
INTRODUCTION

High-Intensity Focused Ultrasound (HIFU) is a
novel non invasive technique that is capable of in-
ducing coagulative necrosis of target lesion within
the body, without requiring surgical exposure or
insertion of applicators. This technique can induce
the ablation of tumors without damaging overly-
ing and adjacent structures. The therapeutic ca-
pacity of high focused ultrasound was introduced
in 1940s by Lynn et al1. Technique was not devel-
oped at that time because of inadequate targeting
methods. The advent of more sophisticated imag-
ing has led to a resurgence of interest in HIFU.
Currently, both B-mode ultrasonography (US) and
magnetic resonance imaging (MRI) have been in-
corporated into HIFU devices2.

HIFU devices for clinical use fall into three
main categories: extracorporeal, transrectal, and
interstitial. Extracorporeal transducers are used for
targeting organs that are readily accessible through

an acoustic window on the skin, whereas transrec-
tal devices are used for the treatment of the
prostate and interstitial probes are being developed
for the treatment of biliary duct and esophageal tu-
mors3.

In several centers worldwide, HIFU is now
being used clinically to treat solid tumours (both
malignant and benign), including those of the
prostate, liver, breast, kidney, bone and pancreas.

HIFU may also be a useful modality for pallia-
tion of cancer-related pain4 (Table 1).

The aim of this article is to review the clinical
use of this technology in the management of dif-
ferent types of solid malignant and benign tumors.

HIFU PRINCIPLES

The typical diagnostic US (B-mode, pulsed or con-
tinuous Doppler) uses frequencies in the range of
1-20 MHz, the time-averaged intensities can be up
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to 720 mW/cm2. By contrast, frequencies of 0.8-
3.5 MHz are generally used during the clinical ap-
plications of HIFU, and the energy levels of HIFU
in the focal region is about several orders higher,
100-10 000 W/cm2, with peak compression pres-
sures of up to 70 MPa and peak rarefaction pres-
sures up to 20 Mpa3.
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The energy released can be directed to a small
target sparing the surrounding tissue. Mechanisms
of tissue destruction are thermal effect and cavita-
tion. The fundamental physical mechanism of
HIFU, ultrasound absorption and conversion into
heat, was first described in 19725. Both diagnostic
ultrasound and HIFU heat tissue, however, since

Site Authors Treatment Patients Outcomes

Prostate Chaussy C et al 13 Curative 184 80% of patients were cancer free. tumor mass was 
reduced more than 90%. nadir PSA <4 ng/mL in 97%, 
61% < 0.5 ng/mL

Blana et al 14 Curative 146 87% PSA level < 1 ng/mL; 93.4% patients had negative 
control biopsies.

Blana et al 19 Curative 163 92.7% had negative post-treatment biopsy findings. 
86.4% nadir PSA < 1 ng/mL

Bone Chen W et al 23 Curative 44 survival rates were 84.1
Chen W et al 24 Curative 80 survival rates at 1, 2, 3, 4, and 5 years were 89.8%, 

72.3%, 60.5%, 50.5%, and 50.5%, respectively
Liebermen et al 25 Palliative 25 72% of the patients (18/25) reported significant pain 

improvement
Liver Wu F et al 28 Palliative 50 6 mo survival rate was 80.4%: 85.4% in group 2 

(HIFU + TACE) and 13.2% in group 1 (p < 0.002) 
(only TACE). 1-year survival rate was 42.9% and 0%, 
respectively

Li YY et al 29 Palliative 151 HIFU Response rate: HIFU group 88.8%; control group 16.7%
group; (p < 0.01). Survival rates: HIFU group 50.0% (1 y) and 
30 control 30.9% (2 y); control group 3.4% (1 y) and 0% (2 y) 
group (both p < 0.01). QOL score: 83.1 +/- 8.0 at 3 months 

after HIFU, pre-HIFU score was67.7 ± 5.9; at 3 months 
after treatment (69.0 ± 8.5) in the control group (both 
p < 0.05).

Zhang L et al 30 Palliative 39 pat with 21/42 complete tumor necrosis; 21/42 ablated than 
42 lesions > 50%. survival rates: 75.8% (1 y), 63.6% (2 y), 49.8% 

(3 y), 31.8% (4 y), 31.8% (5 y) 
Illing RO et al 31 Palliative 22 100 % Ablation
Orsi et al 32 Palliative 31 29/31 responsive. Survival rates 88.2% 2y

Pancreas Wu F et al 3 Palliative 8 Median survival time was 11.25 months 
(range, 2-17 months).

Wang X et al 35 Palliative 15 Clinical symptoms such as pain were significantly 
alleviated. Eating, sleeping and mental status were 
all markedly improved.

Breast Wu F et al 43 Curative 23 HIFU treatment induced complete coagulative necrosis 
of the target tissue

Wu F et al 44 Curative 22 Five-year disease-free survival and recurrence-free 
survival were 95% and 89%, respectively. Cosmetic 
result was judged as good to excellent in 94% 
of patients.

Furusawa et al 45 Curative 21 Median period of observation is 14 months (range: 3-26). 
One case of recurrence

Kidney Wu F 47 Palliative 13 Of the 13 patients 7 died (median survival 14.1 months, 
range 2 to 27) and 6 were still alive with median 
followup of 18.5 months (range 10 to 27).

Ritchie RW 48 Palliative 17 Achieves stable lesions in two-thirds of patients, 
with minimal morbidity,

Uterine He et al 50 Curative 23 The average size of uterine fibroids was reduced in 
fibroid 17 patients, and a mean reduction of 78.9% 

was achieved
Ren XL 52 Curative 119 Median reductions in tumor size as a percentage of 

initial tumor volume at 1, 3, 6, and 12 months 
after HIFU treatment were 21.2%, 29.6%, 44.8%, 
and 48.7%, respectively

Table 1. 



the heating rate is proportional to the ultrasound
intensity, the thermal effect produced by diagnos-
tic ultrasound is negligible. In HIFU tissute tem-
perature within the focal regions instantly elevated
to 65-100 °C within 1 second HIFU exposure, and
therefore coagulation necrosis is immediately in-
duced in the tumor. Cavitation is the formation and
then immediate implosion of cavities in a liquid.
Intracellular water may enter the gaseous phases,
wich would lead to the development of micro-bub-
bles. When they reach the size of resonance, these
bubbles suddenly collapse and produce high-pres-
sure shock waves, destroing tumor tissue. Small
tumor blood vessels, a diameter of less than 2 mm,
can be absolutely destroyed by HIFU, resulting in
secondary effect of HIFU on the target tumor.

PALLIATIVE CARE

WHO Definition of Palliative Care is “an ap-
proach that improves the quality of life of patients
and their families facing the problem associated
with life-threatening illness, through the preven-
tion and relief of suffering by means of early iden-
tification and impeccable assessment and
treatment of pain and other problems, physical,
psychosocial and spiritual”6. The aim of Palliative
Care, in advanced disease, is to relieve the patients
from pain and other distressing symptoms and im-
prove quality of life. Palliative treatment may be
surgical, chemotherapy or radiotherapy.For ex-
emple, surgical treatment is made in metastatic
colorectal cancer7. A palliative surgical resection
of the primary tumor can be performed to prevent
tumor-related complications, such as obstruction,
bleeding and perforation, and thus to minimize
cancer-related morbidities. Any chemotherapy
regimens may help relieve the symptoms of ad-
vanced stage cancer8,9, such as lessening pain, im-
proving a patient’s energy and appetite, and
stopping or slowing weight loss. Although painful
bone metastasis is the most common reason for
the delivery of palliative radiotherapy, approxi-
mately 66% of palliative radiotherapy is delivered
for the management of other clinical conditions
such as brain metastases, the masses mediastinal
tumors and advanced tumor lesions very respon-
sible for bleeding disorders10. A new valid alter-
native technique for the palliative treatment of
advanced cancer is High-Intensity Focused Ultra-
sound. The first studies suggest efficacy and
safety of HIFU ablation in the treatment of ad-
vanced stage malignacy. This technique could be
an important alternative to surgery especially for
patients with comorbility and show an important
effect in the treatment of cancer pain.

CLINICAL APPLICATION

Prostate cancer

Prostate cancer is the leading malignancy in men
and the second most common cause of cancer-re-
lated mortality in the Western World. The recom-
mented treatment for patient with T1-2, N0, M0
prostate carcinoma who have a life expectancy ex-
ceeding 10 years is radical prostatectomy11,12 Sev-
eral alternative treatments have been developed to
treat localized prostate carcinoma in patients unfit
for surgery or unwilling to experience its side ef-
fects. Brachytherapy, cryosurgical ablation of the
prostate (CSAP), and (conformal) radiotherapy
have all been applied. A new therapeutic option for
prostate cancer is HIFU ablation by transrectal de-
vice. A number of studies have indicated that tran-
srectal HIFU enables minimally invasive local
prostate tissue ablation with high rates of negative
biopsies13, low PSA nadir14, and low complication
rate15. Complications reported from prostate HIFU
include hematuria, urinary obstruction, urethral
stricture and incontinence. HIFU treatment can be
repeat but it is associated with much higher com-
plication rates than single treatment16. Some stud-
ies reported has been evaluated the impact of a
combined transurethral resection of the prostate
(TURP) and HIFU to mitigate urinary retention as-
sociated with concomitant prostate enlargement17.
In France, from February 1993 and January 2007
a total of 803 patients from six urologic depart-
ments were treated using HIFU with curative in-
tent. Local control and disease free survival rate
(DFSR) achieved with HIFU were similar to those
expected with conformal external-beam radiation
therapy (EBRT). The excellent cancer-specific sur-
vival rate is also explained by the possibility to re-
peat HIFU and use salvage EBRT18. A study by
Blana et al19 after long-term follow-up have indi-
cated that HIFU is an efficient and safe treatment
for patients with localized prostate cancer. Com-
parative data from four studies18-21 are listed in
Table 2. Studies conducted so far suggest that
HIFU is a valid alternative technique for the treat-
ment of prostate cancer. I made a long-term fol-
low-up showed the safety of the technique could
be an important alternative to surgery especially
for patients with comorbility. 

Bone cancer

Primary bone malignancies are relatively uncom-
mon, occurring most frequently in children and
young adults. Surgical removal and radiation ther-
apy are commonly used strategies to treat bone tu-
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mors. First Smith et al22 found that focused US
beams can target bone tissues and induce necrosis
of osteocytes in normal rabbits.

Chen et al23 to develop a new non invasive
limb-salvaging method in the treatment of primary
malignant bone tumor in the extremities studied
the combination of HIFU and chemotherapy in 44
patients. After a mean follow-up time of 17.6 mo,
the overall survival rate was 84.1%. For the 34
cases of stage IIb, 30 cases continued to survive
disease-free, 2 died of lung and brain metastases,
and the other 2 had local recurrence. Among 10 of
the stage IIIb cases, 5 survived with tumor, 1 had
local recurrence, and 5 died of lung metastases.

In another study Chen et al24 to evaluate the
long-term follow-up results of ultrasonographi-
cally USgHIFU ablation in patients with primary
bone malignancy were treated 80 patients with a
primary bone malignancy – 60 with stage IIb dis-
ease and 20 with stage III disease (Enneking stag-
ing system) – with US-guided high-intensity
focused ultrasound ablation. High-intensity fo-
cused ultrasound ablation combined with
chemotherapy was performed in 66 patients. The
remaining 14 patients were treated with high-in-
tensity focused ultrasound ablation only. Follow-
up images demonstrated completely ablated
malignant bone tumors in 69 patients and greater
than 50% tumor ablation in the remaining 11 pa-
tients. Overall survival rates at 1, 2, 3, 4, and 5
years were 89.8%, 72.3%, 60.5%, 50.5%, and
50.5%, respectively. Survival rates at 1, 2, 3, 4, and
5 years were 93.3%, 82.4%, 75.0%, 63.7%, and
63.7%, respectively, in the patients with stage IIb
cancer and 79.2%, 42.2%, 21.1%, 15.8%, and
15.8%, respectively, in those with stage III disease.

Among the patients with stage IIb disease, long-
term survival rates were substantially improved in
the 30 patients who received the full treatment –
that is, complete high-intensity focused ultrasound
and full cycles of chemotherapy – compared with
the survival rates for the 24 patients who did not
finish the chemotherapy cycles and the six patients
who underwent partial ablation only. Only five
(7%) of the 69 patients who underwent complete
ablation had local cancer recurrence during the fol-
low-up period.

Liberman et al25 have used HIFU ablation for
Pain Palliation in Patients with Bone Metastases.
25 patients underwent the planned treatment and
were available for 3 months post treatment follow-
up. 72% of the patients (18/25) reported signifi-
cant pain improvement. Average VAS score was
reduced from 5.9 prior to treatment to 1.8 at 3
months post treatment. 67% of patients with
recorded medication data reported a reduction in
their opioid usage. These studies suggest efficacy
and safety of HIFU ablation in the treatment of pri-
mary and secondary bone tumors. Data indicate an
important effect in the treatment of pain from bone
metastases. HIFU ablation may acquire consider-
able importance as limb-sparing technique.

Liver cancer

Hepatocellular carcinoma (HCC) is one of the
most common malignant tumours around the
world26. Surgery is the current standard of care in
selected cases, offering a chance of cure by com-
plete tumor removal. Other techniques such as Ra-
diofrequency ablation (RFA), percutaneous
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Crouzet S et al18 Blana et al19 HM Lee20 T. Uchida21

Stage n° patients
T1 481 39 32 92
T2 322 124 26 89

Gleason score
≤6 510 138 30
7 242 25 17
≥8 48 - 11

Risk group 
Low 323 84 13 52
Intermedie 372 79 26 81
High 108 - 19 48 

Mean age 70,8 66 ± 7,1 70 ± 5,7 70 
Mean PSA before HIFU ng/ml 9,1 7,9 ± 3,7 10.9 ± 6.4 9,76 
Mean PSA after HIFU ng/ml 1 ± 2,8 <0.2 (64%); 0,6

0.21-1 (18.5%); 
>1 (14%) 

Control biopsies 85 % negative 92,7 % negative 50 % negative
Follow-up mean 42±33 months 4,8 ±1,2 y 14 ± 4 months 18 months

Table 2. 



ethanol injection (PEI), cryoablation, microwave
coagulation, and laser-induced interstitial ther-
motherapy also offer potential local tumor control
and occasionally achieve long-term disease-free
survival. However, using these techniques remains
difficult in treating tumors at problematic locations
or advanced stages. These patients could be treated
by extracorporeal ablation with HIFU.

In 2001, Wu et al27 treated 56 patients with HCC.
Of the 56 patients treated, 6 underwent surgical re-
section of the tumor 5 to 18 days following HIFU
treatment. The resected specimens were examined
under light and electron microscope. Light micro-
scope examination showed clear boundary between
the treated and untreated area. Outside of the bound-
ary the hepatic parenchyma was almost normal. In
the treated area, all tumor cells appeared irreversibly
dead in the forms of nuclear pyknosis, debris, and
dissolution. The blood sinusoids were collapsing
with endothelial cell damage. Granulation tissue
was formed with the presence of immature fibrob-
lasts and new capillaries in the boundary region be-
tween treated and untreated area. Eighteen days
after HIFU treatment, the ultrasound damaged area
was partially replaced by the proliferative repair tis-
sue. Electronic microscopic examination showed
the distorted tumor cells with severe destruction of
cell organelles and nuclei. The cytoplasm was ir-
regularly vesiculated, and the membranes of the or-
ganelles were broken. Cell membrane and nuclear
membrane disintegration, as well as nucleus dis-
ruption were generally observed.

From November 1998 to May 2000 Wu F et al28

treated by the combination of USgHIFU ablation
and transcatheter arterial chemoembolization
(TACE) 50 consecutive patients with stage IVA
HCC (TNM classification, T4N0-1M0). Patients
were alternately enrolled in one of two treatment
groups: group 1 (n = 26), in which TACE was per-
formed alone, and group 2 (n = 24), in which tran-
scutaneous ablation of HCC with high-intensity
focused ultrasound was performed 2-4 weeks after
TACE. The tumors were 4-14 cm in diameter
(mean, 10.5 cm). Follow-up images showed ab-
sence or reduction of blood supply in the lesions
after focused ultrasound ablation when compared
with blood supply after TACE alone. The median
survival time was 11.3 months in group 2 and 4.0
months in group 1 (p = 0.004). The 6-month sur-
vival rate was 80.4%-85.4% in group 2 and 13.2%
in group 1 (p = 0.002), and the 1-year survival rate
was 42.9% and 0%, respectively. Median reduc-
tions in tumor size as a percentage of initial tumor
volume at 1, 3, 6, and 12 months after treatment,
respectively, were 28.6%, 35.0%, 50.0%, and
50.0% in group 2 and 4.8%, 7.7%, 10.0%, and 0%
in group 1 (p < .01).

Short and long term efficacy of high intensity
focused ultrasound therapy (HIFU) in patients with
advanced HCC has been studied by Li et al29. Pa-
tients with surgically unresectable HCC were en-
rolled in two treatment groups (151in HIFU group,
30 in control group). The response rate (88.8%)
was significantly greater in the HIFU group
(16.7%) than in the control group (p < 0.01). The
1- and 2-year survival rates were 50.0% and
30.9%, respectively, in the HIFU group, which
were significantly greater than those (3.4% and
0%, respectively) in the control group (both p <
0.01). The QOL score was 83.1 ± 8.0 at 3 months
after HIFU, which was significantly greater than
the pre-HIFU score (67.7 ± 5.9) and the score at 3
months after treatment (69.0 ± 8.5) in the control
group (both p < 0.05).

Zhang et al30 enrolled thirty-nine patients with
unresectable HCC (37 patients with 1lesion, one
with 2 lesion, one with 2 lesion). The distance be-
tween the tumor and major blood vessels (inferior
vena cava, main hepatic vein branches, and the
portal vein and its main branches) was less than 1
cm. Indeed, there was no discernible damage to the
major vessels, even though the adjacent tumor had
been completely ablated. Comparative data from
two studies 28-30 are listed in Table 3.

HIFU used to treat liver metastases. Illing et al31

and Orsi et al32 treated respectively 22 and 17 pa-
tients with liver metastases at difficult locations.
In both studies ultrasound-guided focused ultra-
sound treatment appears to be feasible and safe for
ablation of primary and metastatic liver tumors,
and lymph node metastasis in difficult locations,
with a favourable side-effect profile.
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Characteristic Zhang L et al30 Wu F et al28

No of patients 39 50
Sex (male/female) 23/16 36/14
Mean age (y) ± DS 53.2 ± 12.3 45.8 ± 10.5
HBV ± 20/19 38/12
No of lesion 47 126
Lesion diameter (cm

<5 1
5-10 20
>10 29
Mean 7.36 +- 4.25 10.6

Child-pugh class
A 39 48
B 0 2
C 0 0

TNM
I – –
II 16 –
III 12 –
IV 11 50

Table 3.



The articles data indicate efficacy of HIFU in HCC
or liver metastates. USgHIFU ablation can be consid-
ered as a safe and feasible approach for treating solid
liver tumor. Interesting is the possibility of using HIFU
with other techniques such as TACE in advanced tu-
mors or as a palliative technique in unresectable tu-
mors to improve the quality of life of patients. 

Pancreatic cancer

Pancreatic cancer is among the eight most com-
mon cancers. At present, only less than 20% of pa-
tients have a resectable cancer when the diagnosis
is made. For patients with inoperable cancer
chemotherapy and radiotherapy can be alternative
choices, but the role in local tumor control is lim-
ited. The prognosis of patients with pancreatic can-
cer is one of the worst among all cancers. From the
EUROCARE study, based on 31,312 European
cases, overall survival at 1, 3 and 5 years was 16%,
5% and 4%, respectively33. Several studies have
been reported on the use of HIFU treatment in pan-
creatic cancer (Table 4). These reports, investi-
gated the use of HIFU as monotherapy or as
combination therapy with chemotherapy. In gen-
eral, these reports suggest that HIFU treatment re-

duce the size of pancreatic tumors without causing
pancreatitis. An interesting finding is that over
80% of patients with pain due to pancreatic cancer
obtained significant relief of their pain after treat-
ment with HIFU. Furthermore, no significant ad-
verse effects were reported in any of these studies. 

Pancreatic cancer in most cases diagnosed
when the cancer is advanced, this means that HIFU
can be an important tool for the treatment of pan-
creatic cancer. HIFU can be an important help to
improve the quality of life of patients.

Breast cancer

Breast cancer with more than 1 million cases diag-
nosed worldwide each year, is the most frequent can-
cer in women. Breast cancer treatment has moved
from the radical to conservative surgery. To treat pa-
tients with minimally conservative procedures and to
safeguard the quality of life and the cosmetic ap-
pearance of the breast has been evaluated the efficacy
and safety of HIFU in women with breast cancer.

The first randomized controlled clinical trial was
conducted by Wu et al43. In this study, 48 patients
were randomised to two treatment groups: the control
group (n=25), in which modified radical mastectomy
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Author Year N° of Treatment Pain HIFU related Stage Median 
patients relief adverse survival 

effects time

Xiong 34 2001 21 HIFU 88% None – –
Wang X 35 2002 15 HIFU 100% None Late stage –
Xie 36 2003 41 HIFU vs HIFU + 66,7%

gemcitabine
76,6% None _ _
Xu 37 2003 37 HIFU 80% None _ _
Yuan 38 2003 40 HIFU 80% None _ _
Wu 3 2005 8 HIFU 100% None III (3), IV(5) 11,25 months
Xiong 39 2009 89 HIFU 80,6% Superficial II (4), III (39), 26.0 months 

skin burns (3.4%), IV (46) for stage II, 
subcutaneous 11.2 months
fat sclerosis (6.7%),  for stage III,
asymptomatic 5.4 months
pancreatic 
pseudocyst (1.1%)

Zhao 40 2010 39 HIFU + 
gemcitabine 78,6% Grade 3-4 12,6 mo

neutropenia (6). 
Grade 3 thrombo-
cytopaenia (2). Grade 3
nausea/vomiting(3), 
and diarrhea (2). 
Grade 1 or 2 fever (27)

Orsi 32 2010 6 HIFU 100% Portal vein Advanced 7 mo
thrombosis (1)

Sung 41 2011 46 HIFU ? None III (18), IV (28) 7 mo
Wang K 42 2011 40 HIFU 87,5% None III (13), IV (27) 8 mo

Table 4. 



was performed without any intervention prior to sur-
gery; or the HIFU group (n=23), in which extracor-
poreal in situ ablation of the breast cancer with HIFU
was followed by modified radical mastectomy within
1-2 weeks. In all cases, the treated area included the
tumour and a 1.5-2.0 cm margin of normal breast tis-
sue around the tumour. In all cases, macroscopic ex-
amination showed that HIFU treatment induced
complete coagulative necrosis of the target tissue,
which included the tumour and a normal breast tissue
surrounding the tumour. Another study44, conducted
in Chongqing University of Medical Sciences
(China), evaluated the long-term clinical results of
HIFU. 22 patients received breast conservation treat-
ment with HIFU. After a mean follow-up time of 54.8
mo, 1 patient died, 1 was lost, and 20 were still alive;
2 of 22 patients developed local recurrence; 5-year
disease free survival and recurrence-free survival
were 95% and 89%, respectively; Furusawa et al45

treated twenty one cases of invasive/noninvasive duc-
tal carcinoma. After a median period of observation
of 14 months (3-26 months) one case of recurrence of
pure mucinous carcinoma was experienced. In 2009
HIFU was used in a breast cancer nodal metastasis46.
The patients was a 69-year-old woman with a past
positive oncologic history for a malignant tumor in
the left breast which was treated with quadrantectomy
and sentinel lymph node excision. During follow-
up ultrasound (US) scan a single 30-mm hypoechoic
solid mass was detected close to the hepatic hilum
and was considered likely to be a metastatic lymphn-
ode. After biopsy of the mass pathology and im-
munohistochemistry confirmed the presence of
metastatic cells from breast cancer. The patient was
also not considered suitable for surgery or percuta-
neous ablation due to her history of cardiac failure,
comorbidities and the potential risk of thermal injury
of the adjacent structures. TC 24 h after treatment
showed lack of enhancement in approximately 90%
of the lesion’s volume. Follow-up MDCT performed
at 5 and at 8 months later showed decreased size of
the mass with persistant lack of enhancement, sug-
gesting successful lesion ablation. All studies have
demonstrated the safety and effectiveness of HIFU
ablation in the treatment of breast cancer. Side effects
were infrequent, the most frequent was skin burns.
The results of these studies suggest a possible future
use of this technique which combines medical care,
low psychological impact, and and a good aesthetic
appearance of the breast treated.

Renal cancer

Renal cell carcinoma (RCC) is one of the most
common urological malignancies. Surgery is the
only curative modality in the treatment of RCC.
Renal cancer may also be treated with HIFU.

HIFU ablation of renal tumors in humans re-
mains in the early stages of clinical trials.

Wu et al47 performed HIFU treatment in 12 pa-
tients with advanced stage renal cell carcinoma and
one patient with colon cancer metastasized to kid-
ney. All the 13 patients received HIFU treatment
safely, including ten who had partial ablation and
three who had complete tumor ablation.

After HIFU hematuria disappeared in 7 of 8 pa-
tients and flank pain of presumed malignant origin
disappeared in 9 of 10 patients. Postoperative im-
ages showed decrease in or absence of tumor blood
supply in the treated region and significant shrink-
age of the ablated tumor. Of the 13 patients 7 died
(median survival 14.1 months, range 2 to 27) and
6 were still alive with median followup of 18.5
months (range 10 to 27).

Ritchie RW et al48 treated 17 patients (mean tu-
mour size 2.5 cm) with radiologically suspicious
renal tumours who underwent extracorporeal
HIFU. Of the 17 patients, 15 were treated accord-
ing to protocol; two procedures were abandoned
due to intervening bowel. There were no major
complications related to HIFU. Radiological evi-
dence of ablation was apparent at 12 days in seven
of the 15 patients. Before the 6-month follow-up
one patient had surgery due to persisting central
enhancement. Fourteen patients were evaluated at
the 6-month follow-up; eight tumours had invo-
luted (mean 12% decrease in tumour area). Four
patients had irregular enhancement on imaging and
had alternative therapies. Ten patients remain on
follow-up at a mean (range) of 36 (14-55) months
after HIFU (mean 30% decrease in tumour area).
There was central loss of enhancement in all.
Renal HIFU could be safe and feasible in the treat-
ment of patients with advanced renal malignancy.
Further trials with accurate follow-up are essential
to fully evaluate this novel technique.

Uterine fibroid

Uterine fibroid tumors (or leiomyomas) are the
most common benign tumors in the female genital
tract. Whereas many patients remain asympto-
matic, others experience symptoms such as pelvic
pain, menorrhagia, dysmenorrhea, dyspareunia,
urinary frequency, and infertility. The first clinical
study on HIFU ablation of symptomatic uterine fi-
broids was by Wang et al49.

Between July 2001 and January 2003, He et al50

treated 23 patients with HIFU at one center. The
results showed that the average volume of men-
struation and uterine volume decreased throughout
the followup period. The average size of uterine fi-
broids was reduced in 17 patients, and a mean re-
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duction of 78.9% was achieved. The fibroid in one
patient was resected because of persistent menor-
rhagia. The histopathological results demonstrated
that tissues around the treated area were undam-
aged. Unfortunately, four patients had temporary
numbness on the lower limbs because of the dam-
age to the sciatic nerve, which is now avoided by
changing the treatment protocol. In 2004, Wu et
al51 reported the use of HIFU in treatment of 85 pa-
tients with uterine fibroids between 1997 and 2001
at some centers in China. Currently, this technique
has been clinically considered as an alternative
treatment for patients with uterine fibroids in
China. In Spain, 54 patients with uterine fibroids
less than 13 cm in diameter were treated in the
Hospital Mutua de Terrassa from January to De-
cember 2009. The data showed a significant im-
provement in Uterine Fibroid Symptom and
Quality of Life (UFS-QOL) scores.

In a study performed by Ren et al52 from May
2004 to June 2005, 119 consecutive patients with
187 uterine fibroids were treated with HIFU.
Sixty-two fibroids received ultrasonographically
guided needle puncture biopsy 1 week before and
after HIFU treatment, respectively, to confirm the
diagnosis and to assess the early therapeutic effi-
cacy. Hematoxylin-eosin staining and electron
microscopy were performed to characterize more
subtle phenotypic changes to determine treatment
success. Immediate therapeutic effects were as-
sessed at follow-up with Doppler ultrasonogra-
phy and computed tomography or magnetic
resonance imaging. All patients were followed for
6 to 12 months to observe long-term therapeutic
effects. Fibroid mean diameters, volumes, and re-
duction rates 1, 3, 6, and 12 months after HIFU
treatment were calculated and compared with 1-
way analysis of variance and Student-Newman-
Keuls tests. No severe complications were
observed after HIFU ablation. Fifty-one (82.3%)
of 62 biopsy specimens revealed obvious signs of
necrosis under light microscopy, and more subtle
changes in cellular structure that indicated non-
viability could be found in 60 specimens (96.8%)
under electron microscopy. However, viable cells
still could be found in 16 specimens (25.8%).
Follow-up images showed absence or reduction
of blood supply in the lesions after HIFU abla-
tion. Median reductions in tumor size as a per-
centage of initial tumor volume at 1, 3, 6, and 12
months after HIFU treatment were 21.2%, 29.6%,
44.8%, and 48.7%, respectively. Based on the re-
sults from clinical trials and studies HIFU seems
to be emerging as a safe and effective modality
not only for the treatment of malignancy but also
benign disease.

SIDE EFFECTS

In all studies there were no significant side effects.
The most frequent event was a skin burn, it is due
to overheating of the target lesion and no by action
of HIFU. In 2011 Tinghe Yu et al53 published an
article on side effects of HIFU (Table 5). Of 13,262
cases analyzed, adverse events were fewer in be-
nign lesions than in malignant lesions (11.81% vs.
21.65%, p < 0.0001). Skin burn was the most com-
mon side effect seen in liver, pancreas and breast
cancer. In bone tumors frequent AEs were nerve
injury (6.25%), skin burn (4.46%) and fracture
(4.46%). In prostate cancer hematuria was present
in 17,33% of case. In uterine fibroid the most fre-
quent AEs were nerve injury (3.06%), hematuria
(2.88%) and burn (2.44%).

CONCLUSIONS

Cancer is a disease with a strong psychological im-
pact because for many years has been synonymous
with death. The purpose in modern medicine is to
develop treatments and techniques that minimize
interventions on patients. High-Intensity Focused
Ultrasound is a new technique that may play a key
role in future clinical practice and may offer pa-
tients another choice when no other treatment
available or when patient refused surgical opera-
tion. The nonsurgical ablation methods are thought
to be psychologically and cosmetically more satis-
factory and more easily accepted by patients. All
preliminary studies suggest that HIFU ablation is
a technique completely safe. Side effects are al-
ways shown insignificant compared to the benefits
for both in curative and palliative treatments. An-
other important element is the reduced time of hos-
pitalization, in fact the patient was discharged in
most cases after only 1 day. This element is very
important because this technique could be easily
accepted even by those patients who refuse hospi-
talization, but also for the cost of hospitalization is
an important fact with which health must confront
daily. HIFU is suitable to be used alone or in com-
bination with other techniques, for example, with
TACE in HCC or with TURP in prostate cancer.
This allows to have better results. HIFU is not just
a technique to induce necrosis of tumors, gene
therapy and drug delivery may be other ways to
use this technique. New clinical trials are essential
to eliminate any doubt on the efficacy and safety of
this technique, to establish guidelines on its use in
the fight against cancer also to evaluate its use in
so called disadvantages patients.
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