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Abstract

The treatment of cancer is an important issue in both developing and developed countries. Clinical
use of ultrasound in cancer is not only for the diagnosis but also for the treatment. Focused ul-
trasound surgery (FUS) is a noninvasive technique. By using the combination of high-intensity
focused ultrasound (HIFU) and imaging method, FUS has the potential to ablate tumor lesions
precisely. The main mechanisms of HIFU ablation involve mechanical and thermal effects. Recent
advances in HIFU have increased its popularity. Some promising results were achieved in managing
various malignancies, including pancreas, prostate, liver, kidney, breast and bone. Other applica-
tions include brain tumor ablation and disruption of the blood-brain barrier. We aim at briefly
outlining the clinical utility of FUS as a noninvasive technique for a variety of types of cancer

treatment.
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Introduction

The treatment of cancer is an important issue in
both developing and developed countries. Clinical
use of ultrasound in cancer is not only for the diagno-
sis but also for the treatment. Use of focused ultra-
sound in experimental biology and the first therapeu-
tic trial was carried out in 1942 (1). The use of thera-
peutic ultrasound for cancer treatment was estab-
lished by the 1970s (2). Focused ultrasound surgery
(FUS) is a noninvasive technique. By using the com-
bination of high-intensity focused ultrasound (HIFU)
and imaging method, FUS has the potential to ablate
tumor lesions precisely. Recent advances in HIFU
have increased its popularity. HIFU is used to manage
a variety of tumors and palliative care (3,4).

Higher energy and intensity are used in thera-
peutic purpose than in diagnostic Ultrasound (US)
though HIFU principles are the same as conventional
US (5). The main mechanisms of HIFU ablation in-

volve mechanical and thermal effects (Figure 1). The
local tissue temperature could be elevated to higher
than 60°C by the thermal effect. The thermal effect
causes tumor cell destruction via coagulation necrosis
in HIFU therapy. The mechanical effects include mi-
cro-streaming, radiation force and cavitation.
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Figure 1. Diagram for the principle of High Intensity Focused Ultrasound
(HIFU) for tumor treatment
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There are three main categories of HIFU devices
for clinical use, including extracorporeal, interstitial
and trans-rectal. Extracorporeal probes are used to
target tumor lesions through the skin, trans-rectal
instrument are designed to treat prostate tumors and
interstitial devices are used to treat esophageal tumor
and tumor of biliary duct (4).

Clinical HIFU procedures are generally com-
bined with magnetic resonance imaging (Magnetic
Resonance-guided Focused Ultrasound (MRgFUS)) or
ultrasound imaging (Ultrasound-guided High-
Intensity Focused Ultrasound (USgHIFU or USgFUS))
as image guidance and treatment monitoring.
MRgFUS technology combines Magnetic Resonance
Imaging system (MRI) which provides three dimen-
sion anatomy for precise tumor targeting, continu-
ously monitoring the tissue effect for controlled
treatment and post treatment contrast imaging for
accurate conduct validation and a HIFU beam which
destroys the diseased tissue by a non-invasive pro-
cedure. The MRgFUS procedure in clinical manifesta-
tion was established for the treatment of symptomatic
benign uterine tumor and palliative treatment for
patients with painful bone metastases (6). Recent ad-
vances in HIFU have increased its popularity. Some
promising results were achieved in managing various
malignancies, including pancreas, prostate, liver,
kidney, breast and bone (7-12). Other applications
include brain tumor ablation and disruption of the
blood-brain barrier (6).

We aim at briefly outlining the clinical utility of
FUS as a noninvasive technique for a variety of types
of cancer treatment.

Clinical Application of HIFU in Cancer
Therapy

1. Prostate cancer

The treatment of prostate cancer is dependent on
stage, Gleason score, PSA level and patient age (13).
Besides radical prostatectomy (RP), there are many
alternative local treatment options as follows: exter-
nal-beam radiation therapy (EBRT), and/ or brachy-
therapy, cryosurgical ablation and HIFU technology
(13).

The HIFU technique could be an alternative to
surgery especially for patients with comorbidity (4).
Careful patient selection is important for prognosis.
The patients with favorable pathologic Gleason score
and lower pre-HIFU PSA seem to present better out-
comes (14). Warmuth et al. conducted a review of
prostate cancer treatment with HIFU systems. Twenty
uncontrolled prospective case series were identified.
The authors showed overall survival rate was 83%
and cancer-specific survival rate was 98% at 8 years

(15).

A recent clinical study included 918 patients
treated with Sonablate® (SB) devices for localized
prostate cancer. The results showed the cancer specific
survival rate was 97.4% and ten year overall survival
rate was 89.6%. The authors concluded that technical,
imaging and technological advancements improved
clinical outcomes of patients with HIFU therapy (7).
Adverse effects, including urethral stricture (19.7%),
epididymitis (6.2%), urinary incontinence (2.3%) and
rectourethral fistula (0.1%), were concerned in their
series (7). However, current data is of low quality for
proving the safety and efficacy of prostate cancer
treatment using HIFU systems (15,16). Current data
from HIFU are not extensive enough for prostate
cancer treatment recommendations (13). More re-
search on clinical utility of HIFU in prostate cancer is
needed for the widespread use of HIFU (15,16).

2. Breast cancer

The current clinical management of localized
breast cancer is breast-conserving therapy (17). For
advancement of technology, imaging and improve-
ment of adjuvant therapy, the surgical management of
breast cancer has progressed. Noninvasive ablation of
breast cancers could be an alternative option for small
breast tumors (8). However, many questions arise in
clinical implementation of imaging-guided percuta-
neous ablation of breast cancer. These questions and
issues should be addressed before noninvasive per-
cutaneous ablation can be adopted as an alternative
treatment of early breast cancer (18).

MR-guided high-intensity focused ultrasound,
which offers precision of anatomy and temperature
mapping for ablation of a target tissue without caus-
ing skin or subcutaneous tissue disruption in the path
of focused ultrasound beam, is completely
non-invasive for breast cancer therapy. However,
both clinical and technical challenges have to be
solved before MRgFUS can be adopted as a routine
clinical procedure (17).

Many clinical studies on HIFU treatment of
breast cancer were reported (19-24). Wu et al. showed
complete necrosis of tumors cells by HIFU technique
and concluded that HIFU system could be effective in
localized breast cancer treatment (22-24). The authors
proposed that more clinical trials should be conduct-
ed for determining the future role of HIFU system
although it seems safe and effective in their clinical
study (23). Li et al. reviewed 11 arms of breast cancer
treatment using HIFU guided by US or MRI during
the period 2002-2010. There were a total of 173 pa-
tients treated with HIFU therapy and the tumor extent
varied from 0.5 cm to 6.0 cm diameter. Complete ab-
lation rate was 71% (123/173) by MRI-guided HIFU or
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US-guided HIFU therapy. The complete necrosis rates
were 59% (71/121) by MRI-guided HIFU and 96%
(50/52) by US-guided HIFU therapy (25).

There are several advantages of HIFU therapy
for breast cancer treatment, including preserving the
structure and function of breast, no bleeding, no
scaring and no radiation. However, there are disad-
vantages (limitations) of HIFU therapy for breast
cancer treatment. Li A and Wu PH proposed three
major problems with the HIFU therapy: (1) It is diffi-
cult to confirm whether ablation margin is free; (2)
Recurrence concern exists in 5 multifocal or mul-
ti-centric breast cancer after HIFU treatment; (3) ne-
crotic masses remaining in the breast after HIFU
therapy could cause additional psychological burden
to the patient.

A recent study of systematic review of HIFU
ablation for breast cancer treatment showed a lack of
report for consistent histopathology (26). Using HIFU
therapy for breast cancer treatment is not common at
the present time, and efforts to promote wider appli-
cation of HIFU may be expected in the future (25). For
large, prospective clinical trials to evaluate HIFU ab-
lation, it is necessary to have consistent lesion histo-
pathology and imaging follow-up for margin necrosis
(26).

3. Liver cancer

Liver transplantation or surgical resection has
been the gold standard management for liver cancer.
The successful focused extracorporeal pyrotherapy
was reported in 1993 (27). However, there are many
challenges for extracorporeal ablation of liver tissue
by HIFU, including respiratory movement of the liver,
beam propagation through the ribs, and long ablation
times due to huge tumors (28,29). HIFU technology
has been driven to overcome the challenges by several
studies during the following decade.

Wu et al. evaluated the efficiency using the
combination of USgHIFU modality and trans-catheter
arterial chemoembolization (TACE) for stage IVA
liver cancer treatment by a randomized study in-
cluding 50 patients with stage IVA liver cancer.

Median survival time was significantly longer in
those treated with combined HIFU and TACE pro-
cedures compared to those with TACE performed
alone (11.3 months vs. 4 months; p=0. 004). The
six-month survival rate was 80.4%-85.4% for patients
treated combined HIFU and TACE therapy and 13.2%
in patients with TACE performed alone (P =.002) (30).
A study determined long-term effects and major
prognostic factors for 73 unresectable hepatocellular
carcinoma patients treated with combined HIFU and
TACE. The results showed 45% of patients achieved
complete ablation. The authors concluded that major

prognostic factors included tumor size and ablation
response (31).

For HIFU treatment alone, Ng KK et al con-
ducted a study which included 49 patients receiving a
session of HIFU modality with a curative intent for
unresectable liver cancer. The results showed the
primary effectiveness rate 79.5% (39 of 49 patients),
hospital mortality rate 2% (n = 1) and the complica-
tion rate 8.1% (n = 4). The authors concluded that
HIFU treatment was effective for unresectable hepa-
tocellular carcinoma and patients had favorable sur-
vival outcome (32).

Safety of HIFU procedures is a concern. The
complications of HIFU ablation for hepatic cancer
patients have been reported, including biliary ob-
struction, pleural effusion, pneumothorax, fistula
formation, diaphragmatic rupture and rib fracture
(33). Furthermore, the safety of HIFU ablation for liver
cancer adjacent to major blood vessels was assessed
by evaluating hepatic vein branches, inferior vena
cava, and the portal vein and its branches in 39 pa-
tients with 42 tumors which are adjacent to 1 ~ 4 main
vessels. No large blood vessel injury was detected
among the 42 tumors. HIFU therapy accomplishing
complete tumor necrosis even for lesions adjacent to
major vessels was demonstrated (34).

Complications of HIFU therapy for patients with
liver cancer include skin burns, pain, induced fever,
mild impairment of liver function or renal function
and local damage (35). The local and systemic com-
plication should be a concern even though

HIFU is a minimally invasive technique. HIFU
ablation of liver tumor could be accurate by in-
tra-operative assessment of treatment providing pre-
cise measurement of ablation zone. The effect was
demonstrated by MRI follow-up, which correlated
with intra-operative estimates of treatment volume
(36).

The feasibility and efficacy of HIFU therapy for
inoperable liver cancer was demonstrated by a recent
clinical study. 116 primary liver cancer and 71 meta-
static liver cancer cases were treated with HIFU;
complete response and partial response were 55 pa-
tients (29.4%) and 73 patients (39.0 %), respectively.
The authors showed that HIFU is feasible in liver
cancer treatment and the efficiency of HIFU ablation
may be improved by repeated treatment or increasing
treatment times (9).

The long term and short term efficacy of HIFU
therapy in advanced liver cancer was shown by a
clinical study in patients with surgically unrespecta-
ble hepatocellular carcinoma. The authors demon-
strated that no severe complications occurred during
and after HIFU and concluded that HIFU is a safe
ablation therapy for patients with advanced hepato-
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cellular carcinoma (37). A recent study analyzed HIFU
ablation for 187 patients with inoperable liver cancer
and showed response rates 90.5% in left lobe cancer
and 64.1% in right lobe cancer (9).

4. Kidney cancer

Renal cancers are currently diagnosed at earlier
stage and smaller overall size than previously (38,39).
The great majority of renal cell tumors were found
incidentally; 61% of patients diagnosed with kidney
cancer were asymptomatic (40). Among neph-
ron-sparing surgery options, partial nephrectomy
(PN) is the treatment of choice for peripheral lesions
(41). Nevertheless, surgical complication rates ranging
from 9% to 33% was reported, especially for those
patients with medical co-morbidities (42). New alter-
native minimally invasive nephron-sparing treat-
ments of kidney cancer are desirable.

There are several ablation treatment modalities
in the clinical management of renal cell carcinoma,
including radiofrequency ablation, HIFU ablation,
and cryoablation (10). Ablative therapies were rec-
ommended in patients unfit for surgery, or in patients
not considered candidates for elective surveillance, or
patients with small renal masses (10).

Surgery remains the standard treatment for lo-
calized kidney cancer at the present time. However,
the incidence of small kidney cancer increases and the
surgery has shifted toward nephron sparing treat-
ment. Minimally invasive ablation therapy presents
an alternative clinical management of kidney cancer
(43). Extracorporeal HIFU therapy results in 'trackless'
homogenous tissue ablation is entirely noninvasive
(43). The outcomes associated with ablative modali-
ties could be improved with advanced technology
and the applications could be expanded with more
evidence of long-term efficacy (10).

Extracorporeal HIFU treatment for renal tumors
is well tolerated but has to be considered an experi-
mental approach (44). A recent clinical study com-
prising 17 patients underwent extracorporeal HIFU
ablation and monitored by Real-time diagnostic ul-
trasonography. The results showed that stable lesions
in two-thirds of patients. HIFU ablation could be a
treatment option for selected cases (43).

A clinical study demonstrated that laparoscopic
HIFU for renal tumors could be feasible, and achieved
homogenous ablation with low associated morbidity
(45).

HIFU therapy for kidney cancer patients was
presented by Wu et al., where 12 cases of advanced
stage kidney cancer and 1 case of colon cancer with
kidney metastasis were included. Among the 13 pa-
tients, 7 died (median survival 14.1 months) and 6
were still alive (median follow-up of 18.5 months).

HIFU could be feasible and safe for select patients
with advanced stage renal malignancy (46).

5. Pancreatic cancer

More than 80 % of pancreatic cancer patients
present advanced disease, and are inappropriate for
surgical treatment. Standard treatment options
available for unresectable pancreatic cancer include
chemotherapy, radiotherapy or a combination of the
two (11). Prognosis in pancreatic cancer is extremely
poor. Pain relief and palliative treatment for local
tumor control are the aims of treatment for those pa-
tients with inoperable pancreatic cancer (29). HIFU
ablation has been used as primary and palliative
treatment for pancreatic cancer (39). Furthermore,
HIFU ablation has been designed as an additional
treatment with tumor debunking (11). Initial studies
implied that ablative therapies may confer a survival
benefit over supportive care (47). The advantages of
HIFU ablation include less hurt and short recovery
time. Ultrasound-guided HIFU ablation as a feasible
procedure to manage solid tumors was demonstrated
by a clinical study which included 38 lesions in diffi-
cult locations of the liver and pancreas (48).

A clinical study of HIFU comprised 89 advanced
pancreatic cancer patients who underwent HIFU
therapy. The results showed the median survival of
26.0 months for stage II, 11.2 months for stage III and
5.4 months for stage IV cancer patients. Pain relief
achieved 80.6% of patients (49). Clinical application of
HIFU modality is promising for palliation of pain
related to pancreatic cancer (49). Wu et al. reported an
initial experience of US-guided HIFU treatment in
eight patients with advanced- stage pancreatic cancer.
The authors demonstrated that preexisting severe
back pain disappeared after HIFU therapy and no
complications were observed in the patients. HIFU
ablation could be a safe procedure for patients with
advanced pancreatic cancer (50).

HIFU approach has been shown safe and feasi-
ble, effectively remitting cancer-related abdominal
pain, when used alone or combined with chemo-
therapy for locally advanced pancreatic cancer pa-
tients (11). If the long-term efficacy data is favorable in
large randomized clinical trials, HIFU therapy could
be a treatment option for pancreatic cancer patients
(11). Furthermore, new applications of HIFU therapy
may improve outcomes of pancreatic cancer patients,
through enhancing drug delivery to the tumor or in-
ducing host immunity to both local and metastatic
tumors (51).

6. Primary and secondary bone malignancy

Primary bone malignancies are rare and occur
most frequently in young adults and children. Sur-
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gery and radiation are common options for manage-
ment of bone tumors (4). Local unresectable recur-
rence of osteosarcoma is challenging to treat. HIFU
technology has the potential to ablate and inactive
tumors. Limb sparing is a potential advantage of
HIHU therapy for bone malignancies. Yu et al. con-
ducted a clinical study of HIFU therapy for 27 patients
with local unresectable bone malignancies. The results
showed 4 progression, 9 stable, 2 complete response
and 12 partial response after HIFU therapy. HIFU
modality is safe for managing local unresectable re-
currence of bone tumor treatment (12).

A study showed the efficiency of HIFU in clini-
cal application of 25 malignant bone tumor patients,
which were evaluated by biochemical markers and
imaging systems (magnetic resonance imaging or
positron emission tomography-computed tomogra-
phy) before and after HIFU therapy. The results
showed that biochemical markers were improved and
no severe complications were noted. For primary
bone tumor patients, the response rate achieved
84.6%; for patients with metastatic bone tumors, the
response rate was 75.0%. The authors concluded that
HIFU ablation seems to be successful in managing
primary bone malignancies (52). However, a different
opinion was expressed for concern of survival, which
insists HIFU is not indicated for treatment of primary
bone sarcomas (53).

A multicenter study investigated MRgFUS sur-
gery for palliative care in patient with bone metasta-
ses. The results showed 72% (18/25) of the patients
with significant pain improvement and no occurrence
of device-related adverse effect. MRgFUS could be an
option for palliative treatment in patients suffering
from painful bone metastases (54).

Gianfelice et al. showed that MRgFUS technique
provided palliative treatment of bone metastases with
little or no morbidity (55). Preliminary clinical expe-
rience of MRgFUS for palliative treatment of pain in
thirteen patients with bone metastases was demon-
strated. Twelve patients received adequate treatment:
two patients died from disease progression and ten
patients had prolonged improvement in pain score.
MRgFUS may be an alternative for bone metastasis
pain relief (56).

7. Trans-cranial HIFU therapy for brain tumor

The major obstacle for HIFU technology in brain
tumor therapy is skull bone as the focused US field is
disturbed and most of the US energy is absorbed by
the skull bone. These difficulties have been overcome
for the development of adaptive focusing techniques
and large-sized phased array US transducers.
Trans-cranial MRgFUS has been established and the
clinical potential applications are researched in a

fast-growing field of neuropathic pain and brain tu-
mor therapy (57). MRgFUS system may be used to
temporarily disrupt the blood-brain barrier for drug
delivery to brain tumors (58).

A pilot study included 15 patients who under-
went MRgFUS for the treatment of medica-
tion-refractory essential tremor. The results showed
total tremor scores improved from 549 to 24.3
(P=0.001) (59). The application of MRgFUS in 13 pa-
tients with chronic Parkinson's disease was reported.
The authors showed the accuracy, safety and feasibil-
ity of the MRgFUS pallidothalamic tractotomy (60).

The clinical feasibility of trans-cranial MRgFUS
was evaluated by McDannold et al. (61) Three glio-
blastoma patients underwent this procedure of mul-
tiple focused ultrasound exposures. The authors
demonstrated the beam from HIFU at the brain with
the magnetic resonance temperature imaging. How-
ever, MRgFUS seemed not to achieve thermal coagu-
lation (61,62).

Trans-cranial MRgFUS could be a treatment op-
tion for brain diseases (62). HIFU modality for func-
tional neurosurgery was shown by a clinical study
where 9 patients suffering from chronic neuropathic
pain were included and all treatments were all well
tolerated. The results show the helpful clinical utility
of trans-cranial HIFU modality for brain functional
diseases (62). Large randomized clinical trials are
needed to assess the safety and efficacy of
trans-cranial HIFU therapy for brain tumor and neu-
ropathic pain.

8. Localized drug and gene delivery mediated
by ultrasound

Localized drug and gene delivery mediated by
ultrasound is a potential beneficial cancer treatment
(63,64). Low frequency ultrasound (LFUS) was the
leading method of downsizing multilamellar vesicles
into small unilamellar vesicles in the past. Localized
and controlled drug released from liposomes by using
ultrasound has been shown recently (64).
Heat-sensitive microbubble agent (HSM) as a contrast
agent for intra-operative assessment of cancer abla-
tion margins was proposed (65).

Acoustic cavitation plays a key role in a wide
array of therapeutic ultrasound.

There are several types of cavitation activity
which serves to accelerate heating

(66). The activation of heat-sensitive trans-gene
by HIFU using a tumor model was proposed and the
authors suggest the possibility of applying HIFU ab-
lation with heat- regulated gene therapy for cancer
(67). Hancock et al. investigated pulsed
HIFU-enhanced delivery by pulsed-HIFU exposures
to the muscle and administrating a variety of fluoro-
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phores. The exposure resulted in some structural al-
terations between the muscle fiber bundles and the
influence consisted with increase of tissue permeabil-
ity (68).

Huber et al. demonstrated that focused ultra-
sound modality provided an improvement of DNA
plasmid transferred in vivo and in vitro. The study
showed a favorable system for gene-based medical
treatments with spatial regulation by focused ultra-
sound (69). Plathow et al. demonstrated focal gene
induction into a parenchymal organ in rats by HIFU
technique under the control of MRI (70).

The roles of ultrasound and magnetic resonance
have been demonstrated in delivering local drugs.
MRI presents entry of imaging biomarkers and pro-
vides real-time temperature mapping. Ultrasound can
be used for the local drug delivery by carriages. Ul-
trasound contrast agents could enhance effects by
cavitations (71).

Conclusion

Whether HIFU should be used as a clinical rou-
tine treatment modality is dependent on the following
factors: clinical outcome, feasibility, therapy device,
efforts and prices. HIFU technology can be improved
by using micro-bubble contrast agents or can be used
to transfer genes or drugs for future oncological HIFU
applications. HIFU technique should be monitored
and tested for safe operation and quality assurance.
The clinical applications of HIFU are continuing to
improve and expand but HIFU has to be improved to
make it more widely adopted. Present clinical results
are encouraging and several ongoing studies will
provide more clinical data that will be important for
the safe and effective use of HIFU for cancer treatment
and also as a gene or drug delivery method.
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