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Abstract

Histotripsy represents a paradigm shift in interventional oncology (10) as the first non-invasive, non-ionizing and non-
thermal ultrasound-based ablation technology available for cancer therapy. Compared with thermal ablation techniques,
the advantages of histotripsy include tissue-selective ablation near critical structures, reduced collateral injury risk, and
treatment which is unaffected by the heat sink phenomenon, ensuring predictable treatment margins. Ultrasound tech-
nology can be constrained by tissue attenuation depending on the depth of the target; however, the early phase feasibility
and pivotal trial results have been promising for its application in liver cancers, with emerging translational trials in renal
and pancreatic cancer. In the United Kingdom, 2 well-established 10 sites have participated in the pivotal #HOPE4LIVER
Trial that led to approval by the US Food and Drug Administration in liver tumours therapy in 2023 and obtained
Medicines and Healthcare products Regulatory Agency Unmet Clinical Need Authorisation for treatment of liver tumours
in United Kingdom (April 2025) via the Innovative Devises Access Pathway. The global-first feasibility in renal cancer (CAIN
trial) was also led by the United Kingdom and completed in April 2024. This review provides an overview of histotripsy
and highlights the clinical challenges in early National Health Service (NHS) adoption such as the learning curve for opera-
tors and teams, regulatory processes, and synthesis of health economic evidence required for wider NHS commissioning.
The review will also discuss the future directions of histotripsy, including combination immunomodulatory therapies,
highlighting the need for continual national collaboration for successful integration in the NHS. Successfully integrating
this technology into the NHS hinges on a unified national effort to navigate the clinical, regulatory and economic hurdles,
ensuring its benefits reach patients nationwide.
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widely described and have demonstrated success across diverse
applications.!

Introduction

Medical interventions are undergoing a notable shift towards
less invasive procedures, with numerous diseases amenable to
minimally invasive approaches, facilitated by improved image
guidance. Percutaneous needle-based thermal and non-thermal
ablation techniques, including radiofrequency (RFA), microwave
(MWA), cryoablation and irreversible electroporation (IRE), are

Image-guided histotripsy ultrasound-based therapy repre-
sents a paradigm shift in modern medicine. In interventional
oncology (I0), this is the first non-invasive (needle-less), non-
ionizing and non-thermal ablation technology, using primarily
mechanical forces, rather than thermal effects? to treat cancer.
This technique delivers high-amplitude, short-duration ultrasound

Received: July 9, 2025. Revised: January 12, 2026. Accepted: February 23, 2026

© The Author(s) 2026. Published by Oxford University Press on behalf of the British Institute of Radiology.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted reuse, distribution,

and reproduction in any medium, provided the original work is properly cited.


https://orcid.org/0000-0002-7465-2090
https://orcid.org/0000-0002-6108-9315
https://orcid.org/0000-0003-4807-4087
https://orcid.org/0000-0003-1809-7077
https://orcid.org/0000-0001-5325-3739
https://orcid.org/0000-0001-9232-4966
https://orcid.org/0000-0001-5795-4372
https://orcid.org/0000-0001-5670-5454

BJR, 2026, Vol, 00, Issue 00

pulses to induce acoustic cavitation in the focal region, creating
a highly localized “bubble cloud” where tiny nanometre-scale
gas pockets expand up to 100 000 times their original size, com-
pressing adjacent cells before violently collapsing within a few
hundred microseconds.? This imparts significant stress and
strain on the targeted tissue, and over a number of cycles, the
forces imparted by the expansion and collapse of these micro-
bubbles destroy the tissue at a subcellular level, resulting in lig-
uefaction to form an acellular lysate.? In the literature, there are
2 dominant mechanisms which have been proposed for histo-
tripsy: acoustic cavitation and boiling. Acoustic cavitation histo-
tripsy uses high acoustic pressures to cause mechanical tissue
destruction based on inertial cavitation, while boiling histotripsy
uses thermal effects to achieve rapid boiling, followed by sec-
ondary cavitation effects, based on shock scattering of subse-
quent ultrasound pulses.*® For the purpose of this review, we
refer to acoustic cavitation histotripsy, as this is currently the
only histotripsy technique applied in humans.

Histotripsy’s unique combination of physical, biological, and
immunomodulatory effects makes it an exciting technology to
explore in humans. This is particularly promising considering its
non-thermal, precise, and non-invasive nature. This means it
could theoretically reduce the risk of complications for patients
who are unsuitable for surgery or conventional ablation due to
tumour location close to vital structures, comorbidities, or
frailty. This approach has been examined in various pre-clinical
contexts®>® prior to clinical translation in human trials.

The United Kingdom has a rich history of pioneering impactful
medical breakthroughs, from the smallpox vaccine’ to the dis-
covery of DNA’s double helix.® Today, the UK boasts a fully inte-
grated health system, the National Health Service (NHS), and is
both a catalyst and a gatekeeper for medical innovations. The
NHS Long Term Plan emphasizes the importance of accelerating
the adoption of proven, cost-effective innovations to improve
patient outcomes while ensuring sustainable healthcare deliv-
ery.® Histotripsy aligns with these goals by offering a non-
invasive alternative to conventional ablations and traditional
surgical interventions, potentially reducing hospitalization time,
improving patient experiences and clinical outcomes.'
Histotripsy is at a pivotal stage in the United Kingdom, as with
the first cases performed as part of clinical trials in liver and kid-
ney tumours, namely the #HOPE4LIVER™ and CAIN trials.** The
#HOPEALIVER trial has shown the treatment is safe and effective
in treating primary and secondary liver tumours.**** In October
2025, Addenbrookes, Cambridge University Hospital, became
the first NHS site to acquire histotripsy technology through a Li
Ka Shing (LKS) philanthropic donation and treated the first NHS
patient.'*'> The initial experience of the CAIN trial has shown
promising early safety and efficacy outcomes in treating renal
tumours at 1 year follow-up,'® with full CAIN trial results await-
ing publication. These opportunities for UK healthcare institu-
tions to deliver clinical trials to evaluate this innovative
technology for translation into the clinical setting have provided
invaluable learning for participating institutions. This has con-
currently allowed the UK population to access medical innova-
tions, which will set the stage for further exploration of clinical
applications and facilitate the adoption of histotripsy into clini-
cal practice.

This review aims to highlight the technological advantages of
image-guided histotripsy and examines the current clinical
applications, including the early UK landscape within 10. The
challenges and opportunities of incorporating histotripsy into
the NHS are also explored, drawing on the current NHS priorities
and ongoing research activities. The goal is to inform interven-
tional radiologists and other clinicians about considerations for
adopting histotripsy into NHS practice.

Advantages of histotripsy for
clinical application in
cancer therapy

Histotripsy was developed primarily for solid tumour ablation in
soft tissues, due to its unique features and advantages over tra-
ditional ablation and surgical techniques.*'” Unlike thermal
high-intensity focused ultrasound (HIFU), which uses continuous
wave ultrasound to heat and destroy targeted tissue via coagu-
lation necrosis,*®*? histotripsy is a primarily non-thermal tech-
nique, employing acoustic pressures an order of magnitude
higher than thermal HIFU, delivered in short pulses. This pro-
vides the pressure needed to induce cavitation in the focal re-
gion, generates cavitation fields, or “bubble clouds,” that
disrupt cellular structures in the targeted tissue, with minimal
off-target effects.® Histotripsy is a threshold effect, dependent
on negative peak acoustic pressure, which creates sharp bound-
aries (<100 um) between lysed and intact tissue.’>*! This non-
thermal mechanism is advantageous, as the main limitation of
thermal HIFU is that it is challenging to precisely control thermal
effects due to tissue inhomogeneity, heat sink effects, and
changes in tissue properties during treatment, which can lead to
over- or under-treatment.”>** Additionally, this mechanical
mechanism allows one of histotripsy’s most remarkable fea-
tures: tissue-selective ablation capability.

Different tissue types exhibit varying susceptibility to damage
from histotripsy, resulting in a differential threshold for mechan-
ical destruction.® Treatment of lesions in close proximity to criti-
cal connective structures, such as bile ducts, large blood
vessels, and the renal collecting system, is made possible due to
their high ultimate tensile strength compared with solid tumour
or organ tissue,?* providing selective resistance to mechanical
damage from histotripsy. This reduces risks of collateral injury,
as demonstrated in animal models.?®> These tumours, particu-
larly those in the caudate lobe, which is close to the inferior
vena cava (IVC), are traditionally challenging to treat. This is be-
cause conventional ablation requires difficult percutaneous nee-
dle access, and the tumours are often in locations that are not
amenable to surgery.’®?®?" Furthermore, conventional ablation
or surgical resection of these complex tumours can often cause
collateral damage to vital structures such as the ureter, collect-
ing system or the IVC.283!

Pre-clinical studies have shown that histotripsy can activate
the adaptive immune response, contributing to tumour suppres-
sion and potential abscopal effects.>*>* It is thought that the
acellular homogenous liquid from histotripsy, which can be
reabsorbed by the body, contains intact proteins and tumour
antigens that may act as immune stimuli.*® Further research is
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required to assess the presence of these effects in humans as
well as the potential clinical benefits of combination therapies
in generating a robust immune response against tumours.>*

Traditional thermal ablation methods (RFA, MWA, cryoabla-
tion) are susceptible to the heat sink phenomenon, where heat
is dissipated due to blood flow, resulting in lower treatment effi-
cacy for tumours located near vessels over 3mm in diameter.3®
Irreversible electroporation is a non-thermal technique which
applies short pulses of electricity to increase cell permeability,
leading to apoptosis and cell death.?” IRE has been utilized clini-
cally for different tumours with multiple studies demonstrating
an acceptable safety profile and high efficacy rates.*®° Despite
its non-thermal profile, there has been a report of possible ther-
mal injury,” highlighting the need for careful consideration of
electrode configuration. Histotripsy’s non-thermal mechanism is
not subject to the heat sink phenomenon, resulting in a predict-
able and consistent treatment margin near vessels, as demon-
strated in porcine models.?® While further direct comparison
evidence is needed, histotripsy may have a potential advantage
over traditional thermal ablation methods in minimizing the
heat sink effect.

Radiation can cause biological harm to the human body, includ-
ing cancer and skin damage.*® For example, a typical percutaneous
kidney cryoablation exposes the patient to an average effective
dose of 40 mSy, which is equivalent to a 0.2% (1 in 500) lifetime fa-
tal cancer risk.*>*? Similarly, a typical liver stereotactic ablative ra-
diotherapy exposes the patient to about 200 mSv effective dose of
radiation, which is equivalent to a 1% (1 in 100) lifetime fatal can-
cer risk.**** Furthermore, stereotactic ablative body radiotherapy
for kidney cancer is associated with up to 84% of adverse event
rates, including vomiting, colonic obstruction, nausea, diarrhoea,
dermatitis, haematuria, colitis, and others.** These are likely deter-
ministic side effects of radiation.*® Histotripsy has the benefit of
avoiding these risks as a procedure that uses non-ionizing radia-
tion, namely ultrasound.

Compared to surgical resection, traditional ablative therapies
have a lower risk of overall complications including pulmonary,
wound-related and cardiovascular-related complications, among
others.*> Given the non-invasive nature of histotripsy, which does
not require any percutaneous probe insertion into the treatment
site, there is less risk of localised bleeding or infection related to
probe insertion.*®*® The initial #HOPE4LIVER trial had a total of 44
patients with 49 liver tumours treated, with a 95% technical success
rate and a 7% major complication rate.*® Primary technique efficacy
was achieved in 83% of patients at 30-day follow-up. Latest follow-
up at 12 months has shown 90% local tumour control, similar to
the current standard of care for locoregional therapies.* Post-
regulatory approval and during the early market adoption phase, a
recent analysis of the United States clinical experience of 230 liver
histotripsy cases revealed a complication rate of only 5.2%, and a
major complication rate of 1.3%," which is favourable compared
to the 30-days complication rate for other locoregional therapies
(>12%), described from pooled analyses.>*>! Therefore, patients
who are unable to undergo surgery or image-guided ablation will
be able to consider this as a safe alternative.

Despite its advantages, histotripsy presents inherent limita-
tions. The use of ultrasound provides real-time histotripsy visu-
alization, but some tumours might be obscured by adipose
tissues, overlying bowel gas, ribs or lungs.>*>* Ultrasound

attenuation will also mean that the efficacy of histotripsy is
constrained at deeper tissue depths. These factors make it
challenging to target deeply located lesions, a difficulty often
encountered in patients with larger body habitus. There is on-
going research in aberration correction to overcome these
challenges.®> Comparison of histotripsy and other conven-
tional ablative therapies and surgery are outlined in Table 1.

Current clinical translation of
image-guided histotripsy

Histotripsy was first explored for human use in the prostate.
Canine studies showed that the liquid consistency after prostate
histotripsy facilitated urethral drainage and effectively debulked
the prostate,®® showing potential for treating benign prostatic
hyperplasia. However, these results were not successfully repli-
cated in humans,® postulated to be due to the non-uniform
stiffness exhibited by the nature of tough prostatic tissue and fi-
brosis.>® Despite this, a significantly reduced International
Prostate Symptom Score of 44% at 6 months was observed,
highlighting the potential for clinical benefit.>” Its use has also
been explored in prostate cancer,>*® but has not yet been
translated to human use with concerns for damage to the ure-
thra and blood vessels.?

The leading clinical application worldwide for image-guided
histotripsy is currently in primary and metastatic liver tumours.
The first in-human trial, THERESA®" (NCT03741088), evaluated
the safety and technical effectiveness of hepatic histotripsy. The
UK'’s histotripsy journey began through participation in the sub-
sequent clinical trial in September 2021, the #HOPE4LIVER Trial
(NCT04573881), led by Leeds Teaching Hospitals NHS Trust
(LTHT) working in collaboration with Newcastle upon Tyne
Hospitals NHS Foundation Trust (NuTH). This collaborative
multi-centre pivotal liver histotripsy trial in the United States,
Europe, and the United Kingdom, evaluated the safety and effi-
cacy of histotripsy for primary or metastatic liver tumours in
cases where other local-regional therapies were unsuccessful or
not tolerated. The results of this trial from a total of 44 patients
with 49 liver tumours were described in the previous section.*
One of the first treatments in the United Kingdom, at LTHT, took
under 7 minutes to complete and had excellent mid-term onco-
logical durability, as shown in Figure 1. The patient reported
minimal pain and minimal disruption to daily activities from 1
day post-histotripsy.®? The positive results of the #HOPE4LIVER
pivotal study®® enabled the US Food and Drug Administration
(FDA) to approve histotripsy for liver tumours in October 2023,
with subsequent rollout of the HistoSonics Edison™ System at
multiple centres across the United States and in select interna-
tional locations.®* The industry-sponsored post-market, obser-
vational, single-arm, non-randomized, prospective BOOMBOX
Master study will provide further insights into the effectiveness
and safety of the HistoSonics Edison™ histotripsy system for
the treatment of different types of liver tumour.®®> Figure 2
shows the layout and components of the Edison system from
HistoSonics during a histotripsy procedure,™? which recently fea-
tured in the 10 Year Health Plan for England.®®

Beyond the liver, early studies have explored other cancer
targets, notably renal cancers. The first-in-human kidney



BJR, 2026, Vol, 00, Issue 00

aAIsenul Kjaane|ay
skeq

‘Buipa9)q ‘suoizeddwod
leunsaiul ‘pajejal
-Je|ndosenolpJed ‘paje]
-aJ-punom ‘Areuow)nd
Suipn)ou) suonzeddwod
118490 4O ¥S1 JaYSIH
3ujuueld yuawieauy Joy
(1D) Bui8ew annesado
-24d uey} Jay3o suoN
yoeoidde uo
1udpuadap SSBUBAISEAU|

91qedidde JoN

suojsa] ajdinw

JO S2JN3ON43S BRI Jeau
suolsa) 40} 3uidua)eyd
9q ue) "jerowals uodn
suidsew Jed)d 3unqe

sjuaned Joy

SHUsIA a|dinw

pue Sujuue)d Juawieasy
x9]dwo) *S84N3IN43IS DA}
-ISUdsolpel Jeau sinowny
Suneasy Aynouia

sAep 03 SinoH

o 2JowW pue

siiewsap ‘snuised
‘an3ije4 ‘eaoydielp ‘eas
-neu ‘uoildNJISqo jamoq
‘uled jeuiwopge ‘Sul
-JWOA 3uipnjoul ‘sjuand
9sJanpe jo sajed y3iH

S109449 9PIS WI}-3U0)
pue -1oys ‘ysiH

DAISBAUI-UON

padayeun

97IS
ulelad e dA0Qe sinowny
3uneaJy ui sanyjepow Jayio
Se DA1109})9 Se 9q Jou Ae|y
"94N30NJ3S |BYIA

/]amoq se yans auny

-onJ3s 1eand Aq paydo|q si
Jnowny 03 yied }1 anss| Ssad
-Je {sa}ljepow paseq-jeay
UM S2JN3INJ3S |eD13ID Jeau
sinowny Suneasy Andua
sAep 0} SinoH

(24e4) 10BN

aqo.d ay3 Suoje Suipaas
Jnowny pue ‘Ainfur aniau
‘uted ‘(w3eayderp ‘amoq
‘39) suedio juadelpe 0}
adewep ‘uoiydayul ‘Suipasld
9ouepingd Yy Jopun

SUON ‘@dueping | D Jspun
paw.opad usym jewiuly
(suoruasul a)paau a1dnnw
10 9)3uis) aniseAul Ajjewuliy
195S9A 0}

Ajwixoud unowny pue

(3¥1 ut duou Jo) Ayjepow
uo apuadap moj 01 y3iH

a)gepipaid
$S9] 9q ued suidiep
“(2uis 3eay,,) uoisnyip

suedio Sujuiey
-u0>-sed Jeau sased
ul paywi) ‘syuaipesd
aJnjesadwal 0} anp
3unadiey aspaudwi
‘ainjesadwa) swin
-1eaJ jo 3unioyuow
9jeJndde ‘sinowny
pajeas daap
Sunean Aynoiyia
sAep 03 sinoH

suing upys 91qissod
‘uted aAiesado-1sod

SUON

DAISBAUI-UON

MO] 0} 93eIDPON

saunyonJis Agleau
1o9ye Aew pue yuis
jeay 03 a)qndassns

suedio 3uluiejuod
-sed Jeau sased ul
paywi) ‘uonezijens
-IA punoseJyn 13JIp
salinbau Ajpuaun)
sinoy 03 saNUI

(o4e4) SONS
-s13 AgJeau 0}
adewep ‘pojwodsiqg

SUON

SAISBAUI-UON

payayeun

SuoISd)
pajedsewsap Ajdieys

suoneywI]
awi} A1anoday

suorjesijdwod jo sty

Ysi uonelpey

SSaUAAISeAU|

129449 Nulis JesH

-Ua uolezljensia 12a11q uoisioaid y3iH lewusyy Aq payiwi) uoisidad nq uoisiaid y3iH yam uoisioaad y3iH uolsidaid
2Jn}ejndseA Jnowny pue p1o2 awaJixd 3uisn
VYNQ 1192 Jnown) 93ewep uolrejqeohid pue yeay 3ul ]edlueydaw Jo (Jewuayi-uou) uon
uo3dasal |edisAyd 03} uonelpeJ asop-ysiH SN YMIN pue y4y ‘jeway ] /pue Jeway -ejIARD |eDIUBYID wisjueyddp
(OA¥D ‘YMIN (n41H) punos
(Lygs) Adesayy uon ‘v4Y) sanijlepow aane|qe -eJ)|n pasndoj
£198ing -eipeJ Apoq 211081031915 paping-aSew Jeuonipes Ayisuayui-ysiH Asdioisiy 2injea-

*f1984ns pue spoyiaw aane|qe Jofew juaiayip jo uosedwo) T d)qeL



BJR, 2026, Vol, 00, Issue 00

Figure 1 Images from patient of #HOPE4LIVER study,™**>*° showing (A) a 2-cm hepatocellular carcinoma in segment Il (wide arrow), which was
treated with histotripsy and a 1.5-cm hepatocellular carcinoma in segment VIII (thin narrow), which was treated with image-guided microwave
ablation. Follow-up MRI at (B) 1-day post-histotripsy showing a non-enhancing treatment zone. Subsequent follow-up at (C) 1 month, (D) 6 months,

and (E) 1 year showing progressive involution of the treatment zone.

histotripsy case was performed in March 2023 at LTHT as part of
the CAIN trial***® (NCT05432232). The CAIN trial is a prospective,
multi-centre, single-arm feasibility trial,"* which aims to evalu-
ate the technical success and safety profile of the HistoSonics
system for the treatment of solid renal tumours. This first case
at LTHT highlights the necessity of a multi-disciplinary team
approach with careful patient selection. Pre-procedural ultra-
sound assessment and planning are crucial to determine the
most appropriate treatment approach, tumour depth, and opti-
mal patient positioning. The histotripsy treatment head is then
placed directly above the target to provide the shortest therapy
head to target distance. Respiratory motion management is also
vital to ensure the tumour being targeted is completely included
within the field of therapy throughout the histotripsy treatment

cycle. At 1-year follow-up, this first patient had no evidence of
residual or recurrent disease within the zone of ablation and
only an area of involution.'® Recruitment is now completed, and
the results are awaited.

In February 2024, HistoSonics Edison™ Histotripsy System
was 1 of the 8 innovative technologies being awarded the UK
Innovative Device Access Pathway (IDAP) Pilot Program for fast-
track regulatory approval.®” In April 2025, the Medicines and
Healthcare products Regulatory Agency (MHRA) granted Unmet
Clinical Need Authorisation for liver tumours.®® This has allowed
the Edison™ system to have early limited market access, mean-
ing that NHS Trusts are allowed to deploy the Edison™ system
under a tightly regulated framework. In October 2025,
Addenbrookes, Cambridge University Hospital, became the first



BJR, 2026, Vol, 00, Issue 00

\ ‘ \‘. 4
G A\ %
K| Ultrasound | _em

e "-\
S F _| Treatment |

The HistoSonics
System ‘System’

Head

Support arm, bed rail
clamp, upper frame

and support frame

E10s
Ultrasound
System

Figure 2 Image taken from Wah et al."? Overhead view of the HistoSonics system components during histotripsy for treatment of kidney cancer from
the CAIN trial. The GE LOGIQ™ E10s Ultrasound System and probe are integrated for tumour targeting, planning, and monitoring treatment. The
treatment head contains both the histotripsy therapy transducer and an integrated ultrasound imaging probe. A multi-joint articulating support arm
attaches to the bed rail, holding a reservoir that contains the ultrasound medium (degassed water) in position above the patient. A single-use patient
membrane is inserted into the reservoir frame, creating a container for the ultrasound medium that conforms to the patient’s body, ensuring

acoustic coupling between the treatment head and the patient.

NHS site to acquire histotripsy technology through LKS philan-
thropic donation, and treated the first NHS patient.****

The UK-led CAIN trial'® has emerged directly from strong part-
nerships between the NHS, industry, and academia. This enabled a
global-first medical innovation translation in renal cancer through
clinical expertise in the NHS and sponsorship by the industry part-
ner. The early experience from the CAIN trial has provided the base-
line for commissioning of the pivotal #HOPE4KIDNEY trial
(NCT05820087) in the United States, which aims to assess safety
and efficacy in primary renal tumours for FDA approval. It can be
expected that further collaborations between NHS Trusts and in-
dustry can expedite wider early adoption of innovative histotripsy
in the UK and allow faster research and clinical translation into
both cancer and non-cancer therapy in various diseases.

The next feasibility trial for histotripsy translation is in pancre-
atic cancer, an area of unmet need where the GANNON trial
(NCT06282809)%° is being conducted in Barcelona to evaluate its
safety.®* The scientific community and pancreatic cancer
patients are eagerly awaiting this trial outcome.

Completed and ongoing trials utilizing the HistoSonics’
Histotripsy Systems are summarized in Table 2.

Potential challenges in early
adoption of histotripsy in
clinical practice

While early adoption of histotripsy in the United Kingdom has so
far been embraced in early phase trials, there remains a variety

of technical, clinical, economic, regulatory, and cultural barriers
to the full adoption of histotripsy in the NHS practice.

Technical barriers

Histotripsy relies on continuous, direct visualization of the tar-
get lesion under ultrasound, which can be limited by respiratory
movement, acoustic shadowing from ribs, artefact from bowel
gas and a high body mass index, depending on the location of
the target lesion.”®>° Current liver and renal histotripsy proto-
cols require general anaesthesia to limit respiratory move-
ment.>® In the THERESA study, assessing the feasibility of the
treatment for liver lesions (which used a previous version of the
Edison™ system), 21% of patients were excluded for inadequate
treatment windows, and posterior-superior segment lesions
were not attempted.®! In pre-clinical studies assessing the feasi-
bility of pancreatic tumour treatment in a porcine model, exten-
sive bowel preparation was required to facilitate an acoustic
window, which was not always successful.® This has, however,
significantly improved since the introduction of the current lat-
est Edison™ system, where the ultrasound probe can be low-
ered from the treatment head to improve localisation of the
targeted tumour. The Edison™ system also uses image fusion
capability to allow less well-visualized lesion to be targeted with
fusion software.

Despite the use of general anaesthesia, the ultrasound beam
can defocus during treatment, requiring constant operator in-
put, monitoring the accurate contour from treatment planning
and the cavitation process in real-time.®* A learning curve is also
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Table 2 Summary of completed and ongoing trials of HistoSonics’ Histotripsy Systems.

Trial Target organ Study type Key results/objective
and population
THERESA (NCT03741088) Liver: Patients with Phase 1 (completed) First-in-human trial that demonstrated

#HOPEA4LIVER (US & EU)
(NCT04572633,
NCT04573881)

unresectable primary and
metastatic liver tumours

Liver: Patients with
unresectable primary and
metastatic liver tumours

Liver: Patients with
primary and metastatic
liver cancer or benign
liver tumours

BOOMBOX: Master Study
(NCT06486454)

CAIN (NCT05432232) Kidney: Patients with
non-metastatic solid

renal tumour <3cm

#HOPE4KIDNEY
(NCT05820087)

Kidney: Patients with
non-metastatic solid
renal tumour <3cm

GANNON (NCT06282809) Pancreas: Patients with
unresectable locally ad-
vanced or oligometastatic
pancreatic

adenocarcinoma.

to be expected, as the monitoring of histotripsy is only partially
transferable from other ablative treatment methods. The set-up
and treatment planning are also very different to conventional
ablative techniques, including the placement of the water bath,
ultrasound probe, patient positioning, and the technical aspects
of the software system. One centre has reported an approximate
room occupancy time of 2-4 hours per histotripsy procedure.”
Credentialling frameworks and multi-centre registries will be es-
sential to standardise treatment protocols and outcomes.

Clinical and regulatory barriers

Histotripsy is an innovative medical technology, and early adop-
tion of this technology in the UK has posed a multitude of chal-
lenges due to the evidence gap. While randomized control trials
such as the landmark COLLISION trial,”* EORTC 40004 trial,””

the safety and feasibility of hepatic his-
totripsy. Histotripsy can effectively and
predictably destroy liver tissue, with
treated volumes correlating well with
the planned volume. No device-related
adverse events were reported.
Histotripsy is safe and effective,
meeting primary endpoints. Local
control rate of 90% was achieved at
12 months. This provides evidence for
FDA Clearance in October 2023 for the
non-invasive destruction of

liver tumours.

To collect real-world data on the use
of the Edison system for treating liver
tumours following its FDA clearance.
This provides further insights into the
technology’s performance and
long-term outcomes in a broader
patient population.

A first-in-human study to evaluate the
safety and feasibility of histotripsy for
the non-invasive ablation of kidney
tumours. Results awaited.

Building on the CAIN trial, this study
aims to evaluate the safety and
efficacy of histotripsy for destroying
targeted kidney tumours, to support
a future regulatory submission for a
kidney indication.

To evaluate the safety of the
HistoSonics Edison System for the
destruction of pancreatic tumours.

Pivotal (completed)

Post-Market Registry
(ongoing)

Phase 1 (completed)

Pivotal (completed
enrolment)

Phase 1 (ongoing)

and the SURF trial® have shown that thermal ablation is non-
inferior to chemotherapy or surgical resection for colorectal liver
metastases and primary hepatocellular carcinoma (HCC), re-
spectively, there is currently a lack of robust long-term oncologi-
cal endpoints such as local-recurrence-free survival and disease-
specific survival for histotripsy. This lack of evidence hinders
wider NHS adoption and commissioning of histotripsy. This is
because UK-specific data are currently limited despite our lead-
ing role in international trials. Healthcare systems may vary
significantly in structure, patient population, and standard
treatment approaches, making it important to demonstrate ef-
fectiveness specifically within the NHS context. This is likely to
require UK-led studies or registries to first gather real-world evi-
dence that reflects local practice patterns and outcomes. The
National Institute for Health and Care Research (NIHR) and NHS
England are, through their joint National Research Collaboration
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programme, exploring what would be needed to prioritise a
multi-site comparative study, aiming to generate the evidence
required for the routine commissioning of histotripsy in the
NHS. This will help ensure more diversified demographics data
and accelerate the evidence journey, connecting multiple NHS
sites in a joint-up effort with stronger synthesis. In September
2025, NIHR Health Technology Assessment commissioned a
funding call for the Histotripsy Edison System, and it would be
exciting in the coming years, pending on the outcome of this
funding opportunity, especially the impact for patients in the
early evaluation of this technology in the UK NHS landscape.

This gap in clinical evidence is reflected in the current regula-
tory status of the Edison™ system in the United Kingdom, with
only limited market access approved by the MHRA, and a lack of
NICE Medical Technology Guidance for histotripsy. Clinicians
must operate within a clinical trial framework until NICE or the
NHS issues further guidance. To bridge this evidence gap, UK
researchers must promptly publish mature trial results and or-
ganize multi-centre studies, demonstrating not only technical
success and safety, but also oncological, quality of life, and eco-
nomic viability for histotripsy.

At present, histotripsy may be limited to tumours that are not
eligible for conventional ablation strategies, or to those patients
specifically requesting a non-invasive treatment option. In the
case of the latter, informed consent must emphasize the current
evidence for this treatment and the unknown long-term
efficacy.

Economic barriers

As an expensive new technology, costing around £1.5 million
per treatment machine, histotripsy requires a large initial capital
expenditure and ongoing costs. In addition to the established
clinical role and evidence base, the endorsement by national
organizations, for example, NICE, will be highly dependent on
the cost-effectiveness compared to the existing standard of
care. Only after national endorsement, histotripsy would be lo-
cally commissioned for wider adoption in individual
NHS centres.

It can be postulated that the HistoSonics Edison™ system
may be cost-effective due to its non-invasive nature, possibly
allowing it to be a day-case cancer treatment, avoiding long hos-
pital stays and sequelae of complications. While not directly
compared to other modalities, the postulated lower complica-
tion rates’® and quicker recovery times might also shorten
follow-up costs. Furthermore, the Edison™ system’s mobility
allows for treatment without a dedicated treatment room, offer-
ing flexibility in location. This flexibility could potentially reduce
opportunity costs by freeing treatment rooms to enable other
critical interventions to be performed.

The NHS commissioning framework would require a cost-
effectiveness analysis to show that the Edison™ system pro-
vides at least an equivalent outcome at a lower or acceptable
overall cost. To date, no NICE guidance or tariff codes exist for
histotripsy for NHS service commissioning. There needs to be an
innovative pathway approach for early Medtech adoption in the
NHS, as philanthropy and research grants alone will not be a
sustainable approach for full early adoption and provision in the
long term. The maintenance and upkeep costs of the unit are

non-negligible and currently difficult to estimate. Ultimately, de-
monstrable health economic benefits (eg, cost per quality-
adjusted life-year) will be needed to convince NHS funders. This
requires not only accounting for device cost but also modelling
long-term outcomes, complication avoidance, and comparisons
with costs for standard locoregional therapies or providing a
break from systemic therapy.

Clinician and human factors

Interventional Radiology thrives on innovation, but convincing
experienced interventionalists to adopt new tools can be chal-
lenging, especially when teams have established conventional
ablation practices and workflows. Existing ablation methods al-
ready offer swift recovery with minimal morbidity, prompting
questions about the necessity of new approaches. This is espe-
cially true given the lack of evidence of long-term benefit. For
the leader who is leading the positive disruptive change, it is vi-
tal to empower and engage the frontline clinicians and teams to
understand the reasons why we are adopting the innovation.
For example, there are benefits for patients who might favour
non-invasive (needle-less) options if they offer even better toler-
ability. Understanding the bigger picture helps others to em-
brace change and be willing to consider the adoption of a new
approach. Furthermore, while conventional ablation may seem
suitable for easy-to-treat lesions, using histotripsy for simpler
cases first can demonstrate its feasibility and pave the way for
broader adoption. Ultimately, long-term evidence of oncological
outcomes and cost-effectiveness is crucial to drive multi-
disciplinary team (MDT) adoption of new methods. Additionally,
histotripsy offers the potential advantage of ablating less acces-
sible tumours or tumours in close proximity to other structures
and vasculatures.?®> With increased clinical trial evidence, confi-
dence in the technology within the MDT will enable adoption
into standard clinical practice.

Patient factors

Patients often struggle to keep up with new healthcare technol-
ogies due to complex terminologies, the rapidly evolving land-
scape, and difficulty in finding reliable information. It is likely
that public awareness of histotripsy, as a novel technique, is lim-
ited. This knowledge gap may prevent patients from fully partic-
ipating in shared decision-making regarding their treatment
options, potentially posing a barrier to clinical trial participa-
tion. However, the positive outcomes of the #HOPEA4LIVER trial
and the world’s first kidney case in the CAIN trial have signifi-
cantly improved public awareness, generating substantial
publicity in the form of news, videos, and blogs from the
public.®#"*7® Furthermore, data gathered from the NIHR
Participation in Research Experience Survey evidenced entirely
positive patient feedback for all participants in the CAIN trial.”
For all patients, this was the first clinical trial they had partici-
pated in, and they felt well prepared for the trial by the informa-
tion received in the consent process, and all stated that they
would take part in clinical research in the future.

Following these results and the easy availability of informa-
tion online, UK institutions involved now receive numerous in-
quiries from patients seeking to undergo this revolutionary
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treatment. However, patients currently must travel to the
United Arab Emirates or the United States at their own expense
to receive this treatment outside of any existing trial context.
Furthermore, during the early adoption phase, histotripsy may
only be available at selected UK centres, potentially creating
geographic disparities in access. To mitigate this, clear criteria
for patient selection are needed to ensure that only those most
likely to benefit receive treatment.

The novelty of histotripsy complicates informed consent.
Clinicians must effectively communicate the procedure’s known
benefits, risks, and uncertainties, especially regarding long-term
outcomes, while acknowledging the evolving evidence base.
This means providing balanced information to set realistic
expectations, avoiding both undue pessimism and exces-
sive optimism.

Opportunities and
future directions

Despite the challenges outlined, histotripsy presents numerous
opportunities for advancing patient care and clinical practice in
the United Kingdom. Several key areas of opportunity merit ex-
ploration and development as the technology continues its tra-
jectory toward broader clinical implementation.

Expansion of clinical applications

While liver tumours represent the first approved application for
histotripsy, the technology’s potential extends to numerous
other scenarios. Pre-clinically, notable investigations in animal
models are ongoing for intracranial tumours,” sarcomas,”
cholangiocarcinomas® and prostate cancer.>® Human trials of
these tumours are eagerly awaited.

The role of histotripsy in combination with immune-
checkpoint inhibitors in the advanced and metastatic disease
setting through its immunomodulatory properties has also been
explored through pre-clinical experiments. The mechanical and
non-thermal disruption of cancer cells from histotripsy pre-
serves tumour-associated antigens, which are reabsorbed by
the body over several weeks post-histotripsy. These antigens,
along with damage-associated molecular patterns and inflam-
matory cytokines, activate the adaptive immune system,
allowing for priming of antigen-specific T cells. The tumour-
antigen-specific T cells can then travel in systemic circulation to
reach untreated tumours, allowing direct destruction of local
and distant tumour cells, resulting in an abscopal effect.3+8?
This was demonstrated partially in a patient with colorectal liver
metastases from the THERESA feasibility study of histotripsy in
liver tumours.®>5? Sustained response leading to complete re-
gression of tumours has yet to be observed and requires further
investigation. There have been promising results from a murine
model showing complete regression of contralateral neuroblas-
tomas after treatment of the primary tumour.>® This anecdotal
evidence suggests that the combination of immunotherapies
with histotripsy holds the potential to greatly amplify immune
anti-cancer responses, inducing an adjuvant effect to treat
micrometastatic disease in potentially curative cases, and im-
proving efficacy in non-curative cases.

In benign diseases, pre-clinical and early clinical studies show
potential applications of histotripsy in cases such as deep vein
thrombosis and pulmonary embolism, urinary-tract calculi,®*%*
surgical site infections,®® intracerebral haemorrhage,® mitral
stenosis,®” aortic stenosis,®® and uterine fibroids.®® Each of these
potential applications represents an opportunity to address
unmet clinical needs within the NHS and improve outcomes for
patient populations with limited treatment options. UK institu-
tions, with their strong research infrastructure and multi-
disciplinary expertise, are well-positioned to lead some of these
expansion efforts.

Integration with NHS cancer pathways

The NHS Long Term Plan® emphasizes earlier cancer diagnosis
and more effective treatment options as key priorities.
Histotripsy could potentially support these goals by providing a
less invasive and more cost-effective option for patients diag-
nosed with cancer. In the United Kingdom, liver cancer currently
ranks as the eighth most common cause of cancer-related
deaths, accounting for approximately 3% of all cancer fatali-
ties.° For histotripsy to be integrated effectively into these can-
cer pathways, several developments are warranted.

Firstly, histotripsy must be incorporated into relevant NICE
guidelines and care pathways. Partnership of the public and pri-
vate sectors will be pivotal in negotiating decisions regarding
funding, commissioning, and the development of na-
tional guidelines.

After the incorporation of histotripsy into relevant guidelines,
referral mechanisms and pathways must be developed to en-
sure efficient and effective multi-disciplinary discussion of treat-
ment. Establishing MDT protocols and criteria for patient
selection and follow-up, as well as standardised treatment pro-
tocols specific to the NHS context, is prudent.

Early engagement with NHS England and local trusts will be
vital to demonstrate the potential benefits and cost-
effectiveness of histotripsy. Secondly, it is key to collaborate
with industry partners to ensure device availability, ongoing
technical support and training along with fostering new re-
search. Histotripsy easily fits into existing cancer pathways for
tumour ablation, meaning the technology can be rapidly estab-
lished in standard care of practice.

Building centres of excellence and
international collaboration

The early experience with histotripsy at LTHT and NuTH pro-
vides a foundation for establishing UK centres of excellence for
histotripsy, where treatment protocols can be co-developed
with technical guidance for dissemination to other centres.
Further research and training in histotripsy can also be carried
out in these centres.

The UK’s early involvement in histotripsy clinical trials posi-
tions it well for continued international collaboration in this
field. Partnerships with centres in the United States, Europe,
Hong Kong®! and Singapore®® could accelerate knowledge ex-
change, facilitate multi-centre studies, and enable shared learn-
ing as the technology matures. Allowing collaboration
internationally to share knowledge and best practices will be



10

BJR, 2026, Vol, 00, Issue 00

invaluable to accelerate the learning curve for histotripsy imple-
mentation and help establish the UK as a global leader in this
emerging field.

Workforce development and training

While not necessarily a limitation, implementing a new technol-
ogy such as histotripsy requires establishing an efficient proce-
dural workflow and training MDT, including but not limited to
radiologists, surgeons, oncologists, anaesthetists, sonographers,
and nurses. Dedicated training programs and proctoring will be
necessary to ensure safe and effective implementation. The
time it takes to build the experience in treatment planning, de-
vice operation and post-procedure management can therefore
arguably be seen as a limitation. However, in the long term, this
will aid the establishment of competency frameworks and
credentialling processes, which are essential for safety and qual-
ity control. The collaborative working with centres of excellence
will help to incorporate histotripsy into training curricula of the
Royal College of Radiologists, European Board of Interventional
Radiology, and the Institute of Physics and Engineering in
Medicine. These workforce development initiatives would en-
sure that, as histotripsy becomes more widely available, appro-
priately trained professionals are ready to implement it safely
and effectively.

Research and registry development

The UK’s robust clinical research infrastructure serves as a solid
foundation for addressing the knowledge gaps of long-term on-
cological outcomes with histotripsy, the comparative effective-
ness of histotripsy in relation to conventional treatments, and
the conduct of health economic analyses tailored to the NHS
context. It is also important that routine quality assurance is
performed under Medical Physics and Clinical Engineering
guidelines to ensure the safety of histotripsy devices.

In the context of advanced or metastatic disease settings, fu-
ture research could concentrate on the synergistic effects of his-
totripsy and immunotherapy, particularly in high-risk patient
groups. In the case of advanced or metastatic HCC, the combi-
nation of histotripsy and atezolizumab plus bevacizumab may
prove beneficial. Similarly, in advanced or metastatic renal cell
carcinoma, the potential application of histotripsy to enhance
immunogenicity in conjunction with nivolumab and ipilimumab
is noteworthy.

In the context of local disease, comparative studies with cur-
rent curative treatment options are of paramount importance. A
direct head-to-head trial is indispensable in ascertaining the effi-
cacy and cost-effectiveness of histotripsy. Moreover, the integra-
tion of advanced imaging modalities and artificial intelligence is
poised to further transform histotripsy. Machine learning algo-
rithms could perhaps facilitate real-time monitoring of the cavi-
tation process, adapt to changes in tissue properties and
optimize the resulting ablation zone, potentially improving
safety margins.'’

Furthermore, it is important to establish a comprehensive na-
tional and international registry of cases involving histotripsy,
which will serve as a valuable resource for reflective analysis
and evaluation of histotripsy in the future. Building on the IDAP

Pilot program, securing funding and investment for clinical re-
search trials and devices (beyond industry-sponsored studies
will be critical. This may involve seeking grants from national re-
search bodies, eg, NIHR), cancer charities (eg, Cancer Research
UK), and exploring opportunities for public-private partnerships
to share the financial burden of adoption. The IDAP Program
represents a positive step in facilitating access and potentially
supporting funding pathways for innovative technologies such
as histotripsy.

Conclusion

The UK’s path to widespread adoption of image-guided histo-
tripsy presents both transformative opportunities and signifi-
cant challenges. Initial trial results are promising, positioning it
as a powerful tool for unmet clinical needs. However, hurdles re-
main, including the need for robust long-term oncological data,
comparative research against existing treatments, the high ini-
tial cost of the system, and complexities in workforce training
and clinical integration. Ensuring equitable patient access and
clear communication about this novel therapy are also crucial. A
multi-disciplinary approach and continued collaboration be-
tween Trusts, academic institutions, industry and government
will be essential to realize histotripsy’s full potential in the UK
healthcare landscape. Supporting health economic analyses,
continuous rigorous research and establishment of dedicated
centres of excellence will allow effective adoption of histotripsy
to advance cancer care.
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