Navigating the
Complexities of
Glioblastoma

Clinical Trials:

From Diagnosis to
Enhanced Protocols

Glioblastoma, also known as glioblastoma multiforme
(GBM), is the most common and aggressive type of
primary malignant brain tumor in adults. Originating
from astrocytes—star-shaped glial cells that support
nerve cells in the brain—GBM is classified as a Grade
IV tumor by the World Health Organization (WHO). This
classification reflects its rapid growth and highly
infiltrative nature. Despite aggressive treatment, the
prognosis for glioblastoma remains poor, with
median survival rates typically ranging from 12 to 18
months post-diagnosis. GBM's resistance to
conventional therapies continues to make it a
significant focus of ongoing oncology research.
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Understanding Glioblastoma

Key Characteristics

Glioblastomas are characterized by their heterogeneity at both cellular and molecular levels,
contributing to the tumor's resilience against various treatments. Histologically, these tumors
present a mix of cell types and are marked by regions of necrosis surrounded by hypercellular
zones, indicating rapid cell proliferation. Additionally, glioblastomas show evidence of
microvascular proliferation, which supports the tumor's demand for oxygen and nutrients. At
the molecular level, glioblastomas are classified into several subtypes based on genetic and
epigenetic profiles, including classical, proneural, neural, and mesenchymal subtypes.

The Registry Study for Optune System (P100034 [ PAS002) highlighted how specific genetic
alterations, such as mutations in the epidermal growth factor receptor (EGFR) gene, platelet-
derived growth factor receptor (PDGFR), and isocitrate dehydrogenase (IDH) genes, are central
to understanding glioblastoma pathogenesis and developing personalized treatment
approaches. The study also emphasized the importance of MGMT promoter methylation status
in predicting response to treatments like temozolomide.

Historical Perspectives

The history of glioblastoma research mirrors the broader evolution of cancer biology. Early
classifications relied solely on histopathological observations. However, the introduction of the
WHO classification system in the late 20th century standardized the diagnosis and grading of
gliomas, including GBM. Significant strides have been made in the 2Ist century, particularly with
the advent of molecular biology and genomics. The discovery of the IDHI mutation as a
prognostic marker, which distinguishes primary from secondary glioblastomas, was a pivotal
moment in the field.

The characterization of additional molecular markers, such as those found in the Optune
System registry study, has further refined glioblastoma classification and treatment. The
transition from a purely histological to a molecular classification of glioblastoma has paved
the way for targeted therapies and personalized medicine. Despite these advancements, as
evidenced in studies like the Optune registry, the prognosis for glioblastoma patients remains
poor, underscoring the need for continued research and innovation.



Contributing Factors

Glioblastoma is predominantly a sporadic disedse, with most cases occurring without a clear
hereditary or environmental cause. However, several factors have been identified that may

contribute to its development:

Biological Factors: Glioblastoma is strongly associated with specific genetic mutations,
such as those in the TP53, EGFR, and PTEN genes. These mutations disrupt normal cell cycle
regulation and promote unchecked cell proliferation, contributing to the tumor's invasive
capabilities. Alterations in signaling pathways, such as the PI3K/AKT/mTOR pathway, further
support tumor growth and survival. Data from the Optune study underscore the role of
these molecular characteristics in tailoring treatment approaches.

Psychological Factors: Although psychological factors like stress do not directly cause
glioblastoma, they can significantly impact a patient’'s quality of life and treatment
adherence. Chronic stress may weaken the immune system, potentially influencing the
tumor microenvironment and the body's ability to combat cancer.

Environmental Factors: The only well-established environmental risk factor for
glioblastoma is exposure to ionizing radiation, particularly in a therapeutic context.
Individuals who have undergone radiation therapy to the head for other conditions, such as
pediatric cancers, are at increased risk of developing glioblastoma later in life. However, the
majority of glioblastomas arise without known environmental exposure, making primary
prevention challenging.



Prevalence and Trends

Incidence and Demographics

Glioblastoma is relatively rare but
remains the most common primary
malignant brain tumor in adults. The
incidence in the United States is
approximately 3.2 per 100,000 individuals
per year. It's more prevalent in older
adults, with a median diagnosis age of 64
yedrs. The disease occurs slightly more
frequently in men and has a higher
incidence in individuals of Caucasian
descent.

Market Overview

The global market for glioblastoma
treatments was valued at approximately
$1.5 billion in 2022, with significant
contributions from the United States,

Europe, and Japan. It's expected to grow

at a compound annual growth rate
(CAGR) of 8.2% through 2030, driven by
advancements in treatment options,
including novel drug developments,
improved surgical techniques, and
innovative therapeutic modalities.

Trends and Projections

Over the past decade, glioblastoma
incidence has remained relatively stable,
with slight variations potentially due to
improved diagnostic imaging and
increased awareness. The aging
population suggests the absolute number
of cases may increase in coming years.
The projected prevalence is expected to
rise modestly over the next decade,
primarily driven by demographic
changes.

Factors Influencing Market
Growth

Several factors contribute to the expected
market growth: increasing incidence of
glioblastoma, particularly among the
aging population; ongoing clinical trials
and research into targeted therapies; and
growing interest in precision medicine.
These developments are expected to lead
to more effective, personalized therapies
and expand the range of available
treatments.



Key Drugs with High Earning
Potential

$1,200.00 -

$800.00 -
$400.00 - l
$0.00 1 T T

Temozolomide Bevacizumab Optune
2023 Sales (USD Million) [ Projected Sales 2028 (USD M...

The glioblastoma treatment landscape is currently dominated by a few key drugs, most
notably temozolomide and bevacizumab, which have become standard components of
therapy. However, newer treatments, including the tumor-treating fields device (Optune) and
experimental immunotherapies, are gaining traction.

e Temozolomide (TMZ): This oral alkylating agent has been the cornerstone of glioblastoma
treatment since its approval in 1999. It works by causing DNA damage that leads to cell
death, particularly in rapidly dividing cells like cancer cells. Despite its widespread use,
resistance to temozolomide remains a significant challenge, driving research into
combination therapies that may enhance its effectiveness.

e Bevacizumab: Bevacizumab, marketed as Avastin, is a monoclonal antibody that inhibits
vascular endothelial growth factor (VEGF), thereby reducing the blood supply to tumors. It
was approved for the treatment of recurrent glioblastoma in 2009. While bevacizumab can
help control symptoms and delay disease progression, it has not been shown to improve
overall survival, which has limited its use primarily to cases of recurrence.

e Tumor Treating Fields (Optune): Optune is a relatively new, non-invasive treatment that
uses alternating electric fields to disrupt cell division in tumor cells. Approved by the FDA in
2015, it is used in conjunction with temozolomide for newly diagnosed glioblastoma and as
a monotherapy for recurrent cases. Optune has shown promise in extending survival when
used consistently, though patient compliance can be challenging due to the need to wear
the device for the majority of the day.



Diagnostic Criteria

Glioblastoma is classified under the ICD-11 code 2A00.00, designated for "Glioblastoma of
brain,” a Grade IV malignant astrocytic tumor according to the WHO classification. The
diagnosis of glioblastoma under ICD-11 involves a combination of clinical evaluation,
neuroimaging, and histopathological examination. Key diagnostic features include:

Clinical Evaluation:

e Symptoms: Headaches, seizures, cognitive dysfunction, and focal neurological deficits,
depending on the tumor's location in the brain.

Neuroimaging:

e Magnetic Resonance Imaging (MRI): Gold standard for imaging glioblastoma, showing a
mass with ring-enhancing characteristics after contrast administration. The tumor often
appears irregular, with central necrosis surrounded by a ring of active tumor cells and
extensive peritumoral edema.

e Computed Tomography (CT): Less sensitive than MR, used initially, especially in emergency
settings. Glioblastomas typically appear as hypodense or isodense lesions with contrast
enhancement and surrounding edema.

Histopathological Examination:

e Biopsy or Surgical Resection: Required for definitive diagnosis.

e Histological Features: Hypercellularity, nuclear atypia, high mitotic activity, microvascular
proliferation, and necrosis. Pseudopalisading necrosis is a hallmark feature.

Molecular Diagnostics:

e |DH Mutation Status: Testing for IDH1 and IDH2 mutations is critical.
e MGMT Promoter Methylation: Important marker for response to alkylating agents.
e 1p/19g Co-deletion: Helps in differential diagnosis.

e EGFR Amplification and TERT Promoter Mutations: Common in glioblastoma, informing
prognosis and potential therapeutic strategies.

Integrated Diagnosis:

e WHO Classification: Integrates histological and molecular data for precise diagnosis.

e Grade IV Classification: Glioblastoma is universally classified as a Grade IV tumor.

These criteria are essential for ensuring accurate diagnosis, which is critical for guiding
treatment decisions and determining prognosis.



Evolution of Diagnostic Criteria Over Time

The transition from ICD-10 to ICD-11 has introduced several important changes in the
classification and coding of glioblastoma, reflecting advances in the understanding of this

disease.

Change

Granular Classification

Inclusion of Molecular
Markers

Impact on Clinical Practice

Description

More detailed and precise
classification, aligning with
latest WHO tumor
classification

Incorporates molecular
characteristics such as IDH
Mmutation status

Improves diagnostic
accuracy, endbles
personalized treatment
approaches

Impact

Allows for more nuanced
diagnosis, distinguishing
between different
molecular subtypes

Crucial for prognosis and
treatment planning

Facilitates international
research and data sharing,
supports better tracking of
outcomes and treatment
strategies
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Epidemiology of Glioblastoma

Age Distribution

X0

Age of Onset

Glioblastoma mainly affects
older adults, with a median
age of 64 at diagnosis. It's
rare in children and young
adults, making up less than
3% of pediatric brain tumors.
Younger patients often have
a different molecular profile,
like more IDH mutations,
which are linked to better
prognosis.

B

Age-Related Risk Factors

Glioblastoma is more
common in older adults, with
a median age of 64 at
diagnosis. Younger patients
often have a different
molecular profile, like more
IDH mutations, which are
linked to better prognosis.
Age significantly impacts
treatment outcomes,
reflecting broader age-
related trends in prognosis.

Racial and Ethnic Disparities
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Incidence by Race and
Ethnicity

Glioblastoma incidence
shows significant racial and
ethnic disparities. In the
United States, non-Hispanic
white people have the
highest incidence rates,
about 2-3 times higher than
African American, Asian, and
Hispanic people. Genetic
predispositions and
environmental factors may
partly explain these
disparities.
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Racial Breakdown

 Non-Hispanic White
People: Highest
glioblastoma incidence;
more likely to be
represented in clinical
trials, potentially
influencing outcomes.

e African American
Individuals: Lower
incidence but often
diagnosed at later stages
with worse outcomes.

e Asians and Hispanic
People: Lower
glioblastoma incidence,
with unclear reasoning.
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Prognosis by Age

Prognosis varies with age,
with younger patients
generally having better
outcomes due to favorable
molecular markers like IDH
mutations. Older patients
typically face more
aggressive tumor biology
and a reduced capacity to
tolerate intensive treatments,
leading to poorer outcomes.

—+

Survival Disparities

Survival outcomes also vary
by race and ethnicity, with
non-Hispanic white people
generally having better
survival rates. Disparities in
healthcare access, tumor
biology, and treatment
adherence may contribute to
these differences. The
Optune study highlighted
how socioeconomic factors
and access to advanced
treatments could influence
survival outcomes across
different racial and ethnic
groups.



Geographic Variations

Q

Global Incidence

The incidence of glioblastoma varies
geographically, with higher rates reported in
North America, Europe, and Australia
compared to Asia and Africa. These
differences may stem from variations in
diagnostic practices, environmental
exposures, and genetic predispositions.

e North America and Europe: These regions

gﬂ
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Environmental and Lifestyle Factors

U.S.

report the highest glioblastoma incidence,
with rates between 3 and 5 per 100,000

individuals annually.

e Asia and Africa: GBM appears less

common in these regions, with incidence

rates about half of those in North America

and Europe.

Genetic Predispositions

OOO
TR
Familial Glioblastoma

While most glioblastomas
are sporadic, a small
percentage are linked to

inherited genetic syndromes.

Familial GBM is rare,
accounting for less than 5%
of cases. Conditions such as
Li-Fraumeni Syndrome,
Neurofibromatosis Type 1
(NF1), and Turcot Syndrome
increase the risk of
glioblastoma due to specific
genetic mutations.
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Somatic Mutations

Most glioblastomas arise
from somatic (non-inherited)
mutations that occur
spontaneously during a
person’s lifetime. Key genetic
alterations involved in
glioblastoma include:

e |DH Mutations
e EGFR Amplification
e PTEN Mutations

Environmental exposures, such as ionizing
radiation, and lifestyle factors may contribute
to the geographic variation in glioblastoma
incidence. The Optune registry study provided
insights into how environmental factors could
influence treatment outcomes, although it
primarily focused on treatment efficacy in the

=4

Genomic
Heterogeneity

Glioblastoma is known for its
high genomic heterogeneity,
complicating treatment as
different tumor cells may
respond differently to
therapy. This heterogeneity,
highlighted in the Optune
registry, contributes to
treatment resistance and the
challenges in achieving long-
term control of the disease.



Incidence and Survival Trends

The overall incidence of glioblastoma has remained relatively stable over the past few
decades, with slight increases in some regions likely due to better diagnostic accuracy and an
aging population. The Optune registry study did not report on incidence trends but was
consistent with the stable incidence observed in the general population.

Despite advances in treatment, the prognosis for glioblastoma remains poor, with a median
survival of 12-18 months and a 5-year survival rate of less than 10%. The Optune study found
that the median overall survival for patients using the Optune device was longer than that of
patients receiving Best Standard of Care (BSC), though this difference did not reach statistical
significance.

Factors Influencing Survival

Survival outcomes are influenced by factors such as age, tumor location, molecular profile
(e.g. IDH mutation status), and the extent of surgical resection. The Optune study supported
the idea that younger patients with favorable molecular profiles tend to have better outcomes.

Emerging Therapies

Emerging treatments, such as tumor-treating fields (like the Optune system), immunotherapy,
and targeted therapies, show promise in improving outcomes. The Optune registry study
provided evidence of the potential benefits of these therapies, though the overall improvement
in survival remains modest.

-
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FDA-approved drugs for the
treatment of glioblastoma
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Temozolomide (Temodar)

Approved in 2005, this alkylating agent damages DNA in cancer cells, making it
difficult for them to muiltiply. Used for newly diagnosed glioblastoma in
combination with radiotherapy and as maintenance therapy afterward.

Bevacizumab (Avastin)

Approved in 2009 for recurrent glioblastoma, this monoclonal antibody inhibits
angiogenesis by targeting vascular endothelial growth factor (VEGF). It's not
curative but primarily used to slow disease progression and reduce symptomes.

Carmustine (BiCNU)

Approved in 1977, this alkylating agent cross-links DNA, leading to cell death. Used
for glioblastoma as part of a combination chemotherapy regimen. It can also be
used as an implantable wafer (Gliadel Wafer) in the brain after tumor resection.

Lomustine (Gleostine)

Approved in 1976, this oral alkylating agent is similar to carmustine. Used for
glioblastoma, typically in combination with other chemotherapy agents.

NovoTTF-100A System (Optune)

Initially approved in 2011, then in 2015 for newly diagnosed glioblastoma. This Tumor
Treating Fields (TTFields) therapy uses alternating electric fields to disrupt cancer
cell division. Used for both newly diagnosed and recurrent glioblastoma in
combination with temozolomide.

Controversy in the treatment of Glioblastoma: Everolimus (Afinitor), an mTOR inhibitor that
interferes with cell growth and proliferation, is approved for subependymal giant cell
astrocytoma associated with tuberous sclerosis complex but can also be used off-label for

glioblastoma. While not specifically FDA-approved for glioblastoma, it has been studied in
clinical trials as a potential treatment option, particularly in combination with other therapies.



5 most commonly prescribed FDA-approved

drugs

Name of Drug/
Treatment

Temozolomide
(Temodar)

Bevacizumab
(Avastin)

Carmustine
(BiCNU)

Lomustine
(Gleostine)

Optune
(NovoTTF-
100A System)

Year of
Approval

e

2009

*approved for
metastatic
colorectal
cancer in 2004

1977

1976

2015

Sponsor

Merck

Genentech/
Roche

Bristol-Myers
Squibb

NextSource
Biotechnology

Novocure

Mechanism of
Action

Alkylating
agent that
damages DNA

VEGF inhibitor

Alkylating
agent that
cross-links DNA

Alkylating
agent that
cross-links DNA

Tumor Treating
Fields (TTFields)
disrupt cell
division

Therapeutic
Effects

Inhibits tumor
cell division,
prolongs
survival

Reduces tumor
angiogenesis,
controls
symptoms

Inhibits tumor
growth, used in
combination
therapies

Second-line
therapy for
recurrent
glioblastoma

Slows tumor
progression,
prolongs
survival in
combination
with
temozolomide

Note: Historically Lomustine was a commonly used treatment, particularly for certain types of brain tumors like
glioblastoma, however is currently facing discontinuation in several regions. For example, the Brain Tumour Foundation
of Canada announced that Lomustine's discontinuation has been extended until March 31, 2025. Bristol-Myers Squibb,
a major manufacturer, had previously stopped production, which led to supply shortages.



Approved Product Analysis

Name of drug: Temozolomide

14.1 Newly Diagnosed Glioblastoma Multiforme

Population Endpoint
Patients with Overall
newly Survival
diagnosed (0S)
GBM

Name of drug: Bevacizumab

14.4 Glioblastoma

Study 7

Population Endpoint

Patients with Response
previously Rate (RR)
treated

glioblastoma

(Study 7)

Patients with Response
glioblastoma Rate (RR)

(study 8)

Scales Timepoint Sample Size
Used
Kaplan- Up to 40 N=573 (287
Meier months from TMZ+RT, 286 RT
randomization Only)
Scales Used Timepoint

WHO criteriq, Response N=85
MRI (T1 and assessment
T2/FLAIR) during

treatment
WHO criteriq, Response N=56
MRI (T1 and assessment
T2/FLAIR) during

treatment

Sample Size

Magnitude of
Improvement

Median OS increased by
2.5 months (14.6 vs. 12.1
months); HR = 0.63 (95%
Cl: 0.52-0.75), P<0.0001

Magnitude of
Improvement

25.9%
response rate
(95% CI:17.0%,
36.1%); Median
duration of
response: 4.2
months (95%
Cl: 3.0,5.7)

19.6%
response rate
(95% CI:10.9%,
31.3%); Median
duration of
response: 3.9
months (95%
Cl: 2.4,17.4)



Name of device: Optune

Study Overview

e Study Name: Registry Study for Optune System

e Device Name: NOVOCURE LTD'S NOVOTTF-100A TREATMENT KIT (Optune)

e Study Design: Prospective & Retrospective, non-randomized, open-label

o Study Population: Adult patients (>21 years) with recurrent glioblastoma multiforme (GBM)

e Sample Size: 192 patients in the Optune treatment group; 117 patients in the Best Standard of
Care (BSC) historical control group from the EF-11 pivotal study.

Objectives

e Primary Objective: To confirm that the efficacy of Optune in a real-life setting for recurrent
GBM is comparable to the Best Standard of Care (BSC) chemotherapy patients in the
pivotal trial.

e Secondary Objectives:
o Collect additional safety data on Optune in a real-life setting.
o Define overall survival (OS) by MGMT methylation status and baseline MMSE score.
o Compare time to treatment failure between Optune and BSC patients.

o Evaluate functional impairment using Karnofsky Performmance Score (KPS).
Key Endpoints

e Primary Endpoint: Overall Survival (OS).

e Secondary Endpoints:
o Incidence of adverse events, including seizures and headaches.
o OS by MGMT methylation status and MMSE score.

o Time to treatment failure.
Results

e Safety Findings:

o 17% of Optune patients experienced serious adverse events (SAEs), compared to 45% in
the BSC group.

o No Optune-related SAEs were reported.

o Effectiveness Findings:

o Median 12-month OS was longer in the Optune group, but the difference was not
statistically significant (p=0.053), suggesting non-inferiority to BSC.



Recent Developments in
Glioblastoma Research and
Treatment

1. Vorasidenib Approval

One of the significant breakthroughs is the FDA approval of Vorasidenib, a targeted therapy for
gliomas with IDH1/2 mutations. Vorasidenib is an oral inhibitor that crosses the blood-brain
barrier and specifically targets mutated IDH enzymes. Clinical trials have demonstrated that
Vorasidenib significantly improves progression-free survival compared to placebo, marking a
significant step forward in precision medicine for brain tumors (Duke Neurosurgery).

2. Nanoparticle

Based Therapy Researchers from Yale and the University of Connecticut have developed a
novel nanoparticle-based treatment that targets glioblastoma at the molecular level. This
treatment utilizes bioadhesive nanoparticles that adhere to the tumor site and release peptide
nucleic acids designed to inhibit specific microRNAs (oncomiRs) that promote tumor growth.
The approach has shown promising results in preclinical models, significantly extending
survival in treated mice compared to controls (YaleNews).

3. Viral Therapy and Immunotherapy Combinations

A new clinical trial is exploring the combination of a novel viral therapy with a checkpoint
inhibitor, which is an immunotherapy that helps the immune system recognize and attack
cancer cells. Early results indicate that this combination could improve survival in a subset of
glioblastoma patients, offering a potential new treatment pathway for a disease that is
notoriously resistant to conventional therapies (University of Utah Healthcare).

4. Adaptive Trial Designs

The use of adaptive trial designs, such as those employed in a recent multi-arm phase 2 trial,
allows for more efficient evaluation of multiple therapies simultaneously. This approach not
only accelerates the identification of promising treatments but also tailors the study to focus
on the most effective strategies as data becomes available. This methodology is expected to
speed up the development of new glioblastoma therapies significantly (ScienceDaily).



Recent Developments in CAR-T
Therapy for Glioblastoma

Targeting Specific Tumor
Antigens:

CAR-T cell therapy involves genetically
modifying a patient's T cells to express
receptors (CARs) that recognize and
bind to specific proteins on cancer
cells.

For glioblastoma, targets like EGFRVI],
ILI3Ra2, and HER2 have been the focus
of CAR-T cell therapy development.

EGFRvVIII mutation is found in about 25-
30% of glioblastomas. Early trials
targeting EGFRVIII with CAR-T cells
have shown some responses, though
challenges remain, such as the
heterogeneous nature of glioblastoma,
which can limit the therapy's
effectiveness.

Clinical Trials and Results:

Several early-phase clinical trials are
ongoing to test the safety and efficacy
of CAR-T cell therapies targeting
different antigens in glioblastoma.

While some patients have experienced
tumor shrinkage and stabilization of
their disease, the overall response
rates are still modest.

These trials are crucial for optimizing
CAR-T cell design, administration
methods, and combination therapies
to improve outcomes.

Challenges and Progress:

Tumor Microenvironment: One of the
significant challenges is the
immunosuppressive tumor
microenvironment, which can inhibit
the activity of CAR-T cells. Recent
strategies involve combining CAR-T
therapy with other treatments, such as
checkpoint inhibitors, to overcome this
barrier.

Blood-Brain Barrier: Another hurdle is
the blood-brain barrier, which limits
the ability of CAR-T cells to reach and
effectively attack the tumor. However,
direct administration of CAR-T cells
into the brain (intracranial
administration) is being explored as a
way to bypass this challenge.

Combination Therapies:

Researchers are investigating the
combination of CAR-T cell therapy with
other modalities, such as radiotherapy,
chemotherapy, or other forms of
immunotherapy, to enhance the
overall effectiveness against
glioblastoma.

The combination approach aims to
tackle the tumor's defenses on
multiple fronts, potentially leading to
better clinical outcomes.

Note: CAR-T therapy, while a highly promising area of research, is still largely in the early phases of clinical trials for

glioblastoma, and widespread clinical success has yet to be realized compared to other recent advances.



Discontinued Treatments for
Glioblastoma

B cliadel Wafer (Carmustine Implant)

e While still available in some regions, its use has declined, and in some cases, it has
been discontinued by hospitals or not widely adopted due to limited effectiveness and
complications related to its implantation.

e Reason: Mixed results in clinical practice and the rise of more effective treatments
have led to its decreased use.

Fotemustine

e Withdrawn from the market in some countries.

e Reason: This drug, used mainly in Europe, showed limited effectiveness in
glioblastoma, and its use has diminished over time due to better alternatives.

Nimustine (ACNU)

e Discontinued/rarely used outside Japan.

e Reason: Similar to other nitrosoureas like lomustine and carmustine, but less effective
and associated with significant side effects.

J Rindopepimut (Rintega)
e Development and trials were discontinued.

e Reason: Despite early promise as a cancer vaccine targeting EGFRvIII mutation in
glioblastoma, phase Il trials failed to show significant benefit, leading to its
discontinuation.

Tipifarnib
e Development discontinued for glioblastoma.

e Reason: This farnesyltransferase inhibitor showed promise in early trials but failed to
demonstrate sufficient efficacy in later-phase clinical trials, leading to its
discontinuation for this indication.



Pivotal Clinical Trials That Led to FDAM
Approval of Key Drugs

Name of
Drug

Temozolo-
mide
(Temodar)

Bevacizumab
(Avastin)

Carmustine
(BiCNU)

Lomustine
(Gleostine)

Optune
(NovoTTF-
100A System)

Clinical Trial
Identifier/
Trial
Acronym

EORTC-NCIC
trial

NCT00021060

(BCNU)
wafers

(Gliadel
wafers)

Lomustine
was
approved in
the 1970s
based on
clinical
evidence
showing its

effectiveness

NCT00916409

Sample Size

573
participants

842
participants

240
participants

NA

695
participants

Key Findings and Statistical Data

- Median overall survival: 14.6 months, Temozolomide plus
radiotherapy group, vs. 12.1 months radiotherapy alone.

- 2-year survival rate: 26.5% in the combination group vs.
10.4% in the radiotherapy alone group.

- Significant improvement in overall survival for patients
who received Temozolomide in combination with
radiotherapy compared to radiotherapy alone

Overall Survival:

- Chemotherapy + Bevacizumab: Median survival was 12.3
months.

- Chemotherapy alone: Median survival was 10.3 months.
Progression-Free Survival:

- Chemotherapy + Bevacizumab: Median progression-free
survival was 6.2 months.

- Chemotherapy alone: Median progression-free survival
was 4.5 months.

- Median Survival - BCNU wafer group: 13.9 months;
Placebo group: 1.6 months

- The BCNU wafer group showed a 29% reduction in the risk
of death compared to the placebo group (P=0.03).

- When adjusted for survival-affecting factors, the risk
reduction remained significant at 28% (P=0.03).

- BCNU wafers is well tolerated and provides a survival
benefit in patients with newly diagnosed malignant
glioma, with delayed decline in functional performance.

- Brain Tumors (Gliomas): Lomustine has been shown to
prolong survival in patients with gliomas, particularly
when combined with other chemotherapeutic agents. It
remains a standard treatment option for glioblastoma
multiforme and other high-grade gliomas, often used in
combination regimens.

-Hodgkin's Lymphoma: Lomustine is used as part of
combination chemotherapy regimens, particularly in
relapsed or refractory cases, contributing to tumor
regression and improved survival outcomes.

- Progression-Free Survival (PFS): Median PFS was 6.7
months in the Optune + temozolomide group compared
to 4.0 months in the temozolomide alone group.

- Overall Survival (0S): Median OS was 20.9 months for the
Optune + temozolomide group versus 16.0 months for the
temozolomide alone group.



Side Effects and Management
Strategies for FDA-Approved
Glioblastoma Treatments

Temozolomide (Temodar)

o Side Effects: Nauseq, vomiting, myelosuppression (e.g., neutropenia, thrombocytopenia),
fatigue.

Management:

o NauseaIVomiting: Administer antiemetics (e.g., ondansetron or grcmisetron) before
temozolomide to prevent nausea. Hydration and small, frequent meals can also help
reduce symptoms. For persistent nauseaq, adjusting the timing of temozolomide or using
additional antiemetics may be necessary.

e Myelosuppression: Regular monitoring of blood counts is essential. In cases of severe
neutropenia or thrombocytopenia, dose reduction or temporary discontinuation of
temozolomide may be required. Hematopoietic growth factors (e.g, filgrastim) can be
administered to stimulate white blood cell production. In cases of severe
thrombocytopeniaq, platelet transfusions may be necessary.

e Fatigue: Encourage patients to engage in light physical activities as tolerated, which can
help manage fatigue. Structured daily routines and regular rest periods can also be
beneficial. Cognitive-behavioral strategies may help patients cope with persistent fatigue.

Bevacizumab (Avastin)

o Side Effects: Hypertension, proteinurig, increased risk of bleeding, thrommboembolic events.

Management:

e Hypertension: Monitor blood pressure regularly before and during treatment. If
hypertension occurs, it should be managed with antihypertensive medications, such as ACE
inhibitors, beta-blockers, or calcium channel blockers. Severe hypertension may require
dose reduction or discontinuation of bevacizumab.

e Proteinuria: Regular urine tests to monitor protein levels are recommended. If proteinuria is
detected, bevacizumab may need to be temporarily withheld or the dosage reduced.
Severe cases might require discontinuation of the drug.

e Bleeding Risk: Patients should be monitored for signs of bleeding, particularly those
undergoing invasive procedures. Avoiding nonsteroidal anti-inflammatory drugs (NSAIDs)
and anticoagulants can help reduce bleeding risk. In cases of severe bleeding,
lbevacizumab should be discontinued.



Carmustine (BiCNU)

o Side Effects: Pulmonary toxicity, myelosuppression, nauseq, and vomiting.

Management:

e Pulmonary Toxicity: Baseline and periodic pulmonary function tests (PFTs) are
recommended to detect early signs of lung damage. Corticosteroids may be used to
manage inflammation if pulmonary toxicity is suspected. In severe cases, treatment with
carmustine should be discontinued.

e Myelosuppression: Regular blood counts are essential. Severe myelosuppression may
require dose adjustments or delays in treatment. Supportive care with growth factors or
blood transfusions may be necessary.

e Nausea/Vomiting: Prophylactic antiemetics should be administered prior to carmustine
infusion. If nausea and vomiting are severe, additional antiemetics or dose adjustments
may be considered.

Lomustine (Gleostine)

e Side Effects: Delayed myelosuppression, nauseq, vomiting, liver toxicity.

Management:

e Myelosuppression: Complete blood counts should be monitored regularly, particularly 4-6
weeks after dosing. Severe myelosuppression may necessitate dose reduction or extended
dosing intervals. In severe cases, transfusion support may be required.

e Liver Toxicity: Regular monitoring of liver function tests (LFTs) is recommended. If
significant liver enzyme elevations are detected, dosage adjustments or discontinuation.

e Nausea/Vomiting: Administer antiemetics such as ondansetron or metoclopramide before
lomustine administration. Patients should also be advised to eat and stay hydrated.

NovoTTF-100A System (Optune)

o Side Effects: Skin irritation, headaches, fatigue.

Management:

e SkinIrritation: Regularly inspect the scalp for signs of irritation or breakdown. Use
hypoallergenic adhesives and ensure proper placement and hygiene of the transducer
arrays. Topical corticosteroids or other skin protectants may be applied to irritated areas.

e Headaches: Over-the-counter pain relievers such as acetaminophen or ibuprofen can be
used to manage headaches.

e Fatigue: Encourage adequate rest and consider adjusting daily activities to manage
energy levels. Patients should be educated about the importance of wearing the device for
the recommended duration to maximize effectiveness while balancing their comfort.



Pivotal Endpoints for Glioblastoma

Endpoints in clinical trials for glioblastoma are critical for assessing the efficacy and safety of

new treatments. However, determining and validating these endpoints presents several
challenges due to the aggressive and heterogeneous nature of glioblastoma. This section
delves into the key endpoints used in glioblastoma trials, the challenges associated with each,

their correlation with patient outcomes, and potential solutions to overcome these challenges
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Overall Survival (0S)

Overall Survival is the gold
standard endpoint in
glioblastoma trials,
measuring time from
treatment start to death.
Challenges include tumor
heterogeneity and
confounding factors.
Solutions involve stratified
analysis and adaptive trial
designs.
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Health-Related
Quality of Life (HRQoL)

HRQolL assesses overall
patient well-being.
Challenges include
subjectivity and response
bias. Solutions involve
validated questionnaires like
EORTC QLQ-C30 or FACT-Br
and regular monitoring.

0,

Progression-Free
Survival (PFS)

PFS measures time without
disease worsening.
Challenges include
pseudoprogression and
radiologic assessment
variability. Solutions include
standardized imaging
protocols and advanced

techniques like perfusion MRI.
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Biomarker-Based
Endpoints

These use biological markers
to assess treatment efficacy.
Challenges include
biomarker variability and
validation. Integration into
trial design and continued
research are key solutions.

\Y/
X
Objective Response
Rate (ORR)

ORR measures tumor size
reduction. Challenges
include short-lived responses
and measurement variability.
It's often used with other
endpoints and benefits from
centralized imaging review.



Overall Survival (OS)

Overall Survival (0S) is the most definitive and widely accepted endpoint in glioblastoma trials.
It measures the time from the start of treatment until death from any cause. OS is considered
the gold standard because it directly reflects the ultimate goal of treatment—extending the life
of the patient.

Challenges in Determining OS:

e Tumor Heterogeneity: Glioblastoma is known for its genetic and cellular diversity, leading to
variable responses to treatment among patients. This heterogeneity makes it difficult to
predict which patients will benefit most from a particular therapy, complicating the
interpretation of OS data.

e Confounding Factors: Treatments such as surgery, radiation, and chemotherapy, which are
often used in combination, can confound the determination of OS. Additionally, the use of
salvage therapies after disease progression can prolong survival, making it challenging to
attribute survival benefits solely to the experimental treatment being studied.

Correlation to Patient Outcomes:

OS is directly correlated with patient outcomes, as it measures the duration of life, which is the
most critical outcome for patients with glioblastoma. However, it does not account for the
quality of life during that time, which is also a significant consideration for both patients and
clinicians.

Solutions to Overcome Challenges:

e Stratified Analysis: Stratifying patients based on molecular markers (e.g., IDH mutation
status, MGMT promoter methylation) and clinical characteristics can help identify
subgroups more likely to benefit from treatment, leading to a more accurate assessment of
OS.

e Adaptive Trial Designs: Utilizing adaptive trial designs that allow for modifications based on
interim OS data can help address heterogeneity and improve the relevance of OS as an
endpoint.



Progression-Free Survival (PFS)

Progression-Free Survival (PFS) is defined as the length of time during and after treatment that
a patient lives with the disease without it worsening. PFS is an important endpoint in
glioblastoma trials because it reflects the ability of a treatment to delay tumor growth or

progression.

Challenges in Determining PFS:

Pseudoprogression: One of the most significant challenges in using PFS as an endpoint in
glioblastoma is pseudoprogression. This phenomenon occurs when imaging shows an
increase in tumor size or new lesions after treatment, particularly following radiation and
temozolomide therapy, which may mimic tumor progression but is actually due to
treatment-related changes and not true tumor growth. Distinguishing true progression from
pseudoprogression is difficult and requires careful interpretation of imaging data.

Radiologic Assessment: The assessment of PFS is highly dependent on radiologic imaging,
which can be subjective and variable. Differences in imaging techniques, timing of scans,
and interpretation by radiologists can lead to inconsistencies in PFS measurement.

Correlation to Patient Outcomes:

PFS is indirectly correlated with patient outcomes. While delaying progression is associated
with better clinical outcomes, PFS does not always translate into a survival benefit, particularly

if subsequent treatments after progression are effective.

Solutions to Overcome Challenges:

Standardized Imaging Protocols: Implementing standardized imaging protocols and
criteria, such as the Response Assessment in Neuro-Oncology (RANO) criteria, can help
reduce variability in PFS assessment and improve the reliability of this endpoint.

Advanced Imaging Techniques: Incorporating advanced imaging modalities, such as
perfusion MRI, PET scans, or MR spectroscopy, can help distinguish pseudoprogression from
true progression and provide more accurate assessments of PFS.



Objective Response Rate (ORR)

Obijective Response Rate (ORR) measures the proportion of patients who experience a
predefined reduction in tumor size (partial or complete response) as observed on imaging.
ORR is a common endpoint in trials for therapies that are expected to reduce tumor burden.

Challenges in Determining ORR:

e Short-lived Responses: In glioblastoma, responses to therapy are often transient, and tumor
regrowth can occur quickly after an initial response. This makes it challenging to use ORR as
a sole indicator of long-term efficacy.

e Variability in Tumor Measurement: Glioblastomas are often irregularly shaped, and
accurately measuring changes in tumor size can be difficult. Differences in imaging
techniques and interpretation can lead to variability in ORR determination.

Correlation to Patient Outcomes:

ORR does not always correlate with overall survival, as some patients may experience a
reduction in tumor size without a corresponding improvement in survival. However, ORR can be
a valuable indicator of drug activity, particularly in the early stages of drug development.

Solutions to Overcome Challenges:

e Use in Combination with Other Endpoints: ORR is often used in conjunction with other
endpoints, such as PFS and OS, to provide a more comprehensive picture of treatment
efficacy. This combined approach can help mitigate the limitations of ORR as a standalone
endpoint.

e Centralized Imaging Review: Implementing a centralized imaging review process can help
standardize tumor measurements and reduce variability in ORR assessments across
different trial sites.



Health-Related Quality of Life (HRQoL)

Health-Related Quality of Life (HRQolL) is a patient-reported outcome that measures the
impact of the disease and its treatment on a patient's overall well-being, including physical,
emotional, and social aspects. HRQol is increasingly recognized as a critical endpoint in
glioblastoma trials, particularly given the aggressive nature of the disease and the potential
side effects of treatment.

Challenges in Determining HRQoL:

e Subjectivity: HRQol is inherently subjective and can vary widely between patients, even
those with similar clinical characteristics. Factors such as cultural differences, personal
expectations, and psychological state can influence HRQoL assessments.

e Response Bias: Patients may underreport or overreport symptoms and well-being due to
various biases, including the desire to please the clinician or a focus on particular aspects
of their health.

Correlation to Patient Outcomes:

HRQol is strongly correlated with patient outcomes, particularly in terms of functional
independence, symptom burden, and overall satisfaction with care. Maintaining or improving
HRQol is often as important to patients as extending survival.

Solutions to Overcome Challenges:

e Validated Questionnaires: Using validated HRQolL instruments, such as the EORTC QLQ-C30
or FACT-Br, can help ensure that the data collected is reliable and relevant. These tools are
designed to capture the multidimensional aspects of quality of life in cancer patients.

e Regular Monitoring: Regular HRQoL assessments throughout the trial can help identify
trends and changes over time, providing a more dynamic view of how treatments affect
patients’ lives. This approach can also help clinicians make timely adjustments to treatment
plans to optimize quality of life.



Biomarker-Based Endpoints

Biomarker-Based Endpoints involve the use of biological markers, such as genetic mutations,
protein levels, or other measurable biological indicators, to assess treatment efficacy or
predict patient outcomes. In glioblastoma, biomarkers like MGMT promoter methylation and
IDH mutation status are increasingly being used to tailor treatments and predict response.

Challenges in Determining Biomarker-Based Endpoints:

e Biomarker Variability: Not all patients express the same biomarkers, and the presence or
absence of a biomarker may not always predict response to treatment accurately.
Additionally, tumor heterogeneity can result in different biomarker profiles within the same
tumor, complicating their use as endpoints.

e Validation: The use of biomarkers as endpoints requires rigorous validation to ensure they
are predictive of clinically meaningful outcomes. This process can be time-consuming and
resource-intensive.

Correlation to Patient Outcomes:

When validated, biomarker-based endpoints can strongly correlate with patient outcomes,
particularly in predicting which patients are likely to respond to specific therapies. For example,
patients with MGMT promoter methylation generally have a better response to temozolomide
and improved survival.

Solutions to Overcome Challenges:

e Integration into Trial Design: Incorporating biomarker analysis into the design of clinical
trials, particularly through stratified or adaptive designs, can help tailor treatments to those
most likely to benefit, improving the correlation between biomarker endpoints and patient
outcomes.

e Continued Research and Validation: Ongoing research to discover and validate new
biomarkers is essential for expanding the use of biomarker-based endpoints. This research
should focus on identifying biomarkers that are not only predictive but also actionable in
guiding treatment decisions.



Unique Failure Points in Clinical
Trials for Glioblastoma

Clinical trials for glioblastoma face unique challenges that stem from the disease’s aggressive
nature, its location in the brain, and the high degree of tumor heterogeneity. These challenges
contribute to the frequent failure of clinical trials, making it difficult to develop effective
therapies.

Blood-Brain Barrier (BBB)

The blood-brain barrier (BBB) is a selective permeability barrier that protects the brain from
potentially harmful substances in the bloodstream. However, it also limits the delivery of
therapeutic agents to brain tumors like glioblastoma. This presents a significant obstacle in
glioblastoma trials, as many potentially effective drugs fail to reach therapeutic
concentrations within the tumor tissue.

Impact on Clinical Trials:

e Drug Delivery: Many systemic therapies, including chemotherapeutic agents and biologics,
are unable to cross the BBB in sufficient concentrations, leading to inadequate drug delivery
to the tumor site. This limits the efficacy of these therapies, even if they show promise in
preclinical studies.

e Trial Failures: Numerous clinical trials have failed because the investigational drugs could
not effectively penetrate the BBB, resulting in minimal therapeutic effect on the tumor. For
instance, drugs that work well against glioblastoma cells in vitro often fail in vivo due to
poor penetration of the BBB.

Strategies to Overcome the Challenge:

e Drug Modification: Developing drugs with enhanced ability to cross the BBB, such as those
that are lipophilic or have smaller molecular sizes, can improve drug delivery to the tumor.

e BBB Disruption Techniques: Methods such as focused ultrasound, osmotic disruption, or the
use of nanoparticles can transiently open the BBB, allowing therapeutic agents to penetrate
the brain more effectively.

e Localized Drug Delivery: Strategies such as convection-enhanced delivery (CED) or the
implantation of drug-impregnated wafers (e.g., Gliadel wafer) directly into the resection
cavity can bypass the BBB, ensuring higher drug concentrations at the tumor site.

As of 2024, the Gliadel Wafer (carmustine implcmt) has been discontinued by its manufacturer.
Its discontinuation may impact treatment options, but other strategies like convection-
enhanced delivery (CED) and new localized delivery methods are being explored to overcome
the challenges posed by the BBB.



Tumor Heterogeneity

Glioblastoma is highly heterogeneous, both within individual tumors and between patients.

Impact on Clinical Trials:

Treatment Resistance: Different regions of the same tumor may respond differently to
treatment due to their distinct genetic profiles. This intratumoral heterogeneity leads to the
survival of resistant cell populations, which can cause tumor recurrence.

Variable Trial Outcomes: The heterogeneity among patients with glioblastoma means that
a treatment that works well for one subset of patients may be ineffective for another. This
variability can lead to inconclusive or negative trial results, even if the treatment is effective
for a particular subgroup.

Strategies to Overcome the Challenge:

Stratified Trials: Designing clinical trials that stratify patients based on molecular and
genetic markers can help identify subgroups that are more likely to respond to specific
therapies. For example, trials might focus on patients with specific mutations, such as IDH],
to better assess treatment efficacy.

Adaptive Trial Designs: Adaptive trial designs allow for modifications to the study protocol
lbased on interim results. This approach can help identify which patient subgroups are
benefiting from the treatment and adjust the trial accordingly, improving the chances of
success.

Combination Therapies: Combining multiple therapeutic agents that target different
pathways can address tumor heterogeneity more effectively by attacking various aspects
of the tumor's biology simultaneously.

Challenges in Assessing Tumor Progression

Accurately assessing tumor progression in glioblastoma is complicated by phenomena such
as pseudoprogression and pseudoresponse, which can confound imaging results and lead to
misinterpretation of trial outcomes.

Impact on Clinical Trials:

Pseudoprogression: After treatment with radiation and temozolomide, some patients exhibit
an apparent increase in tumor size on imaging, which mimics disease progression but is
actually a treatment effect. This can lead to premature discontinuation of a potentially
effective therapy if not properly recognized.

Pseudoresponse: Conversely, treatments like bevacizumab can cause a rapid decrease in
tumor contrast enhancement on MRI, which might be mistaken for a true tumor response.
However, this effect may not correlate with actual tumor shrinkage and can give a false
sense of efficacy.



Strategies to Overcome the Challenge:

e Advanced Imaging Techniques: Utilizing advanced imaging methods, such as diffusion-
weighted imaging (DWI), perfusion MRI, or PET scans, can help differentiate between true
progression and treatment-related changes.

e Standardized Criteria: The use of standardized criteria, such as the Response Assessment in
Neuro-Oncology (RANO) criteria, helps to reduce variability in interpreting imaging results
and improves the consistency of progression assessments across trials.

e Serial Imaging: Conducting serial imaging studies over time can provide a clearer picture of
the tumor's response to treatment and help distinguish between pseudoprogression and
true progression.

Patient Selection Biases

Patient selection biases in glioblastoma trials can lead to unrepresentative trial populations,
which affects the generalizability of the trial results.

Impact on Clinical Trials:

e Limited Generalizability: Trials often select patients who are younger, have better
performance status, and fewer comorbidities than the general glioblastoma population.
This selection bias can result in trial outcomes that are not applicable to the broader
patient population, particularly older patients or those with poor performance status.

e Overestimation of Efficacy: If trials predominantly enroll patients with favorable prognostic
factors, the efficacy of the treatment may be overestimated compared to its effectiveness
in the general patient population.

Strategies to Overcome the Challenge:

e Broader Inclusion Criteria: Designing trials with broader inclusion criteria can help ensure
that the study population is more representative of the real-world glioblastoma population.
This might include allowing patients with varying performance statuses, older adults, or
those with stable comorbidities to participate.

e Real-World Evidence (RWE): Incorporating real-world data and observational studies
alongside clinical trials can provide a more comprehensive understanding of how a
treatment performs in diverse patient populations.

e Stratified Enrollment: Enrolling patients based on key prognostic factors, such as age, MGMT
promoter methylation status, or extent of resection, can help ensure that trial outcomes are
applicable to various subgroups.



Methodological Flaws in Trial Design

Methodological flaws in the design of glioblastoma clinical trials can undermine the validity of

the trial results and contribute to the high failure rate of new treatments.

Impact on Clinical Trials:

Underpowered Studies: Many glioblastoma trials are underpowered due to small sample
sizes, which makes it difficult to detect statistically significant differences in treatment
outcomes. This is particularly problematic in a heterogeneous disease like glioblastoma,
where large patient populations are needed to account for variability in treatment
response.

Inappropriate Endpoints: The selection of inappropriate or poorly defined endpoints can
lead to trial failures. For example, endpoints that do not adequately capture the clinical
benefit of a treatment, such as using ORR without considering the duration of response, can
result in misleading conclusions.

Lack of Longitudinal Follow-Up: Insufficient follow-up duration can lead to an incomplete
understanding of the long-term effects and durability of a treatment. This is especially
important in glioblastoma, where delayed toxicities or late recurrences can significantly
impact overall survival.

Strategies to Overcome the Challenge:

Larger, Multi-Center Trials: Conducting larger, multi-center trials can increase the sample
size and improve the statistical power of the study. This approach also enhances the
generalizability of the results across different populations and healthcare settings.

Composite Endpoints: Using composite endpoints that combine multiple measures of
clinical benefit, such as progression-free survival (PFS) plus overall survival (OS), can
provide a more comprehensive assessment of treatment efficacy.

Extended Follow-Up: Ensuring that trials include long-term follow-up allows for the capture
of late effects, both in terms of efficacy and safety. This helps to provide a more complete
picture of the treatment's impact on survival and quality of life.



Failed Clinical Trials in Glioblastoma

Treatment

Rindopepimut (Rintega)

e Target: EGFRvVIII mutation

e Outcome: Rindopepimut was a cancer
vaccine targeting the EGFRVIII
mutation in glioblastoma. Early trials
showed promise, but the phase Il ACT
IV trial failed to improve overall
survival. This led to the discontinuation
of rindopepimut for glioblastoma.

Reason for Failure: The failure was
primarily due to the inability to
demonstrate a significant survival
benefit in the broader patient
population, highlighting the challenges
of targeting a single mutation in a
heterogeneous and aggressive tumor
like glioblastoma

Veliparib

e Target: PARP (Poly ADP ribose
polymerase) inhibitor

e Outcome: Veliparib was tested in
combination with temozolomide and
radiation therapy in newly diagnosed
glioblastoma patients. The phase lI/lll
trials did not show a significant
improvement in overall survival or
progression-free survival.

e Reason for Failure: Glioblastoma'’s
resistance mechanisms, including the
repair of DNA damage by other means
when PARP is inhibited, likely
contributed to the lack of efficacy seen
with Veliparib.

Enzastaurin

e Target: Protein kinase C (PKC)
pathway

e Outcome: Enzastaurin, a PKC inhibitor,
was tested in a phase lll clinical trial for
glioblastoma as an adjunct therapy
following chemoradiation. The trial did
not meet its primary endpoint of
improving overall survival compared
to the standard of care.

e Reason for Failure: The drug failed to
demonstrate efficacy, possibly due to
the complexity of signaling pathways
in glioblastoma that can lead to
treatment resistance through
alternative routes, even when PKC is
inhibited.

Cediranib

o Target: VEGFR (Vascular Endothelial
Growth Factor Receptor) inhibitor

Outcome: Cediranib was tested as a
monotherapy and in combination with
other agents in several clinical trials for
recurrent glioblastoma. However, it
failed to demonstrate a significant
benefit in OS or PFS in these trials.

Reason for Failure: The failure of
cediranib in glioblastoma trials is
attributed to the complexity of
angiogenesis pathways, where
blocking VEGFR alone was insufficient.
While some trials showed PFS
improvements, others failed to
demonstrate significant overall
survival benefits.




Safety Concerns and Standard of
Care Treatment Options for
Glioblastoma

Glioblastoma is an aggressive brain tumor, and its treatment involves a multimodal approach
that includes surgery, radiation therapy, chemotherapy, and sometimes novel therapies like
tumor-treating fields. Each of these treatment modalities carries specific safety concerns and
potential side effects that can significantly impact the patient's quality of life. Understanding
these safety concerns is crucial for optimizing treatment plans and managing the risks
associated with therapy.

1. Surgical Safety Concerns

o Invasiveness and Brain Function: Surgery risks damaging critical areas responsible for
essential functions.

o Post-Surgical Complications: Infection, bleeding, neurological deficits, and increased
seizure risk.

o Management Strategies: Advanced imaging, intraoperative brain mapping, post-
operative monitoring.

2. Radiation Therapy Safety Concerns

o Radiation Necrosis: Can damage healthy brain tissue, causing symptoms similar to
tumor recurrence.

o Long-Term Cognitive Effects: Potential cognitive decline, particularly in memory and
executive function.

o Management Strategies: Stereotactic radiosurgery, fractionated radiotherapy,
corticosteroids, hyperbaric oxygen therapy.

3. Chemotherapy Safety Concerns
o Systemic Toxicity: Myelosuppression, gastrointestinal disturbances, fatigue.
o Resistance to Chemotherapy: Tumor cells may develop resistance over time.

o Management Strategies: Blood count monitoring, dose adjustments, antiemetic
medications, research on combination therapies.

4. Tumor-Treating Fields (TTFields) Safety Concerns
o Skin Irritation: From mild erythema to severe skin breakdown and ulceration.
o Adherence Challenges: Device must be worn for at least 18 hours daily.
o Management Strategies: Regular skin assessments, education, topical treatments.
5. Long-Term Safety Concerns
o Cognitive and Functional Decline: Due to cumulative effects of tumor and treatment.
o Quality of Life: Managing side effects while maintaining patient's quality of life.

o Management Strategies: Multidisciplinary approach, cognitive rehabilitation, physical
therapy, psychological support.



Standard of Care Treatment Options

The standard of care for glioblastoma involves a combination of surgery, radiation therapy,

chemotherapy, and supportive care. The treatment plan is tailored to each patient based on

factors such as tumor location, genetic markers, patient age, and overall health.

1. Surgical Resection
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Objective: The primary goal of surgery is to remove as much of the tumor as possible
while preserving neurological function. Complete resection is ideal but is often limited by
the tumor’s proximity to critical brain structures.

Current Standard: Surgery is almost always the first line of treatment, followed by
adjuvant therapies. Intraoperative MRI and brain mapping are used to enhance surgical
precision and reduce the risk of neurological damage.

2. Radiation Therapy
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Objective: Radiation therapy aims to destroy any remaining cancer cells after surgery
and to control tumor growth in cases where complete resection is not possible.

Current Standard: Standard radiation therapy involves external beam radiation
delivered over several weeks. Stereotactic radiosurgery may be used for recurrent
tumors or when the tumor is located in a difficult-to-reach area.

3. Chemotherapy
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Temozolomide: The standard chemotherapeutic agent used for glioblastoma. It is
typically administered concurrently with radiation therapy (the Stupp protocol) and as
maintenance therapy afterward.

= Effectiveness: Has been shown to improve overall survival, particularly in patients with
MGMT promoter methylation, which enhances the tumor’s sensitivity to the drug.

Other Agents: While temozolomide remains the cornerstone of chemotherapy for
glioblastoma, other agents like lomustine (used in some salvage regimens) are
employed in specific situations, particularly when temozolomide is no longer effective.

4. Tumor-Treating Fields (Optune)
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Objective: Tumor-treating fields (TTFields) are a novel approach that uses electric fields
to disrupt cell division in glioblastoma cells, slowing tumor growth.

Current Standard: TTFields are used in combination with temozolomide for newly
diagnosed glioblastoma and as monotherapy for recurrent disease. Clinical trials have
demonstrated that TTFields can improve overall survival and progression-free survival
when used alongside standard therapies.

5. Supportive Care
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Objective: Supportive care is crucial for managing symptoms, maintaining quality of life,
and addressing the side effects of treatment. This includes the management of
neurological symptoms, pain, and emotional distress.

Components of Supportive Care: Seizure management, corticosteroids, psychosocial
support, palliative care.




Ways to Accelerate Submission for
FDA Approval

1. Early and Continuous Engagement with the FDA
o Pre-IND Meeting: Schedule before submitting IND application
o Use of Accelerated Programs:
= Fast Track Designation
= Breakthrough Therapy Designation
= Priority Review
2. Implementing Adaptive Trial Designs
o Adaptive Designs: Allow modifications based on interim data
o Seamless Phase Il/lll Trials: Combine phases to reduce time
o Use of Master Protocols: Evaluate multiple therapies in single framework
3. Leveraging Biomarkers and Surrogate Endpoints
o Biomarker Validation: Support patient stratification and surrogate endpoints
o Exploratory Biomarker Studies: Identify potential predictors of response
4. Utilizing Real-World Evidence (RWE)
o Incorporate RWE: Complement clinical trial data
o Post-Marketing Commitments: Propose studies after approval
5. Optimizing Clinical Trial Recruitment
o Broadening Inclusion Criteria: Increase eligible participant pool
o Global Trial Sites: Establish sites in regions with high patient availability
o Use of Digital Tools: Implement telemedicine for patient monitoring
6. Regulatory Strategy and Parallel Submissions
o Parallel Submissions: Consider submissions to FDA and other agencies
o Conditional Approval Pathways: Explore early market access options
7. Manufacturing and Scalability Readiness
o Early Preparation: Ensure manufacturing processes are ready and scalable

o FDA Manufacturing Guidance: Engage early regarding GMP requirements



Accelerating Submission Based on
Endpoints Required for FDA Approval

1. Overall Survival (OS)

Adaptive Trial Designs and Early Engagement: By using adaptive trial designs and engaging
early with the FDA, you can potentially identify survival benefits more quickly. Adaptive designs
allow for the trial to be adjusted based on interim OS data, focusing resources on the most
promising therapies and thereby accelerating the demonstration of overall survival benefits.

2. Progression-Free Survival (PFS)

Leveraging Biomarkers and Surrogate Endpoints: Biomarkers can serve as early indicators of
progression-free survival. If a biomarker is validated as a surrogate endpoint, it could be used
to gain accelerated approval based on PFS, especially when waiting for OS data might take
longer. The use of biomarkers in this way is aligned with the FDA's acceptance of PFS as a
secondary endpoint that could support accelerated approval if robust enough.

3. Objective Response Rate (ORR)

Use of Real-World Evidence (RWE): By incorporating RWE, particularly in understanding ORR in
the real-world setting, you can support trial data that shows high response rates. The FDA may
consider ORR as part of the accelerated approval process, especially if this response correlates
with improved survival or quality of life.

4. Duration of Response (DoR)

Adaptive Designs and Parallel Submissions: These can expedite the identification and
confirmation of durable responses. Adaptive trial designs can help focus the study on those
patients who are showing prolonged responses, thus providing the FDA with the necessary
data on DoR more quickly.

5. Health-Related Quality of Life (HRQoL)

Patient-Centric Approaches: Incorporating HRQoL measures as part of the trial design ensures
that this important endpoint is not overlooked. Given that the FDA considers HRQol in its review
process, especially when survival benefits are marginal, focusing on these patient-reported
outcomes can provide additional justification for approval.

6. Safety Endpoints

Optimizing Trial Recruitment and Early Regulatory Engagement: By ensuring broader and faster
recruitment, you can more quickly gather comprehensive safety data across diverse
populations. Early engagement with the FDA regarding safety monitoring plans can also
ensure that safety endpoints are robust and meet regulatory requirements.
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Brief Bio

Professor Mark A. Rosenthal is a prominent
figure in medical oncology, currently serving at
the Peter MacCallum Cancer Centre in
Melbourne, Australia. Renowned for his
leadership in clinical trials and his expertise in
glioblastoma, he has significantly influenced
the field, shaping treatment protocols and
advancing research on brain cancers.

Professor Anna K. Nowak is a leading medical
oncologist at the University of Western
Australia, specializing in brain tumors and
immunology. Dr. Nowak is celebrated for her
innovative research into the immune
environment of glioblastomas, with a focus on
developing immunotherapies. Her work has
edrned her numerous grants and accolades,
making her a key contributor to the
advancement of brain cancer treatment.

Dr. David S. Ziegler is a Conjoint Associate
Professor in Pediatric Oncology at UNSW and
Director of the Brain Tumor Program at Sydney
Children’s Hospital. Dr. Ziegler is highly
regarded for his work in pediatric brain tumors,
particularly glioblastoma, where he focuses on
developing targeted therapies and
immunotherapies. His contributions have been
recognized through numerous awards, and he
is a leading voice in pediatric oncology.

Professor Michael J. Millward is a distinguished
medical oncologist at the University of WA, with
a specialization in the treatment of brain
cancers such as glioblastoma. He is known for
his pivotal role in clinical trials, contributing to
the development of new chemotherapeutic
and biological agents for aggressive brain
tumors. His work has led to significant
advancements in cancer treatment standards.

Professor Benjamin J. Solomon is a medical
oncologist at the Peter MacCallum Cancer
Centre, Melbourne, Australia. Dr. Solomon is
renowned for his translational research in
glioblastoma, particularly in the development
of targeted therapies that bridge laboratory
discoveries with clinical applications. His work
has significantly impacted the treatment of
brain tumors, and he is a highly respected
researcher in oncology.
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