FOCUSED
ULTRASOUND
FOUNDATION

A4

Focused Ultrasound
for Breast Cancer

New Technology is Treating Breast Cancer with Noninvasive Ultrasound Waves

Current breast cancer treatments carry multiple risks to the patient
due to complications from invasive surgery, undesired effects of
radiation therapy, and toxicities from systemic therapies including
chemotherapy and immunotherapy. Efforts to minimize side effects
and make these treatments safer continue, as radical mastectomies
have already been replaced by lumpectomy with radiation, and now

minimally invasive procedures such as cryotherapy, radiofrequency
ablation, and laser interstitial therapy may replace lumpectomy.
Perhaps better still, a new treatment option called focused
ultrasound is in development that may further transform breast
cancer treatment - via sound, with no incisions.

Focused Ultrasound: An Alternative or Complement to Existing Treatment

Over the past several years, focused ultrasound - a noninvasive,
early-stage therapeutic technology - has gained traction in the
medical community due to its ability to thermally ablate (or,
destroy) tissue with no needles or skin incisions and thus no risk
of skin deformity, bleeding, or infection. Researchers are looking to
determine if focused ultrasound can also be used as a complement
to drug therapy - enabling enhanced delivery of chemotherapy

or immunotherapy to tumors - and if it can induce an anti-tumor
immune response in the body, utilizing one's own immune system
to kill cancer cells. These latter mechanisms would be especially
useful in cases of unresectable breast tumors and stage 4 disease.
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Focused ultrasound is FDA approved to treat a wide variety of
disorders including uterine fibroids, prostate diseases, pain from
bone metastases, as well as neurologic conditions in the brain such
as essential tremor and tremor-dominant Parkinson's Disease, with
dozens more approvals worldwide. With more than 130 clinical
indications for the technology at various stages of research, it is

no surprise that breast cancer is an interesting and potentially
promising target for focused ultrasound. The use of focused
ultrasound for the treatment of breast cancer has regulatory
approval in Europe, Russia, and China and there have been more
than 20,000 total treatments worldwide.
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How Focused Ultrasound Works

Focused ultrasound is a novel technology that precisely focuses
beams of ultrasound on targets in the body without damaging
surrounding tissue or tissue along the beam path. At the focal point
where the beams converge, the ultrasound energy can create a
variety of biological effects enabling the treatment of breast cancer.
The primary mechanism that has been employed for focused
ultrasound treatment of breast tumors is called thermal ablation.
During this technique, ultrasound beams generate very high
temperatures within the targeted tissue which induces cell death.
An analogy that most of us can remember from childhood is using
a magnifying glass to focus the sun's rays on a leaf, creating heat
and a small fire. In this same way, focused ultrasound can kill the
targeted tissue with sub millimeter precision. And because focused
ultrasound is an image-guided therapy, research has utilized both
MRI and ultrasound as guidance systems to target and monitor the
treatment in real time.

More recently, focused ultrasound’s potential biological effects of
activation of an anti-tumor immune response and enhancement

of immunotherapy drugs are being explored in clinical trials

and preclinical laboratory studies. It is hypothesized that when
focused ultrasound beams disrupt cancer cells, specific proteins
called antigens are released and become detectable by the body's
immune system. This may then lead to the activation of T cells that
can infiltrate and destroy tumor cells. In addition, it has been shown
that focused ultrasound enhances the effects of immunotherapy
drugs in other ways, the exact mechanisms of which are still

under investigation.

Additionally, focused ultrasound can be used to safely and
temporarily open the blood brain barrier which can increase
transport of therapeutics such as chemotherapy and
immunotherapy drugs directly to target sites within the brain.
Focused ultrasound can also increase the concentration of
therapeutics such as chemotherapy and immunotherapies to
primary breast tumors and metastatic foci through increased

blood flow and increased permeability of the vasculature.

Focused Ultrasound Foundation




gs rocuso — Focused Ultrasound
NPT for Breast Cancer

Clinical Trials Using Focused Ultrasound-Induced Thermal Ablation
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An example of pre- and post-treatment MRIs showing the effectiveness of HIFU therapy on breast cancer (adapted from Pediconi, et al. 2012)

There are current clinical trials in Switzerland, the Netherlands, Given the varying degrees of tumor volume destroyed in the initial
and France, which are exploring the use of focused ultrasound- studies, the current clinical trials aim to determine not only the
induced thermal ablation for primary breast cancer masses. These ~ safety of this technology but also consistency across treatments
trials were designed with knowledge gained from prior focused in terms of the ability of focused ultrasound to achieve complete
ultrasound clinical studies of more than 234 patients. In the ablation of breast tumors. As this is a noninvasive procedure,
initial studies, researchers reported a 20-100% tumor ablation. methods to ensure complete ablation without the need for
Encouragingly, there were no significant side effects reported inany ~ subsequent surgery have included repeat biopsy and/or follow up
of these early studies. MRl scans.
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Focused Ultrasound Breast Cancer Current Clinical Trials

Title and NCT #

Focused Ultrasound and Pembrolizumab in
Metastatic Breast Cancer

NCT03237572

Pl and Location

Patrick Dillon, MD
University of Virginia (USA)

Aim
Evaluate high intensity focused ultrasound (HIFU) combined with

pembrolizumab (Keytruda) in metastatic breast cancer. Ablation will target
50% of the tumor.

High Intensity Focused Ultrasound Treatment of
Breast Tumors (BRIFU Study)

NCT03342625

Efficacy of Magnetic Resonance-guided High
Intensity Focused Ultrasound for the Ablation of
Breast Cancer

NCT03560102

Jean Palussiere, MD,
Institut Bergonie (France)

Christoph Binkert, MD
Kantonsspital Winterthur
(Switzerland)

Evaluate the efficacy of HIFU for the treatment of breast tumors based on
histological criteria.

Evaluate the efficacy of a dedicated MRgHIFU unit in ablating breast cancer by
comparing MR imaging and pathologic examination after specimen resection.

Efficacy of MR-HIFU Ablation of Breast Cancer
NCT02407613

Blood-Brain Barrier Disruption (BBBD) Using
MRgFUS in the Treatment of Her2-positive
Breast Cancer Brain Metastatses

NCTO03714243

Ultrasound-enhanced Delivery of Chemotherapy
to Patients with Liver Metastases from Breast
and Colorectal Cancer

NCT03477019

Focused Ultrasound Ablation and PD-1 Antibody
Blockage in Advanced Solid Tumors
NCT04116320

Image-guided Targeted Doxorubicin Delivery
with Hyperthermia to Optimize Loco-regional
Control in Breast Cancer (i-GO)
NCT03749850

Novel MRI-Guided Ultrasound Stimulated
Microbubble Radiation Treatment for Patients
with Chest-wall and Locally-Advanced Breast
Cancer (USmBRT-B)

NCT04431674

Manon NG Braat, MD
UMC Utrecht (Netherlands)

Nir Lipsman, MD
Sunnybrook Health Sciences
Centre (Canada)

Arne Solberg, MD,PhD
St. Olavs Hospital (Norway)

Craig Slingluff, MD
Lynn Dengel, MD
University of Virginia (USA)

Britt BM Suelmann, MD
UMC Utrecht (Netherlands)

Gregory J Czarnota, PhD, MD
Sunnybrook Health Sciences
Centre (Canada)

Evaluate the efficacy of MR-HIFU ablation of breast cancer using a treat and
resect protocol.

Evaluate the safety and feasibility of the ExAblate Neuro system as a tool to
disrupt the BBB in patients with breast cancer and deliver Herceptin to brain
metastases.

Investigate whether the therapeutic response to chemotherapy can be improved
by focused ultrasound and microbubbles.

Determine the safety and efficacy of FUS with PD-1 therapy and FUS with
Imiquimod therapy (caused inflammation to stimulate cytokines and immune
system).

Evaluate the combination of lyso-thermosensitive liposomal doxorubicin (LTLD,
ThermoDox) with local hyperthermia and cyclophosphamide for the local
treatment of primary breast tumors.

Evaluate the safety profile of MRI-guided ultrasound stimulated microbubble
treatment and radiation in patients with chest wall and breast cancer. The
secondary aim is to evaluate tumor (primary and/or nodal) response to MRg-FU
+ MB and radiation, as measured radiologically within the treated therapeutic

Clinical Trials Exploiting Focused Ultrasound's Other Biological Mechanisms

As mentioned above, focused ultrasound has been found
to generate other therapeutic effects in the body that could
treat breast cancer such as generation of an anti-tumor

immune response and enhanced delivery of drugs including
chemotherapeutics and immunotherapeutic agents.

At the University of Virginia (UVA), a clinical trial which explores
the use of focused ultrasound combined with an immunotherapy

drug to treat metastatic breast cancer is underway. The UVA
research team is enrolling 15 patients with unresectable or
metastatic breast cancer to evaluate the safety and efficacy of

focused ultrasound combined with Keytruda (pembrolizumab).

This is the first-in-the-world clinical trial using a combination of the

two therapies to treat breast cancer. Another trial recently began at
UVA to investigate the use of focused ultrasound with and without
PD-1 blockade in advanced solid tumors including breast cancers.

In addition, a clinical trial for targeted drug delivery and blood
brain barrier opening in patients with HER2 positive breast cancer
metastases to the brain has begun enrolling patients in Canada.

Other trials in Norway and the Netherlands are exploring the
potential of focused ultrasound to enhance drug delivery to breast
cancer liver metastases and in patients with stage 4 breast cancer,
respectively. The scientists hope that focused ultrasound beams will
increase drug delivery to the tumor and decrease total body drug
concentration resulting in less systemic side effects.
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More Hope on the Horizon

Recently, focused ultrasound has received more attention as
researchers at Virginia Tech received a $2 million-dollar Trailblazer
Award from the National Institutes of Health (NIH) for a preclinical
project to noninvasively and selectively target and kill breast cancer
cells through nanoparticle mediated histotripsy (NMH) - where the
focused ultrasound destroys cancerous cells.

“This method could be capable of significantly improving
the standard of care for cancer patients by increasing
our targeting specificity and treating tumors too small to
detect by imaging.”

— Eli Vlaisavljevich, assistant professor of biomedical
engineering and mechanics at Virginia Tech

Please refer to press release at vtnews.vt.edu/articles/2020/08
Biomedical-engineering-and-mechanics-NIH-grant-metastatic-
breast-cancer.html

Due to the unique anatomy of the breast, one of the current clinical
trials is investigating a novel dedicated breast MRgFUS system that
integrates more sophisticated targeting and monitoring systems
which has already shown to ease treatment planning as well as
decrease treatment time.
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Current Challenges for Focused Ultrasound in Breast Cancer

Although the use of focused ultrasound for the treatment of
breast cancer is quite promising, there remain multiple challenges
which are being addressed in the above clinical trials. Defining
the best patient population to treat including the stage of the
cancer and the optimal tumor size need to be determined. There
are several technical issues to overcome such as the inability of
the current machines to safely target cancers < 1cm from the

skin surface. Furthermore, long term follow-up of patients is
costly and surveillance measures to ensure lack of recurrence is
not yet standardized. Current research will also help elucidate
which mechanisms of action such as thermal ablation, targeted
drug delivery, or immune activation is best to exploit alone or in
combination to fight breast cancer.

|
The Focused Ultrasound Foundation

The Focused Ultrasound Foundation is a 501(c)(3) organization
whose sole mission is to improve the lives of patients affected by
numerous medical conditions by accelerating the development and
clinical adoption of focused ultrasound technology. The Foundation
is successful in its mission by allocating nearly 60-70% of the
annual budget of $13 million to funding preclinical and clinical
research and by building awareness, and fostering collaboration
between the medical, regulatory, and reimbursement communities.
This organization employs dedicated, passionate and hardworking
individuals with a united purpose of positively impacting people
who may benefit from this innovative technology. The Foundation is
extremely hopeful that focused ultrasound could improve the lives
of patients with breast cancer and decrease unnecessary death,
disability, and suffering.

For more information about focused ultrasound and breast cancer
please visit: www.fusfoundation.org/diseases-and-conditions

oncological/breast-cancer

For more information about the

NO. 1 BESTSELLING AUTHOR

Foundation, to sign up for our
newsletter and stay updated
on recent advances in the field,
or to support our work visit:
www.fusfoundation.org

Additionally, a short non-fiction
book written by John Grisham
about the potential of focused
ultrasound can be downloaded for
free at: www.fusfoundation.org

read-the-tumor-by-john-grisham

Meet the Author

Suzanne LeBlang, MD, is a radiologist and the Director of Clinical Relationships at the Focused
Ultrasound Foundation. She has performed hundreds of focused ultrasound treatments for uterine
fibroids and participated in the clinical trials that led to FDA approval for the use of focused ultrasound
for pain palliation from bone metastases. After recovering from breast cancer four years ago, she joined
the Focused Ultrasound Foundation where she utilizes her expertise and experience to interact with
other clinical FUS practitioners to accelerate the widespread adoption of this new technology.

Contact: sleblang@fusfoundation.org
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