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Abstract. The aim of the current study was to determine 
the feasibility, efficacy and safety of ovarian castration by 
high-intensity focused ultrasound (HIFU) in premenopausal 
patients with estrogen receptor (ER)+/progesterone receptor 
(PR)+ breast cancer subsequent to radical mastectomy. A total 
of 88 premenopausal females with pathologically confirmed 
ER+/PR+ breast cancer following radical mastectomy were 
randomly and equally divided into two groups that received 
HIFU therapy or radiation treatment. HIFU therapy was 
applied twice at an interval of three days and radiotherapy 
was administered to a total prescribed dose of DT 18 Gy in 
nine fractions over 11 days. Outcome measures included 
serum levels of estradiol and estrone, the Kupperman index 
and the incidence of secondary amenorrhea. Adverse events 
were monitored and recorded. All patients were followed up 
for 12 months. Serum levels of estradiol and estrone were 
comparable prior to treatment between the HIFU and radia-
tion treatment groups. One month following treatment, serum 
levels of estradiol and estrone were significantly decreased 
in the two groups, but a greater decline was observed in the 
HIFU treatment group (P<0.01 and 0.05, respectively). In 
addition, more patients developed severe menopausal symp-
toms and amenorrhea in the HIFU therapy group compared 
with the radiotherapy group (P<0.01 for the two groups). A 
total of 3 months following treatment, serum levels of estra-
diol and estrone and the distribution of patients with severe, 
moderate and mild menopausal symptoms were comparable 
between the two groups. Following nine menstrual cycles, 
the incidence of amenorrhea reached 100% in the two 

groups. HIFU therapy is superior to radiotherapy for ovarian 
castration in premenopausal females with ER+/PR+ breast 
cancer subsequent to radical mastectomy in terms of its 
minimal invasiveness and faster efficacy. HIFU represents 
a feasible non-surgical approach for ovarian castration.

Introduction

Breast cancer is one of the most common malignancies among 
females and represents an enormous public health problem 
worldwide. Although the full etiology of breast cancer remains 
to be elucidated, there is substantial evidence that breast cancer 
risk is greatly affected by endogenous ovarian hormones (1). 
Endocrine therapy is the most effective form of systemic 
therapy for breast cancer, particularly in premenopausal 
females with hormone receptor-positive breast cancer (2). 
Ovarian ablation or suppression, which reduces or eliminates 
endogenous estrogen production, has a beneficial effect on 
reducing the rates of recurrence, metastasis and mortality in 
premenopausal females with breast cancer following radical 
surgery (3).

Ovarian ablation has been used to treat breast cancer for 
more than 100 years and is achieved by oophorectomy or 
irradiation of the ovaries (4,5). Oophorectomy reliably and 
promptly reduces circulating estrogen levels to postmenopausal 
levels in almost all patients but requires hospitalization and 
carries potential surgery- and anesthesia-related morbidity and 
mortality (6,7). The ovarian irradiation procedure is easy and 
inexpensive, but the procedure does not consistently produce a 
fall in circulating levels of estrogens (6). Furthermore, a slower 
rate of estrogen decline and the potential long-term toxicities 
of pelvic irradiation limit the utility of this approach (7,8). 
Thus, the development of new minimally invasive castration 
approaches that enable the rapid and consistent reduction of 
circulating estrogen levels has great clinical significance in the 
treatment of breast cancer.

High-intensity focused ultrasound (HIFU) is a relatively 
new and non-invasive technology that utilizes ultrasound 
waves focused onto an extremely small area to generate intense 
heat. These ablate and destroy pathogenic tissue rapidly. As 
a surgical tool, HIFU has been used for the management of 
tumors of the liver, kidney, breast, bone, uterus and pancreas 
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and uterine fibroids, in addition to various brain disorders, 
conduction defects in the heart, surgical hemostasis and for the 
relief of chronic pain of a malignant origin (9-11). Currently, 
HIFU is most extensively used to treat localized prostate 
cancer and to ablate the entire prostate gland. However, there 
are few studies concerning the application of HIFU to ovarian 
castration in females with breast cancer.

In the present study, a prospective randomized controlled 
study was conducted to determine the feasibility, efficacy 
and safety of HIFU for ovarian castration in 88 patients with 
estrogen receptor (ER)+/progesterone receptor (PR)+ breast 
cancer subsequent to radical mastectomy. The use of HIFU 
was compared with radiation treatment in terms of changes 
in serum levels of estradiol and estrone and the incidence of 
menopausal symptoms and amenorrhea. The results suggest 
that HIFU therapy provides a feasible non-surgical approach 
for ovarian castration in premenopausal females with breast 
cancer.

Patients and methods

Patients. This was a prospective randomized controlled study, 
which included 88 premenopausal females with pathologically 
confirmed breast cancer subsequent to radical mastectomy. All 
patients had undergone six cycles of anthracycline-containing 
chemotherapy. A total of 38 patients had stage II disease 
and 50 patients had stage III disease. All patients had ER/
PR-positive tumors, axillary nodal involvement and a 
Karnofsky score of ≥90. Their age ranged from 34 to 52, with 
a median age of 42.8 years. These patients were randomly 
divided into two groups that received either HIFU therapy 
or radiation. Age, clinical stage and Karnofsky score were 
comparable between the two groups. The Ethics Committee 
of the First Affiliated Hospital of the Medical College of 
Xi'an Jiaotong University, China, approved the study. Written 
informed consent was obtained from each subject prior to their 
enrollment in the study.

HIFU procedure. The RDS-HIFU tumor therapy system 
(RDS, Beijing, China) was used with the following settings: 
ultrasound frequency = 1 MHz, focal region = 1.5x6 mm, sound 
intensity = 0.9-1.5 kW/m2, depth = 10-170 mm, pulse = 30 
and pulse width = 300 msec. The gastrointestinal tract was 
routinely cleared of stool and gas during the day prior to the 
procedure. Conventional B-mode ultrasound examination was 
performed to project the ovaries onto the body surface in order 
to define the region of interest (ROI). The patients were placed 
in a prone position and perfused with degassed water (38˚C), 
which acted as a coupling medium for the HIFU. Immediately 
prior to HIFU therapy, an ultrasound examination was 
repeated to confirm the ROI. HIFU therapy was applied twice 
daily for 5 days.

Irradiation procedure. Irradiation fields (6-8x12-16 cm) were 
designed by projecting the ovaries onto the body surface one 
week following menstruation. Conventional B-mode ultra-
sound examinations were performed to confirm whether the 
ovaries were located within the irradiation fields. Radiation 
was then delivered to a total prescribed dose of DT 18 Gy in 
nine fractions over 11 days.

Outcome measures and safety evaluation. Outcome measures 
included serum levels of estradiol and estrone, an assessment 
of the Kupperman index and the presence of secondary amen-
orrhea. Serum levels of estradiol and estrone were measured 
using a commercial ELISA kit (Sigma, St. Louis, MO, USA) 
prior to treatment (1 week following menstruation) and every 
month following treatment. The Kupperman index was used 
to assess the severity of overall menopausal symptoms by 
assessing the severity of 11 menopausal symptoms (hot flushes, 
paresthesia, insomnia, nervousness, melancholia, vertigo, 
weakness, arthralgia or myalgia, headache, palpitations and 
formication). Each symptom on the Kupperman index was 
rated on a scale from 0 to 3 for no, slight, moderate and severe 
complaints, respectively. The Kupperman index was calcu-
lated by summating the severity of each symptom, multiplied 
by its weighting factor. Based on the Kupperman index, the 
patients were divided into three groups: mild, moderate and 
severe. Secondary amenorrhea was defined as the absence of 
menstrual periods for three consecutive cycles. In addition, 
adverse events were monitored and recorded. All patients were 
followed up for 12 months.

Statistical analysis. Statistical analysis was performed using 
SPSS 13.0 (SPSS, Inc., Chicago, IL, USA). Continuous 
variables are expressed as mean ± standard deviation (SD). 
Comparisons of serum levels of estradiol and estrone pre- and 
post-treatment were performed using Student's t-tests. Age, 
clinical stage, Karnofsky score and the distribution of patients 
with severe, moderate and mild menopausal symptoms were 
compared using the Chi-square test. P<0.05 was considered to 
indicate a statistically significant result. 

Results

Changes in serum levels of estradiol and estrone following 
treatment. As serum levels of estradiol and estrone primarily 
reflect the activity of the ovaries during the menstrual cycle, 
the dynamic changes in serum levels of estradiol and estrone 
were monitored in patients prior to and following treatment. 
As shown in Tables I and II, the serum levels of estradiol and 
estrone were comparable prior to treatment between the HIFU 
and radiation treatment groups. One month following treat-
ment, serum levels of estradiol and estrone were significantly 
decreased in the two groups; however, a more significant 
decline was observed in the HIFU treatment group (P<0.05). 
HIFU therapy reduced the levels of circulating estrogens 
to postmenopausal levels at 1 month, while this effect was 
achieved 3 months following radiotherapy. Taken together, 
these data suggest that HIFU therapy reduced the levels 
of circulating estrogens more rapidly than radiotherapy in 
premenopausal females with breast cancer following radical 
mastectomy.

Evaluation of the severity of menopausal symptoms. Following 
ovarian castration, the cyclical changes in ovarian hormones 
were lost. As a result, menopausal syndrome or postcastration 
syndrome may develop. Therefore, the severity of menopausal 
symptoms was evaluated using the Kupperman index in the 
two groups of patients. As shown in Table III, more patients 
developed severe menopausal symptoms in the HIFU therapy 
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group than in the radiotherapy group 1 month following treat-
ment. Three months following treatment, the distribution of 
patients with severe, moderate and mild menopausal symp-
toms was comparable between the two groups. 

Incidence of amenorrhea following treatment. Successful 
ovarian castration invariably results in the presence of amen-
orrhea. Therefore, the incidence of amenorrhea in patients 
subsequent to treatment by either HIFU or radiotherapy was 
evaluated. In the first menstrual cycle following treatment, 
the menstrual period occurred in five patients in the radiation 
group, but stopped in all patients in the HIFU therapy group. 
Following nine menstrual cycles, the incidence of amenorrhea 
was 100% in the two groups. Collectively, these data suggest 
that HIFU therapy resulted in the earlier presence of amenor-
rhea than radiotherapy in premenopausal females with breast 
cancer following radical mastectomy.

Adverse effects. A total of five patients developed skin blis-
tering following HIFU therapy, which recovered following 
conservative treatment. No severe complications, including 

intestinal perforation, hemorrhage, severe thermal injury or 
multiple organ dysfunction or failure, occurred in either group. 

Discussion

Previous studies have demonstrated that ovarian castration 
delays tumor recurrence, reduces metastasis and improves 
mortality in premenopausal patients with ER+/PR+ breast 
cancer following radical mastectomy (3). Oophorectomy and 
irradiation of the ovaries are two approaches commonly used 
for ovarian castration; however, they are either invasive or 
have a higher failure rate (6). HIFU is a potential method for 
the management of localized lesions and provides the only 
non-invasive means by which deep tissues may be targeted. It 
is not only applicable to benign lesions but also to a number 
of malignant lesions. With the advantage of minimal invasive-
ness, HIFU therapy has an appreciable clinical significance for 
ovarian castration in patients with breast cancer. The present 
study compared the efficacy of HIFU therapy versus radio-
therapy for ovarian castration in patients with ER+/PR+ breast 
cancer following radical mastectomy. It was demonstrated 

Table I. Serum levels of estradiol (pmmol/l) prior to and following treatment.

    Following treatment 
    -------------------------------------------------------------------------------------------------------------
Group Patients (n) Prior to treatment One month Three months One year

HIFU 44 235.6±36.4 127.1±28.4a 118.6±14.9a 100.6±23.1a

RT 44 233.5±45.3 191.4±37.1b 120.1±13.2a 95.7±12.5a

Data shown are expressed as mean ± SD. aP<0.01 vs. prior to treatment; bP<0.05 vs. prior to treatment. HIFU, high-intensity focused ultra-
sound; RT, radiotherapy.

Table II. Changes in serum levels of estradiol (pmmol/l) between prior to and following treatment.

    Following treatment 
    -------------------------------------------------------------------------------------------------------------
Group Patients (n) Prior to treatment One month Three months One year

HIFU 44 221.5±37.6 63.2±22.4a 54.3±10.4a 51.4±7.9a

RT 44 212.4±43.1 102.4±17.8b 59.8±15.3a 52.3±9.3a

Data shown are expressed as mean ± SD. aP<0.01 vs. prior to treatment; bP<0.05 vs. prior to treatment. HIFU, high-intensity focused ultra-
sound; RT, radiotherapy.

Table III. Evaluation of the severity of menopausal symptoms in patients after treatment.

  One month following treatment  Three months following treatment 
  ------------------------------------------------------------------------------- --------------------------------------------------------------------------------
Group Patients (n) Mild Moderate Severe Mild Moderate Severe

HIFU 44   6 11 27 3 16 25
RT 44 25a 15a   4a 5b 11b 28b

aP<0.01 vs. HIFU therapy; bP>0.05 vs. HIFU therapy. HIFU, high-intensity focused ultrasound; RT, radiotherapy.
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that HIFU therapy reduced the levels of circulating estrogens 
more rapidly and was associated with the earlier presence 
of more severe menopausal symptoms and amenorrhea than 
radiotherapy. 

In contrast to hyperthermia therapy, which heats tissues 
much less rapidly and to much lower therapeutic tempera-
tures, HIFU therapy permits the generation of extremely 
high temperatures (70-100˚C) that may be instantly focused 
on target tissues, rapidly destroying them, without damaging 
intervening tissue or cells (12). HIFU therapy destroys local 
tissues mainly through inducing coagulative necrosis. As 
coagulative necrosis is confined to the treated region, this 
technology achieves the precise ablation of diseased tissue. 
In addition, although HIFU treatment may severely damage 
small blood vessels with the cessation of blood flow, it has 
no significant impact on large blood vessels near the target 
tissue (13,14). Instead, HIFU is effective in producing hemo-
stasis (15-17). Therefore, HIFU is a safe method for tissue 
ablation. 

HIFU has been successfully applied in the management 
of a wide variety of benign and malignant solid lesions (9-11). 
Wang and Sun demonstrated that HIFU was effective in 
destroying tumor tissue, alleviating abdominal pain and 
enhancing cell-mediated immunity in patients with late-stage 
pancreatic carcinoma (18). Köhrmann et al demonstrated 
that thermal ablation of renal carcinomas was achieved by 
HIFU (19). Chan et al demonstrated that HIFU induced the 
necrosis of uterine fibroids (20).

In previous years, certain researchers have attempted to 
examine the use of HIFU as an alternative to certain surgeries 
for the ablation of specific tissues or organs. Roberts et al indi-
cated that HIFU is feasible for the ablation of the vas deferens 
in a canine model (21,22). Köhrmann et al revealed that HIFU 
induces clear necrosis in parenchymal tissue and has a use 
in the therapeutic non-invasive ablation of deep tissues (23). 
Persson et al demonstrated that it is possible to heat the nucleus 
pulposus of intervertebral discs by HIFU for the treatment of 
lower back pain (24). These findings suggest the feasibility of 
using HIFU to ablate tissues or organs precisely. 

The ovaries are extremely sensitive to radiation and the 
exposure of the ovaries to a radiation dose of DT 18 Gy or 
more results in irreversible infertility (25). Radiation progres-
sively induces apoptosis, tissue fibrosis and eventually organ 
atrophy. Previous studies have shown that the levels of circu-
lating steroid hormones began to decline 2 weeks following 
radiotherapy (25). The present study demonstrated that serum 
estradiol and estrone levels were decreased significantly 
1 month following radiotherapy and reached postmenopausal 
levels at 3 months. Unexpectedly, serum estradiol and estrone 
levels remained low at 1 year post-treatment. In contrast to 
radiotherapy, HIFU therapy induces massive necrosis of the 
target tissue and the levels of circulating steroid hormones 
often begin to decline several hours subsequent to therapy. 
Accordingly, it was observed that serum estradiol and estrone 
levels decreased to postmenopausal levels at 1 month following 
HIFU therapy. These data suggest that the effects of surgical 
castration are achieved by HIFU therapy.

An evaluation of the incidence of amenorrhea and the 
severity of menopausal symptoms also highlights the improved 
efficacy of HIFU therapy compared with ovarian radiotherapy 

for ovarian castration. The incidence of amenorrhea at 1 month 
following treatment was significantly higher in the HIFU 
therapy group than in the radiotherapy group. In addition, 
although the distribution of patients with severe, moderate and 
mild menopausal symptoms was comparable at 3 months in 
patients treated by HIFU and those by radiation, more patients 
developed severe menopausal symptoms in the HIFU therapy 
group 1 month following treatment. We speculate that these 
variations were due to an asynchronous decline in circulating 
hormones between the two groups of patients.

HIFU is a localized therapy and only treats lesions within 
a limited area. Normally, it cannot treat a condition that has 
spread throughout the body. When a disease is widespread, 
systemic therapies, including hormonal therapy must be applied. 
However, as the ovary is an endocrine organ, HIFU-mediated 
ovarian castration provides an effective systematic therapy 
for females with breast cancer. In addition, HIFU therapy 
induces coagulative necrosis in solid organs or lesions and it 
is difficult to identify necrotic tissue and evaluate therapeutic 
efficacy. Multi-point puncture biopsy is hard to perform and 
often causes further damage. As serum levels of estradiol and 
estrone reflect the changes in ovarian function sensitively, 
they may be used to evaluate the response to HIFU-mediated 
castration. This offers an extremely convenient method for 
optimal HIFU therapeutic parameters to be identified. Thus, 
the ovary may be a suitable target for HIFU therapy.

The adverse effects of HIFU therapy must also be consid-
ered. HIFU exposure may cause vessel spasm and hemorrhage 
when transient cavitation is present and this condition should 
be avoided during therapy (16). Moreover, skin toxicities are 
commonly associated adverse events. In the present study, no 
side effects were observed subsequent to HIFU therapy, with 
the exception of skin blisters. In addition, as the presence 
of menopausal symptoms occur earlier after HIFU therapy, 
appropriate management strategies should be adopted to over-
come this problem.

In conclusion, the present study demonstrates that HIFU 
therapy is superior to ovarian radiation for ovarian castra-
tion in premenopausal females with ER+/PR+ breast cancer 
following radical mastectomy in terms of its minimal inva-
siveness and faster efficacy. However, the earlier presence 
of menopausal symptoms following HIFU therapy stresses 
the necessity for appropriate management measures. Taken 
together, these results suggest that HIFU therapy provides a 
feasible non-surgical approach for ovarian castration.
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