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High-intensity focused ultrasound plus
concomitant radiotherapy: a new weapon
in oncology?
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Abstract

The potential impact of high-intensity focused ultrasound (HIFU) to general medicine and oncology seems very
high. However, while in the research area, the development of this technique is very rapid and unchallenged. The
direct application of HIFU to human tumour therapy is hampered by various technical difficulties, which may
confine its role to a marginal device in the surgery armamentarium. To deploy the full potential of focused
ultrasound in oncology, it seems necessary to review the basic relationship between HIFU and external beam
radiotherapy. This is the aim of the present work.
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Introduction
Let us introduce a future scenario, involving the integra-
tion of external beam radiotherapy (EBRT) and high-
intensity focused ultrasound (HIFU), with a case history
taken from our collection of bone metastasis treatments
using magnetic resonance-guided high-intensity focused
ultrasound (MRgFUS) [1].
The patient (female, 55 years old, with pelvic metasta-

ses from rectal adenocarcinoma) spent more than 3 h in
the MRI machine undergoing MRgFUS treatment by the
medical team with an Exablate 2100 (InSightec, Tirat
Carmel, Israel [2]) for the pain palliation of a fairly large
pelvic bone metastasis. At that point, there was no rea-
son to continue: the periosteal innervation, the probable
cause of the pain [3,4], had been ablated as well as a
large part of the cancerous metastatic tissue. However,
the whole metastatic tissue was not destroyed for several
reasons: the patient could not endure an even longer
stay in the magnet, a part of the potentially cancerous
tissue was ‘shadowed’ by a compact bone structure, an-
other (smaller) part was very near to the rectum, and
there was no other viable beam direction which would
have allowed the ablation to continue. Sometime after
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the treatment, the patient experienced an extraordinary
improvement in his quality of life: the pain almost com-
pletely disappeared. The pain interference scale score [5]
decreased from 6 to 0.6 and the VAS score [6] from 9 to 3.
The patient was no longer bed-bound, and the amount of
opiates prescribed was significantly reduced. Three
months later, by comparing the new fluorodeoxyglucose
(FDG)-PET/CT examination with that done before the
MRgFUS treatment, the images left no doubts. The ab-
lated region did not show any FDG uptake, but where we
were not able to ablate, a considerable, non-painful,
tumour proliferation was evident. At that point, it was
clear to anyone that the best treatment would have been
HIFU plus concurrent radiotherapy.
It can be added that according to current protocols,

HIFU is only employed for palliative treatment of bone
metastases (pain reduction), when the disease has be-
come systemic. In several cases, complete success (pain
palliation and total metastasis ablation) has been
obtained [7]. However, in the above case history, would
there have been a realistic chance for EBRT to have been
effective? Even if the management of bone metastases
requires a multidisciplinary approach [8], the answer is
that local EBRT is probably the treatment of choice for
localised bone pain [9-11]. There is a large body of pub-
lished reports that confirms the efficacy of this
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treatment, in particular using the new highly conformal
treatments. Overall, 70–80% of patients will respond,
and up to one third will achieve a complete response
[12]. The HIFU challenge is to do even better, and there
is increasing evidence in this direction [13-16]. This par-
ticular patient was first proposed for EBRT, but he pre-
ferred HIFU. Therefore, in locations where HIFU was
impossible to administer, EBRT would have been the
best choice. Another way could have been to employ
one of the minimally invasive techniques (like alcohol
injection or LASER, or radio-frequency/microwave abla-
tion or cryotherapy). These techniques are a very im-
portant resource in the management of bone metastases
[9]. In this particular case, due to the lesion dimensions
and the presence of bone and sensitive structures
(rectum, nerves), the above techniques would encounter
severe difficulties in the ablation of the whole of the can-
cerous tissue. EBRT, which can easily penetrate the thick
bone structure, can reach and, hopefully, sterilize each
part of the lesion and even guarantee a safety margin
around the tumour.

HIFU, hyperthermia and radiotherapy
In our opinion, there is no scientific rationale for trials
comparing the palliative effect of MRgFUS versus EBRT
in bone metastasis treatment. In fact, the practicalities of
implementation and the physical and biological mecha-
nisms are totally different. Provided that HIFU can be ad-
ministered (given constraints such as nerves, bowel and
non-targeted bone in the beam path [17]), it directly de-
stroys the periosteal innervation, the probable cause of the
pain [3,4], thereby resulting in a remarkable and enduring
pain reduction [13-16]. On the other hand, in some cases
it cannot eradicate the whole cancerous tissue. Radiation
has fewer constraints and acts by reducing (or eliminating)
the proliferative effect of the tumour. Pain reduction may
result from lowering the pressure of the tumour on the
nerves of endosteum or on nerve roots inside the lesion
[3]. In addition, EBRT can treat larger targets though it
may be less effective in pain palliation. In fact, less than
30% of the patients experience complete pain relief [12],
and also this is frequently temporary with recurrence of
pain in 57% of patients at 15 weeks (median value) after
completion of the treatment [18]. Being highly comple-
mentary, the combination of EBRT and HIFU could, in
many cases, provide the patient with the best possible
treatment. The same may be true for tumours other than
bone metastases.

A key question arises: what is the optimal way to use
HIFU plus EBRT and what is the best timing for
combining them?
Photon EBRT has more than a hundred years of history,
and consequently, a great deal is known about it. One
point seems to be clear: when the tumour has become
quite large, the central part is somewhat compressed by
angiogenesis, has a poorer blood supply and tends to be-
come hypoxic. In these conditions, ionizing radiation
loses much of its destructive capability, which relies on a
good oxygen supply [19]. That seems exactly the perfect
target for HIFU, whose effect is not significantly
dependent on the oxygen supply. On the other hand, the
peripheral regions of the tumour, where the oxygen sup-
ply is good but also cell proliferation is high, are
certainly a better target for radiation, and a good
sterilization of quite large volumes may be possible in a
reasonable time. The precise localization of the hypoxic
region inside the tumour, recently obtained with contrast
MR, opens the door to personalized treatments [20].
Also, the optimal timing seems to have a quite simple
rationale: when we treat with HIFU, a lot of heat is pro-
duced and diffuses from the focus toward external tissue
regions, while the temperature progressively decreases.
It is well known that mild hyperthermia (HT) increases
the blood supply which can make ionizing radiation
more effective. A nice example comes from the treat-
ment of primary, locally advanced, cervix cancer,
where the beneficial effect of adding HT to EBRT
(thermoradiotherapy) has been confirmed in a large popu-
lation (378 cases) [21]. Of course, the positive effect of HT
does not stop immediately when the heated tissues return
to the normal body temperature. The effect may last
sometime, depending on several conditions, and this could
explain the good results obtained from combining HIFU
with EBRT, even at intervals of several hours [22]. How-
ever, if we could choose the optimal timing, we would say:
‘EBRT immediately after HIFU’ [23,24]. In this way, the
heat produced by HIFU, in a time of just a few minutes,
would become a powerful enhancer for the concomitant
EBRT. The same heat could also be of fundamental im-
portance if we consider the possibility of heat (mild HT)-
mediated drug delivery [25]. A more complex recent
experiment [26] involved (1) pulsed ultrasound (pFUS),
(2) EBRT, (3) an antitumor drug (Docetaxel) and combi-
nations (1) + (3), (2) + (3) and (1) + (2) + (3) on mice bear-
ing prostate tumours. Quite reasonably, the combination
of all the three weapons gave the best tumour control.
Quite inexplicably, (1) + (2) was not tested. However, con-
sidering here mainly HIFU and EBRT, this strategy would
allow also a great sparing of time and of radiation dose. A
lower radiation level means, in turn, a potentially signifi-
cant reduction of sequelae, as reported in a recent paper
[27]. Of course the scenario described above would require
a great deal of fundamental and experimental research. To
find, for each tumour type, the best combination of HIFU
and EBRT will be as fascinating as that of drug delivery
(and it may be possible to do it in the same environ-
ment). However, by working with cells or small animals,
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a sufficient degree of understanding of the HIFU +
EBRT phenomenon could be eventually gained without
new devices and great financial investment. For larger
animals and for humans, however, the problem will be
substantially different. The current designs of ‘total
body’ HIFU systems (both with US and MR guidance),
with an unsealed transducer positioned under the pa-
tient couch, requiring a considerable adaptation of the
patient to the machine, seem more ‘proof of concept’
than mature systems, specifically oriented to intensive
patient cure.

A new weapon
A new generation of total body HIFU systems may rely, in
our opinion, on a sealed phased array transducer, robotic-
ally moved in different (anterior and posterior) regions of
the patient (or, eventually, on multiple transducers). A first
example of this kind is the flat, 1024 piezoelectric element,
phased array transducer named ‘Conformal Bone System’
developed by Insightec [2] for treating bone metastasis.
This ‘Work in Progress’ probe includes a built-in skin
cooling system, based on a water bag and a water-
permeable membrane, providing the acoustic coupling.
The probe is held manually by the clinician and positioned
in different body regions without moving the patient on
the couch. Chinese scientists are also producing sealed
multi-element transducers that can be coupled to the pa-
tient with a water-filled bladder [22]. In the last years,
MR-compatible robots have been developed for MR-
guided surgery [28] and have been modified to move an
HIFU transducer within the MR bore [29,30]. Following
this line of thought, we could have not just better clinical
HIFU systems, but also systems whose integration in an
EBRT environment would be less problematic. A giant
step in the integration of systems that appeared to be in-
compatible was taken by Elekta (Stockholm, Sweden) [31]
with the project of a short 6-MV linear accelerator (linac),
rotating around a modified MR magnet. This environment
would be ideal for integrating also a robotically controlled
HIFU transducer. However, also conventional linacs could
be provided with robotically managed HIFU systems,
using for imaging and temperature control an appropriate
echographic system (eventually integrated in the same
probe). The great progress in this latter field may make
MR guidance non-essential [32-35]. Up to this point, we
have focused on body applications, but we cannot forget
the problem of brain pathology. To the best of the au-
thors' knowledge, the only HIFU equipment currently
available is a dedicated helmet in an MR-guided environ-
ment [36,37]. These kinds of systems are opening up new
avenues in direct tumour ablation [38] or in localized
small-area brain ablation for debilitating pathologies [39].
They are also giving rise to great hopes for localized drug
delivery via brain–blood barrier reversible openings [40].
This kind of environment could make direct integration
with EBRT difficult, even if, in principle, the patient could
be moved on the same table between the HIFU helmet
and the EBRT area within the modified MR system we
mentioned above [31]. However, robotically guided short
linacs are currently used for radiosurgical therapy in the
brain [41]. However, even with these highly sophisticated
approaches, treatment sequelae are non-negligible [42].
To enhance the treatment efficacy and lower the risks, this
robotic environment could be improved by including add-
itional arms, carrying the HIFU transducer and, eventu-
ally, an echographic probe. Summarizing, hyperthermia,
eventually generated by ablation, is a potent enhancer of
EBRT. What is lacking is a single integrated system for
concomitant EBRT and HIFU for both the human brain
and body.

Conclusions
The technical and economic difficulties of developing
such a device should not be underestimated. On the
other hand, we could have a potent new weapon against
cancer (and, thanks to drug delivery, also against many
degenerative diseases) integrating, in real time, target
and temperature imaging, radiation sterilization, hyper-
thermia, ablation and drug delivery. In all probability,
this device would be a lot less expensive and, for many
cancer localization, a great deal more effective than ex-
pensive and, therefore, practically inaccessible proton or
heavy ion radiotherapy.

Abbreviations
EBRT: External beam radiotherapy; FDG: Fluorodeoxyglucose; HIFU: High-
Intensity Focused Ultrasound; HT: Hyperthermia; MRgFUS: Magnetic
resonance-guided focused ultrasound.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
GB studied the concept and design. GR, GC and AS gave basic contributions
to the HIFU physics. FA is clinically responsible for the radiotherapy
treatments. AN gave fundamental contributions to the radiotherapy and
radiobiology theoretical foundations. CM performed the clinical
interpretation of the nuclear medicine images. MCG supervised the study. All
authors read and approved the final manuscript.

Acknowledgments
We are grateful to the referees for their insightful remarks.

Author details
1University of Milano-Bicocca, Milan 20126, Italy. 2IBFM CNR-LATO, Cefalù,
Palermo 90015, Italy. 3Istituto Clinico Humanitas, Milan 20089, Italy.
4Clatterbridge Cancer Centre, Bebington CH63 4JY, UK. 5IBFM-CNR, Segrate
Milan20090, Italy.

Received: 6 December 2012 Accepted: 14 February 2013
Published: 1 May 2013

References
1. Alongi F, Russo G, Spinelli A, Borasi G, Scorsetti M, Gilardi MC, Messa C. Can

magnetic resonance image-guided focused ultrasound surgery replace
local oncology treatments? A review. Tumori. 2011; 97:259–64.



Borasi et al. Journal of Therapeutic Ultrasound 2013, 1:6 Page 4 of 4
http://www.jtultrasound.com/content/1/1/6
2. InSightec Ltd. Israel. Tirat Carmel. http://www.insightec.com/. Accessed 14
Dec 2012.

3. Mercadante S, Fulfaro F. Management of painful bone metastases. Curr
Opin Oncol. 2007; 19:308–14.

4. Ripamonti C, Fulfaro F. Malignant bone pain: pathophysiology and
treatments. Curr Rev Pain. 2000; 4:187–96.

5. Cleeland CS, Ryan KM. Pain assessment: global use of the Brief Pain
Inventory. Ann Acad Med Singapore. 1994; 23:129–38.

6. Chow E, Wu JS, Hoskin P, Coia LR, Bentzen SM, Blitzer PH. International
consensus on palliative radiotherapy endpoints for future clinical trials in
bone metastases. Radiother Oncol. 2002; 64:275–80.

7. Candiano G, Russo G, Stefano A, Marino L, Ganguzza F, Vaccari A, Tripoli V,
Galluzzo A, Pulizzi S, Messana D, Borasi G, Messa C, Gilardi MC. Metabolic
changes after MRgFUS treatment of a bone metastasis using PET/CT: a case
report. Heidelberg, Germany: 12th International Symposium on Therapeutics
Ultrasound; 2012: p. 132.

8. Yu HH, Tsai YY, Hoffe SE. Overview of diagnosis and management of
metastatic disease to bone. Cancer Control. 2012; 19:84–91.

9. Choi J, Raghavan M. Diagnostic imaging and image-guided therapy of
skeletal metastases. Cancer Control. 2012; 19:102–12.

10. Kurup AN, Callstrom MR. Ablation of skeletal metastases: current status.
J Vasc Interv Radiol. 2010; 21:S242–50.

11. Lutz S, Berk L, Chang E, Chow E, Hahn C, Hoskin P, Howell D, Konski A,
Kachnic L, Lo S, Sahgal A, Silverman L, Von GC, Mendel E, Vassil A, Bruner
DW, Hartsell W. Palliative radiotherapy for bone metastases: an ASTRO
evidence-based guideline. Int J Radiat Oncol Biol Phys. 2011; 79:965–76.

12. Agarawal JP, Swangsilpa T, van der Linden Y, Rades D, Jeremic B, Hoskin PJ.
The role of external beam radiotherapy in the management of bone
metastases. Clin Oncol (R Coll Radiol). 2006; 18:747–60.

13. Catane R, Beck A, Inbar Y, Rabin T, Shabshin N, Hengst S, Pfeffer RM,
Hanannel A, Dogadkin O, Liberman B, Kopelman D. MR-guided focused
ultrasound surgery (MRgFUS) for the palliation of pain in patients with
bone metastases–preliminary clinical experience. Ann Oncol. 2007;
18:163–7.

14. Gianfelice D, Gupta C, Kucharczyk W, Bret P, Havill D, Clemons M. Palliative
treatment of painful bone metastases with MR imaging–guided focused
ultrasound. Radiology. 2008; 249:355–63.

15. Kopelman D, Inbar Y, Hanannel A, Pfeffer RM, Dogadkin O, Freundlich D,
Liberman B, Catane R. Magnetic resonance guided focused ultrasound
surgery. Ablation of soft tissue at bone-muscle interface in a porcine
model. Eur J Clin Invest. 2008; 38:268–75.

16. Liberman B, Gianfelice D, Inbar Y, Beck A, Rabin T, Shabshin N, Chander G,
Hengst S, Pfeffer R, Chechick A, Hanannel A, Dogadkin O, Catane R. Pain
palliation in patients with bone metastases using MR-guided focused
ultrasound surgery: a multicenter study. Ann Surg Oncol. 2009; 16:140–6.

17. Insightec. ExAblate. ExAblate 2000 for bone metastases - Information for
prescriber - PUB670003 Rev.1. Tirat Carmel: Insightec; 2008: p. 24.

18. Tong D, Gillick L, Hendrickson FR. The palliation of symptomatic osseous
metastases: final results of the Study by the Radiation Therapy Oncology
Group. Cancer. 1982; 50:893–9.

19. Dewhirst MW, Cao Y, Moeller B. Cycling hypoxia and free radicals regulate
angiogenesis and radiotherapy response. Nat Rev Cancer. 2008; 8:425–37.

20. Stoyanova R, Huang K, Sandler K, Cho H, Carlin S, Zanzonico PB, Koutcher
JA, Ackerstaff E. Mapping tumor hypoxia in vivo using pattern
recognition of dynamic contrast-enhanced MRI data. Transl Oncol. 2012;
5:437–47.

21. Franckena M, Lutgens LC, Koper PC, Kleynen CE, van der Steen-Banasik EM,
Jobsen JJ, Leer JW, Creutzberg CL, Dielwart MF, van NY, Canters RA, van
Rhoon GC, van der Zee J. Radiotherapy and hyperthermia for treatment
of primary locally advanced cervix cancer: results in 378 patients. Int J
Radiat Oncol Biol Phys. 2009; 73:242–50.

22. Liu CX, Gao XS, Xiong LL, Ge HY, He XY, Li T, Zhang HJ, Bai HZ, Lin Q,
Zhang M, Zhao J, Xiong W, Bai Y, Asaumi J. A preclinical in vivo
investigation of high-intensity focused ultrasound combined with
radiotherapy. Ultrasound Med Biol. 2011; 37:69–77.

23. Sapareto SA, Raaphorst GP, Dewey WC. Cell killing and the sequencing of
hyperthermia and radiation. Int J Radiat Oncol Biol Phys. 1979; 5:343–7.

24. Horsman MR, Overgaard J. Hyperthermia: a potent enhancer of
radiotherapy. Clin Oncol (R Coll Radiol). 2007; 19:418–26.

25. Partanen A, Yarmolenko PS, Viitala A, Appanaboyina S, Haemmerich D,
Ranjan A, Jacobs G, Woods D, Enholm J, Wood BJ, Dreher MR. Mild
hyperthermia with magnetic resonance-guided high-intensity focused
ultrasound for applications in drug delivery. Int J Hyperthermia. 2012;
28:320–36.

26. Mu Z, Ma CM, Chen X, Cvetkovic D, Pollack A, Chen L. MR-guided pulsed
high intensity focused ultrasound enhancement of docetaxel combined
with radiotherapy for prostate cancer treatment. Phys Med Biol. 2012;
57:535–45.

27. Wu RY, Wang GM, Xu L, Zhang BH, Xu YQ, Zeng ZC, Chen B. The feasibility
and safety of high-intensity focused ultrasound combined with low-dose
external beam radiotherapy as supplemental therapy for advanced
prostate cancer following hormonal therapy. Asian J Androl. 2011;
13:499–504.

28. Zangos S, Melzer A, Eichler K, Sadighi C, Thalhammer A, Bodelle B, Wolf R,
Gruber-Rouh T, Proschek D, Hammerstingl R, Muller C, Mack MG, Vogl TJ.
MR-compatible assistance system for biopsy in a high-field-strength
system: initial results in patients with suspicious prostate lesions.
Radiology. 2011; 259:903–10.

29. Krafft AJ, Jenne JW, Maier F, Stafford RJ, Huber PE, Semmler W, Bock M. A
long arm for ultrasound: a combined robotic focused ultrasound setup
for magnetic resonance-guided focused ultrasound surgery. Med Phys.
2010; 37:2380–93.

30. Volovick A, Xiao X, Li M, Eisla R, Melzer A. Integration of MR Compatible
Robotic Arm with MRgFUS; MR-Guided Focused Ultrasound 2010 - Second
International Symposium Program and Abstract Book. Washington, DC, USA:
Wesfield Marriott, Near Dulles International Airport; 2010.

31. Raaymakers BW, Lagendijk JJ, Overweg J, Kok JG, Raaijmakers AJ, Kerkhof
EM, van der Put RW, Meijsing I, Crijns SP, Benedosso F, van VM, Graaff CH,
Allen J, Brown KJ. Integrating a 1.5 T MRI scanner with a 6 MV
accelerator: proof of concept. Phys Med Biol. 2009; 54:N229–37.

32. Prost A, Funke A, Tanter M, Aubry JF, Bossy E. Photoacoustic-guided
ultrasound therapy with a dual-mode ultrasound array. J Biomed Opt.
2012; 17:061205.

33. Ballard JR, Casper AJ, Ebbini ES. Monitoring and guidance of HIFU beams
with dual-mode ultrasound arrays. Conf Proc IEEE Eng Med Biol Soc. 2009;
2009:137–40.

34. Arnal B, Pernot M, Tanter M. Monitoring of thermal therapy based on
shear modulus changes: II. Shear wave imaging of thermal lesions.
IEEE Trans Ultrason Ferroelectr Freq Control. 2011; 58:1603–11.

35. Arnal B, Pernot M, Tanter M. Monitoring of thermal therapy based on
shear modulus changes: I. shear wave thermometry. IEEE Trans Ultrason
Ferroelectr Freq Control. 2011; 58:369–78.

36. Clement GT, White J, Hynynen K. Investigation of a large-area phased
array for focused ultrasound surgery through the skull. Phys Med Biol.
2000; 45:1071–83.

37. Pernot M, Aubry JF, Tanter M, Thomas JL, Fink M. High power transcranial
beam steering for ultrasonic brain therapy. Phys Med Biol. 2003;
48:2577–89.

38. McDannold N, Clement GT, Black P, Jolesz F, Hynynen K. Transcranial
magnetic resonance imaging- guided focused ultrasound surgery of
brain tumors: initial findings in 3 patients. Neurosurgery. 2010; 66:323–32.

39. Martin E, Jeanmonod D, Morel A, Zadicario E, Werner B. High-intensity
focused ultrasound for noninvasive functional neurosurgery. Ann Neurol.
2009; 66:858–61.

40. O'Reilly MA, Hynynen K. Blood–brain barrier: real-time feedback-
controlled focused ultrasound disruption by using an acoustic
emissions-based controller. Radiology. 2012; 263:96–106.

41. Dieterich S, Gibbs IC. The CyberKnife in clinical use: current roles, future
expectations. Front Radiat Ther Oncol. 2011; 43:181–94.

42. Unger KR, Lominska CE, Chanyasulkit J, Randolph-Jackson P, White RL, Aulisi
E, Jacobson J, Jean W, Gagnon GJ. Risk factors for posttreatment edema
in patients treated with stereotactic radiosurgery for meningiomas.
Neurosurgery. 2012; 70:639–45.

doi:10.1186/2050-5736-1-6
Cite this article as: Borasi et al.: High-intensity focused ultrasound plus
concomitant radiotherapy: a new weapon in oncology?. Journal of
Therapeutic Ultrasound 2013 1:6.

http://www.insightec.com/

	Abstract
	Introduction
	HIFU, hyperthermia and radiotherapy
	A key question arises: what is the optimal way to use HIFU plus EBRT and what is the best timing for combining them?
	A new weapon

	Conclusions
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgments
	Author details
	References

