastoma. N Engl J Med. 2005;352(10):987–996.

17. Macdonald DR, Cascino TL, Schold SC, Jr, Cairncross JG. Response

criteria for phase II studies of supratentorial malignant glioma. J Clin

Oncol. 1990;8(7):1277–1280.

18. Norden AD, Young GS, Setayesh K, Muzikansky A, Klufas R, Ross GL,

et al. Bevacizumab for recurrent malignant gliomas: efficacy, toxicity,

and patterns of recurrence. Neurology. 2008;70(10):779–787.

19. Zuniga RM, Torcuator R, Jain R, Anderson J, Doyle T, Ellika S, et al.

Efficacy, safety and patterns of response and recurrence in patients

with recurrent high-grade gliomas treated with bevacizumab plus irino-

tecan. J Neurooncol. 2009;91(3):329–336.

20. Prados MD, Lamborn K, Yung WK, Jaeckle K, Robins HI, Mehta M,

et al. A phase II trial of irinotecan (CPT-11) in patients with recurrent

malignant glioma: a North American brain tumor consortium study.

Neuro-Oncology. 2006;8(2):189–193.

21. Bergers G, Hanahan D. Modes of resistance to anti-angiogenic therapy.

Nat Rev Cancer. 2008;8:592–603.

22. Paez-Ribes M, Allen E, Hudock J, Takeda T, Okuyama H, Viñals F, et al.
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