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INTRODUCTION

The treatment of primary and secondary
brain neoplasms represents a neurologic
challenge. The intracranial region often
restricts the possibility of total or supra-
marginal surgical removal, at times
implying severe neurologic functional
damage; the blood-brain barrier (BBB)
isolates it from the rest of the organism,
acting as a filter not only for harmful
substances but also for drugs.
In recent years, several studies have

therefore focused on 2 basic problems: the
treatment of lesions located in nonsurgical
sites (deep or eloquent areas) and

overcoming the BBB for the targeted
administration of anticancer drugs.
Focused ultrasonography (FUS) could

represent a response to both needs,
providing promising results in the ablative
treatment of neoplasms of difficult surgi-
cal access and also proving the only
effective method that can permeabilize the
BBB.
In this article, the main advances in the

use of FUS transcranial are discussed,
starting from the latest clinical trials in
progress to FUS-mediated gene therapy
(Table 1).

FUS

FUS is a noninvasive therapeutic proced-
ure that conveys an ultrasound beam at
target points at certain frequencies; the
acoustic energy, released in the form of
thermal and mechanical energy, facilitates

the destruction or the alteration of the
involved tissue (Table 2).
The use of ultrasound for this purpose is

now a consolidated strategy in the ther-
moablative treatment of neoplasms such as
prostatic cancer, breast carcinoma, uterine
fibroma, and bone tumors.1-3

In the neurologic field, transcranial
magnetic resonance (MR)-guided FUS
(MRgFUS) has been approved by the U.S.
Food and Drug Administration for the
treatment of the first line of essential
tremor and also as a second-choice therapy
of chronic neuropathic pain, parkin-
sonism, and Parkinson syndrome.
MRgFUS has also been used with good
clinical results in cases of obsessive-
compulsive disorders and depression.4-11

On the other hand, in neuro-oncology,
FUS has not yet entered clinical practice;
several clinical trials (Table 3) are
investigating the possibility of using FUS
for thermoablative purposes or as an
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Table 1. Applications of Focused Ultrasonography Technology in Neuro-oncology

Thermoablation Drug Delivery Nanoparticles Immunotherapy Gene Therapy

Characteristics High/medium frequenciesehigh
intensity

Low frequencieselow intensity

Status Clinical trial Clinical trial Preclinical studies Preclinical studies Preclinical studies

Purpose Thermocoagulation of the target
tissue inducing coagulative necrosis,
protein denaturation, and apoptosis

To increase the permeability of the
blood-brain barrier, favoring the drug
delivery processes within the limited
areas of the brain

To amplify and make more effective
the use of nanoparticles as vectors
for drug delivery at intracellular level

Delivery of drugs with immune
action in the site of interest, and
stimulation of the endogenous
antitumor immune response

To induce cellular apoptosis or
modifying tumor cells sensitivity to
drugs

Administration Microbubbles
Conveying a magnetic resonancee
guided ultrasound beam at target
points

Microbubbles
Systemic e.v. drug delivery
i.a. drug delivery

Microbubbles
Systemic e.v. or superselective i.a.
administration

Microbubbles
Systemic e.v. or superselective i.a.
administration

Systemic e.v., local or superselective
i.a. administration

Advantages Mininvasive and nonsurgical
ablation of deep tumors

Use of drugs that are currently
poorly active on the central nervous
system or active at high doses,
minimizing the side effects

Intracellular administration and
diffusion in extracellular tumor space
of currently unused chemotherapy
drugs avoiding their systemic toxicity
and bypassing the blood-brain
barrier

Application of immunotherapy
principles to brain tumor treatment

Bypassing the undesirable effects of
the intracranial administration of
genetic material

Limits Treatment limited by the cranial
morphology and by the possibility to
treat only deep lesions; hemorrhagic
risk

Treatment limited by the cranial
morphology and by the possibility to
treat only deep lesions; risk of
inertial cavitation and irreversible
tissue damage

Treatment limited by the cranial
morphology and by the possibility to
treat only deep lesions; risk of
inertial cavitation and irreversible
tissue damage; currently available
only preclinical studies

Treatment limited by the cranial
morphology and by the possibility to
treat only deep lesions; risk of
inertial cavitation and irreversible
tissue damage; currently available
only preclinical and in vitro studies

Treatment limited by the cranial
morphology and by the possibility to
treat only deep lesions; risk of
inertial cavitation and irreversible
tissue damage; currently available
only preclinical and in vitro studies

i.v. intravenous; i.a., intra-arterial.
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