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Introduction and overview: Clive Baldock, 
moderator

In modern radiotherapy, imaging is an important compo-
nent in the treatment process where it is used for planning 
the doses to be delivered and for verifying and monitoring 
the position of the target during treatments. Recent develop-
ments in imaging have contributed to advancing radiother-
apy techniques’ such as image-guided radiotherapy (IGRT) 
for intrafraction motion management and adaptive radiation 
therapy (ART). This is has resulted in the ability to deliver 
highly conformal radiation doses with increased precision, 
which has enabled the safe increase in the dose that can be 
delivered to the tumour, resulting in improvements in clini-
cal outcomes and the implementation of hypofractionated 
radiotherapy regimens.

Although x-ray imaging has predominantly been used in 
radiotherapy for many years, more complex radiotherapy 
such as ART, demands an imaging modality with greater 
soft tissue contrast so radiotherapy targets can be imaged 
directly. A requirement that has led to the recent introduc-
tion of the MR-linac [1]. Ultrasound also offers soft tissue 
contrast and may have advantages in terms of imaging rates, 
we therefore considered it pertinent to consider the role of 
ultrasound imaging in future radiotherapy treatments.

In this timely debate, Emma Harris and Davide Fontana-
rosa discuss whether ultrasound guidance in radiotherapy 
will become a clinical standard in the future.1

Dr. Emma Harris is a Reader of Imaging and Radiation 
Physics at the Institute of Cancer Research in London, UK. 
Her research focuses on the application of radiation phys-
ics, ultrasound physics engineering and image processing 
to improve radiotherapy. She has spent more than a decade 
leading experimental studies of image guided radiotherapy 
and has devised and conducted a number of clinical studies 
investigating the use of ultrasound for image guidance of 
radiotherapy of cervical cancer, prostate cancer and paedi-
atric cancers.

Dr. Davide Fontanarosa was awarded his PhD in Medical 
Physics from the University of Maastricht (the Netherlands) 
with a thesis on: “Evaluation of speed of sound aberration 
and correction for ultrasound guided radiation therapy”. 
Presently, he works as Associate Professor in the School of 
Clinical Sciences at the Queensland University of Technol-
ogy (Brisbane, Australia). Previously he worked as Senior 
Scientist at Maastro Clinic (Maastricht, the Netherlands) 
and at Philips Research (Eindhoven, the Netherlands). His 
major fields of research are: artificial intelligence for auto-
matic interpretation of ultrasound imaging; image guidance 
in radiotherapy; minimally invasive surgery and orthopae-
dics (in particular using quantitative ultrasound imaging); 
advanced radiotherapy treatment planning and adaptation 
strategies. Associate Professor Fontanarosa is currently 
supervising seventeen PhD students; he is the Unit coordi-
nator for the Honours students in five different disciplines 
cross faculty and he teaches Physics of Ultrasound in the 
Physics of Medical Imaging Unit. He is the inventor of 9 
patents, and authored 80 peer reviewed publications, one 
book and 6 book chapters.
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For the proposition: Emma Harris

Opening statement

Adaptive radiotherapy, both on a fraction-to-fraction basis 
and during radiation delivery, i.e., intrafraction motion com-
pensation, is gaining traction as the safest way to deliver 
radiation dose, particularly in the context of dose escalation 
or hypofractionated treatments [2]. A requirement of daily 
adaptive radiotherapy is direct visualisation of soft tissues 
and for intrafraction motion compensation we ideally require 
sampling rates that minimise the time and space over which 
we predict motion. Ultrasound can meet these requirements, 
it can directly image soft tissues and is the only imaging 
modality currently used in radiotherapy that can perform 
real-time (> 20 Hz) volumetric imaging. Importantly, it can 
also be integrated with any treatment machine, including 
robotic linacs and particle therapy machines.

There is already a clinical standard for ultrasound guided 
prostate radiotherapy. In some centres it is routinely used to 

directly image the prostate to assess interfraction motion and 
centres are using it to directly monitor prostate motion dur-
ing radiation therapy. We have shown it is highly accurate for 
this purpose [3] and it is the only commercial solution that 
does not require implanted markers and/or frequent x-ray 
imaging [4]. Pioneering studies of ultrasound guidance of 
liver and cervix radiotherapy have demonstrated the utility 
of ultrasound an adaptive radiotherapy setting [5, 6].

Ultrasound is one of the most widely used medical imag-
ing technologies, its use increased tenfold between 2000 and 
2011, which would not be the case if it was not capable of 
exquisite image quality [7]. I argue that we have yet to appre-
ciate the full advantage of modern ultrasound in radiother-
apy because of the practical barriers imposed by its current 
implementation. The use of a hand-held “torch-light” type 
probe used in diagnostics is simply not suitable for the radio-
therapy clinic. For starters, the user cannot remain in the 
room! New innovations in probe technology such as flexible 
transducers, wearable probes [8] and capacitive microma-
chined transducers [9] made from low atomic number mate-
rial are far more suited to the radiotherapy environment. 
User dependence is already being tackled in the diagnostic 
setting with the use of machine learning to automate image 
interpretation and registration. Significant advances in arte-
fact reduction have been implemented on the state-of-the-
art commercial ultrasound machines. In addition, there is 
a significant body of work on the use of machine learning 
algorithms to help guide the ultrasound user [10]. Such algo-
rithms can also be used for autonomous systems, medical 
robot control has gained wider acceptance over the past dec-
ade, and robots are now assisting in the field of ultrasound 
guided surgery. With these innovations, ultrasound guidance 
in radiotherapy can be redesigned from the ground up to 
overcome the practical barriers of the past, enabling it to be 
used a clinical standard for adaptive radiotherapy. Finally, 
ultrasound is attractive for proton beam therapy of paediatric 
patients, not only does its non-ionising and real-time nature 
allow for safe and continuous monitoring of tissue motion, 
ionacoustics continues to show promise for the verification 
of the proton Bragg peak.

Against the proposition: Davide 
Fontanarosa

Opening statement

After many years working in the field of ultrasound based 
guidance, in particular in radiation therapy, I have come 
to the conclusion that ultrasound imaging is an extremely 
powerful modality, but difficult to introduce in stand-
ard clinical practice. It is complex to interpret and so it 
requires a long training which is typically not part of the 
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standard training of clinicians in radiotherapy. This does 
not make it appealing for institutions which need to plan 
and support training for multiple personnel to cover for 
possible leaves and resignations. Moreover, one-button 
systems such as cone beam CT for example are much eas-
ier and faster to integrate in the workflow.

Radiotherapy is historically a technology driven field, 
and ultrasound is not a technology which the vendors 
can find economically interesting to invest on, because 
the potential revenue is limited. Especially if compared 
against the direct competitors, such as for example the 
MR-LINAC. The big players in the field have invested 
substantial amounts of money in the development of 
these systems, which are also definitely more impactful, 
marketing-wise, for hospitals. Typically, the installation 
of one of these systems always makes the news, while the 
same is usually not true for cheaper ultrasound systems. 
For this and other reasons, these systems currently are 
not actively developed anymore by any major vendor in 
this space and, considering the long timeframes needed to 
bring medical technology to the clinic, in my opinion this 
can be considered a clear sign of what a realistic future 
scenario will be. Meanwhile, (conventional) radiotherapy 
is possibly evolving towards different future treatment 
paradigms, less local, less ablative, more systemic. So it 
seems unlikely that, on the prospective time scales within 
which accurate geometric control of ablative treatments is 
necessary, any new ultrasound guided system will become 
standard of care.

To bridge the gap between its undisputable scientific and 
clinical relevance and its “marketing appeal”, the solution 
is automation. Nowadays artificial intelligence can help 
perform several interpretation and use tasks automatically 
[11], thus partially or even totally removing the need for 
expert operators. But we are still far from having all the 
tools available to make the workflow competitive against 
one-button-click systems. Increasingly more companies are 
proposing artificial intelligence applications together with 
their ultrasound systems [12], but mainly for diagnostic or 
operator guidance purposes. In radiotherapy specific prob-
lems connected with the presence of radiation during treat-
ment need to be solved, and presently there is no autono-
mous or semi-autonomous system for ultrasound imaging 
in these conditions. Some solutions have been proposed in 
literature involving robotic arms [13], but only as support for 
trained and skilled operators. Intelligent autonomous robotic 
systems would be the ideal solution [14], but they would 
require extensive development investments and, once more, 
significant time frames, which do not seem to be part of any 
big players’ plans currently. Moreover, robots are particu-
larly complicated to introduce into standard clinical work-
flows because of safety concerns and because of efficiency 
limitations.

For the proposition: Emma Harris

Rebuttal statement

Ultrasound images, like most medical images, are difficult 
to interpret for those that have not received training. It 
is true that within the radiotherapy clinic, radiographers/
therapists have typically had little exposure to ultrasound, 
however, that does not mean this challenge cannot be over-
come such that staff are fully competent and the service is 
maintained. And there are precedents for this, for example, 
the team at Bristol University Hospitals, one of the busiest 
centres in the UK, have described their successful roll out 
of the Elekta Clarity Prostate Ultrasound System which 
has now been clinical for over 5 years and have treated in 
excess of 300 patients with Clarity ultrasound guidance 
and they adopted ultrasound monitoring during prostate 
radiotherapy back in 2017 [15, 16]. Furthermore, CBCT, 
although widely established, is not a one-button system, 
soft tissue verification requires training and expertise. In 
the context of adaptive radiotherapy, local experience of 
the implementation of plan of the day for radiotherapy for 
cervical cancer using CBCT is not straight-forward and, 
similar to the introduction of ultrasound, requires sophis-
ticated radiographer-led training programmes.

Whilst vendor investment in ultrasound-guided radio-
therapy has slowed, it has not completely ground to a halt. 
Elekta is actively supporting research into ultrasound-
guided radiotherapy and General Electric Healthcare are 
engaged in a significant programme of work with the Uni-
versity of Wisconsin developing an MRI compatible 4D 
ultrasound probe for use in ultrasound-guided liver radio-
therapy [17]. Whilst ultrasound systems, may not com-
mand the same headlines as the MRI integrated devices, 
it is likely that most radiotherapy service will continue to 
be delivered by C-arms linacs, and as such these should 
be subject continued development and optimisation using 
add-ons such as real-time imaging systems. Clearly, with 
reference to the aforementioned research development, this 
will still include ultrasound. Furthermore, radiotherapy is 
most effective for localised treatments, and whilst there 
is emerging evidence of an additional, perhaps more sys-
temic role for radiation when coupled with immunothera-
pies, the priority remains to detect cancer early and there-
fore localised radiotherapy will continue to play a role in 
cancer treatment, and possibly this role will increase fur-
ther as diagnostics improve. Precise imaging systems will 
still be required, and arguable precision will need to be 
increased if we detect smaller tumours, that may be subject 
to intrafraction motion. A task that I argue is highly suited 
to ultrasound motion monitoring.
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Against the proposition: Davide 
Fontanarosa

Rebuttal statement

Most of the arguments presented in favour of the proposition 
are valid in the diagnostic/radiological space, but application 
to quantitative use for guidance requires significant further 
efforts. Redesigning all the aspects of an imaging modality, 
as suggested, is an incredibly complex task. Unfortunately, 
presently none of this seems to be in the agenda of any of 
the vendors in this space. Even in literature examples of such 
applications are still anecdotal (for example, [18]) and with 
systems far from the high refresh rate which is required to 
claim real time volumetric imaging. Even if such systems 
were available, integration with treatment machines is not 
seamless: the presence of the ultrasound system needs to be 
taken into account, which very likely means changes in the 
treatment planning system, in the treatment workflow and in 
risk management, at the very least. These are all characteris-
tics which do not apply to simple add-on devices.

Prostate is indeed the only organ which is currently clini-
cally supported, several other regions have been investigated 
over the past decade or more, but they have never resulted in 
any concrete product. Except for breast [19] for which Reso-
nant Medical (now Elekta) had proposed a separate module, 
but it has soon been discontinued, for reasons not dissimilar 
from the ones listed here.

Automation as mentioned is a possible solution to some 
of these problems. But automating ultrasound image acqui-
sition and interpretation is complicated, much more than 
other modalities, due to its inherent complexity in imaging 
borders/interfaces, a problem which has been very poorly 
discussed and analyzed in literature, especially for quantita-
tive applications [20]. Moreover, machine learning training 
is typically very sensitive to the field of view (and hence 
the probe position), as opposed to what happens with other 
modalities for which more general trainings can be consid-
ered, since they always have a reasonably similar way to 
show the structures.
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