
Outcomes of the ACT III
Study: Rindopepimut
(CDX-110) Therapy for
Glioblastoma

G lioblastoma multiforme (GBM) is the
most common primary brain tumor in
adults. Standard therapy, including

maximal surgical resection, concomitant
chemoradiation therapy, and adjuvant temozo-
lomide, results in a median progression-free
survival (PFS) of approximately 8 months and
a median overall survival (OS) of 16 to 19
months from diagnosis.1,2 Targeted immuno-
therapy trials are one potential method of
improving outcomes for this disease.

The most common genetic alteration in
GBM is overexpression of epidermal growth
factor receptor (EGFR), and the most common
EGFR mutation subtype is EGFRvIII. This
subtype, which is present in approximately
25% of cases, is associated with poor prognosis
in GBM. The mutation results in expression of
a unique glioblastoma cell surface receptor that is
not expressed in normal brain tissue, making it
an excellent immunotherapeutic target.3 Rindo-
pepimut (CDX-110) is an injectable peptide
vaccine that specifically targets this cell surface
receptor.4 A recent multicenter phase II study of

this agent has been reported with promising
results for GBM (ACT III).5

The authors enrolled 65 adult patients pooled
from 33 study centers with newly diagnosed
EGFRvIII1 GBM who had undergone gross
total resection and standard radiotherapy and were
starting standard temozolomide chemotherapy.
EGFRvIII1 status was confirmed with tumor
immunohistochemistry and polymerase chain
reaction assays. Rindopepimut was administered
with intradermal injections, first in an initial
priming phase and then at monthly intervals,
staggered with temozolomide treatments. Patient
clinical status, anti-EGFRvIII antibody titers,
PFS, and OS were closely monitored. Radiation
Therapy Oncology Group (RTOG) 0525 trial
data were queried, and 74 trial participants with
EGFRvIII1 GBM and other similar character-
istics were selected to act as a historically matched
cohort for comparison.2

For patients treated with rindopepimut, the
median PFS was 9.2 months (95% confidence
interval, 7.4-11.3) and median OS was 21.8
months (95% confidence interval, 17.9-26.5)
from study entry (ie, approximately 3 months
after diagnosis; Figure). In comparison, the
“matched” RTOG cohort patients showed
a median OS of 16.0 months after randomiza-
tion. The authors found that anti-EGFRvIII
antibody titers increased .4-fold over baseline
levels in 85% patients treated with rindopepi-
mut, demonstrating robust, specific, and durable

immune responses, despite concurrent temozo-
lomide therapy. In general, rindopepimut was
well tolerated: There were no fatal adverse events,
no cumulative toxicity over time (median
duration of rindopepimut treatment was 7.4
months), and primarily mild to moderate injec-
tion site reactions, including erythema and
pruritus. Finally, a subanalysis of tumor samples
taken from 10 rindopepimut patients with tumor
recurrence showed that many of these tumors no
longer expressed EGFRvIII.

The 3 existing phase II trials of rindopepimut
(including this study) demonstrate a pooled
median PFS of 12.3 to 15.3 months from
diagnosis and a median OS of 24 months from
diagnosis.5 We eagerly await the results of the
double-blind, phase III trial (ACT IV), which will
randomize patients with resected EGFRvIII1

GBM to receive either rindopepimut or a control
injection.

Benjamin M. Zussman, MD
Johnathan A. Engh, MD

University of Pittsburgh
Pittsburgh, Pennsylvania

REFERENCES
1. Stupp R, Mason WP, Van den bent MJ, et al.

Radiotherapy plus concomitant and adjuvant temo-
zolomide for glioblastoma. N Engl J Med. 2005;352
(10):987-996.

2. Gilbert MR,Wang M, Aldape KD, et al. RTOG 0525:
a randomized phase III trial comparing standard
adjuvant temozolomide (TMZ) with a dose-dense
(dd) schedule in newly diagnosed glioblastoma
(GBM). J Clin Oncol. 2011;29(15 suppl):abstract 2006.

3. Heimberger AB, Hlatky R, Suki D, et al. Prognostic
effect of epidermal growth factor receptor and
EGFRvIII in glioblastoma multiforme patients. Clin
Cancer Res. 2005;11(4):1462-1466.

4. Del vecchio CA, Wong AJ. Rindopepimut, a 14-mer
injectable peptide vaccine against EGFRvIII for the
potential treatment of glioblastoma multiforme. Curr
Opin Mol Ther. 2010;12(6):741-754.

5. Schuster J, Lai RK, Recht LD, et al. A phase II,
multicenter trial of rindopepimut (CDX-110) in
newly diagnosed glioblastoma: the ACT III study
[published online ahead of print January 13, 2015].
Neuro Oncol. doi: 10.1093/neuonc/nou348. Available at:
http://neuro-oncology.oxfordjournals.org/content/early/
2015/01/11/neuonc.nou348.long.

Periostin: A Potential
Target for Glioblastoma
Multiforme Treatment

G lioma cells participate in a multitude of
interactions with other cells that can
influence their malignant potential.

Understanding these interactions is paramount

Figure. Kaplan-Meier estimates of progression-free survival and overall survival for patients with glioblastoma
treated with rindopepimut. Survival durations are calculated from study entry, representing a median of 3.0
months (range, 2.4-4.4 months) from diagnosis. CI, confidence interval. Modified from Schuster et al5

(Schuster J, Lai RK, Recht LD, et al. A phase II, multicenter trial of rindopepimut (CDX-110) in newly
diagnosed glioblastoma: the ACT III study [published online ahead of print January 13, 2015]. Neuro
Oncol. doi: 10.1093/neuonc/nou348. Available at: http://neuro-oncology.oxfordjournals.org/content/
early/2015/01/11/neuonc.nou348.long by permission of Oxford University Press).
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in devising new therapeutic strategies. Of par-
ticular importance are the interactions between
tumor cells and tumor-associated macrophages
(TAMs).1 TAMs are abundant in gliomas, and
the degree of TAM infiltration correlates
strongly with tumor grade.1 Phenotypically,
TAMs resemble the tumor-promoting M2 class
of macrophages, as opposed to the classic M1
proinflammatory, phagocytic class.1,2 TheM2-like
TAMs function to suppress the immune response,
secrete trophic factors, and stimulate angiogenesis,

which fosters the development andmaintenance of
glioma cells.2 Glioma cells, in turn, supply signals
that polarize monocytes andmicroglia to adopt the
M2 TAM phenotype.2 Glioma stem cells (GSCs)
are an important reservoir of cells that determine
much of the pathogenesis and treatment resistance
of glioma.3 These cells occupy a perivascular niche
along with TAMs.3 This spatial interrelation
suggests an important interaction between the 2
cell types.4 In their recent report, Zhou et al4

defined an interaction between GSCs in TAMs

wherein GSCs recruit monocyte-derived M2
TAMs from peripheral blood to glioblastoma
multiforme (GBM) lesions by secreting a soluble
factor, periostin (POSTN). POSTN is a secreted
cell adhesion protein that has previously been
shown to be involved in tumorigenesis and
invasion in other malignancies.5,6

To identify factors for TAM recruitment,
Zhou et al screened for candidate-secreted factors
that were differentially expressed in GSCs. This
revealed an upregulation of POSTN expression.

Figure. Glioma stem cell (GSC)–secreted periostin (POSTN) recruits M2 tumor-associated macrophages (TAMs), leading to tumor progression and poor survival. A, in vivo
bioluminescent monitoring of tumor growth in mice with glioblastoma multiforme (GBM) xenografts expressing POSTN or nontargeting (NT) shRNA. B, survival of mice
with GBM xenografts expressing POSTN or NT shRNA. C, degree of TAM density in sections from mouse xenografts expressing POSTN or NT shRNA as detected with
immunofluorescence of the TAM marker Iba1. D, graphic representation of tissue microarray comparing CCR2 and CX3CR1 immunofluorescence in GBM samples and
normal brain tissue. E, degree of TAM density in sections from mouse xenografts treated with RGD peptide as detected with immunofluorescence of the TAM marker Iba1. F,
degree of migration of activated U937 macrophage-like cells in a transwell migration assay in response to bovine serum albumin (BSA), BSA 1 RGD, POSTN, and
POSTN 1 RGD peptide. G, schematic depiction of POSTN-mediated recruitment of TAMs from the peripheral blood during GBM development. H, survival of mice
cotransplanted with GSCs, expressing POSTN shRNA or not, and CD11b1macrophages isolated from GBM xenografts. When applicable, data are plotted as mean6 SEM,
and statistical significance was assessed with the unpaired 2-tailed t test. Modified from Zhou et al.4 Reprinted by permission from Macmillan Publishers Ltd: Nature
Cell Biology (Nat Cell Biol. 2015;17(2):170-182), copyright 2015.

SCIENCE TIMES

N18 | VOLUME 76 | NUMBER 6 | JUNE 2015 www.neurosurgery-online.com

Copyright © Congress of Neurological Surgeons. Unauthorized reproduction of this article is prohibited.



They then analyzed human GBM samples with
immunofluorescence and tissue microarray and
showed that POSTN is expressed in GSCs, that
TAM density is highest near POSTN-expressing
GSCs in perivascular areas, and that POSTN
expression levels correlate with TAM density.
Using bioinformatic analyses of the Toxic Sub-
stances Control Act database, they also found that
POSTN levels correlated with poor survival in
GBM patients. After determining the association
between POSTN and TAM density, the authors
then sought to establish that POSTN is capable of
attracting mononuclear phagocytes, which they
demonstrated in vitro with a transwell migration
assay.

The importance of POSTN in recruiting
TAMs in vivo in a GSC-derived GBM mouse
xenograft model was examined next (Figure).
Xenografts in which GSCs expressed a silencing
RNA targeting POSTN were compared with
xenografts in which GSCs expressed a non-
targeting RNA. From these experiments, Zhou
et al discovered that, compared with tumors
expressing the nontargeting RNA, tumors in
which POSTN was knocked down had in-
hibited tumor growth, diminished total TAM
density, an increase in the proportion of M1-
type macrophages, and a decrease in mature M2
TAMs. Furthermore, mice harboring POSTN-
deficient tumors had better overall survival.
Consistent with these findings, they demon-
strated that tumors overexpressing POSTN
progressed more quickly and had a greater
degree of infiltration by TAMs. The authors
then directly established the importance of
TAMs in GBM pathogenesis by cotransplant-
ing GSCs with isolated TAMs from GSC-
derived tumors. They found that mice with
tumors cotransplanted with TAMs had
faster tumor progression and shorter survival
times. Interestingly, they also observed that
cotransplantation of GSCs expressing POSTN-
silencing RNA with TAMs partially abrogated
the benefit of POSTN knockdown, indica-
ting that TAMs are a mediator of POSTN-
stimulated tumor growth. In a comparison of
GBM samples from xenografts and human
GBM samples with normal brain tissue in

a tissue microarray, TAMs were shown to be
derived from a peripheral blood monocytes
rather than microglia.

Finally, the authors showed that POSTN
signaling in TAM recruitment is mediated
through avb3 integrin and subsequent Akt
signaling, which is consistent with observations
in other cell types.6 They demonstrated that
avb3 inhibition with an anti–integrin avb3

antibody results in decreased migration of
U937 cells in a transwell migration assay and
decreased Akt signaling in vitro. Moreover, avb3

inhibition led to a reduction in TAM density in
vivo after GBM xenografted mice were treated
with an integrin inhibiting RGD peptide (related
to the antitumor agent Cilengitide) at a high dose
for 5 days. This last result raises questions about
a recent phase III study that failed to find
a benefit to adding Cilengitide to standard of care
for patients with methyl guanine methyl
transferase-methylated newly diagnosed GBM.7

Critics of this trial and the authors of this study
pointed out that Cilengitide exhibits a dose-
dependent effect and that the administered
dose was perhaps too low to elicit a favorable
response.8,9 A recent study by Mikheev et al10

provided evidence that POSTN antagonizes
the cytotoxicity of Cilengitide in cultured
glioma cells, thereby decreasing the effective
concentration, and the authors suggested that
high levels of POSTN expression in glioma
cells may confer resistance to this drug. In light
of this assertion, perhaps therapeutically tar-
geting POSTN itself would exhibit a greater
effect than targeting its downstream integrin
effector.

Collectively, the work by Zhou et al high-
lighted the importance of the interaction
between GSCs and myeloid TAMs in the
pathogenesis of GBM and identified a novel
function for POSTN that is important in
mediating this interaction. Their study further
elucidated some of themolecularmechanisms by
which POSTN acts to recruit TAMs and
demonstrated in the mouse model that inhibi-
tion of POSTN in GBMs resulted in decreased
recruitment of TAMs, decreased growth of
GBM tumors, and better overall survival. These

observationsmay have important implications in
developing therapies that target the POSTN-
mediated recruitment of TAMs, which may
someday translate into improved outcomes for
patients with deadly gliomas.

Jonathon M. Cavaleri, BA
University of Pittsburgh School of Medicine

Pittsburgh, Pennsylvania
Edward A. Monaco III, MD, PhD

University of Pittsburgh Medical Center
Pittsburgh, Pennsylvania

REFERENCES
1. Komohara Y, Ohnishi K, Kuratsu J, Takeya M.

Possible involvement of the M2 anti-inflammatory
macrophage phenotype in growth of human gliomas.
J Pathol. 2008;216(1):15-24.

2. Kennedy BC, Showers CR, Anderson DE, et al.
Tumor-associated macrophages in glioma: friend or
foe? J Oncol. 2013;2013:486912.

3. Sundar SJ, Hsieh JK, Manjila S, Lathia JD, Sloan A.
The role of cancer stem cells in glioblastoma.
Neurosurg Focus. 201437(6);E6.

4. Zhou W, Ke SQ, Huang Z, et al. Periostin secreted
by glioblastoma stem cells recruits tumor-associated
macrophages and promotes malignant growth. Nat
Cell Biol. 2015;17(2):170-182.

5. Gillan L, Matei D, Fishman DA, Gerbin CS,
Karlan BY, Chang DD. Periostin secreted by epithelial
ovarian carcinoma is a ligand for avb3 and avb5

integrins and promotes cell motility. Cancer Res. 2002;
62(18):5358-5364.

6. Bao S, Ouyang G, Bai X, et al. Periostin potently
promotes metastatic growth of colon cancer by
augmenting cell survival via the Akt/PKB pathway.
Cancer Cell. 2004;5(4):329-339.

7. Stupp R, Hegi ME, Gorlia T, et al. Cilengitide
combined with standard treatment for patients with
newly diagnosed glioblastoma with methylatedMGMT
promoter (CENTRIC EORTC 26071-22072 study):
a multicentre, randomised, open-label, phase 3 trial.
Lancet Oncol. 2015;15(10):1100-1108.

8. TucciM, Stucci S, Silvestris F. Does Cilengitide deserve
another chance? Lancet Oncol. 2014;15:e584-e585.

9. Stupp R, Picard M, Weller M. Does Cilengitide
deserve another chance? Author’s reply. Lancet
Oncol. 2014;15(13):585-586.

10. Mikheev AM, Mikheeva SA, Trister AD, et al.
Periostin is a novel therapeutic target that predicts
and regulates glioma malignancy. Neuro oncol. 2015;
17(3):372-382.

SCIENCE TIMES

NEUROSURGERY VOLUME 76 | NUMBER 6 | JUNE 2015 | N19

Copyright © Congress of Neurological Surgeons. Unauthorized reproduction of this article is prohibited.


