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Intra-Arterial Therapy for
Glioblastoma: Beyond Access
to Effective Tumor Delivery

A neurointerventional perspective on technique, limitations, and the evolving role of precision

delivery strategies.
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Miroslaw Janowski, MD, PhD; and Yafell Serulle, MD, PhD

lioblastoma remains one of the few diseases

in modern medicine where technical success,

whether in surgical resection, radiation delivery,

or drug development, rarely translates into
meaningful survival gains. Despite maximal resection,
radiation, and systemic therapy, outcomes remain poor,
and recurrence is almost inevitable.! For decades, the
focus has been on developing new drugs, but a more fun-
damental problem persists: Most agents simply do not
reach the tumor in effective concentrations.

The blood-brain barrier (BBB) is often framed as the
primary obstacle, but in practice, drug delivery in glio-
blastoma is far more complex. Even when the barrier is
disrupted, heterogeneous tumor vascularity, abnormal
flow dynamics, and rapid washout limit drug residence
within the tumor.? As a result, systemic therapies fre-
quently underperform—not necessarily because they lack
efficacy, but because they fail to be delivered where they
are needed.

In this context, intra-arterial (IA) therapy has emerged as
a compelling strategy. Advances in microcatheter technol-
ogy and imaging now allow superselective catheterization
of tumor-feeding arteries with a level of precision that was
not previously achievable.> Combined with techniques
such as osmotic BBB disruption (BBBd), IA delivery offers
the potential to significantly increase local drug concen-
tration while minimizing systemic toxicity.* However, the
modern resurgence of IA chemotherapy raises an impor-
tant question: Is improved tumor access enough?

CLINICAL EVIDENCE
The only completed phase 3 trial in this space, compar-
ing intracarotid carmustine to intravenous carmustine

in newly resected malignant glioma, showed no survival
difference and was limited by significant neurotoxicity,
including encephalopathy, visual loss, and white matter
necrosis.” This early negative experience was instrumental
in redirecting the field toward superselective catheter-
ization techniques and less neurotoxic agents, and it
remains an important historical benchmark.

Contemporary IA therapy has evolved substantially.
Across a recent meta-analysis of nine studies and 230
glioma patients undergoing selective or superselective IA
cerebral infusion (SIACI/SSIACI) with BBBd, the pooled
rate of cases with complications was 27.1% (95% Cl,
19.8%-35.7%), with procedure-related complications in
15.4%, major complications in 4.3%, and stroke in 3.1%,
with no procedure-related deaths. Pooled radiographic
outcomes demonstrated complete response rates of
10.4%, partial response 24.2%, and stable disease 38.2%,
indicating that the majority of patients achieve at least
temporary disease control.®

One of the largest single-center safety data sets
originates from the Sherbrooke program, encompassing
2,991 procedures in 642 patients, with a periprocedure
symptomatic complication rate of 0.9%, primarily driven
by stroke (0.8%).” The notably lower complication rate
compared with the pooled SIACI data likely reflects dif-
ferences in complication definitions, reporting thresholds,
and procedural technique. In the glioblastoma cohort
treated with IA carboplatin and osmotic BBBd, the medi-
an overall survival (OS) from diagnosis was 32.2 months.*
Notably, these procedures were not performed using
superselective techniques, as infusions were limited to
the internal carotid and vertebral arteries, and BBBd was
applied only in a subset of cases. Additionally, the cohort
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Figure 1. Representative case of a female in her early 60s with glioblastoma (IDHwt, mGMT unmethylated, epidermal growth
factor receptor-amplified) treated with gross total resection followed by SSIACI of cetuximab with osmotic BBBd. Preoperative
T1-weighted postgadolinium MRI demonstrating enhancing tumor (A). Postresection, pretreatment T1-weighted post-
gadolinium MRI obtained approximately 1 month after surgery and prior to the first SSIACI cetuximab session (B). Follow-up
T1-weighted post-gadolinium MRI obtained approximately 6 months postoperatively, after two SSIACI cetuximab sessions and
prior to the third planned treatment, demonstrating sustained radiographic control without evidence of tumor recurrence (C).

was heterogeneous with respect to tumor histology.
More recent preclinical work from this group has focused
on screening novel agents for IA delivery, including
topotecan and reformulated carboplatin, demonstrating
promising results in animal models.?

In the most rigorous prospective evaluation to date,
Patel et al conducted a phase 1/2 trial of repeated SIACI
bevacizumab (15 mg/kg) with BBBd in 23 patients with
newly diagnosed glioblastoma. The median progression-
free survival (PFS) was 11.5 months, and median OS was
23.1 months with a 12-month OS of 77.3%.8 Notably, the
cohort was predominantly IDHwt (isocitrate dehydroge-
nase—-wildtype) and MGMT (O-6-methylguanine-DNA
methyltransferaseO-6-methylguanine-DNA methyl-
transferase)-unmethylated, a molecular profile typically
associated with worse outcomes, making these results
particularly encouraging when compared to historical
Stupp protocol benchmarks (median OS, approximately
14.6 months).

More recently, our group published the largest cohort
to date of SIACI with osmotic BBBd, reporting outcomes
from 70 patients who underwent 139 SIACls and 246
infusions with bevacizumab or cetuximab.? All planned
infusions were completed successfully, with 95.7% of
patients discharged within 1 day. Procedure-related
and drug-related adverse events occurred in 11.4% and
8.6% of patients, respectively, with no procedure-related
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mortality. Preliminary survival analysis in the recurrent
glioblastoma cohort showed a median OS of 24 months
from initial diagnosis.

These findings establish SIACI after osmotic BBBd as a
highly feasible, safe, and reproducible intervention that
can be performed at scale within a dedicated endovas-
cular neuro-oncology program. Our institutional com-
mitment to this approach is further reflected in several
active clinical trials, including a phase 3 randomized trial
comparing SIACI bevacizumab with standard chemora-
diation versus chemoradiation alone in newly diagnosed
glioblastoma (NCT05271240), phase 1/2 studies of SIACI
cetuximab in both newly diagnosed and recurrent set-
tings (NCT02861898, NCT02800486), and a phase 1 feasi-
bility study of IA yttrium-90 (Y90) radioembolization for
recurrent glioblastoma (NCT05303467). A representative
case is shown in Figure 1.

These findings should be contextualized against sys-
temic benchmarks. In recurrent glioblastoma, intrave-
nous bevacizumab yields a median PFS of < 4 months
and OS of approximately 8 months, with no proven over-
all survival benefit."'° Intravenous bevacizumab prolongs
PFS but not OS, and interpretation of imaging-based
endpoints is complicated by the pseudoresponse phe-
nomenon inherent to antiangiogenic agents.

Key clinical studies of IA chemotherapy are shown in
Table 1_4.5,7,8,11-15
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AB A DIES OF |A OTHERAP OBLASTO
Study Year Design N Agent/Route Key Safety Findings Key Efficacy Findings
Greenberg etal" | 1984 | Prospective, | 36 IA BCNU 200 mg/m? Retinal vasculitis in 9/12 newly diagnosed
single arm every 6 to 8 wk 9 patients responded; mOS, 54 wk
Hochberg et al’”> | 1985 | Prospective, | 79 IA BCNU (intracarotid) | Significant ocular Tumor levels 4 times
single arm toxicity; white matter greater than IV;
changes mOS, 54 wk (recurrent)
Shapiroetal® | 1992 | Phase 3RCT | 218 IA vs IV carmustine Significant neurotoxicity | No survival difference
(encephalopathy, visual | between IA and IV arms
loss)
Dropchoetal® | 1992 | Phase 2, 26 Intracarotid cisplatin 1fatal cerebral edema 45% showed > 25% tumor
single arm 75 mg/m? every 4 wk decrease
Fortin et al* 2005 | Phase 2, 72 IA carboplatin + Acceptable safety profile | GBM: m0S, 32.2 mo from
single arm osmotic BBBd diagnosis; mTTP, 41 mo
Boockvar etal | 2011 | Phase1,dose | 30 SIACI bevacizumab No DLT upto15mg/kg | Tumor volume reduction,
escalation (2-15 mg/kg) + BBBd 46.9% (bevacizumab naive)
Burkhardt etal®® | 2012 | Prospective, |14 Single SIACI Minimal toxicity mPFS, 10 mo; mOS, 8.8 mo
single arm bevacizumab + BBBd
> VBV
Patel et al® 2021 | Phase 1/2, 23 Repeated SIACI Safe; no procedure- mPFS, 11.5 mo; m0S, 23.1 mo;
single arm bevacizumab related mortality 12-mo, 0S 77.3%
(15 mg/kg) + BBBd for
3 cycles
Gahide et al’ 2025 | Retrospective | 642 (2991 | IA carboplatin, 0.9% per-procedure Not primary endpoint
safety procedures) | methotrexate, symptomatic complication
analysis melphalan + BBBd rate; stroke, 0.8%

Abbreviations: BBBd, blood-brain barrier disruption; BCNU, 1,3-bis-(2-chloroethyl)-1-nitrosourea; DLT, dose-limiting toxicity; GBM, glioblastoma;
IA, intra-arterial; 1V, intravenous; m0S, median overall survival; mPFS, median progression-free survival; mTTP, median time to disease progression;
RCT, randomized controlled trial; SIACI, selective IA cerebral infusion.

TECHNIQUE AND PROCEDURAL
CONSIDERATIONS

Patient selection typically favors individuals with pre-
served functional status (KPS [Karnofsky Performance
Status] > 70) and either newly diagnosed or recurrent
glioblastoma. Procedures are most commonly performed
under general anesthesia, with vascular access obtained
using standard neuroendovascular techniques followed
by superselective catheterization of tumor-feeding arter-
ies. Vertebral artery access has been shown to significant-
ly increase stroke risk compared to internal carotid artery
access, a clinically relevant technical consideration.”

A key component of most contemporary protocols
is osmotic BBBd, typically achieved with IA mannitol
infusion prior to drug delivery. Increasingly, advanced
imaging techniques are being incorporated: Fusion of
preprocedural MRI with intraprocedural cone-beam CT
allows three-dimensional visualization of tumor volume

in relation to the vascular tree, and microcatheter-based
perfusion imaging can generate real-time volumetric
maps of the infused territory, confirming overlap with
the tumor and minimizing nontarget delivery.'®

Slow, controlled infusion under continuous fluoro-
scopic monitoring is used to minimize reflux and opti-
mize territorial distribution. However, even with techni-
cally precise delivery, drug distribution remains highly
dependent on local flow dynamics, which can vary sig-
nificantly between patients and vascular territories. In a
contemporary series, SIACI has been shown to be highly
feasible, with high technical success rates and the vast
majority of patients discharged within 24 hours.’

LIMITATIONS

The limitations of IA therapy extend beyond techni-
cal execution and are rooted in fundamental biological
and hemodynamic constraints. First, the BBB is not the
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only obstacle. Even with pharmacologic disruption, drug
penetration remains highly variable due to heterogeneity
in the blood—tumor barrier and regional differences in
vascular permeability.”” Second, drug distribution is gov-
erned by flow, streaming effects, preferential perfusion

of the normal brain, and competition between vascular
territories, which can all limit effective delivery." Third,
drug residence time within the tumor is frequently inad-
equate; rapid washout through the tumor microcircula-
tion reduces sustained exposure.’”

These factors collectively explain a key paradox: Drug
delivery can be reliably increased, yet effective intratu-
moral exposure remains inconsistent. Overcoming this
gap will be essential for translating technical success into
meaningful clinical benefit.

BEYOND CHEMOTHERAPY

IA therapy in glioblastoma is no longer confined to
chemotherapy; it is increasingly being redefined as a
delivery platform for next-generation therapeutics.
Targeted biologics such as bevacizumab and cetuximab
have already been adapted to IA protocols, illustrat-
ing how molecularly specific agents can be paired
with precision delivery.' The inaugural Society of
Neurolnterventional Surgery’s Neurointerventional
Oncology Summit in 2024 highlighted several emerging
agents for |A delivery, including Y90 radioembolization,
oncolytic viruses, and cellular immunotherapy, signal-
ing that the field is organizing around this emerging
subspecialty.

Y90 radioembolization introduces the possibility of
delivering radiation from within the vascular compart-
ment. An in silico proof-of-concept study demon-
strated feasibility and favorable dosimetry compared to
volumetric modulated arc therapy, with higher tumor
doses and dramatically lower nontarget brain expo-
sure.?? This approach reframes endovascular therapy
not just as a means of drug delivery but also as a meth-
od of delivering energy directly to tumor tissue.

FUTURE DIRECTIONS

The future of IA therapy will depend on reframing it as
a precision delivery system. A key area of advancement
is focused ultrasound (FUS), which offers spatially con-
trolled BBB modulation beyond what is achievable with
global osmotic disruption. The BTOO8NA trial—the first
comparative report of microbubble-enhanced FUS com-
bined with temozolomide in newly diagnosed high-grade
glioma—reported a median OS of 31.3 months and
median PFS of 13.5 months, with the additional innova-
tion of sonoliquid biopsy enabling noninvasive plasma
biomarker-based disease surveillance.2' These results
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directly support the argument that tissue-level delivery
enhancement can meaningfully impact outcomes.

Optimization of BBBd itself remains an active area of
investigation. Recent preclinical work has shown that
combining hypertonic saline with standard mannitol can
nearly double the area of BBB opening while maintain-
ing safety, suggesting current osmotic protocols may be
substantially improved.?? Additionally, the concept of
spatially fractionated IA delivery, sequential treatment of
vascular territories to maximize coverage while limiting
off-target exposure, has been proposed as a strategy to
improve the uniformity of endovascular drug distribu-
tion, with potential applicability to cerebral IA therapy.??

Another emerging concept is endovascular sampling,
which could provide real-time feedback on tumor biolo-
gy and treatment response. Equally important is the need
to move beyond static treatment paradigms. Current IA
protocols are based on fixed variables, dose, infusion rate,
and target vessel selection, despite the highly dynamic
nature of cerebral blood flow. Future strategies will likely
incorporate patient-specific modeling of flow and distri-
bution, treating drug delivery as a continuous and indi-
vidualized process.

CONCLUSION

IA therapy for glioblastoma has evolved from a techni-
cal concept into a feasible and increasingly refined neuro-
interventional strategy. Advances in catheter technology
and delivery techniques now allow precise targeting
of tumor-feeding arteries with a high degree of safety.
However, improved access alone has not translated into
consistent clinical benefit. The limitations are no longer
primarily technical; biological and physiological heteroge-
neity of the BBB and blood—tumor barrier, flow-depen-
dent drug distribution, and rapid washout continue to
constrain effective intratumoral exposure.

The future of IA therapy will depend not on delivering
more drug but rather on delivering it more effectively,
through strategies that integrate precision targeting,
real-time monitoring, and an improved understanding of
tumor hemodynamics and pharmacokinetics. As neuroin-
terventional oncology continues to evolve, IA therapy has
the potential to serve as a central platform for targeted,
multimodal treatment. Realizing this potential will require
a transition from technical success to biologic effective-
ness, supported by rigorous clinical investigation.
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