Taylor & Francis
Taylor & Francis Group
International Journal of

Hyperthermia International Journal of Hyperthermia

ISSN: 0265-6736 (Print) 1464-5157 (Online) Journal homepage: informahealthcare.com/journals/ihyt20

Primary malignant tumours of the bony pelvis: US-
guided high intensity focused ultrasound ablation

Yang Wang, Wei Wang & Jie Tang

To cite this article: Yang Wang, Wei Wang & Jie Tang (2013) Primary malignant tumours of the
bony pelvis: US-guided high intensity focused ultrasound ablation, International Journal of
Hyperthermia, 29:7, 683-687, DOI: 10.3109/02656736.2013.840806

To link to this article: https://doi.org/10.3109/02656736.2013.840806

ﬁ Published online: 09 Oct 2013.

\J
EJ/ Submit your article to this journal &

||I| Article views: 396

A
h View related articles &'

@ Citing articles: 4 View citing articles (&

Full Terms & Conditions of access and use can be found at
https://informahealthcare.com/action/journalinformation?journalCode=ihyt20


https://informahealthcare.com/action/journalInformation?journalCode=ihyt20
https://informahealthcare.com/journals/ihyt20?src=pdf
https://informahealthcare.com/action/showCitFormats?doi=10.3109/02656736.2013.840806
https://doi.org/10.3109/02656736.2013.840806
https://informahealthcare.com/action/authorSubmission?journalCode=ihyt20&show=instructions&src=pdf
https://informahealthcare.com/action/authorSubmission?journalCode=ihyt20&show=instructions&src=pdf
https://informahealthcare.com/doi/mlt/10.3109/02656736.2013.840806?src=pdf
https://informahealthcare.com/doi/mlt/10.3109/02656736.2013.840806?src=pdf
https://informahealthcare.com/doi/citedby/10.3109/02656736.2013.840806?src=pdf
https://informahealthcare.com/doi/citedby/10.3109/02656736.2013.840806?src=pdf

http://informahealthcare.com/hth

International Journal Of ISSN: 0265-6736 (print), 1464-5157 (electronic)

Hyperthermia

Int J Hyperthermia, 2013; 29(7): 683-687

© 2013 Informa UK Ltd. DOI: 10.3109/02656736.2013.840806

informa

healthcare

REVIEW ARTICLE

Primary malignant tumours of the bony pelvis: US-guided high intensity

focused ultrasound ablation
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Abstract

Purpose: The aim of this review is to evaluate the value of ultrasound (US)-guided high
intensity focused ultrasound (HIFU) ablation in the treatment of primary malignant tumours of
the bony pelvis. Materials and methods: Eleven patients with primary malignant tumours of the
bony pelvis received US-guided HIFU ablation. The maximum tumour size ranged from 5.6 to
25.0cm (median 10.5cm). Treatment was curative in four patients and palliative in seven
patients. During follow-up, the effectiveness of HIFU ablation was assessed by contrast-
enhanced magnetic resonance (MR). Results: Significant coagulative necrosis was obtained in all
patients after scheduled HIFU ablations; the volume ablation ratio was 86.7% + 12.5% (range
65-100%). Complete tumour necrosis was achieved in all patients receiving curative HIFU
ablation. No major complications were encountered. No patients died of local tumour
progression during follow-up. Conclusions: US-guided HIFU ablation may be a safe and effective
minimally invasive technique for the local treatment of primary malignant tumours of the bony
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pelvis.

Introduction

Approximately 10-15% of all primary malignant bone
tumours are located in the pelvis, including a variety of
pathological types, such as osteosarcoma, chondrosarcoma,
giant cell tumour and Ewing’s sarcoma [1,2]. These tumours
are often large and present late. Because of the complexity of
pelvic anatomy and the extent of tumour growth, management
of primary malignant tumours of the bony pelvis remains one
of the greatest challenges in orthopaedic oncology [3].

Hemipelvectomy has been the accepted surgical treatment
of primary malignant tumours of the bony pelvis for many
years. However, it was associated with a significant percent-
age of complications and a devastating functional and
psychological outcome [1-6]. Local recurrence after surgery
was not rare, and further resection may be extremely difficult.
Therefore, a safe and effective minimally invasive treatment
would be valuable to control local tumour progression in
these tumours.

High intensity focused ultrasound (HIFU) ablation is a new
minimally invasive technique for the treatment of solid
tumours [7]. Under imaging guidance, coagulative necrosis
can be induced at depth in the focal area without damaging
the overlying tissue. In the past decade it has been success-
fully used for the treatment of a wide variety of tumours
[8-14], yielding effective local tumour control. However, to
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our knowledge, no study has focused on HIFU ablation of
malignant tumours originating from the bony pelvis. Thus, the
purpose of this study was to assess ultrasound (US)-guided
HIFU ablation in the treatment of primary malignant tumours
of the bony pelvis.

Materials and methods
Patients

From February 2002 to January 2011, eleven patients with
pathologically proven primary malignant tumours of the bony
pelvis were treated by US-guided HIFU ablation in our
department. The malignancy was established by previous
surgery and/or US-guided core-needle biopsy before treat-
ment. This study was approved by the ethics committee of our
hospital. All patients signed informed consent at enrolment.

Multidisciplinary discussions were held before treatment.
The tumours were considered unresectable in seven patients
and resectable in four patients by experienced surgeons. All
patients with resectable tumours refused surgery. HIFU was
chosen as the preferred method for local treatment of the bony
pelvic tumours by consensus. The inclusion criteria for HIFU
ablation were as follows: (1) the patient either refused to
undergo surgery or was not a candidate for surgery, (2) no other
standard forms of local treatment remained, (3) no critical
structures such as bowel were in the planned acoustic pathway.
The exclusion criteria were (1) invasion of tumour into the skin,
(2) extensive scar in the planned pathway of HIFU, (3)
thickened skin due to previous radiation therapy. Extensive
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scars and thickened .skip in' the planned pathway of HIFU was g § somoaxsesgess
considered a contraindication because they could absorb too g =1 - -
much energy during HIFU exposure which may result in severe -
skin burns. Neither metastasis nor chemotherapy was con- z
sidered an exclusion criterion. Patients with tumours suscep- %%
tible to chemotherapy received two to four cycles of E % E *i\ o= S S 2 *2 (*: % Q
neoadjuvant chemotherapy before HIFU ablation. S 2

There were five male patients and six female patients. £
The age of the patients ranged from 12 to 70 years (median ©
19 years). Of these, eight patients had tumours involving the £
ilium, one patient had a tumour involving the ischium, two Tg g -
patients had tumours involving both the ilium and ischium E, gE| o< calnlooad
(Table I). Five patients had received previous surgical 2 ;é “ 27 & Z
resection, eight patients had received chemotherapy before e 2
HIFU ablation. The maximum size of the tumour ranged from 2
56 to 25.0cm (median 10.5cm). Before treatment, all 2
patients had mild to moderate pain in the affected region, @S A = A — e —
necessitating oral analgesics in six patients. =3
A HIFU system (model JC; Chongqing Haifu Technology, E ; o} E‘ E E" o} E“ S E E" E o}
Chongqing, China) was used in this study. It has three major
parts: a therapeutic transducer located in a degassed water ?
tank, a 3.5-5.0MHz convex US imaging probe situated in %’ 2 o e 7 2 o e e
the centre of the therapeutic transducer, and a computer- g
controlled system for firing and controlling the movement of %

the therapeutic transducer. The therapeutic transducer had a
diameter of 20 cm and a focal length of 150 mm operating at
a frequency of 0.9 MHz. The focal region is 9.8 mm along the
beam axis and 1.3 mm in the transverse direction.

ZHZHHRZLZZ > Z

Previous
surgery

Patients were numbered in chronological order, according to the time of receiving HIFU ablation. *Denotes death during follow-up. N/A, not available. Ablation ratio, the volume of non-perfused region divided

5
=)
HIFU ablation procedures £
= £
HIFU ablation was performed under general anaesthesia by an g g
experienced physician (W.W.). Patients were carefully pos- %i; s 8
o . . . . S =
itioned — elther prone, supine, or on the §1de according to the g s é =5 5 =
tumour location — so that the skin overlying the tumour could < E E:Z2 s £ 2 E 4 £
. . . : | EBEZES5ESES
be easily placed in contact with the membrane enclosing the 55525325383
degassed water. When ablating the pelvic portion of the £ 258 F283E32
. — on -
tumour, degassed water balloons were placed on the skin to é E é = é § E é é é §
push the bowel away from the acoustic pathway. The locations Gaoc=omdolonm
of the tumour and surrounding tissue were identified on US, e
guided by previously obtained computerised tomography (CT g .
and magnetic resonance (MR) images. The targeted region ESlmxnanovnsang g
was divided into sections along the transverse axis of the E 5 =
. . . . =]
diseased bone by real-time US, with a 5-10mm separation g S
between the sections to ensure reliable coverage of the - E
planned ablation region. Four patients were treated with a 4 EE 5
curative aim; seven patients were treated with a palliative aim hz g = 5
. o e o = helso]
because of large tumour size or proximity to critical § § - S £ 5
structures. For curative treatment, both the tumour and 2 cm § Ts 3 g g g £ _ £ §
. . o« L. = = e = =
of adjacent normal tissue were ablated. For palliative 5 S ESE=EESSESE 2
treatment, the target region did not extend beyond the = | CE2CT T2 2C 5
- : g EREEEE5 2524
tumour margin. HIFU energy with a power output of =z i - [ s s -/ - | £
70-150 W was intermittently exposed. A power output of g v 3
70 W was used first, if no echogenic changes occurred on US, 5 2 § % § ,% .%, S ; % E § £ %’
the power output was gradually increased at an increment of g 2 == aa S
20 W until the echogenic changes occurred inside the tumour. — = 2
Each energy exposure lasted for 1-2 seconds separated by 2—3 = § %
seconds. The ablation was repeated section by section, from S =] IR =
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Figure 1. Transverse MR in a 19-year-old girl with Ewing’s sarcoma in the left ilium who received curative HIFU ablation. (A) The tumour margin
(arrow) was shown on T2-weighted MR before HIFU ablation. (B) The tumour (arrow) showed rich enhancement on T1-weighted contrast-enhanced
MR before HIFU ablation. (C) One month after HIFU ablation, the ablation area (arrow) enveloped the entire tumour, which showed no enhancement
on T1-weighted contrast-enhanced MR. (D) One year after HIFU ablation no enhancement was found in the ablation area (arrow) on T1-weighted

contrast-enhanced MR.

the deep to shallow regions until the planned target regions
were ablated. For large tumours, HIFU ablation was repeated
in several sessions to minimise collateral thermal damage to
the overlying tissue in the acoustic pathway.

Post-treatment follow-up

After HIFU ablation, patients were observed for 2-3h for
possible complications. They were discharged within 3 days
after treatment if no major complications were encountered.
After scheduled HIFU ablations, patients entered the follow-
up protocol which consisted of contrast-enhanced MR at 1, 3,
and 6 months and every 6—7 months thereafter. If recurrent
tumour was found or the residual tumour enlarged signifi-
cantly during follow-up, further HIFU ablation was planned if
the patient still met the inclusion criteria.

Results

US-guided HIFU ablation was performed uneventfully in all
patients. Each ablation session lasted for 1-4 h. Immediately
after treatment, the skin overlying the tumour became slightly
swollen in all patients; small blisters were seen in two patients
requiring no medication. Mild to moderate pain was encoun-
tered in all patients after treatment, requiring oral analgesics
in three patients. The pain settled within three days after
the treatment. During follow-up, the pain in the affected
region was significantly alleviated in all patients after
HIFU ablation; analgesic medication was discontinued in all
patients after scheduled HIFU ablation sessions. No major

complications such as severe skin burn, infection or nerve
damage were encountered in this study.

After HIFU treatment, a non-perfused ablation region with
clear margins was observed in all patients on contrast-
enhanced MR. The ablation region enveloped the entire
tumour in all patients receiving curative treatment (Figure 1).
In patients receiving palliative treatment, a significant part of
the tumour was successfully ablated after scheduled HIFU
ablations (Figure 2). The volume ablation ratio measured by
three-dimensional contrast-enhanced MR was 86.7 +12.5%
(range 65-100%) after scheduled HIFU ablations.

Patients with tumours sensitive to chemotherapy also
received three to four cycles of chemotherapy after treatment.
The patients were followed up until December 2012. In a
median follow-up of 22 months (range 11-154 months), seven
patients receiving palliative ablation died of metastatic
disease. Enlargement of residual tumour was observed in all
patients receiving palliative HIFU ablations 6-24 months
after study entry. Four patients who received palliative HIFU
treatment had additional HIFU ablations. The remaining four
patients receiving curative ablation are still alive. Local
recurrence was observed in one patient receiving curative
HIFU ablation, which was retreated by additional HIFU
ablation; no local recurrence was observed thereafter.

Discussion

Extensive en bloc tumour resections had been considered the
most important curative treatment for primary malignant
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Figure 2. Coronal MR in a 15-year-old boy with osteosarcoma in the left ilium who received palliative HIFU ablation. (A) T2-weighted MR of the
tumour (arrow) before HIFU ablation. (B) The tumour showed evident enhancement on T1-weighted contrast-enhanced MR before HIFU ablation.
(C) After one HIFU ablation session, the ablation area showed no enhancement (white arrow), the residual tumour (black arrow) still had enhancement.
(D) After the second HIFU ablation session, almost the entire tumour showed no enhancement (arrow).

tumours of the bony pelvis. However, surgery is highly
demanding because of the irregular and complex shape of the
bony pelvis, numerous muscle attachments, and the proximity
of major blood vessels, nerves and visceral organs [1-6]. The
surgery was associated with a high rate of morbidity and long
hospital stay. The quality of life was significantly impaired
even after limb-salvaging resections. Therefore, new tech-
niques need to be developed for the treatment of primary
malignant tumours of the bony pelvis.

As a minimally invasive technique, HIFU ablation requires
no incision or insertion of therapeutic applicators. It can induce
large-volume tumour necrosis without damaging the overlying
normal tissue. The treatment is repeatable if necessary. These
properties make HIFU ablation a good candidate for treating
solid tumours with high surgical risks [7-10].

Because ultrasound beams are strongly reflected and
attenuated by bone, it was initially believed that HIFU
could not penetrate bone and would not be suitable for
treating bone malignancy. However, as the bone cortex has a

high acoustic absorption and low thermal conductivity, it is
possible to use a relatively low level of HIFU energy to
achieve localised coagulative necrosis of bone malignancy
without damaging adjacent tissue [11-13].

In this study, HIFU ablation appeared to be safe and
effective for the treatment of primary malignant tumours of
the bony pelvis. Significant coagulative necrosis was obtained
after scheduled ablations in all patients. No major complica-
tions were encountered. Complete tumour necrosis was
achieved in four patients with a relatively small tumour
size, suggesting HIFU ablation may be a curative treatment in
selected patients. Significant tumour necrosis was obtained in
all patients with large inoperable tumours, the local tumour
progression could be effectively controlled by repeated HIFU
ablation, which suggested that HIFU ablation may be used as
a palliative limb-salvaging treatment for inoperable primary
malignant tumours of the bony pelvis. As HIFU ablation
could be repeated, it was advantageous for the treatment of
recurrent tumours.
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This study was limited by its retrospective nature, the
small number of subjects, and limited subtypes of tumours.
A cost-benefit analysis was not performed. Further prospect-
ive studies are warranted to enrol more patients with pelvic
tumours in different anatomical locations for better assess-
ment of the value of HIFU ablation in the treatment of
primary malignant tumour of the bony pelvis. Additional
studies to compare HIFU with other available techniques such
as limb-salvaging surgery would be important for rational
selection of treatment in individual patients.

Conclusion

In conclusion, US-guided HIFU ablation may be a safe and
effective minimally invasive technique for the local treatment
of primary malignant tumours of the bony pelvis.
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