204

Vere Dictum Binario

No entanto, as stablecoins ain-
da tém algumas limitagdes. Por
exemplo, ndo hd a garantia de
que uma stablecoin consiga man-
ter o seu valor, apesar de estar as-
sociado a um indice ou reserva.

Sucede também que muitas
stablecoins podem nao ser com-
pletamente transparentes. Moe-
das como o Tether (USDT) e o
USD Coin (USDC) ainda nao
langaram auditorias publicas
completas.

Cabe referir que a stablecoin
mais popular atualmente ¢ a 7e-
ther (USDT), sendo a terceira
criptomoeda mais transacionada
no mercado, tendo esta sido cria-
da em 2018, a qual ¢ indexada ao
dolar.

As fiat-backed stablecoins sao
geralmente “mais centralizadas”
do que outras criptomoedas. Uma
entidade central ¢ responsavel
pela criptomoeda e detém o valor
de garantia, o que permite a sua
sujeicdo a regulagdo financeira
externa, o que confere um con-
trolo significativo sobre a stable-
coin.

ULTRASOUND REVOLUTION: BREAKING BARRIERS
IN BRAIN CANCER THERAPY*"

MARIANA VARELA PEREIRAY!

ABSTRACT: Focused ultrasound enables targeted drug delivery through
temporary blood-brain barrier openings. This non-invasive technology
enhances the effectiveness of treatments such as chemotherapy and
immunotherapy while minimising damage to healthy tissue. Recent studies
suggest using focused ultrasound for adult and paediatric brain tumours
results in improved intratumoural drug concentration and penetration,
alongside reducing tumour progression. While still ongoing clinical trials,
this innovative approach offers new promise for more precise and effective
brain cancer treatments.

Keyworps: Focused Ultrasound; Brain tumours; Technology; Novel
therapies.

470 In this text, we have exceptionally preserved the author’s original quotation style.
471 PhD Researcher in Virotherapies for Paediatric Brain Tumours, Cardiff Universi-
ty; ORCA ID: A29982730.
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In recent years, the use of Fo-
cused Ultrasound for the treat-
ment of visceral diseases has
exponentially increased, correla-
ting with its associated research
in the cancer therapy domain. Fo-
cused ultrasound is akin to chan-
nelling the sun’s energy throu-
gh a magnifying glass to start a
small flame on a leaf. Practical
application of this analogy invol-
ves the utilisation of an acoustic
lens to precisely direct multiple
converging ultrasound beams
towards a deep target within the
body, ensuring elevated levels of
accuracy and precision. This me-
chanism of action involves gene-
rating both mechanical and ther-
mal energy, which is transmitted
through either high-pressure or
low-pressure waves*’?. Focused
Ultrasound produces reversible
transient effects within tissue that
are advantageous for therapeutic
strategies such as the opening of
the blood-brain barrier and neu-
romodulation. Conversely, the
therapy may elicit irreversible ef-
fects including the destruction of
tissue and clot lyses*”.

42 HAAR G TER. Physical Principles
of Focused Ultrasound Therapy. CRC
Press eBooks. 2024 Jun 19;11-8.

413 ARULPRAGASAM AR, VAN ’T WoUT-
FrRANK M, BARREDO J, FAUCHER CR,

This novel technology has ope-
ned numerous doors pertaining
to challenging medical condi-
tions such as brain cancer. Brain
cancer presents with numerous
distinct subtypes, even when
comparing adult to paediatric
cases due to their tumours, grow-
th patterns, genetic modifica-
tions and responses to treatment
varying significantly between
age groups. A significant obs-
tacle in treatment of all known
brain cancers is the inhibition
of effective treatment delivery to
tumour sites by the blood-brain
barrier. The blood-brain barrier
is a semi-permeable membrane
consisting of several key com-
ponents working dynamically to
protect the brain. These include
an endothelial lining with tight
junctions to prevent the passage
of harmful substances, pericy-
tes that assist in blood flow re-
gulation and structural support,
microglia as the brain’s resident
immune cells, and astrocytic en-
d-feet interacting with surroun-

GREENBERG BD, PHILIP NS. Low In-
tensity Focused Ultrasound for Non-in-
vasive and Reversible Deep Brain
Neuromodulation-A Paradigm Shift in
Psychiatric Research. Frontiers in Psy-
chiatry. 2022;13:825802.
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ding blood vessels to maintain
the blood-brain barrier integrity.
Lastly, the basement membrane,
which is enriched with extrace-
llular matrix proteins to provide
structural support and further
contribute to the barrier’s selec-
tive permeability*”. Together
these elements regulate the mo-
vement of substances between
the bloodstream and the brain,
ensuring a protected environment
for neural tissue. The blood-brain
barrier is an efficient protective
shield boasting numerous loca-
lised ancillary benefits, but its
efficacy simultaneously poses a
significant challenge for brain-
-targeted therapies. This issue ex-
tends beyond treatments for brain
cancer, limiting the success of
therapies for numerous neurolo-
gical disorders, including Alzhei-
mer’s and Parkinson’s diseases.
Focused Ultrasound’s focal
development principle revolves
around providing a non-invasive
approach which can potentially
improve a patient’s quality of
life while simultaneously redu-

44 Wu D, CHEN Q, CHEN X, HaN F,
CHEN Z, WANG Y. The blood-brain
barrier: structure, regulation, and drug
delivery. Signal Transduction and Tar-
geted Therapy. 2023 May 25;8(1):1-27.

cing overall treatment costs. The
treatment provides a safe, targe-
ted, and reversible method to in-
crease transient permeability of
the blood-brain barrier*””. This
permeability may significantly
enhance the effective delivery
of therapeutic solutions, such as
pharmacological agents, stem
cells, immunotherapeutics, and
provide additional support for fu-
ture delivery-vehicles including
nanoparticles. Furthermore, the
immense versatility of this tech-
nology for the field of oncology
applies to not only treatment op-
tions, but to the initial diagnosis
and further procedures involved
in patient aid. Current research
is investigating the use of focu-
sed ultrasound as a pre-surgical
tool to precisely map and define
tumour boundaries*’°.

45 Gorick CM, BRrReza VR, Nowak
KM, CHENG VWT, FisHER DG, DEBSKI
AC, et al. Applications of focused ul-
trasound-mediated blood-brain barrier
opening. Advanced Drug Delivery Re-
views. 2022 Dec 1;191:114583.

46 DixoN L, Lim A, GRECH-SOLLARS
M, Nanp1 D, Camp S. Intraoperative
Ultrasound in Brain Tumor surgery:
a Review and Implementation Guide.
Neurosurgical Review. 2022 Mar
30;45(4):2503-15.
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In brain tumour research, ul-
trasound therapy has progressed
through pilot trials for astro-
cytomas, pontine gliomas, and
neuroblastomas; However, in
glioblastomas, the therapy has
advanced to pivotal trials*’’. The
Microbubble-enhanced Focused
Ultrasound (MB-FUS) approach
enables temporary blood-brain
barrier opening at the tumour site
via low-pressure waves which fa-
cilitate combined treatments with
drugs, genetic therapies, or im-
munotherapy while minimising
damage to healthy tissue*’®. This
approach utilises 1-2 pm micro-
bubbles alongside low acoustic
emissions to induce chemical
rectified diffusion, which causes
the bubbles to expand. This ex-
pansion generates physical pres-
sure on the endothelial lining of

477 ScHOEN S, KiLinc MS, Lee H, Guo
Y, DEGERTEKIN FL, WoopwoRrRTH GF,
et al. Towards Controlled Drug Deliv-
ery in Brain Tumors with microbub-
ble-enhanced Focused Ultrasound. Ad-
vanced Drug Delivery Reviews. 2022
Jan;180:114043.

478 SEAS AA, MALLA AP, SHARIFAI N,
WINKLES JA, WooDpwORTH GF, ANA-
STASIADIS P.  Microbubble-Enhanced
Focused Ultrasound for Infiltrating
Gliomas. Biomedicines. 2024 Jun
1;12(6):1230-0.

the blood-brain barrier, leading
to tissue disruption at the tight-
-junctions and barrier opening.
The physical stimuli from this
process results in ion channel res-
ponse activation, causing them to
open and thus, further increasing
the overall permeability across
the barrier.

Numerous in vitro and in vivo
studies have examined the safe
parameters for administering this
therapy, with findings suggesting
that an optimal pressure range
of 75 to 150 kPa is necessary to
achieve effective and safe bloo-
d-brain barrier opening*”. This
pressure range ensures sufficient
permeability while minimising
the risk of tissue damage, de-
fining it as a critical factor for
the successful application of the
therapy in clinical settings. The
literature defines the pressure le-
vel at which the stability of the
environment becomes compro-
mised as “the Blake threshold”,
and exceeding this threshold in-

479 ALEKSANDRA CWIKLINSKA, DOMINI-
KA PrzZEwWODOWSKA, DARriusz Kozi-
OROWSKI, STANISEAW SZLUFIK. Innova-
tive Approaches to Brain Cancer: the
Use of Magnetic Resonance-Guided
Focused Ultrasound in Glioma Therapy.
Cancers. 2024 Dec 19;16(24):4235-5.
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creases the risk of inertial cavi-
tation. Inertial cavitation occurs
when bubbles rapidly expand and
collapse due to intense pressure
changes which release signifi-
cant amounts of energy*®. This
process can lead to a range of
harmful effects, including tissue
damage, localised heating, and
the generation of shockwaves.
The mechanical forces genera-
ted during cavitation can disrupt
cell membranes, blood vessels,
and the surrounding tissue, po-
tentially causing injury or aggra-
vating preexisting inflammation.
When controlled, inertial cavi-
tation can enhance therapeutical
outcomes, but uncontrolled oc-
currence may conversely pose
elevated risks to the surrounding
healthy tissue*®!.

40 1.6PEZ-AGUIRRE M, CASTILLO-OR-
Tiz M, VINA-GONZALEZ A, BLESA J,
PINEDA-PARDO JA. The Road Ahead to
Successful BBB Opening and drug-de-
livery with Focused Ultrasound.
Journal of Controlled Release. 2024
Aug;372:901-13.

41 GEORGE B, SAVSEK U, FISCHER D,
ErRMERT H, RupiTsCH SJ. Investigation
of Inertial Cavitation Induced by Modu-
lated Focused Ultrasound Stimuli. Cur-
rent Directions in Biomedical Engineer-
ing. 2022 Aug 1;8(2):459-62.

For most brain cancers, temo-
zolomide is the primary pharma-
cological treatment option due to
it being the only currently avai-
lable treatment agent capable of
crossing the blood-brain barrier.
While the compound can pe-
netrate the barrier, the effective
concentration found within the
brain is significantly diminished
compared to the initial dosa-
ge administered*®. Several stu-
dies conducted since 2017 have
evaluated various properties of
temozolomide alongside other
drugs such as etoposide, doxo-
rubicin, paclitaxel, carboplatin,
cisplatin, and irinotecan with
regards towards their cerebral
drug concentration, inhibition of
tumour growth, and the survival
rates of patients when administe-
red with assistance from focused
ultrasound against traditional ad-
ministration. Notably, compou-
nds administered alongside focu-
sed ultrasound resulted in further

2 LaM M, Aw J, TAN D, VIJAYAKUMAR
R, Y1 H, Yapa S, et al. Unveiling the
Influence of Tumor Microenvironment
and Spatial Heterogeneity on Temozolo-
mide Resistance in Glioblastoma Using
an Advanced Human in Vitro Model of
the BloodXBrain Barrier and Glioblas-
toma. Small. 2023 Aug 30.
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decreased tumour growth and
heightened cerebral drug concen-
tration at tumour sites compared
to those applied under traditional
methods*3/4%4,

In addition to enhancing per-
meability of the blood-brain bar-
rier in conjunction with focused
ultrasound, microbubbles provi-
de additional therapeutic support
by acting as a pharmacological
delivery system capable of spe-
cifically targeting malignant cell
with further minimised impact on
surrounding healthy tissue. One
such treatment is Boron Neu-
tron Capture Therapy (BNCT),
which uses boron-containing
compounds that are preferen-
tially absorbed by tumour cells.

43 PARK J, ARYAL M, VYKHODTSEVA
N, ZHANG YZ, McDaNNoLD N. Eval-
uation of permeability, Doxorubicin
delivery, and Drug Retention in a Rat
Brain Tumor Model after ultrasound-in-
duced blood-tumor Barrier Disruption.
Journal of Controlled Release. 2017
Mar;250:77-85.

44 Wer HJ, UpabpHYAYULA PS, Pou-
LIOPOULOS AN, ENGLANDER ZK,
ZHANG X, JAN CI, et al. Focused Ultra-
sound-Mediated Blood-Brain Barrier
Opening Increases Delivery and Effica-
cy of Etoposide for Glioblastoma Treat-
ment. International Journal of Radia-
tion Oncology*Biology*Physics. 2021
Jun;110(2):539-50.

When these cells are exposed to
a neutron beam, a nuclear reac-
tion occurs, releasing toxic alpha
particles that destroy the tumour
while sparing surrounding heal-
thy tissue*®. Recent studies have
explored combining focused ul-
trasound with microbubble tech-
nology to improve BNCT. Expe-
riments performed in an animal
glioblastoma multiforme (GBM)
model, utilised VEGF-targe-
ted microbubbles loaded with
BCNU (a chemotherapy drug
used in BNCT) to significantly
increase the drug’s concentra-
tion at the targeted site, leading
to a marked reduction in tumour
progression*®. This approach,
combining targeted drug delivery
with focused ultrasound, could
potentially improve the effective-
ness of BNCT for treating malig-
nant brain tumours.

45YUrA'Y, Funta Y, HAMADA M. Ultra-
sound Combination to Improve the Effi-
cacy of Current Boron Neutron Capture
Therapy for Head and Neck Cancer.
Cancers. 2024 Aug 5;16(15):2770-0.
46 FaAN CH, WanG TW, Hsiexn YK,
WAaNG CF, Gao Z, Kim A, et al. Enhanc-
ing Boron Uptake in Brain Glioma by a
Boron-Polymer/Microbubble Complex
with Focused Ultrasound. ACS Ap-
plied Materials & Interfaces. 2019 Mar
18;11(12):11144-56.
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Low-intensity focused ultra-
sound used in combination with
microbubbles is primarily recog-
nised as a drug delivery method,
however, recent studies have
highlighted that the technique
is also capable of producing in-
flammatory responses in healthy
mice brains*’. This is particular-
ly relevant as new insights into
the brain’s immune surveillance,
including the discovery of lym-
phatic vessels in the meninges,
have sparked renewed interest
in immunotherapy for brain tu-
mours*®®. While treatments like
anti-PD1 immunotherapy have
proven effective against brain
metastases, they have displayed
limited success in primary brain
tumours such as glioblastoma
(GBM). This is largely due to the
challenges of targeting immune
cells within the tumour microen-
vironment and the restrictive na-

47 Chor HJ, HAN M, SEo H, Park CY,
Lee EH, PARrRk J. The New Insight into
the Inflammatory Response following
Focused ultrasound-mediated Blood—
brain Barrier Disruption. Fluids and
Barriers of the CNS. 2022 Dec 23;19(1).
48 Zuou C, Xu H, Luo J. Meningeal
Lymphatic vasculature, a General Target
for Glioblastoma therapy? Fundamental
Research. 2023 May 3;4(2):267-9.

ture of the blood-brain barrier
in addition to the blood-tumour
barrier. PD-1, a receptor on T-ce-
lls, suppresses immune activity
when bound to PD-L1, a protein
overexpressed by GBM cells to
evade immune detection; anti-
-PD1 therapies block this interac-
tion, thereby reactivating T-cells
to attack GBM. By temporarily
increasing blood-brain barrier
permeability and modulating the
tumour microenvironment, MB-
-FUS offers a promising approa-
ch to enhance the efficacy of im-
munotherapies*®.

In conclusion, focused ultra-
sound (FUS) represents a grou-
ndbreaking advancement in
the treatment of brain tumours,
offering a versatile, non-inva-
sive approach to overcome the
challenges posed by the bloo-
d-brain barrier. Its ability to
enhance drug delivery, modulate
the tumour microenvironment,
and complement existing the-
rapies, such as immunotherapy,

49 g H, Guo Y, Ross JL, SCHOEN S,
DEGERTEKIN FL, ArvaNITIS C. Spatially
Targeted Brain Cancer Immunotherapy
with closed-loop Controlled Focused
Ultrasound and Immune Checkpoint
Blockade. Science Advances. 2022 Nov
16;8(46).
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underscores its transformative
potential in oncology. Clinical
trials and preclinical studies have
demonstrated promising results
in brain tumour therapies, where
effective drug delivery remains a
critical hurdle. As research pro-
gresses, the integration of FUS
with emerging treatments cou-
1d redefine the standard of care,
providing safer, more precise,
and effective solutions for patien-
ts with malignant brain tumours.
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