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Summary

Ependymoma is a central nervous system tu-
mor associated with a poor prognosis due to 
limited efficacy of current medical treatment 
modalities, often resulting in multiple surgical 
re-resections with each tumor recurrence. As tra-
ditional chemotherapeutic regimens have proved 
unsuccessful in long-term control of subtotally 
resected ependymoma, other agents targeting the 
tumor microenvironement including the ang-
iogenic factors supplying neovascularization 
have recently been used. 

Anti-angiogenic agents such as bevacizumab 
are routinely used in adult patients with recur-
rent glioma. Selective intra-arterial cerebral in-
fusion (SIACI) of biological agents within tu-
mor-supplying cerebral vasculature has recently 
been re-examined as a means to avoid the sys-
temic side-effects associated with intravenous 
use of bevacizumab. This technical paper de-
scribes the first reported use of SIACI for deliv-
ery of two targeted biologic agents, bevacizumab 
and cetuximab in a pediatric patient utilizing the 
basilar artery to selectively administer the drugs 
to the tumor microenvironment. We believe this 
method for therapeutic delivery will both broad-
en treatment options and better refine treatment 
methodology as the multi-modality treatment 
approach often required to treat patients with 
pediatric ependymomas and other intracranial 
malignancies evolves. 

Introduction

Advances in adjuvant chemotherapy and ra-
diotherapy have improved overall survival rates 
in childhood central nervous system (CNS) ma-
lignancies, but multiply recurrent disease 
presents difficult challenges for treating oncolo-
gists.  Ependymoma is a CNS tumor which ac-
counts for 10% of pediatric tumors and is typi-
cally managed with aggressive surgery followed 
by radiotherapy. The two-year overall survival 
following disease recurrence is between 20% 
and 49%; 40-60% of all children diagnosed 
eventually succumb to this disease. The devel-
opment of clinical trials using targeted thera-
peutics tailored to patient-specific tumor biolo-
gy is becoming imperative due to the frequency 
of radiation and chemotherapy resistance. 

Ependymoma is the third most common type 
of brain tumor affecting children comprising 
30% of tumors in children less than three years 
of age and 9% of primary CNS tumors in pa-
tients under 18. The current standard of care 
for treating ependymoma is surgical resection 
followed by radiotherapy, with the exception of 
children under three years of age due to the 
long-term effects of radiation in this age group. 
The response rate of chemotherapy in treating 
this disease is variable between younger and 
older children with no single agent having a 
distinct therapeutic advantage over any other. 

Newer agents targeting tumor angiogenesis 
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Figure 1  Axial and sagittal T1 post-contrast MRI images prior to and during treatment with SIACI of bevacizumab and ce-
tuximab. A,B) Pre-transclival surgical resection showing tumor burden. C,D) 1-month post-transclival surgical resection ap-
proximately 1-month before the first SIACI chemotherapy treatment. E,F) 1-month post first SIACI of chemotherapy treat-
ment. G,H) 1-month post second SIACI of chemotherapy treatment showing stable disease.
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in inhibiting tumor progression in multiple hu-
man clinical trials on adult patients with CNS 
disease. In fact, bevacizumab, recognized as a 
standard of care for treatment of recurrent ma-

are being studied. Bevacizumab (Avastin), the 
most studied of these is a monoclonal antibody 
targeting soluble vascular endothelial growth 
factor (VEGF). This agent has shown promise 

Figure 2  A) AP x-ray of the Excelsior SL-10 microcatheter with a 45-degree angle over a Synchro-2 soft microwire with a 
3×10 Hyperglide balloon. B) AP left vertebral artery angiogram visualizing the 3×10 Hyperglide balloon positioned into the 
basilar tip and right posterior cerebral artery. Of note is the anterograde flow throughout the vertebro-basilar system after 
balloon inflation.
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followed by five cycles of cyclophosphamide, 
etoposide, cisplatin and vincristine, as well as 
stereotactic radiation therapy. He was moni-
tored with serial MRI scans for his stable re-
sidual disease.

At age 16 years, he presented to the Weill 
Cornell Brain Tumor Center with headaches 
and a left hemiparesis. Computer tomography 
(CT) demonstrated a small pontine hemor-
rhage. Subsequent magnetic resonance imaging 
identified a ventral intrinsic ponto-medullary 
lesion causing severe brainstem compression 
consistent with disease recurrence (Figure 
1A,B). Previous radiation exposure, the size of 
the lesion and adherence to the brainstem pre-
cluded further external radiation and palliative 
chemotherapy was thought to be ineffective, 
thus decompressive surgery was offered; the 
patient underwent an endoscopic transclival 
near total resection (Figure 1C,D). 

Four months later, after fully recovering 
from the previous neurological deficits, the pa-
tient experienced speech and swallowing diffi-
culty, headache and return of the left-sided 
hemiparesis. An MRI scan identified tumor re-
currence. He began a Phase 1 trial (PBTC-024) 
of MK0752 but this was discontinued when the 
patient’s left-sided hemiparesis and lower cra-
nial nerve function worsened to the point that 
he could not walk and required intubation for 
airway protection. He underwent re-resection 
through the transclival approach to decompress 
the ventral brainstem and MRI again demon-
strated near total resection. With no further 
protocols available, we offered inclusion in an 
adult protocol for recurrent intracranial dis-
ease utilizing dual agent super-selective intra-
arterial delivery of bevacizumab and cetuxi-
mab. This protocol had been previously ap-
proved by the Institutional Review Board 
(IRB) at Weill Cornell Medical College.

Technical aspects of the balloon-assisted super-
selective intra-arterial procedure

After placing the patient in a supine position 
and sterile prepping of the bilateral groin re-
gion, the right common femoral artery was ac-
cessed with a 19 gauge needle, which was ex-
changed for a 6 French sheath for the remain-
der of the procedure. 

The sheath was connected to a continuous 
heparin saline flush. Under fluoroscopic guid-
ance, a 6 French Envoy catheter was advanced 
over a 0.035” angled Glide guidewire through 

lignant supratentorial tumors, has demonstrat-
ed a six month progression-free survival (PFS) 
of 50%. The over-expression of the receptor for 
VEGF in ependymoma had been demonstrat-
ed, suggesting that bevacizumab may have ef-
ficacy in these tumors. Moreover, a recent study 
reported six out of eight adult patients having 
response to a bevacizumab-containing treat-
ment scheme. Similarly, vascular endothelial-
derived growth factor receptor (VEGFR) over-
expression has been associated with a poorer 
prognosis in pediatric ependymoma.

We postulated that synergistic utilization of 
both bevacizumab and cetuximab would 
achieve significant inhibition of VEGFR and 
EGFR translating into tumor growth restric-
tion at the molecular level. We employed super-
selective intra-arterial cerebral infusion for 
drug delivery to selectively infuse the arterial 
supply of the tumor bed with bevacizumab and 
cetuximab. The purpose of using this technique 
as opposed to intravenous peripheral injection 
is to directly target the VEGF and EGF recep-
tors on the tumor while minimizing systemic 
toxicity. We describe the super-selective bal-
loon-assisted intra-basilar artery infusion of be-
vacizumab and cetuximab in a pediatric patient 
with multiply recurrent posterior fossa ependy-
moma who had failed all available salvage ther-
apy. We discuss the technical aspects of the se-
lective catheterization as well as the oncologic 
rational of intra-arterial dual drug delivery. 
This is the first reported case of super-selective 
chemotherapeutic treatment of a recurrent 
posterior fossa tumor in the pediatric literature. 
Tumor-directed therapy is becoming more rou-
tine as genetic profiling of tumor specimens be-
comes quicker and cheaper and the availability 
of targeted agents increases. The need to de-
velop safe techniques of super-selective admin-
istration and match biologic agents to tumor 
variability will be paramount as this technique 
evolves. This report demonstrates the safety 
and conceptual framework of directed intra-
arterial therapy for recurrent pediatric CNS 
malignancies. 

Materials and Methods

Case History

A 16-year-old right-handed male presented 
at age three years with a posterior fossa mass. 
He underwent near-total resection of the mass 
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(PET) scan also confirmed decreased activity 
within the tumor. As a result of his positive tu-
mor response, the patient received two more 
dual agent infusions one month and three 
months after the first treatment, respectively. 
The patient is still alive with disease.

Discussion

A standard of care for recurrent pediatric 
ependymoma has yet to be established and the 
search for an optimal treatment scheme contin-
ues. A multidisciplinary approach is most often 
utilized to achieve disease control. In many cas-
es, optimizing surgical resection based on tu-
mor location along with the use of systemic 
chemotherapy and radiation therapy serve as 
the mainstay for the current treatment arms for 
this disease. With poor response rates to chem-
otherapy, biological agents are being studied to 
augment multiple surgical resections as the pri-
mary means of achieving disease control in 
multiply recurrent disease.

Extent of surgical resection followed by di-
rected radiation therapy (RT) is believed to be 
one of the most important factors in managing 
this disease, resulting in five year PFS at 50-
60%. Recent evidence from Toronto’s Hospital 
for Sick Children and the Children’s Hospital 
of Philadelphia (CHOP) support these data 
showing that children up to the age of 16 years 
with infratentorial ependymoma have an over-
all survival (OS) of 87% (n=9) with gross total 
resection (GTR) compared to 30% (n=32) for 
those with subtotal resection (STR). A similar 
trend was reported by a study at CHOP show-
ing five year PFS among patients with intracra-
nial ependymoma up to 20 years of age at 60% 
(n=23) for patients with GTR versus 21% 
(n=5) with STR. The data from these studies 
highlight the importance of surgical resection 
in correlation to long-term PFS and OS.

Disease control utilizing adjuvant systemic 
chemotherapy and radiation therapy in combi-
nation have failed to show active response in 
ependymomas. The children’s cancer group 
(CCG) performed a prospective study follow-
ing patients with ependymoma up to the age of 
16 years demonstrating no improvement in 
outcomes of patients treated with post-opera-
tive craniospinal radiation and one year of the 
adjuvant chemotherapy treatment scheme of 
lomustine (CCNU), vincristine, and prednisone 

19. Furthermore, the OS for those two groups 

the abdominal and thoracic aorta into the left 
vertebral artery. PA and lateral projections of 
the cranium demonstrated anterograde flow 
into the left vertebral artery, basilar artery, and 
accompanying branches, including the posteri-
or cerebral arteries. 

Using the roadmap technique an Excelsior 
SL 10 microcatheter with a 45 degree angle was 
advanced over a Synchro 2 soft microwire into 
the basilar artery along with a hyperglide 3x10 
balloon(Figure 2-A). This was positioned into 
the basilar tip and right posterior cerebral ar-
tery. The balloon was then inflated and PA and 
lateral projections of the left vertebral artery 
indicated anterograde flow within the basilar 
artery (Figure 2B). 

The microwire within the microcatheter was 
then removed and infusion of 10 cc of 25% 
mannitol was initiated, this lasted for two min-
utes. Following this, PA and lateral projections 
of the basilar artery demonstrated normal an-
terograde flow with no evidence of vascular in-
jury. Next, 25.8 mL (15 mg/kg) of bevacizumab 
solution was infused for four minutes via the 
microcatheter while the balloon was partially 
inflated. 

Post-infusion angiography showed normal 
anterograde flow through the basilar artery 
and bilateral posterior cerebral arteries and 
showed no evidence of vascular injury. The 
same process was repeated with 72 mL of ce-
tuximab (100 mg/m2) and post infusion angiog-
raphy again demonstrated normal anterograde 
flow through the basilar artery including the 
posterior cerebral arteries and bilateral superi-
or cerebellar arteries confirming no evidence 
of vascular injury.

Under fluoroscopic guidance, the microcath-
eter and microwire were removed as well as the 
balloon and its respective microwire. 

PA and lateral projections via the guide cath-
eter demonstrated normal anterograde flow 
through the basilar artery, bilateral posterior 
cerebral arteries, and bilateral superior cerebel-
lar arteries. Once again, there was no evidence 
of vascular injury. After the sheath and guide 
catheter were removed hemostasis was estab-
lished by manual compression.

Results

Two months following treatment, MRI dem-
onstrated a decrease in the residual disease 
(Figure 1E,F). Positron emission tomography 



Super-Selective Basilar Artery Infusion of Bevacizumab and Cetuximab for Multiply Recurrent Pediatric Ependymoma	 P. Rajappa

464

The patient was offered SIACI of bevacizumab 
and cetixumab as a salvage therapy with a view 
to achieve a relative measure of disease con-
trol. We hoped to improve the patient’s quality 
of life as each recurrence resulted in brainstem 
compression and severe lower cranial nerve 
dysfunction with associated speech and swal-
lowing difficulty. We postulated that utilizing 
both bevacizumab and cetuximab would allow 
for synergistic growth inhibition of the tumor 
at the molecular level. After his first treatment 
with SIACI of dual chemotherapy agents, the 
patient experienced resolution of his lower cra-
nial nerve dysfunction and returned to normal 
activities of daily living. While initial post-oper-
ative MRI scans demonstrated the tumor to be 
responsive to this treatment scheme, more re-
cent scans have shown stable, residual disease 
after subsequent SIACIs of dual agent chemo-
therapy (Figure 1G,H). 

Conclusion

Tailored agents that are able to act on target 
sites from molecularly characterized tumor 
specimens and super-selective therapeutic de-
livery will enhance future treatment paradigms 
focused on achieving maximal response rates. 
Endovascular techniques and disruption of the 
BBB allow for localized infusion of chemother-
apy agents. This technique, as a delivery meth-
od for molecularly targeted agents, must be 
studied prospectively in the pediatric popula-
tion as it may change the current dynamic in 
which chemotherapeutics are delivered for 
both primary and recurrent disease. We believe 
a larger cohort study will prove this technique 
to be of value in delivering biological agents as 
both a mainstay treatment and for augmenta-
tion of surgical resection, reinforcing the im-
portance of a multi-modality approach to treat-
ing recurrent ependymomas.

was at 36% and 39%, respectively. The role of 
chemotherapy in the treatment of ependymo-
ma remains unconvincing when using conven-
tional agents. 

The dismal response rate with a single agent 
(12.9%) and combination chemotherapy agents 
(17.4%) further illustrates the necessity for mo-
lecular characterization of the genomic varia-
bility of ependymoma and subsequent identifi-
cation of potential target sites for super-selec-
tive drug delivery. While bevacizumab has 
shown to be active against ependymoma in 
adult data, there are limitations concerning sys-
temic toxicity when using this agent. Recent 
phase II trials with IV bevacizumab have re-
ported systemic toxicity relating to infections, 
wound-healing problems, and embolic events in 
9.5%, 3.6%, and 2.4%, respectively. Further-
more, at least a Grade 3 toxicity was identified 
in 46.4% of patients receiving IV bevacizumab 
when used as a single agent therapy. 

Considering the systemic toxicity of newer 
molecularly targeted agents, the use of an intra-
arterial drug delivery system has been shown to 
be effective in cerebral disease in both animal 
glioma models as well as humans. These new 
drug delivery systems are being refined in or-
der to effectively place these agents into the 
tumor bed and maintain a localized high con-
centration via an intra-arterial route. Studies 
describing techniques for blood-brain barrier 
disruption with mannitol, and concurrent use of 
intra-arterially delivered chemotherapeutic 
agents have allowed for relative circumvention 
of previously mentioned systemic toxicities 21.

We report here the first case of balloon–as-
sisted SIACI of bevacizumab and cetuximab 
for a case of multiply recurrent pediatric 
ependymoma. In this particular case, the pa-
tient had been afforded multi-modality treat-
ments for the past 13 years including multiple 
resections and numerous cycles of chemothera-
py but still had explosive disease recurrence. 
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