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A B S T R A C T

Purpose: Multimodality treatment of soft tissue sarcoma(STS) by expert teams reportedly affords a tremendous
improvement in outcome of patients. Despite advances, treatment of local unresectable recurrence remains
difficult and is not standardized. We performed this retrospective study in order to assess the efficacy and safety
of high-intensity focused ultrasound (HIFU) ablation in treating STS patients with local unresectable recurrence.
Methods: Thirty-six STS patients with local unresectable recurrence from January 2015 to December 2016 were
recruited according to the inclusion criteria. Pain rating, response rate, disease control rate, local disease pro-
gression-free survival(LPFS), progression-free survival (PFS) and overall survival(OS) were used to evaluate
efficacy of HIFU treatment.
Results: HIFU resulted in a significant relief in pain rating, without severe side effects. According to magnetic
resonance imaging(MRI), three months after HIFU treatment, response rate was 47.3% and the local disease
control rate was 80.6%. Twelve months post HIFU treatment, response rate was 38.9% and the local disease
control rate was 55.6%. The median LPFS, PFS and OS time for 36 patients was 13 months, 10 months and 20
months respectively.
Conclusion: HIFU is a tolerated treatment modality with promising activity and safety in STS patients with local
unresectable recurrence.

1. Introduction

Soft-tissue sarcomas (STS) collectively account for approximately
1% of all adult malignancies and 15% of pediatric malignancies. In
2018, an estimated 13,040 people will be diagnosed with soft tissue
sarcoma in the United States, with approximately 5150 deaths [1,2]. In
patients with primary diagnosed STS, the therapy of choice involves
limb-sparing surgical resection with clear margins, usually followed by
radiation treatment to decrease local recurrence, with or without ad-
juvant chemotherapy [3]. Despite the improvement in combined
treatments, approximately 12–28% patients with soft tissue sarcoma
relapsed with local recurrence [4–8], and, once developed, local re-
currence usually suggests a poorer outcome, with a 2-year survival rate
ranging from 50% to 70% [9,10], especially for local unresectable re-
currence. A retrospective study involving 753 intermediate to high-

grade STS patients pointed out that local recurrence of STS was sig-
nificantly associated with increased morbidity, and was the single most
significant factor associated with decreased overall survival, in part
reflecting greater biological tumor aggressiveness [11].

Despite improvements, treatment for local recurrence remains quite
challenging today [1,9,12,13]. Surgery has been the mainstay therapy
for local recurrence. However, resection is sometimes difficult because
of the location and extension of the tumor. Even when it is possible, the
attainment of negative surgical margins may require extensive surgery
and could result in a loss of extremity function. Additionally, in cases of
recurrence with large tumor size or location adjacent to critical ana-
tomic structures, the surgical approach to attaining negative margins in
locally recurrent disease is associated with considerable morbidity [14].
Radiation therapy combined with surgical resection have replaced ex-
tensive surgical procedures in order to preserve functionality while
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maintaining adequate local control [15]. However, the possibility to
achieve satisfying control by external beam radiation therapy can be
limited in local unresectable recurrence of STS, especially in STS pa-
tients with radiation-resistant subtype or a previously radiation treat-
ment history. Available evidence, although underpowered, suggests
that doxorubicin/ifosfamide-based postoperative chemotherapy would
improve outcome in selected patients at high risk of recurrence [16].
Somehow, in STS patients with chemo-resistant subtype, once devel-
oped local unresectable recurrence, chemotherapy might have minimal
impact on survival of patients. Thus, development of novel techniques
for local control in STS patients with local unresectable recurrence is
highly desired.

High-intensity focused ultrasound (HIFU) is based on the fact that
ultrasound (US) beams can be focused and transmitted through solid
tissues within the body, resulting in some effects that can destroy and
coagulate in-depth tissue through thermal effects and cavitation. HIFU
coagulates target lesions through intake skin without surgical exposure
or insertion of instruments. HIFU techniques for solid tumors treatment
[17,18] have been reported as noninvasive and conforming with real-
time monitoring, including bone tumors [19,20] and synovial sarcoma
[20]. On the basis of these favorable results, we conducted the present
retrospective study to evaluate the safety and efficacy of HIFU therapy
in STS patients with local unresectable recurrence.

2. Materials and methods

2.1. Patient eligibility

From January 2015 to December 2016, 36 STS patients with local
unresectable recurrences were treated in our institution and their data
were collected and analyzed. Ethical approval for the study was pro-
vided by the independent ethics committee, Sixth people's Hospital,
Shanghai JiaoTong University. Informed and written consents were
obtained from all patients or their advisers according to ethics com-
mittee guidelines.

Inclusion and exclusion criteria were followed as listed below.
Inclusion criteria: (a) Recurrence of STS confirmed histologically; (b)
Patients with adequate hepatic/renal/bone marrow function, and an
Eastern Cooperative Oncology Group performance status (ECOG PS) of
0 or 1; (c)Refused to undergo surgery or not a candidate for surgery; (d)
Progression of local recurrence by RECIST 1.1 standard after two cycles
of chemotherapy with doxorubicin and ifosfamide; (e) Tumor not in-
volving the neurovascular bundles. Exclusion criteria: (a) Targeted
tumor located in the vertebral column; (b)local recurrences which ex-
tensively involved skin and/or subcutaneous tissue and patients with
excessively scarred, radiation damaged, severe skin lesions; (c) Patients
with distant metastasis since systemic treatment might affect evaluation
of local recurrence.

Each patient met with three orthopedists (at least 10 years clinical
experience) before deciding to undergo high-intensity focused ultra-
sound rather than other antitumor treatments. Radiologic examinations
including computed tomography (CT), magnetic resonance imaging
(MRI), and bone scintigraphy were performed to define margin of local
recurrence and existence of metastasis.

2.2. Procedures for HIFU treatment

HIFU was performed using HIFUINT-9000 system (Shanghai A&S
Sci-Tec Co., Ltd, Shanghai, China), which is a US-guided device [21].
Firstly, tumor location, size, and the morphological characteristics are
identified by CT or MRI; in the meantime, the influence of tumor on
adjacent organs and blood vessels is also evaluated. Next, the detecting
head of this system will complete the relocalization of the therapy area.
Finally, the ablation energy focus is controlled to move sequentially
along the three dimensional axis until the target lesion is totally cov-
ered. The main HIFU parameters of treatment in this study were the

following: intensity, 5–10 kW/cm2; therapy depth, 2–15 cm; practice-
focused sphere, 3× 3×8mm3; unit transmit time (t1): intermission
time (t2)= 1:2; and HIFU times at each lesion, 8–10 times. All of the
parameters can be varied depending on the depth of the tumor.

2.3. Response to treatment and adverse effects

The primary outcome of this single-center, respective study was
local disease progression-free survival(LPFS) and VAS(visual analogue
scale/score) change of patients. The secondary end points were 3- and
12-month local tumor response rate, progression-free survival(PFS) and
overall survival(OS). LPFS was defined as an interval from the start of
HIFU to relapse of local recurrence. Progression-free survival (PFS) was
defined as an interval from the start of HIFU to progression of the
disease or death from any cause. Overall survival was defined as the
period from the HIFU treatment to the last follow-up or death. Imaging
examinations were performed to evaluate the therapeutic effectiveness
of HIFU. Before HIFU and 3 months after HIFU, all patients underwent
contrast-enhanced magnetic resonance imaging (MRI) evaluate the
change of local tumor size. Then a routine CT scan or MRI was con-
ducted every three months to evaluate the efficacy. The response was
determined according to the Response Evaluation Criteria in Solid
Tumors (RECIST v1.1). VAS pain scores were also recorded and as-
sessed before HIFU ablation, and at 1 and 3 months post-HIFU treat-
ment. AEs were recorded, and the severity was graded in accordance
with the Common Terminology Criteria for Adverse Events, version
4.25.

2.4. Statistical analyses

Survival analysis of patients was conducted by the Kaplan–Meier
method. To obtain more detailed descriptions of the survival, stratified
analyses by the characteristics of cases were also performed.
Comparisons of VAS scores were carried out using a two-tailed Student's
t-test (MS Excel). All the data analyses were performed by Stata 19.0
software (Stata Corp LP, College Station, TX, USA). A P-value< 0.05
indicated statistical significance.

3. Results

3.1. Patient characteristics

In total, 36 patients were enrolled in this study, including 25 males
and 11 females, with a median age of 40 years (range: 8–67 years). The
median time to develop local recurrence was 12.46 months from the
date of first surgery (range: 4–25months). The median VAS prior to
HIFU was 6 (range: 0–9), while 83.3% of the cases had a VAS≥4.
Explicitly, the tumors pathological subtypes included lipoblastoma in 8
patients, undifferentiated pleomorphic sarcoma in 7, leimyosarcoma in
3, fibrosarcoma in 6, chondrosarcoma in 4, synovial sarcoma in 3, ag-
gressive fibromatosis in 2, and alveolar rhabdomyosarcoma, clear cell
sarcoma, PNET(primitive neurotodermal tumour) in 1 respectively. The
mean of maximum diameter of tumor before HIFU treatment was
11.31 cm (range 8–17 cm). The sites of local recurrences of 36 patients
were: 21 at lower limbs, 12 at pelvis and 3 at upper limbs. The median
follow-up for patients until January 2019 was 20.5 months (range: 7–34
months). Besides, at last follow-up, patients who were still alive all have
a follow-up time more than 2 years.

3.2. Safety of HIFU treatment

A total 196 sessions of HIFU was given while 24 patients underwent
5 sessions, 4 patients underwent 3 sessions, and the other 8 patients
underwent 8 sessions. A low-grade fever was observed in 12 patients
(37.7–38.2° celsius) after HIFU treatment and disappeared within 3
days. Regional body temperatures remained unchanged. Mental status
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and appetite remained normal throughout HIFU treatment. 21 patients
exhibited venous skin engorgement before HIFU treatment. After
treatment, 9 patients no longer exhibited these symptoms, 10 patients
improved, and 2 patients had no obvious change. Within one week,
swelling in therapy areas disappeared.

Twenty-one patients had first-degree burns while underwent HIFU
treatment. The discomfortable symptom faded without intervention
within two weeks. No scars observed one month after treatment in all
patients. For patients with recurrent tumor in limbs, three lacked
feeling in the affected limb during HIFU treatment, but the symptoms
were alleviated within one week after treatment.

3.3. Efficacy and survival

According to MRI or CT examination 3 months after HIFU treatment
(Fig. 1), the response rate for patients was: no CR(complete response),
17 (47.3%) had PR(partial response), 12 (33.3%) had SD(stable dis-
ease), and 7 (19.4%) had PD(progression disease). The response rate
(CR + PR) was 47.3% and the local disease control rate
(CR + PR + SD) was 80.6%. 12 months after HIFU treatment, the
response rate for patients was: no CR, 14 (38.9%) had PR, 6 (16.7%)
had SD, and 16 (44.4%) had PD. The response rate(CR + PR) was
38.9% and the local disease control rate(CR + PR + SD) was 55.6%.

The median LPFS, PFS and OS time for 36 patients was 13 months,
10 months and 20 months respectively(Fig. 2A–C). Additionally, among
27 patients who had disease progression, their first disease progression
were: 16 patients had distant metastasis prior to secondary relapse of
local recurrence, while 9 had distant metastasis after secondary relapse
of local recurrence and two had distant metastasis plus secondary re-
lapse of local disease simultaneously(Fig. 2D).

3.4. Pain relief

One-month post HIFU treatment, among 33 patients who suffered
from pain, pain was relieved in 25 patients (75.8%). Complete remis-
sion of pain (0 pain score and no need for opioid analgesics) was ob-
served in 9 patients (27.2%), a partial remission of pain (decrease in
pain score by 2 or more) was observed in 16 patients (48.4%), and no
improvement of pain was observed in 8 patients (24.2%). For VAS
score, one month after treatment, pain was significantly alleviated, on a
median rating was 2 (range: 0–5, P < 0.01). Pain relief was observed
in 94.1% (16 of 17) of patients who had an objective tumor response
and in 7 patients(58.3%, 7 of 12) who did not show an objective tumor

response. This pain alleviation maintained stable three months after
HIFU treatment, with a median rating was 3 (range: 0–6, P < 0.01,
Fig. 2E).

4. Discussion

Treatment of local unresectable recurrence of STS remains difficult
and is not standardized. Numerous predictors, such as patient age,
presentation status, tumor size, tumor depth, histologic grade, surgical
margins, and radiation, reportedly have a significant influence on the
cause-specific hazard of local recurrence [22]. Recurrences after ag-
gressive initial local treatment are likely to be more difficult to manage
because of the prior treatments given such as radiotherapy and che-
motherapy, and possibly also because recurrent tumor may possess
some inherent characteristics that can explain its recurrence and make
it more resistant to treatment [23]. This is the reason we set to de-
termine whether options of local treatment as HIFU could improve
outcome of STS patients suffered from local unresectable recurrence.

As a noninvasive treatment, HIFU does not require the insertion of
an applicator into a target tissue, and an extracorporeal source can be
used to treat large-volume tumors with real-time imaging guidance. As
reported by numerous studies, it could be applied in patients with ad-
vanced pancreatic carcinoma safely and effectively [24]. Our retro-
spective investigation demonstrated that.

HIFU therapy was active and well tolerated as an ideal option in STS
patients with local unresectable recurrence, with a response rate of
47.3% plus disease control rate of 80.6% 3 months post treatment, a
response rate of 38.9% plus disease control rate of 55.6% 12 months
post treatment, and a LPFS time of 13 months. Additionally, among 27
patients who had disease progression during follow-up, most of their
progression (59.2%, 16 patients) first manifests as distant metastasis
rather than local secondary relapse. Besides, there is a consensus that
cancer-related pain can negatively affect patient survival by directly
reducing the quality of life, impeding the administration of a full che-
motherapy dose, and/or causing a decline in the patient's overall health
[25]. Our study revealed that HIFU could give patients significant pain
relief and reduced VAS pain scores in STS patients with local un-
resectable recurrence, indicating that HIFU could be a potential clinical
approach in cancer pain control, one of the most feared consequences of
cancer.

The main complications of HIFU therapy in malignant bone tumor
included skin burns in the therapy area and local nerve injury. Other
potential complications included fracture of the tumor-affected bone,

Fig. 1. Two typical cases of HIFU treatment efficacy. A: 36-year-old man with local recurrence of chondrosarcoma in the upper left thigh. B. 51-year-old man with
local recurrence of undifferentiated pleomorphic sarcoma in the left pelvis.
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functional loss of nearby joints, and hemorrhagic infection of the tumor
[26,27]. In our investigation, we took safety parameters as superficial
burns/blisters, fractures associated with the treatment, pain after the
procedure, neurovascular dysfunction post-treatment, and any local or
systemic side effects into account. We observed all patients tolerated
HIFU treatment well and no severe complications during treatment,
which strongly suggest that HIFU is safe and efficacious modality for
the treatment of STS local recurrence.

Although suggested as a category 2B recommendation due to lim-
ited and conflicting data regarding the potential benefits [15], some-
times chemotherapy might be the only systemic treatment for STS pa-
tients who are symptomatic with distant metastasis. Meanwhile, since
STSs are frequently associated with angiogenesis and angiogenesis,
inhibitors such as pazopanib has been prescribed in some cases of stage
IV STS. Thus, we wonder that in STS patients with local unresectable
recurrence, whether HIFU could achieve a better outcome in local le-
sion, while combined with other standard treatment, like second-line
chemotherapy or target therapy? We noticed that among 36 patients,
survival analysis revealed that LPFS(13 months) was longer than PFS
(10 months), mainly due to most of disease progression first manifested
as distant metastasis rather than local secondary relapse. Thus, we
speculated this indicate the administration of systemic treatment after
HIFU treatment, like second-line chemotherapy or target therapy,
might further improve the outcome of STS patients with local un-
resectable recurrence? Indeed, it needs more evidence, especially data
from large-scale prospective study to confirm.

There were several limitations in our investigation study. First, our
results came from a single-center, non-blinded observation study, which
would not provide the highest quality evidence of clinical practice.
Second, our sample scale is relatively small(36 patients), and the
follow-up period is not long enough. Therefore, top-level designed trials
with a larger sample size are needed. Nevertheless, our investigation
has provided a reliable clinical evidence for the new direction of HIFU
treatment in STS patients with local unresectable recurrence due to its
promising activity and safety.

5. Conclusion

HIFU is a tolerated treatment modality with promising activity and
safety in STS patients with local unresectable recurrence.

Conflicts of interest

The authors declare that there are no conflicts of interest.

Role of the funding source

This study was supported by National Natural Science Foundation of
China (grant No. 81502325 and 81672658), National Key Research
Project of Science and Technology Ministry (grant No.
2016YFC0106204).

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.suronc.2019.06.004.

References

[1] R.L. Siegel, K.D. Miller, A. Jemal, Cancer statistics, CA Cancer J Clin. 68 (2018)
7–30 2018.

[2] K.E. Haglund, C.P. Raut, A.F. Nascimento, et al., Recurrence patterns and survival
for patients with intermediate- and high-grade myxofibrosarcoma, Int. J. Radiat.
Oncol. Biol. Phys. 82 (1) (2012) 361–367.

[3] A.M. Crago, M.F. Brennan, Principles in management of soft tissue sarcoma, Adv.
Surg. 49 (2015) 107–122.

[4] J.M. Coindre, P. Terrier, N.B. Bui, et al., Prognostic factors in adult patients with
locally controlled soft tissue sarcoma. A study of 546 patients from the french
federation of cancer centers sarcoma group, J. Clin. Oncol. 14 (1996) 869–877.

[5] F.C. Eilber, G. Rosen, S.D. Nelson, et al., High-grade extremity soft tissue sarcomas:
factors predictive of local recurrence and its effect on morbidity and mortality, Ann.
Surg. 237 (2003) 218–226.

[6] A. Gronchi, P.G. Casali, L. Mariani, et al., Status of surgical margins and prognosis
in adult soft tissue sarcomas of the extremities: a series of patients treated at a single
institution, J. Clin. Oncol. 23 (2005) 96–104.

Fig. 2. Efficacy of HIFU treatment in STS patients: A: Local disease progression-free survival curve for 36 patients. B:Progression-free survival curve for 36
patients. C: Overall survival curve for 36 patients. D: Patterns of secondary relapse after HIFU treatment; E:Pain relief of HIFU on patients.

W. Yu, et al. Surgical Oncology 30 (2019) 117–121

120

https://doi.org/10.1016/j.suronc.2019.06.004
https://doi.org/10.1016/j.suronc.2019.06.004
http://refhub.elsevier.com/S0960-7404(19)30091-X/sref1
http://refhub.elsevier.com/S0960-7404(19)30091-X/sref1
http://refhub.elsevier.com/S0960-7404(19)30091-X/sref2
http://refhub.elsevier.com/S0960-7404(19)30091-X/sref2
http://refhub.elsevier.com/S0960-7404(19)30091-X/sref2
http://refhub.elsevier.com/S0960-7404(19)30091-X/sref3
http://refhub.elsevier.com/S0960-7404(19)30091-X/sref3
http://refhub.elsevier.com/S0960-7404(19)30091-X/sref4
http://refhub.elsevier.com/S0960-7404(19)30091-X/sref4
http://refhub.elsevier.com/S0960-7404(19)30091-X/sref4
http://refhub.elsevier.com/S0960-7404(19)30091-X/sref5
http://refhub.elsevier.com/S0960-7404(19)30091-X/sref5
http://refhub.elsevier.com/S0960-7404(19)30091-X/sref5
http://refhub.elsevier.com/S0960-7404(19)30091-X/sref6
http://refhub.elsevier.com/S0960-7404(19)30091-X/sref6
http://refhub.elsevier.com/S0960-7404(19)30091-X/sref6


[7] J. Weitz, C.R. Antonescu, M.F. Brennan, Localized extremity soft tissue sarcoma:
improved knowledge with unchanged survival over time, J. Clin. Oncol. 21 (2003)
2719–2725.

[8] G.K. Zagars, M.T. Ballo, P.W. Pisters, et al., Prognostic factors for patients with
localized soft-tissue sarcoma treated with conservation surgery and radiation
therapy: an analysis of 1225 patients, Cancer 97 (2003) 2530–2543.

[9] S. Abatzoglou, R.E. Turcotte, A. Adoubali, et al., Local recurrence after initial
multidisciplinary management of soft tissue sarcoma: is there a way out? Clin.
Orthop. Relat. Res. 468 (11) (2010) 3012–3018.

[10] A. Gronchi, S. Lo Vullo, C. Colombo, et al., Extremity soft tissue sarcoma in a series
of patients treated at a single institution: local control directly impacts survival,
Ann. Surg. 251 (3) (2010) 506–511.

[11] A. Sabolch, M. Feng, K. Griffith, et al., Risk factors for local recurrence and me-
tastasis in soft tissue sarcomas of the extremity, Am. J. Clin. Oncol. 35 (2) (2012)
151–157.

[12] G. Eloy, C. Daveau, S. Kreps, et al., Higher complications after previous external
beam radiation for extremity soft-tissue sarcoma in the surgical treatment of a local
recurrence: a comparative retrospective study of one hundred and three patients,
Int. Orthop. (2018), https://doi.org/10.1007/s00264-018-4064-y [Epub ahead of
print].

[13] C. Honoré, M. Faron, O. Mir, et al., Management of locoregional recurrence after
radical resection of a primary nonmetastatic retroperitoneal soft tissue sarcoma: the
Gustave Roussy experience, J. Surg. Oncol. (2018), https://doi.org/10.1002/jso.
25291 [Epub ahead of print].

[14] A. Daigeler, I. Zmarsly, T. Hirsch, et al., Long-term outcome after local recurrence of
soft tissue sarcoma: a retrospective analysis of factors predictive of survival in 135
patients with locally recurrent soft tissue sarcoma, Br. J. Canc. 110 (6) (2014)
1456–1464.

[15] M. von Mehren, R.L. Randall, R.S. Benjamin, et al., Soft tissue sarcoma, version
2.2018, NCCN clinical practice guidelines in oncology, J. Natl. Compr. Cancer

Netw. 16 (5) (2018) 536–563.
[16] R.B. Sequeiros, K. Joronen, G. Komar, et al., High intensity focused ultrasound

(HIFU) in tumor therapy, Duodecim 133 (2) (2017) 143–149.
[17] S. Dababou, C. Marrocchio, R. Scipione, et al., High-intensity focused ultrasound for

pain management in patients with cancer, Radiographics 38 (2) (2018) 603–623.
[18] V.A. Singh, S.U. Shah, N.F. Yasin, et al., Magnetic resonance guided focused ul-

trasound for treatment of bone tumors, J. Orthop. Surg. 25 (2) (2017)
2309499017716256.

[19] D. Harding, S.L. Giles, M.R.D. Brown, et al., Evaluation of quality of life outcomes
following palliative treatment of bone metastases with magnetic resonance-guided
high intensity focused ultrasound: an international multicentre study, Clin. Oncol.
30 (4) (2018) 233–242.

[20] X. Hu, H. Cai, M. Zhou, et al., New clinical application of high-intensity focused
ultrasound: local control of synovial sarcoma, World J. Surg. Oncol. 11 (2013) 265.

[21] Y. Ji, Y. Zhang, J. Zhu, et al., Response of patients with locally advanced pancreatic
adenocarcinoma to high-intensity focused ultrasound treatment: a single-center,
prospective, case series in China, Cancer Manag. Res. 10 (2018) 4439–4446.

[22] D.J. Biau, P.C. Ferguson, P. Chung, et al., Local recurrence of localized soft tissue
sarcoma: a new look at old predictors, Cancer 118 (23) (2012) 5867–5877.

[23] A. Gronchi, R. Miceli, M. Fiore, et al., Extremity soft tissue sarcoma: adding to the
prognostic meaning of local failure, Ann. Surg. Oncol. 14 (2007) 1583–1590.

[24] E. Maloney, J.H. Hwang, E merging HIFU applications in cancer therapy, Int. J.
Hyperth. 31 (3) (2015) 302–309.

[25] R.K. Portenoy, Treatment of cancer pain, Lancet 377 (9784) (2011) 2236–2247.
[26] W. Chen, H. Zhu, L. Zhang, et al., Primary bone malignancy: effective treatment

with high intensity focused ultrasound ablation, Radiology 255 (3) (2010)
967–978.

[27] C. Li, W. Zhang, W. Fan, et al., Noninvasive treatment of malignant bone tumors
using high intensity focused ultrasound, Cancer 116 (16) (2010) 3934–3942.

W. Yu, et al. Surgical Oncology 30 (2019) 117–121

121

http://refhub.elsevier.com/S0960-7404(19)30091-X/sref7
http://refhub.elsevier.com/S0960-7404(19)30091-X/sref7
http://refhub.elsevier.com/S0960-7404(19)30091-X/sref7
http://refhub.elsevier.com/S0960-7404(19)30091-X/sref8
http://refhub.elsevier.com/S0960-7404(19)30091-X/sref8
http://refhub.elsevier.com/S0960-7404(19)30091-X/sref8
http://refhub.elsevier.com/S0960-7404(19)30091-X/sref9
http://refhub.elsevier.com/S0960-7404(19)30091-X/sref9
http://refhub.elsevier.com/S0960-7404(19)30091-X/sref9
http://refhub.elsevier.com/S0960-7404(19)30091-X/sref10
http://refhub.elsevier.com/S0960-7404(19)30091-X/sref10
http://refhub.elsevier.com/S0960-7404(19)30091-X/sref10
http://refhub.elsevier.com/S0960-7404(19)30091-X/sref11
http://refhub.elsevier.com/S0960-7404(19)30091-X/sref11
http://refhub.elsevier.com/S0960-7404(19)30091-X/sref11
https://doi.org/10.1007/s00264-018-4064-y
https://doi.org/10.1007/s00264-018-4064-y
https://doi.org/10.1002/jso.25291
https://doi.org/10.1002/jso.25291
http://refhub.elsevier.com/S0960-7404(19)30091-X/sref14
http://refhub.elsevier.com/S0960-7404(19)30091-X/sref14
http://refhub.elsevier.com/S0960-7404(19)30091-X/sref14
http://refhub.elsevier.com/S0960-7404(19)30091-X/sref14
http://refhub.elsevier.com/S0960-7404(19)30091-X/sref15
http://refhub.elsevier.com/S0960-7404(19)30091-X/sref15
http://refhub.elsevier.com/S0960-7404(19)30091-X/sref15
http://refhub.elsevier.com/S0960-7404(19)30091-X/sref16
http://refhub.elsevier.com/S0960-7404(19)30091-X/sref16
http://refhub.elsevier.com/S0960-7404(19)30091-X/sref17
http://refhub.elsevier.com/S0960-7404(19)30091-X/sref17
http://refhub.elsevier.com/S0960-7404(19)30091-X/sref18
http://refhub.elsevier.com/S0960-7404(19)30091-X/sref18
http://refhub.elsevier.com/S0960-7404(19)30091-X/sref18
http://refhub.elsevier.com/S0960-7404(19)30091-X/sref19
http://refhub.elsevier.com/S0960-7404(19)30091-X/sref19
http://refhub.elsevier.com/S0960-7404(19)30091-X/sref19
http://refhub.elsevier.com/S0960-7404(19)30091-X/sref19
http://refhub.elsevier.com/S0960-7404(19)30091-X/sref20
http://refhub.elsevier.com/S0960-7404(19)30091-X/sref20
http://refhub.elsevier.com/S0960-7404(19)30091-X/sref21
http://refhub.elsevier.com/S0960-7404(19)30091-X/sref21
http://refhub.elsevier.com/S0960-7404(19)30091-X/sref21
http://refhub.elsevier.com/S0960-7404(19)30091-X/sref22
http://refhub.elsevier.com/S0960-7404(19)30091-X/sref22
http://refhub.elsevier.com/S0960-7404(19)30091-X/sref23
http://refhub.elsevier.com/S0960-7404(19)30091-X/sref23
http://refhub.elsevier.com/S0960-7404(19)30091-X/sref24
http://refhub.elsevier.com/S0960-7404(19)30091-X/sref24
http://refhub.elsevier.com/S0960-7404(19)30091-X/sref25
http://refhub.elsevier.com/S0960-7404(19)30091-X/sref26
http://refhub.elsevier.com/S0960-7404(19)30091-X/sref26
http://refhub.elsevier.com/S0960-7404(19)30091-X/sref26
http://refhub.elsevier.com/S0960-7404(19)30091-X/sref27
http://refhub.elsevier.com/S0960-7404(19)30091-X/sref27

	Significance of HIFU in local unresectable recurrence of soft tissue sarcoma, a single-center, respective, case series in China
	Introduction
	Materials and methods
	Patient eligibility
	Procedures for HIFU treatment
	Response to treatment and adverse effects
	Statistical analyses

	Results
	Patient characteristics
	Safety of HIFU treatment
	Efficacy and survival
	Pain relief

	Discussion
	Conclusion
	Conflicts of interest
	Role of the funding source
	Supplementary data
	References




