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REVIEW

Focal therapy for localized cancer: a patent review
Jette Bloemberg a, Luigi Van Riel b, Dimitra Dodou a and Paul Breedveld a

aBio-Inspired Technology Group (BITE), Department of Biomechanical Engineering, Faculty of Mechanical, Maritime and Materials Engineering, 
Delft University of Technology, Delft, The Netherlands; bDepartment of Urology and the Department of Biomedical Engineering & Physics, 
Amsterdam University Medical Centers, University of Amsterdam, Amsterdam, The Netherlands

ABSTRACT
Introduction: Conventional cancer treatments such as radical surgery and systemic therapy targeting 
the organ or organ system might have side effects because of damage to the surrounding tissue. For 
this reason, there is a need for new instruments that focally treat cancer.
Areas covered: This review provides a comprehensive overview of the patent literature on minimally 
and noninvasive focal therapy instruments to treat localized cancer. The medical section of the Google 
Patents database was scanned, and 128 patents on focal therapy instruments published in the last two 
decades (2000–2021) were retrieved and classified. The classification is based on the treatment target 
(cancer cell or network of cancer cells), treatment purpose (destroy the cancerous structure or disable 
its function), and treatment means (energy, matter, or a combination of both).
Expert opinion: We found patents describing instruments for all groups, except for the instruments 
that destroy a cancer cell network structure by applying matter (e.g. particles) to the network. The 
description of the different treatment types may serve as a source of inspiration for new focal therapy 
instruments to treat localized cancer.
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1. Introduction

1.1. Background

Patients diagnosed with cancer encounter a dilemma: the 
choice of the type of treatment. There is a wide range of 
possible cancer treatment modalities, including radical sur
gery, radiotherapy, and systemic treatment, such as che
motherapy, hormonal therapy, or immunotherapy [1]. 
Treatments targeted at the organ or the organ system might 
have side effects because of damage to the surrounding tissue 
[1–3]. A strategy to overcome this problem is to focus the 
treatment on the cancer cells (i.e. the lesion), thereby preser
ving noncancerous tissue, a method called focal therapy [4–6].

There is no consensus in the literature on the exact definition 
of focal therapy. In this review, we defined focal therapy as 
a minimally or noninvasive therapy that focuses on the localized 
killing of cancer cells without resecting them. The remaining 
dead cancer cells are subsequently resorbed via normal body 
mechanisms [7]. Focal therapy is possible when the cancer is 
detected at an early stage because then the cancer cells are still 
positioned locally at an organ-confined space [8–10].

The localized killing by focal therapy aims at different 
organizational levels of the body as compared to conventional 
treatment such as systemic therapy. The structural hierarchy of 
the human anatomy consists of distinct levels of organization 
that increase in complexity: the cellular, tissue, organ, organ 
system, and organismal level [11]. The cancer tissue/network 
comprises the cancer cells and their vascular network for the 
supply of oxygen and nutrients and the removal of waste 

products, essential for the cancer progression [12]. Every 
level of organization is characterized by its anatomy (the 
structure) and physiology (the function), both being essential 
for its existence [11]. Focal therapy targets either the tissue or 
the cell level, whereas radical surgery targets the cancer cell 
network and a margin of normal tissue surrounding it (e.g. the 
whole organ in radical prostatectomy), and systemic therapy 
targets the organ system [13–15].

1.2. Problem definition

Cancer treatments such as radical surgery and systemic therapy 
damage not only the cancer cells but also the surrounding tissue, 
leading to undesirable side effects [1–3]. The damage might lead 
to functional problems. For example, prostate cancer patients 
who receive standard radical treatment, including radical pros
tatectomy or radiotherapy, are at risk of side effects that impair 
urinary, sexual, or bowel function [16–18].

Focal cancer treatment reduces the risk of side effects. 
Focal treatment is possible when the cancer is unifocal. 
Recently, there is an increasing interest in focally treating 
unifocal prostate cancer [3]. The anatomy and physiology of 
both the cancer cell and network of cancer cells facilitate 
a wide range of focal therapy instruments. Focal therapy 
instruments comprise a collection of instruments using differ
ent means (e.g. energy such as ultrasound waves) to target 
various properties of the lesion to cause local cell death [6,19]. 
A clear classification of focal therapy instruments, described in 
the patent literature, would serve as an overview of the 
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treatment types applied by focal therapy instruments. This 
study focuses on patent literature because it provides insights 
into the future directions of the technologies applied by the 
instruments described in patents. To our knowledge, 
a comprehensive overview of the patent literature on focal 
therapy instruments to treat localized cancer is not yet 
available.

1.3. Goal and structure

This study presents a comprehensive overview of the patent 
literature on focal therapy instruments to treat localized can
cer. We decided to focus on focal treatment instruments for 
unifocal cancer in general, the working principle of instru
ments to treat for example prostate cancer could also be of 
interest for the treatment of unifocal cancers in other organs 
such as the breast, kidney, or liver. An overview of the patent 
literature on focal therapy instruments provides insights into 
the future directions of the technologies applied by these 
instruments. The relevant patents were classified based on 
their treatment target, purpose, and means. First, the method 
of the patent search on focal therapy instruments is described 
in Section 2. Next, the instruments found in the patents are 
categorized and described. The classification of the focal ther
apy instruments targeting the individual cancer cells is 
described in Section 3. The classification of the focal therapy 
instruments targeting the network of cancer cells is described 
in Section 4. Then, the commercially available instruments are 
discussed in Section 5. The types of treatment and the instru
ments are discussed in relation to the temporal distribution of 
the classified patents in Section 6. Section 7 presents the 
conclusion and Section 8 provides our expert commentary 
on this topic.

2. Method

2.1. Patent search method

A search within the patent literature for medical instruments 
used for focal therapy to treat localized cancer was conducted 
using the Google Patents database (accessed June 2021). Our 
search query was a Boolean search term consisting of 
a combination of keywords related to (1) the focal character 
of the treatment, (2) the type of treatment, (3) the pathology 
to be treated, and (4) the treatment tool and its design 
(Figure 1(a)).

We looked for the above-mentioned combination of search 
terms at the claims, title, and abstract of the patents. We 
restricted our search to patents linked to the Patent 
Cooperation Treaty (PCT), by using the prefix ‘WO’ in the search 
term. Furthermore, we restricted our patent literature search to 
patents published after 1 January 2000. Lastly, we restricted our 
search within the medical field with the World Intellectual 
Property Organization (WIPO) code ‘A61,’ which corresponds to 
the medical or veterinary science and hygiene class of human 
necessities. This class contains several subclasses and lower-level 
groups. Taking all of this into account, we focused our search on 
the following subclass and groups: ‘A61N’ representing 
‘Electrotherapy, magnetotherapy, radiation therapy, ultrasound 

therapy’; ‘A61B6’ representing ‘Apparatus for radiation diagno
sis, e.g. combined with radiation therapy equipment’; ‘A61B18’ 
representing ‘Surgical instruments, devices or methods for trans
ferring non-mechanical forms of energy to or from the body’; 
‘A61B34’ representing ‘Computer-aided surgery; Manipulators or 
robots specially adapted for use in surgery.’ The entire search 
query was:

(CL = ((focal OR ablati* OR thermal OR cryo* OR ‘focused 
ultrasound’ OR photodynamic OR brachy*) AND (therapy OR 
treatment OR surgery) AND (cancer OR tumour OR neoplasm) 
AND (instrument OR instrumentation OR ‘equipment design’ OR 
‘machine design’ OR apparatus OR needle OR probe)) OR 
TI = ((focal OR ablati* OR thermal OR cryo* OR ‘focused ultra
sound’ OR photodynamic OR brachy*) AND (therapy OR treat
ment OR surgery) AND (cancer OR tumour OR neoplasm) AND 
(instrument OR instrumentation OR ‘equipment design’ OR 
‘machine design’ OR apparatus OR needle OR probe)) OR 
AB = ((focal OR ablati* OR thermal OR cryo* OR ‘focused ultra
sound’ OR photodynamic OR brachy*) AND (therapy OR treat
ment OR surgery) AND (cancer OR tumour OR neoplasm) AND 
(instrument OR instrumentation OR ‘equipment design’ OR 
‘machine design’ OR apparatus OR needle OR probe))) (A61B6 
OR A61B18 OR A61B34 OR A61N) country:WO before:publica
tion:20210601 after:publication:20000101 language:ENGLISH.

2.2. Eligibility criteria

The scope of this study was to make an overview of medical 
instruments that use focal therapy to treat localized cancer. 
Solely patents explaining the mechanical design of an in vivo 
focal therapy instrument to treat internal localized cancer 
were included. Patents for general focal therapy devices (i.e. 
not specifying the type of focal therapy, such as a single 
instrument that houses a catheter for cryotherapy, thermal 
treatment or delivery of a chemical agent or a single instru
ment designed to achieve ablation by microwave, radiofre
quency, ultraviolet, ultrasound, or laser energy) and patents 
only focusing on the method of focal therapy but not on 
a device were excluded. Instruments only intended for veter
inary medicine and instruments only for imaging, position
ing, navigating, or monitoring were also excluded. Patents 
that only added a feature that does not relate to the focal 
working mechanism of an instrument presented in 
a different patent were excluded as well.

2.3. Patent search results

The search yielded 780 patents (last update 1 June 2021). 
Based on the eligibility criteria, the titles, and when in doubt, 
the abstracts, figures, and full-texts were checked subse
quently. After full-text inspection, 128 patents were identified, 
fulfilling all eligibility criteria (Figure 1(b)).

2.4. Classification of focal therapy instruments

The results of our patent search revealed two types of targets 
of the focal therapy treatment: the individual cancer cells and 
the network of the cancer cells. In both cases, two types of 
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treatment purposes were identified: to destroy the structure or 
to disable the function (Figure 1(c)). For each of these pur
poses, we made a distinction between instruments that use 
energy (e.g. heat caused by electromagnetic waves, ultra
sound waves, or thermally conductive elements) to interact 

with the individual cells or the network, instruments that use 
matter (e.g. chemical substances such as ethanol and antian
drogen), and instruments that use a combination of energy 
and matter (e.g. magnetic particles in combination with 
a magnetic field or photosensitive particles activated by light).

Figure 1. (a) Visual representation of the search query. (1) The first group of keywords limits the search to focal activities (rather than global/systemic). (2) 
The second group of keywords limits the search to treatments to cure the target area. (3) The third group of keywords limits the search to localized cancer. (4) The 
fourth group of keywords limits the search to the tool design. (b) Schematic representation of the patent selection method. (c) Focal therapy instruments are 
classified as either targeting the individual cancer cells or the network of cancer cells. In either case, two types of treatment purposes can be distinguished: to 
destroy the structure or to disable the function.

EXPERT REVIEW OF MEDICAL DEVICES 753



3. Destroy cancer cells on a cell level

Focal therapy instruments that target the individual cancer 
cells apply their treatment on each cell, thereby destroying 
the structure (Section 3.1) or disabling the function 
(Section 3.2) of each cell. The classification of the patents on 
focal therapy instruments to treat cancer on the individual 
cancer cell level resulted in six groups of focal therapy instru
ments. Figure 2(a) presents a graphical summary of the instru
ment classification, listing all the retrieved patents for each 
group of focal therapy instruments. Each subsubsection 
describes the mechanical design variations of the focal ther
apy instruments classified into one group and the specific 
cancer types for which the instruments are designed.

3.1. Destroy cell structure

3.1.1. Destroy cell structure by applying energy
Sixty-seven patents were retrieved presenting instruments 
that destroy the structure of cancer cells by applying energy 
to the cells. A number of mechanical design variations, apply
ing various types of energy, have been developed, targeting 

different parts of the cell structure. To date, most focal thera
pies using energy as a destruction mechanism are achieved by 
either high intensity focused ultrasound (HIFU) or cryotherapy 
[20–22]. Other focal therapies using energy to destroy the cell 
structure comprise irreversible electroporation (IRE), bra
chytherapy using ionizing radiation, and various treatment 
methods inducing thermal ablation or photodisruption [23].

Ultrasound is a form of mechanical wave transmission [24]. 
HIFU can be used for both thermal and mechanical destruc
tion mechanisms [25]. Non-thermal ultrasound induces dense, 
energetic bubble clouds or boiling bubbles combined with 
shock fronts causing cell death by mechanical disintegration, 
called histotripsy [26]. Histotripsy is achieved using acoustic 
pulses with an intensity that is at least five times higher than 
the intensity of ultrasound used in thermal ablation [25]. As an 
example of non-thermal ultrasound, the instrument described 
by Roberts et al. [27] contains an external ultrasound transdu
cer placed on a robotic arm to treat prostate tumors (Figure 3 
(a)). The ultrasound system is in acoustic contact with the 
patient’s perineum. It controllably applies ultrasound energy 
into the prostate by maintaining a bubble cloud within the 
image generated by a transrectal ultrasound probe. A similar 

Figure 2. (a) Classification of focal therapy instruments to destroy cancer cells on cell level. (b) Classification of focal therapy instruments to destroy cancer cells on 
network level.
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external ultrasound transducer design was developed for brain 
cancer treatment [28]. A design for an internal probe that 
delivers pulsed electric energy for non-thermal cell destruction 
was described by Gleiman et al. [29].

Cryoablation relies on removing thermal energy from tissue 
to cause local freezing and consequently physical disruption 
due to mechanisms such as intracellular ice, ice crystals that 
cause shear stress, or extracellular ice crystals that remove 

water from cells [30]. The low temperature is achieved by 
the Joule-Thomson effect that describes the decrease in tem
perature of a fluid caused by the decrease in pressure on the 
fluid [31]. To illustrate, in the cryoprobe described by Surtees 
et al. [32] (Figure 3(b)), the tip of the cryoprobe is positioned 
adjacent to the target cells and is cooled by a cryogen gas to 
less than −50°C and subsequently heated to 5°C using both 
active and passive thawing in free-thaw-freeze cycles [5], 

Figure 3. Patents of focal therapy instruments to destroy the cancer cell structure or disable the cancer cell structure. The drawings show the outline of skin the 
instrument encounters (purple), the energy transducing element (green), the energy sent to the target (green dashed), the matter source (orange), the matter sent 
(orange dashed), and the target region (red). (a) Instrument for nonthermal ultrasound treatment, from [27]. (b) Instrument for cryoablation, from [32]. (c) Distal tip 
of instrument for chemical ablation, from [104]. (d) Cap for cold plasma ablation, from [112]. (e) PDT instrument inserted in the patient showing the ultrasound 
monitoring system, from [118]. (f) Photosensitizer released from the perforations in the distal needle shaft, from [118]. (g) Needle sheath withdrawn exposes the 
fiber optic tip for light delivery, from [118]. (h) Instrument for magnetic treatment (front view), from [169]. (i) Instrument for magnetic treatment (side view), from 
[169]. (j) Instrument for thermal treatment using radio waves, from [58]. (k) Instrument for antiandrogen administration, from [107]. (l) Instrument using injectable 
MENPs and a magnetic field system, from [142]. (m) Instrument for thermal treatment using electrodes and dissolvable salts, from [152].
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causing cell destruction. The cryogen gas is throttled through 
a Joule-Thomson nozzle and subsequently circulated within 
the probe. Heat is drawn from the target cells, and a growing 
ice mass is formed around the tip, eventually encompassing 
the target cells. The instrument further includes an ultrasound 
component for intra-procedural monitoring. Similar cryop
robes have been proposed by a number of inventors [33– 
35]. Other design variations include an instrument consisting 
of multiple rigid probes in a grid [36] or a flexible endoscopic 
catheter [37].

An electric field in contact with cells causes IRE by chan
ging the electrochemical potential across the cell membrane, 
which opens the cell membrane causing the cells to die [38]. 
The irreversibility depends on the voltage, waveform, and 
frequency of the current [39]. IRE instruments designed to be 
introduced inside the body can consist of an implant [40] or 
a percutaneous handheld probe [41–43].

Electromagnetic radiation can be described as a wave or 
a collection of particles, known as photons [44]. We classified 
focal therapy instruments using electromagnetic radiation as 
instruments using energy instead of matter, because photons 
possess no rest mass. The electromagnetic spectrum can be 
divided into non-ionizing and ionizing radiation. The bound
ary between non-ionizing and ionizing radiation occurs in the 
ultraviolet field but is not strictly defined [45]. Ionizing radia
tion causes chemical bonds to break by removing electrons, 
whereas non-ionizing radiation only causes heating of the 
substance [45]. Ionizing radiation causes cell death by depos
iting energy in cancer cells, thereby damaging their genetic 
material [46]. Instruments have been developed using differ
ent types of ionizing radiation, including X-ray radiation [47– 
49], gamma-radiation [50], and light radiation [51,52].

Ablative technologies relying on high temperature 
(>60°C) affect both the cell structure and the cell function 
causing coagulative necrosis [39]. Coagulative necrosis is 
a form of necrosis where both the structural proteins and 
the enzymes of the cell are damaged, which partly explains 
the late onset of dead tissue removal in this type of necrosis 
[39,53]. Instruments can use different heat-generating or 
transmitting mechanisms to achieve cell death, including 
non-ionizing electromagnetic waves (i.e. radio waves, micro
waves, and light), thermally conductive elements, and ultra
sound waves. For electromagnetic waves, there is a trade-off 
between penetration depth and focusing [54]. Therefore, 
most instruments relying on electromagnetism are instru
ments in direct contact with the target tissue (e.g. internal 
probes or implants). This applies to radio wave probes [55– 
74], radio wave implants [75], microwave probes [76–84], and 
laser light probes [85,86]. Direct contact is also necessary for 
heat-conducting and electrification probes [43,87–89]. An 
exception is an external microwave system that uses two or 
more microwave transducers with reinforcing wave patterns 
to achieve the required penetration depth without direct 
contact with the target tissue [90]. Besides non-ionizing elec
tromagnetic waves, ultrasound (e.g. HIFU) can also destroy 
and disable cancer cells [25]. Thermal HIFU does not cause 
mechanical disintegration of the cells like non-thermal HIFU, 
but it causes coagulative necrosis. HIFU can achieve ade
quate tissue penetration without affecting the focusing 

because it is a mechanical wave [54], which enables the 
design of external ultrasound transducers [91–96], as well 
as internal ultrasound probes [97–101] and implants [102] 
for thermal ultrasound.

Most patents focusing on destroying cancer cells based on 
energy principles describe instruments used for cancer treat
ment in general. However, some patents describe body-part 
specific cancer treatments, including brain cancer [28,102], 
lung cancer [61,66,74,90], breast cancer [93,96], endometrial 
cancer [67], adrenal cancer [64], prostate, thyroidal, bladder, or 
kidney cancer [27,47,50,51,94], and cancer in body tracts such 
as the gastrointestinal or urinary tract [47,52].

3.1.2. Destroy cell structure by applying matter
Eight patents were retrieved presenting instruments that 
destroy the structure of the cancer cell by applying matter 
to the cells. Focal therapy modalities using matter to destroy 
the cell structure are chemical ablation and cold atmospheric 
plasma (CAP).

Chemical ablation is the non-thermal, percutaneous abla
tion of target cells using ablative substances (e.g. ethanol) 
[103]. The ablative substance generally achieves cell destruc
tion by dehydration of the cytoplasm, protein denaturation, 
and coagulation necrosis [103]. Toth et al. [104] describe 
a suitable probe for the internal delivery of a chemical agent 
(Figure 3(c)). The distal end of the probe is able to penetrate 
the target tissue and has delivery ports arranged along it. 
A balloon at the tip ensures contact between the target tissue 
and the delivery ports. Sensors at the tip allow for intra- 
procedural monitoring by measuring, temperature, physiolo
gical, and/or electrophysiological changes associated with the 
delivery process. Similar chemical delivery probes are pre
sented in a number of other patents [64,89,105–107].

CAP is a treatment modality based on quasi-neutral ionized 
gas [108]. CAP creates reactive oxygen and nitrogen species 
(e.g. hydroxyl, hydrogen peroxide, and nitrogen dioxide), 
which selectively kill cancer cells, by amongst others DNA 
damage [109–111]. Barthel [112] describes plasma-producing 
caps that fit at the end of an endoscope (Figure 3(d)). The cap 
contains multiple plasma delivery ports and an ignition device 
to produce the ionized plasma. The endoscope camera can be 
used for intra-procedural monitoring. A similar design was 
presented by Krasik et al. [113].

Some patents for destroying cancer cell structures using 
matter have been developed for body-part-specific cancers, 
including esophageal cancer [112], adrenal cancer [64], and 
prostate cancer [105,107].

3.1.3. Destroy cell structure by applying energy and 
matter
Forty-six patents have been found presenting instruments that 
destroy the structure of the cancer cells by applying both 
energy and matter to them. Photodynamic therapy (PDT) is 
one of the best-studied focal therapy modalities for cancer 
treatment [114]. Other focal therapy modalities using com
bined energy and matter to destroy the cell structure are 
particle brachytherapy, reversible electroporation, and 
cryotherapy.
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PDT involves administering a photosensitizer followed by 
activating the photosensitizer by the irradiation of a specific 
wavelength [115–117]. The activated photosensitizer gener
ates radical oxygen species (superoxide and hydroxyl) that 
cause irreparable damage to the cell structure, thereby killing 
the cells [115]. Chen et al. [118] developed a needlelike probe 
comprising an internal passageway to introduce an acoustic 
assembly (Figure 3(e)), a photosensitizer assembly (Figure 3(f)), 
and a photoactivation assembly (Figure 3(g)). The probe can 
be positioned percutaneously or endoscopically and com
prises a balloon to lock the device in place. An external steer
ing mechanism is used to orient the distal end of the probe 
within the target region. The acoustic assembly in combina
tion with the ultrasound device is used as an intra-procedural 
monitoring system. The photosensitizer is delivered from the 
perforations in the distal needle shaft of the photosensitizer 
assembly to the target cells adjacent to the outer surface of 
the target region. The photosensitizer is activated by an opti
cal fiber delivered through the photoactivation assembly. 
Similar probe designs [119–122], or design variations with 
separate internal delivery instruments [123,124], or an internal 
and external delivery instrument [125,126] have also been 
reported.

Ionizing radiation with charged particles is able to cause 
DNA damage in the cancer cells [127]. In contrast to the 
ionizing radiation using photons described in Section 3.1.1, 
we classified ionizing radiation with charged particles as 
instruments that use matter because the charged particles 
do possess a mass. Patents were found using alpha-particles 
[128–131], beta-particles [131,132], neutrons [133], or posi
trons [134]. Most instruments have been developed to be 
placed internally (i.e. internal probes, needles, or implants) 
[128–132] because of the low penetration depth of particles, 
except for neutrons. High energy atoms, called plasma, do not 
target the cell DNA but aim at destroying the cell structure as 
a whole by thermal tissue evaporation, using an internal 
probe [135].

Reversible electroporation is able to cause cell death by 
increasing the membrane permeability to enable access to 
a cytotoxic agent (electrochemotherapy) [136]. The electrodes 
and the cytotoxic agent can be co-positioned [137,138] or 
introduced separately [139]. IRE can be enhanced by systemi
cally administered nanoparticles that increase the treatment 
area or the cancer cell selectivity [140,141], magneto-electric 
nanoparticles responsive to magnetic fields [142], or 
a conductive fluid [143,144].

Cryotherapy instruments, as described in Section 3.1.1, are 
hindered by the risk of sticking to and tearing tissue, as well as 
their requirement for precise contact [145,146]. We found two 
patents describing a flexible catheter that delivers low- 
temperature matter (spray cryotherapy), to overcome these 
problems [147,148].

Some hyperthermia mechanisms to destroy cancer cells 
require a combination of energy and matter. A distinction 
can be made between a single medium that contains both 
the energy and the matter (e.g. a heated fluid or vapor deliv
ered with an internal probe) [149,150] and different mediums 
for the energy and the matter. For the latter, a distinction can 
be made between a single instrument that administers both 

the energy and the matter (e.g. an internal probe with distinct 
channels) [151–156], separate instruments for the energy and 
the matter [157,158], and a single instrument that delivers 
either one of them (externally for ultrasound and magnetic 
systems and internally for electromagnetic wave systems) and 
a general instrument used in surgery to deliver the other (e.g. 
nanoparticles administered by injection, orally, or nasally) 
[159–165]. Another mechanism for focal treatment is local 
drug delivery using thermosensitive liposomes [166]. The 
internally administered liposomes can be activated by an 
internal probe [167] or an external system [168].

Most patents developed to destroy cancer cells based on 
combined energy and matter principles describe an instru
ment used for cancer treatment in general. However, some 
instruments for body-part-specific cancer treatment have also 
been reported, including brain cancer [143], lung cancer [148], 
cancer in the female reproductive system [147], and prostate 
cancer [150].

3.2. Disable cell function

3.2.1. Disable cell function by applying energy
Fifty-one patents were retrieved presenting instruments that 
disable the function of the cancer cells by applying energy to 
the cells. Both magnetism and hyperthermia can be used to 
disable the cell function.

In Vishwanath [169], an external magnetic system for cell 
degeneration was described. Cell degeneration is achieved by 
normalizing the cell membrane potential, causing an 
increased influx of calcium and potassium ions and oxygen, 
an increased efflux of sodium and water, and a reduction of 
the intracellular acidity. Only cancer cells are affected because 
of their low membrane potential as compared to healthy cells 
[170]. The system described by Vishwanath [169] consists of 
multiple magnetic field generators circumferentially fixed on 
a support structure (Figure 3(h) and 3(i)). The system is placed 
externally from the patient in such a way that the target cells 
are at the focal region of magnetic field generators. 
Monitoring of the treatment can be done using pre- and post- 
treatment imaging modalities, such as ultrasound, computed 
tomography (CT), or magnetic resonance imaging (MRI). 
Another design variation of an instrument that changes the 
cell membrane potential is a probe with contact electro
des [171].

Other instruments use hyperthermia mechanisms, which 
damage the cell directly (see Section 3.1.1), but also disable 
the cell function [39]. Habib [58] developed a set of radio- 
wave emitting needles that can be deployed by a hinge joint 
at the central needle (Figure 3(j)). The radiofrequency power 
can be applied across different combinations of the needles. 
The instrument can be used in conjunction with an imaging 
system, such as ultrasound, for intra-procedural monitoring. 
Some examples of cell functions that are disabled are the 
process of facilitated diffusion across the cell membrane with 
the assistance of membrane proteins and the mitochondrial 
function [172,173]. Other instruments that apply hyperthermia 
mechanisms using energy to disable the cell function have 
been found in a number of patents [43,55–102].
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Most patents developed to disable cancer cells based on 
energy principles describe an instrument used for cancer 
treatment in general. However, some instruments for body- 
part specific cancer treatment are reported as well, including 
brain cancer [28,102], lung cancer [61,66,74,90], breast cancer 
[93,96], endometrial cancer [67], adrenal cancer [64], and pros
tate, thyroidal, bladder, or kidney cancer [94].

3.2.2. Disable cell function by applying matter
Using matter to disable the function of cancer cells targets 
(the production of) essential elements for the proliferation of 
the cancer cells with hormones or other agents. Only two 
patents have been found presenting instruments that target 
these essential elements using matter.

Neisz et al. [107] describe a probe for administering an 
antiandrogen that suppresses the androgen production by 
the testes (Figure 3(k)), for example, bicalutamide [174]. For 
androgen-dependent prostate cancer, androgen (typically tes
tosterone) is required for the development of the tumor [175]. 
The transurethral probe contains a needle designed to be 
deployed against the prostate urethra. The probe includes 
a scope sheath with an eye-port for intra-procedural visual 
guidance. A similar design was presented by Barnett et al. 
[106] that can deliver various types of agents to block the 
production of essential elements for the cancer cells. Some 
possible agents are bicalutamide for prostate cancer cells and 
tamoxifen for breast cancer cells [176]. Tamoxifen inhibits 
estrogen binding to estrogen receptors, a binding required 
for tumor growth of the breast cancer cells [176].

3.2.3. Disable cell function by applying energy and matter
Sixteen patents were retrieved presenting instruments that 
disable the function of the cancer cells by applying both 
energy and matter to the cells. Both magneto-electric nano
particles and particles enhancing hyperthermia mechanisms 
disable the cancer cell function in combination with applied 
energy.

Liang [142] developed injectable magneto-electric nano
particles (MENPs) (Figure 3(l)). The MENPs are attracted to 
cancer cells because of the different electrical potentials of 
cancer cells and healthy cells. An external magnetic system 
induces three magnetic fields: the first magnetic field pro
duces a higher concentration of MENPs at the tumor site, 
the second achieves nano-electroporation to penetrate tar
geted cells, and the third both disables the function of the 
target cells and physically damages the cells by mechanical 
motion of the MENPs inside the cell. Adding an MRI device 
may enable intra-procedural monitoring.

Other patents in this group use hyperthermia mechanisms to 
both destroy the cells and disable the cell function. Ruse et al. 
[152] presented an instrument consisting of multiple rigid elec
trode shafts with dissolvable salts (Figure 3(m)). The dissolvable 
salts mix with bodily fluids, resulting in an electrically conductive 
ionic solution. Inflatable components along the shafts provide 
mechanical stability. Each electrode shaft has a thermal sensor 
for intra-procedural temperature monitoring. Furthermore, the 
electrode bands and the non-conductive shaft portions can be 
distinguished using ultrasound imaging. Other instruments 
using hyperthermia mechanisms to disable the cell function 

using both energy and matter have been found in a number 
of patents [149–163].

Most patents that propose to disable cancer cells based on 
combined energy and matter principles describe an instrument 
used for cancer treatment in general, except for one patent 
developed for prostate cancer treatment [150]. Almost all instru
ments classified as disabling the individual cell function (Groups 
4, 5, and 6) were also classified as destroying the individual cell 
structure (Groups 1, 2, and 3). These instruments apply a hybrid 
method that affects both the cell structure and the cell function 
to achieve cell death. The most frequently applied hybrid meth
ods in instruments that target individual cancer cells are high- 
temperature ablative technologies using solely energy or com
bined energy and matter. All patents classified as disabling the 
cancer cell function apply a hybrid method that combines 
destruction and disabling mechanisms, except for a patent by 
Vishwanath [169] and a patent by Sano et al. [171] 
describing focal therapy instruments that focus solely on dis
abling the cancer cell function.

4. Destroy cancer cells on a network level

Focal therapy instruments targeting the network of cancer cells 
apply their treatment not on each cell but treat a network of cells 
as a whole. The cell network is able to live because of the supply 
of nutrients and the discharge of waste, enabled by the vascular 
system of the network. This function is disabled when the blood 
vessels and lymphatic vessels leading toward and from the 
cancer cells are either destructed (Section 4.1) or obstructed 
(i.e. disabled, Section 4.2) [177]. Both the destruction and 
obstruction of the pathways leading toward and from the cancer 
cells can be achieved by energy, matter, or a combination of 
energy and matter. The classification of the patents on focal 
therapy instruments to treat cancer on the network level resulted 
in six groups of focal therapy instruments (Figure 2(b)). Each 
subsubsection describes the mechanical design variations of 
the focal therapy instruments classified into one group and the 
specific cancer type for which the instruments are designed.

4.1. Destroy network structure

4.1.1. Destroy network structure by applying energy
Eleven patents have been found presenting instruments that 
destroy the structure of a cancer cell network by applying 
energy to the network as a whole (Figure 2(b)). The vascular 
system of the cancer cells can be destroyed with energy by 
either targeting the individual blood vessels or targeting the 
overall blood supply.

Habib [178] describes a flexible catheter containing multi
ple electrodes for thermal ablation of a blood vessel supplying 
a tumor using radiofrequency current (Figure 4(a)). The cathe
ter is mounted on a guidewire, and the distal tip comprises 
extendable elements that can be deployed outwards from the 
shaft to contact the hollow vessel wall. Temperature sensors at 
the catheter tip allow for intra-procedural monitoring. Similar 
patents on instruments applying a heated lumen around the 
vessel [179] or inserting a catheter with a thermal probe inside 
a vessel [180] have been found. Another design variation 
comprises an ablating implant inserted in the blood vessel 
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[75,181]. Besides thermal ablation, cryoablation is also able to 
cause vascular injury (as well as direct cell destruction, making 
cryoablation a hybrid method, see Section 3.1.1), leading to 
cell death [5]. A number of instruments have been proposed 
that induce cryoablation of blood vessels by removing thermal 
energy [32–34,36,37].

Instead of targeting the individual blood vessels, another 
design variation targets the overall blood supply of cancer 
cells by embolizing a shell of tissue surrounding a group of 
cancer cells, thereby enclosing the cancer cells. Parsons et al. 
[182] describe an instrument that applies HIFU to the peri
meter of the tumor, thereby both interrupting the blood 
supply of the cells in the interior region and treating the 
interior region by indirect heating (Figure 4(b)). The focal 
zone of the HIFU instrument is moved along the perimeter 
of the target volume. The time required to treat the target 
tissue is reduced as compared to treatment of the target tissue 
by direct ablation. The instruments includes an ultrasound 
imaging transducer for intra-procedural monitoring.

Most patents focusing on disabling cancer networks based 
on energy principles describe an instrument used for cancer 
treatment in general, except for a patent developed for lung 
cancer [180] and a patent developed for endometrial cancer 
treatment [182].

4.1.2. Destroy network structure by applying energy and 
matter
Two patents were retrieved describing instruments that 
destroy the cell network by applying energy and matter to 
the network. Cryoablation using low-temperature matter 
causes vascular injury (as well as direct cell destruction, see 
Section 3.1.3), leading to cell death [5]. Krimsky [147] describes 
a catheter coupled to a cryogen source that is inserted 

through a lumen of an endoscope into the patient’s vagina 
or cervix to treat cancer in the female reproductive system. 
The catheter contains one or more openings for the cryogen 
that is sprayed directly on the target tissue (Figure 4(c)). The 
endoscope can additionally house an imaging camera lens for 
intra-procedural monitoring. Johnston [148] described 
a similar cryoablation instrument for lung cancer treatment.

4.2. Disable network function

4.2.1. Disable network function by applying energy
Only one patent has been found describing an instrument that 
disables the cell network by applying energy. Specifically, 
Connors et al. [183] describe an inflatable implant to be placed 
around a network of cancer cells (Figure 4(d)). This implant 
consists of a flexible housing filled with a high vapor pressure 
medium that forms a shell around the cancer cells. The inner 
surface of the implant inflates over time, thereby constricting 
the cells and the blood flow to the cells by the applied 
pressure. The instrument has been developed to treat pro
blems with pressure in the body, such as urinary incontinence, 
and to treat cancer cell networks. The implant can optionally 
include an electronic device to monitor and control the expan
sion and contraction intra-procedurally.

4.2.2. Disable network function by applying matter
Gat et al. [179] describe an instrument that disables the net
work function by applying matter. The instrument was devel
oped to treat testosterone-dependent prostate cancer using 
an intravascular catheter. The catheter is capable of sclerosing 
an internal spermatic vein (the deferential vein), thereby pre
venting blood rich in testosterone from reaching the prostate 
(Figure 4(e)). A guidewire within the catheter enables the 

Figure 4. Patents of focal therapy instruments to destroy the cancer cell network structure. The drawings show the outline of skin the instrument encounters 
(purple), the energy transducing element (green), the energy sent to the target (green dashed), the matter source (orange), the matter sent (orange dashed), and 
the target region (red). (a) Instrument using electrodes to embolize a vessel leading to cancer cells, from [178]. (b) Instrument using flexible electrodes to embolize 
a shell of tissue surrounding a network of cancer cells, from [182]. (c) Instrument using cryoablation to cause vascular damage, from [147]. (d) Instrument to constrict 
cancer cells and its blood flow, from [183]. (e) Instrument to deliver sclerosing agent to the deferential vein to prevent testosterone from reaching the prostate, from 
[179]. (f) Instrument using pressure and an anti-cancer factor to block a vessel leading to cancer cells, from [184].
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positioning of the catheter’s orifice in front of the target 
junction and an inflatable balloon to hold the catheter in 
place and prevent the agent from reaching other regions 
than the target region. Intra-procedural imaging using optical 
fibers, ultrasound, or CT allows for positioning of the catheter. 
The catheter then injects a sclerosing agent into the opening 
of the target vein, which causes swelling that cuts off the 
blood flow, after which the vein shrinks. Optionally, an anti- 
androgen is injected after occluding.

4.2.3. Disable network function by applying energy and 
matter
Only one patent [184] has been retrieved that describes an instru
ment that disables the cancer network function by applying 
energy and matter. The patent describes an implant that obstructs 
blood vessels while emitting a bioactive agent, such as an anti- 
cancer factor (Figure 4 (f)). The instrument comprises a helical coil 
designed to be deployed inside the patient’s blood vessel. A braid 
positioned over the helical coil like a sleeve contains fibrous ele
ments comprising the bioactive material. Plugs, attacked to the 
braid, obstruct the target vessel. External imaging modalities can 
be used to monitor the positioning of the implant. The instrument 
was designed to obstruct abnormal blood flow sites, such as blood 
vessels that carry blood to cancer cell networks.

5. Commercially available instruments

This section provides a glimpse of the current commercially 
available focal therapy instruments to treat localized cancer. 
Most commercially available instruments destroy the cancer 
cell structure by applying energy (Group 1), such as cryother
apy and hyperthermia treatments, which are hybrid treat
ments that also affect the cell function (Group 4), or by 
applying combined energy and matter (Group 3) such as 
PDT and electrochemotherapy (Table 1). The patents related 
to the commercially available instruments were collected by 

analyzing to which company the patent was assigned and 
evaluating the resemblances between the patented instru
ment and the commercially available instrument.

Common cryotherapy probes are the IceSeed™ MRI or 
IceRod™ MRI (Boston Scientific, Natick, MA) [185] used with 
the Visual-ICE Cryoablation system [186]. A patent of these 
probes was presented by Zvuloni et al. [36]. Another commer
cially available cryoprobe is distributed by Endocare 
(Healthtronics/Endocare Inc., Irvine, CA), which is used under 
ultrasound guidance [187]. All three cryoprobes create an ice 
ball formation at the tip by compressed argon gas that passes 
through a central channel [188].

IRE has been approved in Europe (CE certificate), as well as by 
the FDA in the US [189]. The NanoKnife (AngioDynamics, 
Queensbury, NY) [190,191] is the first instrument based on IRE 
[192]. Two patents on instruments discussed in this study are 
assigned to AngioDynamics and are related to the NanoKnife as 
they show similar treatment mechanisms [42,43]. The NanoKnife 
consists of a set of monopolar probes and one bipolar probe that 
are positioned with ultrasound or CT guidance [193].

Common thermal mechanisms that disable cell function 
and destroy cell structure are radiofrequency ablation (RFA), 
microwave ablation, HIFU, and focal laser ablation. Multiple 
companies manufacture RFA instruments, which are used 
under ultrasound or CT guidance. Boston Scientific (Natick, 
MA) distributes the LeVeen Needle Electrode [194], consisting 
of twelve curved electrodes that open in an umbrella shape. 
Three found patents on RFA probes are assigned to Boston 
Scientific and show a similar umbrella shape and treatment 
mechanism as the LeVeen Needle Electrode [60,70,71]. 
Covidien (Mansfield, MA) distributes the Cool-tip RFA System 
[195], in which the probe contains either a single electrode or 
a set of up to three electrodes. AngioDynamics (Queensbury, 
NY) developed a number of RFA devices, including the 
StarBurst XL and the StarBurst Semi-Flex [196], the latter 
being able to bend up to 90 degrees in all directions. The 

Table 1. Overview of commercially available focal therapy instruments to treat localized cancer.

Instrument Company Reference
Related 

Patent(s) Classification Group(s)
Focal Therapy 

Method

IceSeed™ MRI Boston Scientific, Natick, MA [185] [169] [36] 1. Destroy cell structure by applying energy Cryotherapy
IceRod™ MRI Boston Scientific, Natick, MA [185] [36]
Endocare™ precision 

cryoprobe
Healthtronics/Endocare Inc., Irvine, CA [186]

NanoKnife AngioDynamics, Queensbury, NY [187,188] [42,43] IRE
LeVeen Needle Electrode Boston Scientific, Natick, MA [189] [60,70,71] 1. Destroy cell structure by applying energy 

and4. Disable cell function by applying 
energy

RFA
Cool-tip RFA System Covidien, Mansfield, MA [190]
Starburst XL AngioDynamics, Queensbury, NY [191]
Starburst Semi-Flex AngioDynamics, Queensbury, NY [191]
Solero Microwave Tissue 

Ablation System
AngioDynamics, Queensbury, NY [192] Microwave 

ablation
TULSA-PRO Profound Medical Inc., Toronto, Canada [193] HIFU
Sonalleve MR-HIFU Profound Medical Inc., Toronto, Canada and 

Philips Healthcare, Best, The Netherlands
[194,195] [91,96]

Focal One HIFU device EDAP TMS, Vaulx-en-Velin, France [196]
Ablatherm Robotic HIFU 

device
EDAP TMS, Vaulx-en-Velin, France [197]

Sonablate SonaCare Medical, Charlotte, NC [198]
Foscan or padeliporfin 

(TOOKAD) and a laser 
diode

Applied Optronics Corp., South Plainfield, NJ [199– 
201]

3. Destroy cell structure by applying energy 
and matter

PDT

Cliniporator 2 IGEA, Carpi, Italy [202] Electrochemo- 
therapy

IRE = irreversible electroporation; RFA = radiofrequency ablation; HIFU = high intensity focused ultrasound; PDT = photodynamic therapy 
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probe contains nine deployable electrodes and an active tro
car tip. AngioDynamics also distributes the Solero Microwave 
Tissue Ablation System, which contains an internal thermo
couple for intra-procedural monitoring [197]. These commer
cially available RFA and microwave ablation instruments are 
instruments for cancer treatment in general based on coagu
lative necrosis. A transurethral HIFU system for prostate cancer 
treatment under MRI-guidance is distributed by Profound 
Medical Inc. (Toronto, Canada) and called the TULSA-PRO 
[198]. They also distributed the Sonalleve MR-HIFU system (in 
cooperation with Philips Healthcare (Best, The Netherlands)) 
[199,200] for breast cancer treatment under MRI-guidance. 
Two patents on external HIFU systems discussed in this 
study are assigned to Philips Healthcare and show a similar 
treatment mechanism as the Sonalleve MR-HIFU system 
[91,96]. Commercially available HIFU instruments for transrec
tal prostate cancer treatment under ultrasound-guidance are 
the Focal One HIFU device, the Ablatherm Robotic HIFU device 
(EDAP TMS, Vaulx-en-Velin, France), and the Sonablate 
(SonaCare Medical, Charlotte, NC) [201–203].

PDT in common clinical practice consists of an injection 
of a photosensitizer, such as Foscan or padeliporfin 
(TOOKAD) [204,205], and the internal or external application 
of red light. A diode laser (Applied Optronics Corp., South 
Plainfield, NJ) [206] can be used to deliver light fibers to the 
internal cancer site [204]. For reversible electroporation 
used in electrochemotherapy to eventually cause irreversi
ble damage, the Cliniporator 2 (IGEA, Carpi, Italy) [207] is in 
clinical practice in more than 100 clinical centers of the 
European Union [208]. Measurements of the voltage and 
current supplied allows for intra-procedural monitoring. 
For more information about commercially available tumor 
ablation instruments, we refer the reader to [3,19,209].

6. Discussion

This study aimed to provide a comprehensive overview of the 
patent literature on focal therapy instruments to treat loca
lized cancer. Twelve groups of treatment types performed by 
the focal therapy instruments were identified based on the 
treatment target, purpose, and means. A total of 18.0% of the 
relevant patents has been published and filed by independent 
inventors, 69.5% by companies, and 12.5% by academic insti
tutions, indicating that, although both companies and aca
demic institutions show interest in focal therapy instruments 
to treat cancer, the field is mostly industry-driven.

Once looking at the temporal distribution of the classifica
tion of the patents in Figure 5, it becomes apparent that 
certain focal treatment types are more frequently applied for 
than others. These treatment types target the individual can
cer cells with solely energy or combined with matter (Groups 
1, 3, and 4). This trend is consistent with the instrument types 
that are commercially available (see Section 5).

Regarding the treatment target, most patents describe an 
instrument targeted at the individual cancer cell rather than at 
the cancer cell network. Cancer cells can be seen as the direct 
target of cancer treatment, whereas blood vessels are an 
indirect target to treat those cancer cells. The blood vessels 
of cancer networks are poorly organized, which impairs parti
cle delivery as cancer treatment [210,211]. Therapies targeting 
the blood vessels of cancer networks are relatively new and 
have only moved from the laboratory to the clinic since 
1992 [212].

Considering the treatment purpose, a high number of 
patents describe an instrument that destroys a structure as 
compared to an instrument that disables a function. One 
could speculate that the preference for focal cancer treatment 
types that destroy a structure is due to their general 

Figure 5. Temporal distribution of relevant patents published, classified on the instrument’s treatment target (cell or network of cells), purpose (destroy the 
structure or disable the function), and means (energy, matter, and combined energy and matter). The patents retrieved were published between January 2000 and 
June 2021.
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destruction mechanism. A structure is concrete and can be 
examined, in other words: a structure provides a static image, 
whereas a function is intangible and explainable only in terms 
of its underlying structures. This explains why there is less 
information about the functional changes due to cancer, in 
contrast to the structural/anatomic changes [213]. To disrupt 
the cancer cell or network function, information is required 
about the vital function and how to disrupt it, which requires 
imaging of the cell’s dynamic workings. For the dynamic work
ings, often only indirect monitoring methods exist, making the 
area of physiological modeling less intuitive than anatomical 
modeling [214]. A general destruction mechanism might 
therefore be easy to design as compared to a function dis
abling mechanism. MRI, often used for monitoring, has only 
recently evolved from being purely anatomy-based to 
a discipline that is able to incorporate both anatomic and 
physiologic information with the addition of functional MRI 
[215–217].

With regard to the treatment means, most patents describe 
an instrument using energy. The low preference in using 
matter to treat cancer might be explained by the long-term 
toxicity concerns of remaining matter, especially non- 
biodegradable matter [218,219]. Energy does not possess this 
risk of long-term toxicity, as the energy is removed from the 
body together with the removal of the energy source. Another 
barrier of matter is the body’s labeling of foreign particles by 
opsonization to stimulate the removal of those foreign parti
cles [218]. In opsonization, the foreign particles are covered 
with nonspecific proteins to make them more visible to pha
gocytic cells, so phagocytosis can occur [218,220].

Figure 5 shows that there is no specific trend toward the 
design of an instrument that accomplishes a certain type of 
treatment. The temporal distribution of the patents in the field 
of focal therapy instruments shows a persisting number of 
patents being published with an increase from 2016 on. Focal 
therapy rapidly advanced in the 1990s, as cross-sectional ima
ging became commercially available and widespread [39,103]. 
Focal therapy first gained clinical acceptance as a method for 
treating cancer in the liver, kidney, lung, and bone [103]. In 2016, 
a randomized controlled trial was conducted to evaluate the 
outcomes of the three contemporary treatment modalities of 
localized prostate cancer (i.e. active monitoring, surgical resec
tion, and radiotherapy), called the ProtecT trial. After a median 
follow-up of 10 years of 1643 randomized participants, Hamdy 
et al. [18] demonstrated no significant difference in prostate- 
cancer-specific mortality. Nevertheless, the rates of disease pro
gression and rates of metastases development were higher for 
active monitoring than for surgery and radiotherapy [18]. This 
outcome increased the interest in less radical treatments, such 
as focal therapy, for localized prostate cancer [221]. An explana
tion of the increasing number of published patents from 2016 
onwards could be the outcomes of studies such as the ProtecT 
trial and the increased rate of early diagnosis of prostate cancer 
[222], the latter increases the chances for positive outcomes of 
focal therapy, as the cancer is still locally confined [5]. Patients 
with organ-confined cancer were considered suitable candi
dates for focal therapy in multiple consensus projects on focal 
therapy as prostate cancer treatment [223].

Furthermore, Figure 5 shows that patents published on focal 
therapy instruments that destroy or disable the individual can
cer cell using energy (Groups 1 and 4) and destroy the individual 
cell using combined energy and matter (Group 3) remain domi
nant throughout the years. Nevertheless, there is a trend toward 
an equal distribution of the different groups applied for in 
patented focal therapy instruments, leading to a more varied 
spectrum of focal therapy instruments in the patent literature. 
Instruments destroying cell structure using matter (Group 2), 
disabling cell function using energy and matter (Group 6), and 
destroying network structure using energy (Group 7) gain their 
share in the focal therapy field besides the dominant focal 
treatment types (Groups 1, 3, and 4). Patents on instruments 
that disable a network function (Groups 10, 11, and 12) filed 
until 2011 can be seen in Figure 5, indicating that inventors 
touched upon these treatment types. However, these treatment 
types were no longer applied for in the patent literature of the 
last eight years. This smothering effect might indicate that dis
abling the network function is medically not feasible. Disabling 
of a cancer network by obstructing the blood vessels results in 
metabolic stress, which might turn on the ‘angiogenic switch’ 
[224], increasing the tumor angiogenesis to compensate for the 
obstructed blood vessels. Patents on instruments that disable 
cell function using matter (Group 5) and instruments that 
destroy network structure using energy and matter (Group 9) 
are also not applied for anymore.

The observation that instruments for destroying or dis
abling the individual cancer cell using energy (Groups 1 
and 4) show similar changes in the number of patents 
throughout the years can be explained by instruments that 
apply hybrid methods. Almost all patents classified as dis
abling the individual cell function (Groups 4, 5, and 6) are 
also classified as destroying the individual cell structure 
(Groups 1, 2, and 3), performing hybrid methods. This means 
that there are barely any patents describing focal therapy 
instruments that focus solely on disabling the cancer cell 
function. The group of patents that perform a hybrid method 
mainly consist of instruments that rely on high-temperature 
ablative technologies that affect both the cell structure and 
the cell function causing coagulative necrosis [39].

7. Conclusion

This review article provides a comprehensive overview and 
classification of the patent literature on focal therapy instru
ments to treat localized cancer. We analyzed the different 
mechanical designs present in the instrument patents. The 
medical section of the Google Patents database was reviewed, 
and 128 patents published in the last two decades (2000– 
2021) were discussed.

We proposed a classification of the possible treatment 
types applied by instruments for focal therapy based on the 
target, purpose, and means of treatment. At the fundamental 
level, the individual cancer cells and the network of cancer 
cells were distinguished as targets. The working mechanism 
can be based on destroying the structure or disabling the 
function. Based on the means of establishing this treatment 
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mechanism, the means can be distinguished as energy, mat
ter, or combined energy and matter.

The most preferred treatments applied by the instruments 
were identified as to destroy the cell structure using solely 
energy or combined energy and matter, or to disable the cell 
structure using energy. The description of the different instru
ment functions may serve as a source of inspiration for new 
focal therapy instruments to treat localized cancer.

8. Expert opinion

8.1. Design suitability for medical purposes

In this review, the mechanical design principles were analyzed 
by looking at patented working principles without considering 
the technical and medical feasibility of these principles, which 
usually cannot be found in patent literature. The main risks of 
choosing focal therapy are the multifocality of cancer and the 
risk of undetectable micro-metastases [3,225]. Adequate 
patient selection is therefore of utmost importance. 
Multifocality implies the presence of two or more tumor foci 
(microscopically visible group of cells) separated by healthy 
tissue, whereas unifocal means that only one tumor focus is 
observed [226,227]. Multifocal cancer treated with focal ther
apy might result in incomplete treatment because of missed 
foci, leading to cancer recurrence [228,229].

Another hurdle lies in the efficacy of the indirect cancer cell 
treatment by targeting its vascular network. Tumor growth and 
metastatic spread of cancer tissue require the formation of a new 
vascular network called angiogenesis, consisting of blood vessels 
and lymphatic vessels [12,211]. Therapies targeting the formation 
of the cancer network using systemic antiangiogenic drugs only 
yielded modest responses and no long-term survival benefits 
[230]. These results were explained by resistance mechanisms of 
the cancer cells (evasive resistance) that cause revascularization 
[231]. Therefore, the efficacy of the instruments described in the 
patents targeting the network of cancer cells is questionable 
considering these resistance mechanisms. Vascular targeted thera
pies might result in such an elaborate vaporization of vessels that 
the tumor is unable to neovascularize. However, when the vapor
ization is not elaborate enough, instruments that destroy or dis
able the vascular system of the cancer cells might encounter 
similar resistance strategies of the cancer cells.

Considering implants that require placement around the net
work of cancer cells, such as the inflatable implant presented in 
a patent by Connors et al. [183] (see Section 4.2.1), we question 
the medical feasibility concerning the dissemination of tissue at 
the trajectory of implant placement. The implant is designed to 
be positioned around a network of cancer cells. However, the 
separation of the network of cancer cells from the surrounding 
cells to enable the implant placement might lead to disseminat
ing malignant tissue in the body.

8.2. Further research

This review focuses on the mechanical design of focal therapy 
instruments applying different treatment types. The search 
was restricted to focal therapy instruments to treat cancer, 
thereby leaving out focal therapy instruments originally 

designed for the treatment of other medical causes. As focal 
therapy is not only of interest for cancer treatment but also for 
the treatment of for example, abnormal blood flow in the 
heart, the results from other medical technology fields could 
lead to other creative solutions for cancer treatment. The 
definition used for focal therapy in this review excludes instru
ments developed for resecting cancer cells. An example of 
such an instrument is an instrument that focally ablates cancer 
cells prior to the resection to prevent bleeding during the 
resection. The field of instrumentations that use focal therapy 
prior to resection might illustrate new treatment types that 
could be applied to focal therapy instruments that do not 
apply this subsequent resection.

This review considers patents to provide a comprehensive 
overview of the patent literature on focal therapy instruments 
to treat localized cancer. For further research, it is of interest to 
explore the corresponding scientific literature as well as to 
analyze the performance of the instruments described in the 
patents. For focal therapy to be viable, accurate imaging is 
required for proper diagnosis of cancer localization and to 
accurately reach the location of the cancer cells with the 
instrument [232]. Conventional imaging modalities comprise 
CT, ultrasound, and MRI, from which MRI enables the highest 
accuracy [232]. For MRI-guided focal therapy, the focal therapy 
instrument must be developed with special precautions 
regarding MRI compatibility [233]. For further research, it is 
important to integrate instrument development with the used 
imaging modality and its imposed requirements for the instru
ment, e.g. no metallic, ferromagnetic, and conductive materi
als for MRI compatible instruments [234].

The IDEAL framework for surgical innovation (idea, devel
opment, exploration, assessment, and long term study) allows 
for an estimation of the clinical development phase of the 
medical instruments [235]. For future research, 
a contemplation of the selected patents against the IDEAL 
framework could be an interesting addition to this study.

8.3. Five-year view

The trend toward an equal distribution of the different groups of 
patented focal therapy instruments results in a wider range of 
possible focal therapy instruments to treat cancer. The commer
cial availability and the clinical use are the results of different 
steps in the design process. We expect that the trend of a wider 
range of patents on focal therapy instruments will extend to the 
instruments tested on their medical feasibility. These upcoming 
focal therapy instruments might broaden the existing spectrum 
of commercially available instruments that use energy to destroy 
and disable the cancer cell structure and function, respectively 
(Groups 1 and 4), and instruments that destroy the cancer cell 
structure using combined energy and matter (Group 3). Focal 
therapy instruments focused on destroying the cancer cell struc
ture using matter (Group 2), disabling the cancer cell function 
using both energy and matter (Group 6), and destroying the 
network structure using energy (Group 7) can be seen as a new 
generation of focal therapy instruments to treat cancer.

As far as new focal cancer cell treatment mechanisms are 
concerned, we identified one unexplored, yet theoretically 
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feasible treatment mechanism: to destroy the network struc
ture using matter (Group 8). Instruments in this group would 
locally apply particles that destroy the vascular system of the 
cancer cells. The particles would function without the applica
tion of energy, and they would target the vascular system 
without directly affecting the individual cancer cells. The med
ical and mechanical feasibility of this treatment mechanism for 
cancer remains to be investigated.
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