Hope For The Future
(Medical and Non-Medical Advances in Care)

Aggressive brain tumors such as glioblastoma present unique treatment challenges, as
they have developed sophisticated ways to evade the immune system. They can hide
from immune cells, release substances that dampen the body’s response to therapy,
alter their energy use, attract cells that suppress immunity, and exhibit significant
diversity within the tumor. Additionally, the specialized nature of brain tissue and the
protective blood-brain barrier (BBB) limit some treatment options. However, while
standard therapies—surgery, radiation, and chemotherapy—have seen only gradual
changes over the years, the dedication of researchers and clinicians is fostering
genuine hope. Each new discovery brings us closer to breakthroughs that promise
longer survival and improved quality of life for patients facing these formidable cancers.

Ongoing research aimed at improving outcomes for brain cancer patients is both
intensive and far-reaching. Scientists are exploring a wide array of innovative treatment
strategies, seeking new ways to tackle these complex tumors. We stand at the threshold
of groundbreaking technologies that have the potential to revolutionize care. The following
represent the most promising avenues for future therapies.

Immuno-oncology’s Long Pipeline of Promising Therapies

Immuno-oncology for brain tumors—especially glioblastoma—has been significantly
more challenging than for cancers such as melanoma or lung cancer. Several biological
factors limit success:

e The blood-brain barrier, which restricts drug entry;

e An immunologically “cold” tumor microenvironment;

e Strong local immune suppression within the brain; and

e rapid tumor evolution and heterogeneity.

Despite these obstacles, several immuno-oncological strategies are now considered the
most promising directions. Key immuno-oncological approaches currently being
researched follow.

CAR-T Cell Therapy

This is one of the most intensively studied methods for brain cancer. A patient’s own T-
cells are collected, then engineered in the lab to recognize specific tumor antigens, such
as EGFRuvIII (EGFR variant Il1), IL13Ra2, and HER2. Once reinfused into the patient,



these modified cells can seek out and destroy cancer cells carrying those targets. CAR-
T cell therapy, effective in some blood cancers, is being tested for brain tumors.

CAR-T cells may be delivered directly into the tumor cavity or cerebrospinal fluid to
bypass the blood-brain barrier. Early results show modified T-cells can reach and
sometimes shrink brain tumors. While some trials report temporary tumor regression,
glioblastoma often evades treatment by losing targeted antigens. Current research
focuses on multi-target and “armored” CAR-T cells that release immune-stimulating
molecules to prevent tumor escape. The next generation designs may help prevent
tumors from escaping treatment.

Natural Killer (NK) Cells

One promising approach involves natural killer (NK) cells, a specialized group of
immune cells that are part of the body’s innate defense system and are naturally
capable of identifying and destroying abnormal cells. Researchers are developing ways
to expand NK cells in the laboratory or genetically modify them so they can better
recognize tumor cells and persist longer in the body. Once infused back into the patient,
these enhanced NK cells can seek out and kill cancer cells while sparing most healthy
brain tissue.

Scientists are also exploring ways to deliver these immune cells directly to the tumor or
into the cerebrospinal fluid to overcome the challenges posed by the brain’s protective
environment. In addition, NK cell therapies may be combined with other treatments—
such as checkpoint inhibitors, antibodies, or radiation—to strengthen the immune
response against the tumor. Because NK cells can attack cancer without relying on the
same recognition mechanisms used by other immune cells, they may be particularly
valuable for tumors that evade conventional immune therapies. As clinical trials
advance, NK cell therapies are increasingly viewed as a promising component of a
broader immunotherapy strategy aimed at improving outcomes for patients with difficult-
to-treat brain cancers.

Personalized Cancer Vaccines

Cancer vaccines are among the most exciting areas of research for brain tumors. These
therapies aim to stimulate the immune system to recognize and attack tumor cells by
targeting specific proteins or mutations found in the patient’s cancer.

One approach involves identifying unique mutations in a patient’s tumor—called
neoantigens—through genomic sequencing of the tumor tissue. Scientists can then
design vaccines that train immune cells to recognize these specific targets.
Several vaccine technologies are currently being studied:

e Dendritic-cell vaccines, in which immune cells from the patient are loaded with
tumor antigens and reinfused to activate tumor-fighting T cells. One example is
DCVax-L, which uses antigens derived from the patient’s own tumor tissue.



e Peptide vaccines, which use short fragments of tumor proteins to train immune
cells to recognize cancer markers such as EGFRVIII.

¢ mMRNA vaccines, which deliver genetic instructions that prompt the body’s cells
to produce tumor-associated proteins that stimulate an immune response.

Even though glioblastoma has fewer mutations than some cancers, patient-specific
mutations can still generate immune responses. Ongoing research is focused on
improving these approaches and combining them with other immunotherapies to
produce stronger and more durable anti-tumor effects.

Oncolytic Virus Therapy

This approach uses engineered viruses that infect and destroy tumor cells while
stimulating immune responses. Several viruses are under investigation for glioblastoma.
Examples include:

o modified herpes viruses
e adenoviruses
e poliovirus derivatives

These viruses grow inside the tumor cells and make them burst, releasing cancer
proteins that help the immune system find and fight the cancer. For example, clinical
trials of teserpaturev (Delytact) in Japan reported a one-year survival rate of
approximately 84% in treated patients, although the study did not include a randomized
control group. Larger studies are needed to confirm these results.

Oncolytic viruses can directly kill tumor cells and release tumor antigens. New
engineered viruses can also recruit immune cells into tumors, which has historically
been difficult in brain cancers, and stimulate immune infiltration.

The ability of oncolytic viruses to respond more strongly to the cancer is important for
brain tumors, which often have few active immune cells. This action can convert a tumor
from an immune-silent or “cold” tumor into an immune-active or “hot” one.

Immune Checkpoint Inhibitor Combinations

While checkpoint inhibitors targeting PD-1 and CTLA-4 have led to limited benefit in
most trials, their use has provided important insights for researchers. Efforts have
revealed the complex strategies glioblastoma uses to evade the immune system, such
as releasing special molecules and recruiting cells that suppress immune activity.
Understanding these challenges is helping scientists develop more effective, targeted
approaches.



Scientists are now combining these checkpoint inhibitors with other innovative
treatments to help the immune system better recognize and attack tumors. There is
growing optimism that they will be more effective when used together with other
therapies, such as:

personalized vaccines;
oncolytic viruses;
CAR-T cells;

radiation; and
tumor-treating fields.

The goal is to spark a strong immune response and then keep the tumor from turning it
off. With these new combination strategies, there is renewed hope that checkpoint
inhibitors will play an important role in improving treatment outcomes for people with
brain cancer.

Myeloid-Cell and Macrophage Targeting

Glioblastoma tumors are heavily infiltrated with tumor-associated macrophages, which
play a significant role in suppressing immune activity and promoting tumor growth.
These immune cells create an environment that allows the tumor to evade immune
detection and resist many standard therapies. As a result, current research is focusing
on several promising strategies to overcome this challenge, including:

o developing CSF-1 receptor inhibitors, which block signals that recruit and sustain
these suppressive macrophages within the tumor; and

e reprogramming macrophages into tumor-fighting cells, shifting them from a pro-
tumor to an anti-tumor state to help activate the body’s immune response against
cancer.

This area of research is gaining increasing attention because myeloid cells, including
macrophages and related immune cells, dominate the glioblastoma microenvironment
and can significantly impact patient response to immunotherapy. By targeting these
cells, scientists hope to reduce immune suppression, enhance the effectiveness of
existing treatments, and ultimately improve outcomes for people with glioblastoma.

Summary of Immunotherapy Research

Although these therapies are still largely experimental, they represent a significant shift
in how researchers approach brain cancer treatment. By transforming the immune
system into an active participant in therapy, immunotherapy offers hope that future
treatments may achieve longer survival and, ultimately, more durable control of brain
cancer.



While immunotherapy has generated enormous excitement, it is only one part of the
rapidly evolving landscape of brain tumor research. Advances in neuroscience, imaging,
genetics, drug delivery, and other medical technologies are also opening entirely new
possibilities for treatment.

Other Approaches

Cancer Neuroscience

Cancer neuroscience is an emerging field that studies how cancer cells interact with the
nervous system. In the case of brain tumors like glioblastoma, researchers have
discovered that tumor cells do not simply grow independently within the brain. Instead,
they can form functional connections with surrounding neurons, effectively integrating
themselves into the brain’s communication networks. These connections allow tumor
cells to receive electrical and chemical signals that stimulate their growth and survival.
By understanding these interactions, scientists are identifying new treatment strategies
like harnessing the nervous system with neuromodulation to control inflammation and
glioma growth and other approaches aimed at disrupting the signals between neurons
and tumor cells—essentially cutting off the “communication lines” that help the cancer
thrive.

This insight is opening the door to therapies that go beyond traditional approaches.
Researchers are investigating drugs that block neuron-tumor signaling, regulate
electrical activity in the brain, or interfere with growth factors released during neural
communication. Some studies are even exploring whether medications originally
designed for neurological disorders—such as anti-seizure drugs—might help slow tumor
growth by altering neural activity around the tumor. By targeting the relationship
between cancer and the nervous system, cancer neuroscience offers a promising new
direction for treating aggressive brain tumors and may ultimately lead to therapies that
better control or even halt their progression.

Advanced Neuroimaging and Connectomics

Advanced neuroimaging technologies are transforming how physicians detect,
understand, and treat brain tumors. Modern imaging no longer simply shows the
location of a tumor; it increasingly reveals how the tumor behaves biologically and how
it interacts with surrounding brain networks. Multimodal magnetic resonance imaging
(MRI) combines several imaging techniques—such as functional MR, diffusion tensor
imaging, and perfusion imaging—to map blood flow, metabolic activity, and the
structural pathways of nerve fibers around the tumor. This richer information helps
physicians distinguish active tumor tissue from treatment effects, identify invasive tumor
margins that may not be visible on conventional scans, and guide surgeons and
radiation specialists so that treatment precisely targets cancer while preserving critical
brain functions.



Additional tools deepen this understanding even further:

Positron Emission Tomography (PET) scans can highlight the metabolic activity
of tumor cells by tracking specialized radiotracers, allowing clinicians to detect
aggressive tumor regions or early recurrence that may be difficult to see on
structural scans alone. Recent advances in brain PET scans are characterized
by a move toward ultra-high-resolution dedicated brain scanners, the integration
of digital detectors, and the development of highly specific radiotracers for early
disease detection.

Fractional Tumor Burden (FTB) mapping is an emerging advanced imaging
analysis technique to better distinguish active tumor tissue from treatment-related
changes in the brain. Brain tumors typically develop abnormal networks of blood
vessels, resulting in higher relative cerebral blood volume (rCBV) compared with
normal tissue or areas of treatment effect. FTB mapping analyzes these
perfusion measurements across each voxel (tiny three-dimensional unit) of a
tumor region and classifies them according to predefined thresholds. The result
is a color-coded map that visually represents the proportion of tissue that is likely
active tumor versus non-tumor treatment effect.

Both PET scans and FTB mapping help address the "pseudoprogression” problem
where a brain tumor looks like it may be growing but is actually showing a favorable
response to treatment. FTB mapping also helps neurosurgeons identify the most active
part of a tumor for biopsies, ensuring the most accurate tissue sampling and in planning
resections.

Meanwhile, the emerging field of Connectomics maps the brain’s communication
networks and how tumors disrupt or exploit them. By integrating connectomic mapping
with advanced MRI and PET imaging, clinicians can better understand how a tumor
spreads along neural pathways and how treatment might affect cognition, speech, or
movement. Together, these imaging strategies allow for more precise surgery, better-
targeted radiation therapy, improved monitoring of treatment response, and earlier
detection of recurrence—key advantages in the effort to control and ultimately defeat
aggressive brain cancers.

Blood and CSF biomarkers (liquid biopsy)

Blood and cerebrospinal fluid (CSF) biomarkers—often called liquid biopsies—are
becoming an important new tool in the fight against brain tumors such as glioblastoma.
Unlike traditional biopsies, which require surgery to remove a piece of tumor tissue,
liquid biopsies analyze tiny fragments of tumor material circulating in the bloodstream or
in the cerebrospinal fluid that surrounds the brain and spinal cord.

These fragments can include circulating tumor DNA (ctDNA), RNA, proteins, or even
small vesicles released by tumor cells. By detecting and analyzing these molecular



signals, physicians can gain insight into the genetic mutations and biological behavior of
a patient’s tumor without needing repeated invasive procedures.

This approach has several promising advantages for treatment. Liquid biopsies may
allow doctors to detect tumor recurrence earlier than conventional imaging, monitor how
well therapies are working, and identify new mutations that might make the tumor
resistant to treatment.

Because CSF is in direct contact with the brain, biomarkers found there can be
particularly informative for brain cancers. Over time, regular blood or CSF testing could
provide a kind of “real-time molecular monitoring” of a tumor, helping clinicians adjust
therapies quickly and select targeted treatments that are most likely to work.

As these technologies improve, liquid biopsies are expected to become an important
complement to imaging and tissue biopsies, helping make brain cancer care more
precise, less invasive, and more responsive to the changing biology of the disease.

Artificial Intelligence (Al)

Al is already showing proof-of-concept that we can enhance the precision of surgery,
pathology, radiation therapy, discover new drugs, and new combination therapies. Al
and advanced imaging analysis are beginning to influence treatment planning as well.
Machine learning algorithms can analyze complex imaging data to help identify tumor
boundaries, predict tumor growth patterns, and assist physicians in planning surgery or
radiation therapy. These tools may help clinicians tailor treatment strategies more
precisely to each patient’s tumor characteristics.

Improved Surgical and Treatment Technologies

Advances in surgical and treatment technologies are playing an increasingly important
role in improving care for patients with brain cancers. Although surgery has long been a
cornerstone of brain tumor treatment, modern technologies are enabling neurosurgeons
to remove tumors more precisely while preserving critical brain functions. At the same
time, improvements in radiation therapy, imaging, and drug-delivery techniques are
expanding the tools available to treat tumors that cannot be completely removed.

Intraoperative imaging and navigation systems

One of the most important developments has been the improvement of intraoperative
imaging and navigation systems. Modern neurosurgical procedures often use
sophisticated guidance technology that allows surgeons to see detailed images of the
brain during the operation. Intraoperative magnetic resonance imaging, for example,
provides real-time scans that help surgeons determine whether any tumor tissue
remains while the surgery is still in progress. This capability allows for more complete
tumor removal while minimizing damage to surrounding healthy brain structures.



Because glioblastoma and other high-grade tumors often infiltrate nearby brain tissue,
even small improvements in surgical precision can significantly affect outcomes.

Fluorescence-guided surgery

Another important advance is the use of fluorescence-guided surgery, in which patients
receive a compound that causes tumor cells to glow under a special surgical
microscope. One commonly used agent is 5-Aminolevulinic Acid (5-ALA), which is
metabolized by tumor cells and causes them to fluoresce under blue light. This
technique helps surgeons distinguish cancerous tissue from normal brain tissue during
the operation, increasing the likelihood that as much of the tumor as possible is
removed while protecting vital areas responsible for language, movement, or memory.

Minimally Invasive Procedures/LITT

Technological advances have also improved the ability to perform minimally invasive
procedures. One example is Laser Interstitial Thermal Therapy, a technique that uses a
small laser probe inserted through a narrow opening in the skull. The probe delivers
precisely controlled heat that destroys tumor tissue. In addition to directly damaging
cancer cells, the thermal treatment can temporarily disrupt the blood—brain barrier in the
surrounding region. This disruption may allow chemotherapy or immunotherapy drugs
administered afterward to penetrate the tumor more effectively. Early clinical studies
suggest that combining LITT with immune-based therapies may improve outcomes in
some patients with recurrent brain tumors.

Advancements in Radiation Technology

Recent innovations in radiation therapy have significantly improved the precision with
which tumors can be targeted. These advancements allow for the delivery of radiation
with exceptional accuracy, efficiency, and biological effectiveness, all while protecting
healthy brain tissue. Technologies such as proton therapy make it possible for clinicians
to concentrate radiation doses within the tumor, thereby reducing the amount of
radiation that reaches nearby brain structures. This targeted approach not only
diminishes potential side effects but also offers the promise of higher survival rates and
a better quality of life for patients.

Radiotherapy is poised to become more individualized and effective through the
integration of advanced imaging techniques, artificial intelligence—driven treatment
planning, and molecular biomarkers. These innovations will enable radiation treatment
strategies to be customized to the unique biology and structure of each patient’s tumor.
Personalized approaches are especially important for tumors that cannot be completely
removed surgically or those that recur after initial therapy.

Precision and Adaptability with MRI-Guided Radiotherapy



Adaptive radiation therapy, utilizing an MRI-guided linear accelerator (MRI-linac), marks
a critical advancement in the precise treatment of brain tumors. Systems such as the
Elekta Unity MRI-Linac and the ViewRay MRIdian MRI-Guided Radiation Therapy
System integrate high-resolution magnetic resonance imaging with radiation delivery in
a single device. The MRI component provides clear, real-time images of the brain and
tumor throughout treatment, giving clinicians the ability to visualize the tumor and
surrounding critical structures—including healthy brain tissue, blood vessels, and
nerves—with greater clarity than traditional CT-guided radiation therapy. This enhanced
visibility allows physicians to target radiation more accurately and reduces exposure to
sensitive areas of the brain.

The “adaptive” nature of MRI-linac therapy enables clinicians to adjust the radiation
treatment plan immediately before or during each session. Brain tumors can change in
shape, size, or position over time, and nearby tissues may shift as swelling decreases
or surgical sites heal. Adaptive radiation makes it possible to use the most current MRI
images to refine the treatment plan, ensuring it aligns with the tumor’s present anatomy.

Impact and Future Direction

Taken together, these technological and scientific developments are transforming
radiotherapy into a more precise, individualized, and powerful modality for managing
aggressive brain cancers. Radiotherapy is moving beyond its traditional role as a
supportive therapy and is becoming a central tool in cancer control.

Optune Gio® (Tumor-Treating Fields)

The Optune Gio system represents one of the most distinctive treatment innovations in
neuro-oncology. It delivers Tumor Treating Fields (TTFields)—Ilow-intensity, alternating
electric fields—through electrode arrays placed on the scalp. These fields disrupt the
ability of cancer cells to divide, interfere with mitotic spindle formation, and may also
stimulate anti-tumor immune responses, thereby slowing tumor growth while largely
sparing normal brain tissue.

Below are the most important recent findings and emerging directions in research
involving Optune Gio.

Expanding Combination Therapy with Immunotherapy

Combining immunotherapy with the Optune Gio represents an especially promising
area of research in neuro-oncology. Early studies suggest that Optune Gio may modify
the tumor microenvironment and increase immune recognition of tumor cells, creating a
form of “in situ vaccination” that enhances the effectiveness of immunotherapy. Some
preliminary research has shown improved progression-free and overall survival when
compliant Optune Gio use is paired with checkpoint inhibitors.



This direction reflects a broader trend in oncology: using Optune Gio as a platform
therapy that amplifies other treatments.

A major phase lll clinical trial (EF-41 / KEYNOTE-D58) is testing Optune Gio together
with the chemotherapy drug temozolomide and the PD-1 inhibitor Pembrolizumab in
patients with newly diagnosed glioblastoma. The goal is to determine whether adding
immunotherapy improves overall survival compared with Optune Gio plus
chemotherapy alone.

Integration with Earlier Stages of Standard Treatment

Originally, Optune Gio was introduced after radiation and chemotherapy. New trials are
testing whether they should be started earlier in the treatment sequence.

One major study (the TRIDENT trial) is evaluating whether Optune Gio can be safely
used during radiation therapy, rather than only afterward. The hypothesis is that
simultaneous electrical fields and radiation may create stronger anti-tumor effects by
attacking dividing tumor cells through multiple mechanisms.

If successful, this could shift Optune Gio from an adjunct therapy to a core component
of first-line treatment for glioblastoma.

New Combinations with Cellular Immunotherapy

Another experimental direction is combining Optune Gio with cell-based immune
therapies. Early reports from small studies suggest promising responses when Optune
Gio are paired with natural killer (NK) cell therapies such as ANKTIVA-based regimens.
In one preliminary report involving recurrent glioblastoma, disease control was observed
in all treated patients, with some showing near-complete responses.

Although these results come from very small cohorts, they illustrate a growing belief
that electric-field therapy may enhance immune-mediated tumor killing.

Personalizing Electric Field Delivery

Researchers are also studying how to optimize electrode placement and field
distribution for each patient. Modeling studies show that small changes in the angle or
position of electrode arrays can significantly improve the intensity and coverage of the
electric field inside the tumor region. Future Optune Gio systems may therefore include:

e MRI-guided treatment planning;
o Al-assisted modeling of electric field propagation; and
« individualized array layouts for each tumor geometry.

This personalization could meaningfully increase the effectiveness of the therapy.
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Expanding Use to New Patient Groups

Research is also exploring whether Optune Gio could benefit groups previously
understudied such as pediatric high-grade gliomas. Early studies suggest the therapy
appears safe and feasible in children, although efficacy still needs confirmation.
Investigations are also underway to evaluate Optune Gio for additional CNS
malignancies such as other grades of brain tumors and brain metastases. These efforts
aim to determine whether the technology could become a broader platform for multiple
brain cancers, not only glioblastoma.

Treatments that Bypass the Blood-Brain Barrier

One of the greatest challenges in treating brain cancer is the presence of the Blood—
brain barrier, a natural protective system that shields the brain from harmful substances
circulating in the bloodstream. While this barrier is essential for protecting normal brain
tissue, it also prevents many potentially useful cancer drugs from reaching tumors. In
fact, most chemotherapy agents and targeted therapies cannot penetrate the barrier in
sufficient amounts to affect tumor cells. For aggressive tumors such as glioblastoma,
this limitation has historically made treatment far more difficult than for cancers
elsewhere in the body.

In recent years, researchers have made important progress in developing therapies
designed either to bypass the blood—brain barrier or to temporarily open it so that drugs
can reach tumor tissue. These approaches represent a major shift in strategy. Rather
than only developing new drugs, scientists are also developing new ways to deliver
them into the brain.

Focused Ultrasound (FUS): A Versatile Treatment Tool

Noninvasive Opening of the Blood—Brain Barrier

Focused ultrasound is a rapidly advancing technique that enables the noninvasive
opening of the blood—brain barrier (BBB). In this approach, ultrasound waves are
directed at a targeted region of the brain, while microscopic gas bubbles circulating in
the bloodstream respond to these sound waves. The interaction gently stretches the
tight junctions between the cells of the BBB, resulting in small and temporary openings.
These openings typically last several hours, providing a window during which
chemotherapy, antibodies, or other targeted drugs can enter the brain at higher
concentrations and reach tumors more effectively before the barrier naturally reseals.
Clinical trials are ongoing to determine whether this method can improve the delivery of
chemotherapy, targeted therapies, or antibodies for patients with brain tumors.

Thermal Ablation/ Immune System Stimulation/ Tumor Monitoring

Beyond temporarily opening the BBB, FUS is emerging as a highly versatile tool with
multiple therapeutic applications. One such application is thermal ablation, in which
concentrated ultrasound energy heats and destroys small areas of tumor tissue.
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Researchers are also investigating the use of FUS to enhance the delivery of gene
therapies, nanoparticles, and immunotherapies, and to stimulate immune responses
against tumor cells. When guided by Magnetic Resonance Imaging (MRI)—in a
technique known as MR-guided focused ultrasound—the technology offers real-time
imaging and temperature monitoring, enabling physicians to treat tumors with
exceptional precision while minimizing damage to the surrounding healthy brain tissue.

Sonodynamic Therapy (SDT)

Sonodynamic therapy leverages ultrasound energy to activate specialized tumor-
targeting drugs known as sonosensitizers, such as 5-Aminolevulinic Acid (5-ALA) which
are administered to the patient at the outset of treatment. FUS is a primary means of
delivering this energy precisely to the brain tumor. When ultrasound waves are
concentrated on the tumor, they interact with the sensitizing molecules, producing
effects like microscopic cavitation—tiny bubble formation and collapse—and localized
mechanical stress. These effects prompt the sonosensitizers to generate reactive
oxygen species (ROS), which are highly reactive molecules that damage cancer cell
structures and induce tumor cell death. Because the ultrasound can be accurately
focused on the tumor, the destructive chemical reactions occur primarily within tumor
tissue, sparing surrounding healthy brain regions.

Targeted Drug Release from Heat-Sensitive Liposomes

Focused ultrasound is also being studied as a method to trigger the release of drugs
from specially designed heat-sensitive liposomes. These microscopic lipid vesicles are
engineered to transport chemotherapy or other therapeutic agents through the
bloodstream. They remain stable at normal body temperature, but when exposed to
mild hyperthermia—typically around 40—42 °C (104-108 °F)—they become permeable.
By directing FUS energy at a tumor site, clinicians can gently heat a highly localized
tissue region without harming adjacent structures. This targeted warming causes the
lipid membrane of the heat-sensitive liposomes circulating nearby to temporarily
destabilize or open, rapidly releasing their drug payload directly into the tumor’s
microenvironment.

Advantages and Future Directions

Because FUS is noninvasive and can be repeated as necessary, it is increasingly being
explored as a platform for providing patients with a variety of innovative treatment
options for brain tumors.

Treatment Delivery Systems

Because many drugs cannot easily cross the blood-brain barrier, researchers are
developing methods to deliver therapies directly to brain tumors. These strategies allow
much higher concentrations of treatment to reach the tumor while minimizing effects on
the rest of the body.

Several approaches are under investigation:

12



e Convection-enhanced delivery, which uses surgically placed catheters to slowly
infuse drugs directly into tumor tissue.

e Intraventricular injection, where therapies are delivered into the cerebrospinal
fluid so they can circulate throughout the brain.

e Nanoparticle drug carriers, tiny, engineered particles designed to transport
medications across the blood-brain barrier and release them inside the tumor.

Researchers are also exploring biological delivery systems. Certain stem cells and
immune cells naturally migrate toward tumors and can be engineered to carry
therapeutic agents such as anticancer drugs, immune-stimulating proteins, or oncolytic
viruses directly to tumor tissue.

These innovative delivery strategies could allow many drugs that could not reach the
brain to become effective treatments for brain cancer in the future.

Precision Genetic Therapies

Advances in precision genetic therapies are transforming how scientists approach the
treatment of brain cancers, particularly aggressive tumors. Precision medicine seeks to
tailor treatment to the specific genetic characteristics of an individual patient’s tumor
rather than relying on a single therapy for all patients. This shift has been made possible
by major advances in genomic sequencing technologies that allow researchers to
analyze the molecular makeup of brain tumors in great detail.

Modern tumor profiling can identify mutations, gene amplifications, and other molecular
changes that drive tumor growth. Through techniques such as next-generation
sequencing, physicians can examine hundreds of genes simultaneously and identify
alterations that may be targeted with specialized therapies. This approach recognizes
that glioblastoma is not a single disease but rather a collection of tumors with diverse
genetic drivers and biological behaviors.

EGFR Gene

One of the most frequently studied genetic targets in glioblastoma is the EGFR gene,
which is amplified or mutated in a large proportion of tumors. EGFR alterations can
cause uncontrolled cell growth by activating signaling pathways that promote tumor
survival. Researchers have attempted to inhibit this pathway using targeted drugs
designed to block EGFR signaling. Although early clinical trials produced mixed results,
ongoing research is focused on developing more potent inhibitors and combining them
with other therapies to overcome resistance mechanisms within the tumor.
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BRAF Gene

Another important molecular pathway involves mutations in the BRAF gene. Although
these mutations occur in only a small subset of glioblastomas, they are more common
in certain related brain tumors. Targeted drugs originally developed for melanoma—
such as Vemurafenib and combinations like Dabrafenib with Trametinib—have shown
promising responses in patients whose tumors carry this mutation. These successes
illustrate the potential of precision medicine: when a tumor’s key driver mutation can be
identified and targeted, significant clinical benefit may result.

NTRK Fusion

Researchers are also investigating rare but highly actionable genetic changes such as
NTRK fusion, which can occur in a small fraction of brain tumors. Drugs specifically
designed to target these fusions have demonstrated remarkable activity across multiple
cancer types, including some brain tumors. These findings highlight a new paradigm in
oncology in which therapies are matched to specific molecular alterations rather than to
the tumor’s anatomical location alone.

DNA Repair Systems

In addition to targeting growth-promoting mutations, scientists are exploring therapies
that exploit vulnerabilities in tumor DNA repair systems. Glioblastoma cells rely heavily
on mechanisms that repair DNA damage caused by radiation and chemotherapy. By
inhibiting these repair pathways, new drugs may make tumor cells more sensitive to
existing treatments. For example, inhibitors of enzymes involved in DNA repair are
being tested to enhance the effectiveness of radiation therapy and chemotherapy.

Targeting Tumor Metabolism

Another promising direction in precision therapy involves targeting the metabolic
processes that help tumors grow. Recent research shows that changes in how brain
cancer cells use energy play a key role in their ability to survive, multiply, and resist
treatment. Both genetic mutations and factors in the tumor’s environment can influence
these metabolic changes. Scientists are finding that certain metabolic regulators in
glioblastoma could be used to help predict, diagnose, and treat brain cancer more
effectively.

Research also indicates that a tumor’s genetics and its surrounding brain environment
shape these metabolic shifts, creating weaknesses that therapies can target. A well-
known example is the Warburg effect, where glioblastoma cells, like many other
cancers, mainly use a process called aerobic glycolysis to generate energy—even when
oxygen is available—instead of the more efficient mitochondrial pathway.
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Targeting the genes that control these metabolic pathways offers a promising approach
for new treatments. For example, in lab studies, blocking the enzyme hexokinase 2
(HK2) and activating the protein PINK1 have both shown positive effects against
glioblastoma.

Cholesterol metabolism is another possible target. Some glioblastomas, especially
those driven by EGFR mutations, depend heavily on cholesterol. This makes them more
vulnerable to drugs like liver X receptor agonists, which limit cholesterol uptake and may
slow tumor growth.

Researchers are now testing drugs that interrupt these abnormal metabolic pathways,
depriving tumor cells of the energy and materials they need. Early results suggest that
such treatments could work well alongside other genetic therapies to improve outcomes
for patients with brain cancer.

Standard of Care Evaluation for MGMT-Methylated GBM

A major clinical trial that has drawn significant attention in neuro-oncology is the Phase
[l CeTeG/NOA-09 study, which tested whether adding Lomustine (CCNU) to
Temozolomide (TMZ or Temodar) could improve outcomes for patients with newly
diagnosed glioblastoma whose tumors have MGMT promoter methylation. In this
randomized, multi-center trial conducted across 17 university hospitals, patients
received standard radiotherapy and were assigned either the current standard
chemotherapy regimen with TMZ alone or a combination of Lomustine plus TMZ. The
results showed a meaningful survival advantage for the combination therapy: median
overall survival was about 48 months with the combination compared with about 31
months with TMZ alone in the main analysis population. These findings suggested that
combining the two alkylating chemotherapies could significantly extend survival in this
biologically favorable subgroup of glioblastoma patients.

Because the original trial was relatively small, researchers have launched larger multi-
center confirmatory studies to determine whether this regimen should replace TMZ
alone as the standard of care for MGMT-methylated glioblastoma. These newer trials
aim to enroll several hundred patients and compare the current standard approach—
radiation plus TMZ—with a regimen that adds Lomustine early in treatment. If the
survival advantage seen in earlier studies is confirmed, many experts believe the
combination could become a new standard therapy for this molecular subtype of brain
cancer, representing one of the first meaningful improvements to frontline
chemotherapy for glioblastoma in many years.

Functional Tumor Testing

Functional tumor testing is an emerging approach in precision oncology that evaluates
how a patient’s actual tumor cells respond to different cancer treatments outside the
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body. Instead of relying solely on genetic sequencing to predict which drugs might work,
this method grows living tumor cells obtained from a patient’s biopsy or surgery and
directly exposes them to a range of therapies in the laboratory.

Companies such as KIYATEC and First Ascent Biomedical have developed platforms
that culture patient-derived tumor cells in specialized conditions that preserve their
three-dimensional structure and biological behavior. Researchers can then test
chemotherapy agents, targeted drugs, or combinations of treatments to see which ones
most effectively kill or suppress the tumor cells. The results provide clinicians with a
functional readout of drug sensitivity—essentially showing which therapies appear most
promising for that individual patient’s tumor. Although still gaining wider clinical
adoption, functional tumor testing represents a promising step toward more
individualized cancer care.

Patient Participation in Research

Patients themselves are playing an increasingly important role in advancing research.
Participation in clinical trials, tumor registries, and patient-driven research initiatives
helps scientists learn which treatments work best and why. Programs that collect
detailed clinical and molecular data from large numbers of patients are beginning to
reveal patterns that were previously impossible to detect. As these collaborative efforts
grow, they are expected to accelerate the discovery of better therapies for brain tumors.

Improving Clinical Trial Design

Clinical trials for brain cancer patients are evolving in ways that make them faster, more
informative, and more accessible to patients.

One important development is the use of adaptive clinical trial designs, in which
researchers can modify aspects of the trial—such as treatment arms, dosing strategies,
or patient allocation—based on interim results as the study progresses. This flexibility
allows ineffective treatments to be dropped earlier and promising ones to be expanded
more quickly, helping patients gain access to potentially beneficial therapies sooner
while improving the efficiency of the research process.

Another major improvement is molecularly guided patient selection, which uses genetic
and molecular profiling of a patient’s tumor to match individuals with therapies most
likely to work for their specific cancer biology. Brain tumors can vary greatly at the
molecular level, and identifying markers such as mutations or expression patterns
enables more precise testing of targeted drugs and immunotherapies.

Researchers are also increasingly conducting “window of opportunity” studies, in which

patients receive an experimental treatment for a short period between diagnosis and
standard surgery. Because the tumor is then removed and analyzed, scientists can
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directly observe how the drug affected the tumor tissue, providing valuable biological
insights early in the development process.

Efforts are also underway to broaden participation in clinical trials so that more patients
can benefit from experimental therapies and research results better reflect real-world
populations. This includes expanding eligibility criteria, incorporating decentralized or
hybrid trial models that reduce travel burdens, and improving collaboration across
hospitals and research centers. By combining adaptive designs, molecular targeting,
biologically informative studies, and wider patient access, modern clinical trials are
becoming a more powerful engine for developing effective treatments against brain
cancer.

Improving Treatment Access: The Promising Pathway Act

The Promising Pathway Act is a proposed U.S. law designed to speed access to
experimental drugs for patients with serious or life-threatening diseases like brain
cancer when existing treatments are limited or ineffective. Under the current system,
new drugs must pass through a lengthy sequence of clinical trials before receiving full
approval from the U.S. Food and Drug Administration, a process that can take many
years.

For patients with rapidly progressing cancers, that timeline can exceed their expected
survival. The Promising Pathway Act proposes a provisional approval pathway, allowing
therapies that have demonstrated strong evidence of safety and early signs of
effectiveness in clinical trials to become available to patients sooner while additional
studies continue.

For brain cancer patients, earlier access could be particularly important because many
emerging therapies show promise in early trials but often require many additional years
of testing before reaching the general population. The proposed pathway would allow
physicians and patients to use such treatments during a provisional approval period
(typically two years, renewable up to several years) while researchers continue
gathering data on outcomes and safety. This structure could also encourage innovation
by lowering the time and cost barriers for developing therapies aimed at relatively small
patient populations, such as rare or highly aggressive brain tumors.

Another important aspect of the act is that it requires participating patients to be enrolled
in treatment registries so that real-world data on safety and effectiveness can be
continuously collected. At the same time, insurers would generally be required to cover
provisionally approved therapies rather than dismissing them as experimental. In theory,
this creates a learning health system in which patients gain faster access to promising
treatments while researchers gather large amounts of real-world evidence that can
ultimately support full regulatory approval.
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For conditions with few effective treatments and limited time—such as many forms of
brain cancer—supporters believe this approach could meaningfully accelerate the
translation of scientific discoveries into lifesaving care.

The Future of Treatment: Where Experts See the Greatest Hope

Experts in neuro-oncology increasingly point to several emerging strategies that may
significantly improve outcomes for patients with aggressive brain tumors. While no
single breakthrough has yet solved the challenge, many researchers believe progress
will come from combining several of the following approaches:

Advanced immune-cell therapies like CAR T-cell and treatments using Natural
Killer Cells.

Personalized cancer vaccines tailored to the specific mutations found in an
individual patient’s tumor. Advances in genomic sequencing have made it
possible to design such vaccines rapidly, raising hopes for more personalized
treatment strategies.

Oncolytic virus therapies, which use genetically engineered viruses that
selectively infect and destroy cancer cells. Some virus-based therapies have
shown encouraging survival results in clinical trials and may be especially useful
when combined with immunotherapy.

Technologies that bypass the brain’s protective barrier, including new
technologies like focused ultrasound, nanoparticles, implantable drug wafers,
and specialized molecular carriers. These methods could dramatically expand
the number of drugs that can effectively reach brain cancers.

Precision genetic and molecular targeting, which focus on the unique genetic
makeup of each tumor. This precision-medicine approach allows treatments to
be tailored to the biology of the tumor rather than relying on one-size-fits-all
therapies.

Greatest Hope for the Future: Multi-modal Treatment

Many neuro-oncologists believe the future of brain cancer treatment holds more
promise than ever before. The path forward is likely to involve strategically combining
several of these innovative approaches —a shift that recognizes brain cancer’s
complexity and the necessity for tailored, multi-faceted care. Instead of a single “miracle
drug”, progress is expected to come from intelligently combining many different
strategies—surgery, radiation, immunotherapy, targeted drugs, advanced delivery
systems, and emerging technologies. By attacking the tumor from multiple directions at
once, physicians may be able to overcome the complex defenses that have long made
these cancers so difficult to treat.
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While significant challenges remain, the pace of discovery in neuro-oncology has never
been greater. Each year brings new insights, new clinical trials, and new technologies.
Together, these advances offer real and growing hope that the outlook for patients with
brain cancer will continue to improve in the years ahead.
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