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(7) ABSTRACT

A diagnostic imaging system (100) includes a magnetic
resonance (MR) imaging system (110) for providing an
image representation of at least a portion of a subject of
interest (120}, a hyperthermia device (111) for locally heat-
ing a target zone within the portion of the subject of interest
(120), and one or more processors for controlling the MR
imaging system (110) and the hyperthermia device (111).
Correlating image representations obtained at different tem-
peratures of the target zone provides information on tem-
perature dependent changes of the metabolism of the subject
of interest (120). A treatment module (146) applies a treat-
ment to the subject of interest (120) for destroying cells
within the target zone. The one or more processors control
the treatment module (146) for applying the treatment based
on diagnostic image representations obtained by the diag-
nostic imaging system (100). Changes of the metabolism of
the subject of interest are evaluated to direct a treatment to
such areas, where the cells have not yet been destroyed.

1 Claim, 3 Drawing Sheets
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1
HYPERTHERMIA FOR DIAGNOSTIC
IMAGING

CROSS-REFERENCE TO PRIOR
APPLICATIONS

This application is the U.S. National Phase application
under 35 US.C. § 371 of International Application No.
PCT/EP2014/053198, filed on Feb. 19, 2014, which claims
the benefit of EP Patent Application No. EP13156374 .4,
filed on Feb. 22, 2013. These applications are hereby incor-
porated by reference herein.

FIELD OF THE INVENTION

The invention relates to the field of diagnostic imaging, in
particular magnetic resonance imaging, and treatments for
destroying cells within a subject of interest.

BACKGROUND OF THE INVENTION

Diagnostic imaging like magnetic resonance imaging
(MRI) is becoming a more important issue in the area of
therapy. In particular, diagnostic imaging is used in the area
of cancer treatments to plan an efficient treatment of can-
cerous tissues in an area of interest of the subject of interest,
as described e.g. in WO 02/082995 A1. As described therein,
a magnetic resonance (MR) apparatus is used to plan a
treatment regimen using a linear accelerator (linac). The
features of slice width selection and depth selection are used
to better ascertain where a medial malignancy is within a
subject of interest, which is an animate being, e.g. a human
being or an animal. A conversion algorithm translates the
linac input into an imaging region for a magnetic resonance
sequence that images the malignancy. Along each planned
treatment trajectory radiation and MR projection images are
superimposed to delineate the malignancy clearly for beam
aiming and collimation adjustments. This enables a reliable
planning of the treatment.

Nevertheless, the effectiveness of the treatment is not
known during the irradiation treatment. This also applies to
all kinds of treatments, in particular cancer ftreatments,
where cells within the subject of interest are destroyed.
Similarly, the cell death due to chemotherapy or tissue
necrosis due to heating is difficult to measure. Current MR
imaging and MR spectroscopy, which rely on blood oxygen
level, are sensitive to patient movement and errors from
signal changes due to the therapy.

U.S. Pat. No. 528,411 describes a hyperthermia/MRI
probe which is utilized to monitor temperatures within a
heating zone.

U.S. Pat. No. 5,722,411 describes an ultrasound appara-
tus, which can be used for thermal treatment. U.S. Pat. No.
5,722,411 mentions a method in which imaging for a treat-
ment effect check is performed.

SUMMARY OF THE INVENTION

It is an object of the invention to provide means and
methods for improved diagnostic imaging and for improved
treatment for destroying cells within the target zone of a
subject of interest.

In one aspect of the present invention, the object is
achieved by a diagnostic imaging system, comprising a
magnetic resonance imaging system for providing an image
representation of at least a portion of a subject of interest
positioned in an examination space, a hyperthermia device
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for locally heating a target zone within the portion of the
subject of interest, and a control unit for controlling the MR
imaging system and the hyperthermia device, wherein the
diagnostic imaging system is adapted to provide a diagnostic
image representation of the portion of the subject of interest
by correlating image representations obtained at different
temperatures of the target zone, wherein the diagnostic
image representation comprises information on temperature
dependent changes of the metabolism of the subject of
interest.

In a further aspect of the present invention, the object is
achieved by a treatment system, in particular an oncological
treatment system, comprising a diagnostic imaging system
as described above, a treatment module for applying a
treatment to the subject of interest for destroying cells within
the target zone, and a control module for controlling the
treatment module for applying the treatment based on diag-
nostic image representations obtained by the diagnostic
imaging system.

In a further aspect of the present invention, the object is
achieved by a method for providing a diagnostic image
representation of a portion of a subject of interest, compris-
ing the steps of providing an image representation of at least
a portion of a subject of interest positioned in an examina-
tion space, whereby a target zone of the portion of subject of
interest has a first temperature, locally heating the target
zone, providing a further image representation of the portion
of the subject of interest positioned in an examination space,
whereby the target zone has a second temperature, correlat-
ing the obtained image representations with the target zone
having the first and the second temperature, and providing a
diagnostic image representation of the portion of the subject
of interest with the correlated image representations,
wherein the diagnostic image representation comprises
information on temperature dependent changes of the
metabolism of the subject of interest.

In a further aspect of the present invention, the object is
achieved by a method for treatment, in particular for onco-
logical treatment, of a subject of interest, comprising the
steps of applying a treatment dose for destroying cells within
the target zone of the subject of interest, providing a
diagnostic image representation of a portion of a subject of
interest covering the target zone according to the above
method, and applying a further treatment dose for destroying
cells within the target zone of the subject of interest based
on the diagnostic image representation.

In a still further aspect of the present invention, the object
is achieved by a software package for upgrading a magnetic
resonance (MR) imaging system, whereby the software
package contains instructions for controlling the MR imag-
ing system according to the above method.

Accordingly, changes of the metabolism of the subject of
interest, which is an animate being, e.g. a human being or an
animal, can be evaluated using the MR imaging systeni. This
information can be used to direct a treatment to such areas,
where the cells have not yet been destroyed as desired. Such
metabolism changes can be identified based on oxygenation,
e.g., by a blood oxygen level dependent (BOLD) image
representations, which can be evaluated by magnetic reso-
nance (MR) scans. Another possibility of identifying
metabolism changes is MR spectroscopy, which enables the
detection of the amount of metabolic activity. Also, Perfu-
sion and/or diffusion imaging can be used to detect an
altered flow within tissues in the subject of interest. By
comparing the difference of the above measurements
between the first and the second temperature, the efficiency
of the treatment can be evaluated and the further treatment



US 10,265,016 B2

3

can be adapted based on the metabolism changes. Areas,
where the cells have already been destroyed, can be
excluded from further treatments to speed up the treatment
and reduce the stress and exposure for a subject of interest.
In general, the temperature of the subject of interest is not
part of the diagnostic image representation.

Accordingly, treatment doses can be adapted in respect to
intensity and/or location. In particular, the control module
can control the treatment module for applying the treatment
to apply a treatment dose with an adapted intensity at an
adapted location.

The first and second image representation are usually
provided in a near temporal context, e.g. during a treatment
with the treatment system. The image representations are
preferably provided when a desired temperature is reached
or the heating has been performed for a pre-defined time.

The hyperthermia device can be any kind of device for
locally heating the target zone. Preferably, the hyperthermia
device is adapted to direct heat to the target zone to avoid the
heating of areas out of the target zone. The hyperthermia
device can be provided integrally within the MRI system.
Preferably, the hyperthermia device is arranged to heat the
target zone of the subject of interest when positioned within
the examination space. Further preferred, the hyperthermia
device is positioned in or at the examination space. Never-
theless, it is also possible to provide the hyperthermia device
separately, and the subject of interest is moved into the
examination space of the MRI system for providing the
image representations thereof and to a different location for
applying heat with the hyperthermia device. Preferably, a
contact gel pad is provided to facilitate transmission of heat
from the ultrasound-based hyperthermia device to the target
zone. In a further embodiment, the hyperthermia device is a
device movable within the examination space.

The image representations, including the diagnostic
image representation, can be provided in any suitable form,
e.g. as visible images. Nevertheless, it is not required to
provide the image representations as images, they can be
provided as any kind of data achieved from an imaging
system prior to generating the image. E.g. the diagnostic
image representation can be generated based on data
received when performing MR scans of the portion of the
subject of interest. Also the diagnostic image representation
can be provided in any form. E.g. the diagnostic image
representation can be provided in any form suitable for the
control module to automatically control the treatment mod-
ule. The diagnostic image representation is preferably pro-
vided as visible image indicating the metabolism changes.
The image representation can also comprise two or more
kinds of representations, e.g. a visible image that enables an
operator of the diagnostic imaging system and/or the treat-
ment system to verify the metabolism activity and/or the
metabolism changes, and a representation which is e.g.
passed directly to the control module.

The control unit for controlling the MRI system and the
hyperthermia device can be a separate control unit, or a
control unit of the MRI system, which is adapted to addi-
tionally control the hyperthermia device.

In the treatment system, the treatment module can be any
kind of device suitable to achieve the destruction of cells.
The treatment module can be provided integrally within the
MRI system. Preferably, the treatment module is arranged to
destroy cells within the target zone of the subject of interest
when positioned within the examination space. Further
preferred, the treatment module is positioned in or at the
examination space. Nevertheless, it is also possible to pro-
vide the treatment module separately, and the subject of
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interest is moved into the examination space of the MRI
system for providing the image representations thereof and
to a different location for applying treatment with the
treatment module. In a further embodiment, the treatment
module is a device movable within the examination space.

The control module for controlling the treatment module
and the diagnostic imaging system can be a separate control
module, or a control unit of the diagnostic imaging system,
which is adapted to additionally control the treatment mod-
ule. Furthermore, the control module can be a control unit of
the MRI system, which is adapted to additionally control the
treatment module and the hyperthermia device.

The first temperature generally refers to a temperature
without heating the target zone, and the second temperature
refers to a temperature after the target area has been heated.
One temperature, usually the first temperature, refers to
normal body temperature. The lower temperature, typically
the body temperature, can be obtained after heating the
target zone with the hyperthermia device through normal
thermal conduction and perfusion. Nevertheless, the method
can also be performed by first heating the target zone to the
second temperature and then cooling the target zone to the
first temperature for providing the further image represen-
tation. The cooling can comprise active cooling or normal
thermal conduction and perfusion only.

The step of applying a treatment dose for destroying cells
within the target zone refers to any kind of suitable treat-
ment. The treatment module can directly or indirectly
achieve the destruction of the cells.

The method steps of the above methods can be performed
in any suitable order and are not limited to the order listed
above. In the method for treatment, the steps of providing a
diagnostic image representation and applying a further treat-
ment dose can be performed repeatedly to provide a treat-
ment with a continuous verification of the success of the
treatment and a continuous adaptation to the diagnostic
image representation.

The target zone refers to a 3-dimensional zone within the
subject of interest, where the cells to be destroyed are
located. Typically, the target zone is a zone containing
cancerous cells.

According to a preferred embodiment of the diagnostic
imaging system the control unit is adapted to perform a
pulsed operation of the hyperthermia device and the MR
imaging system to provide an image representation of the
portion of the subject of interest when the hyperthermia
device is inactive. Correlation errors can be reduced by an
efficient modulation of the hyperthermia device and the MR
imaging system. Accordingly, the operation of the MR
imaging system is not limited by the operation of the
hyperthermia device.

According to a preferred embodiment of the diagnostic
imaging system the hyperthermia device is an ultrasonic
and/or a radio-frequency (RF) irradiation device. The irra-
diation can be used to efliciently heat the target zone within
the subject of interest directly. Heating of the subject of
interest outside the target zone can be reduced.

According to a preferred embodiment the hyperthermia
device is a heat source, which can be brought into contact
with the subject of interest.

According to a preferred embodiment the diagnostic
imaging system comprises an application module for apply-
ing a contrast agent to the subject of interest. The contrast
agent can be used to improve the diagnostic image repre-
sentation in respect to changes of the metabolism of the



US 10,265,016 B2

5

subject of interest. Contrast agents can be sensitive to heat
shock proteins, oxygen concentration, radiation damage or
others.

According to a preferred embodiment the diagnostic
imaging system is adapted to provide a diagnostic image
representation of the portion of the subject of interest
including hypoxia information of the portion of the subject
of interest. Cancerous cells frequently show a reduced local
hypoxia. By comparing the difference between the first and
second temperature signals of the target zone, the amount of
hypoxia can be estimated, and the amount of treatment
damage to the cells can be estimated from the temporally
altered response due to the thermal stress. The hypoxia
information can be fed back to dose calculations even before
the treatment starts, to boost the dose on hypoxic volumes.
The damage estimation can be used to optimize the amount
of dose to minimize damage to healthy tissue while ensuring
the effectiveness of treatment on the target zone during the
irradiation or a single fraction. For example, with blood
oxygen level dependent (BOLD) image representations,
hypoxic tissue does not show a similar change due to
different temperatures as normal tissue.

According to a preferred embodiment of the treatment
system the control module is further adapted to control the
hyperthermia device for locally heating the target zone
within the portion of the subject of interest together with the
treatment module for applying the treatment. In addition to
improving location and doses of the treatment, the hyper-
thermia can be used to enhance the outcome of the treat-
ment, i.e. the treatment effectiveness can be improved by
hyperthermia. This is partly due to increased metabolism,
altered blood-flow, and reduced local hypoxia often present
in cancerous tissue. Due to the locally applied heat, cells
outside the target zone are not subject to an increased
destruction.

According to a preferred embodiment of the treatment
system the treatment module comprises a high power linear
accelerator for applying irradiation to the target zone of the
subject of interest. The linear accelerator (linac) can be used
to irradiate the target zone with high accuracy in respect to
location and intensity, i.e. dose.

According to a preferred embodiment of the treatment
system the treatment module comprises a high intensity
focused ultrasound device for applying ultrasound to the
target zone of the subject of interest. The high intensity
focused ultrasound (HIFU) device can be used to irradiate
the target zone with high accuracy in respect to location and
intensity, i.e. dose. Preferably, the HIFU device can be used
as hyperthermia device when controlled to heat the target
area with low intensity, so that a separate hyperthermia
device can be omitted.

According to a preferred embodiment of the treatment
system the treatment module comprises a chemotherapy/
drug release module for releasing drugs into the subject of
interest. The drugs can destroy the cells, or improve the
destruction of the cells when using a further treatment
system as from the above treatment systems. The release
module is preferably provided to release the drugs in or close
to the target zone.

According to a preferred embodiment the method for
providing a diagnostic image representation comprises
applying a contrast agent to the subject of interest. The
contrast agent can be used to improve the diagnostic image
representation in respect to changes of the metabolism of the
subject of interest. Contrast agents can be sensitive to heat
shock proteins, oxygen concentration, radiation damage or
others.
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According to a preferred embodiment of the method for
providing a diagnostic image representation the step of
providing a diagnostic image representation of the portion of
the subject of interest with the correlated image represen-
tations comprises identifying hypoxic areas within the por-
tion of the subject of interest. Cancerous cells frequently
show a reduced local hypoxia. By comparing the difference
between the first and second temperature signals of the target
zone, the amount of hypoxia can be estimated, and the
amount of treatment damage to the cells can be estimated
from the temporally altered response due to the thermal
stress. The hypoxia information can be fed back to dose
calculations even before the treatment starts, to boost the
dose on hypoxic volumes. The damage estimation can be
used to optimize the amount of dose to minimize damage to
healthy tissue while ensuring the effectiveness of treatment
on the target zone during the irradiation or a single fraction.
For example, with blood oxygen level dependent (BOLD)
image representations, hypoxic tissue does not show a
similar change due to different temperatures as normal
tissue.

According to a preferred embodiment of the method for
treatment of a subject of interest the step of applying a
treatment dose for destroying cells within the target zone of
the subject of interest comprises locally heating the target
zone. In addition to improving location and doses of the
treatment, the hyperthermia can be used to enhance the
outcome of the treatment, i.e., the treatment effectiveness
can be improved by hyperthermia. This is partly due to
increased metabolism, altered blood-flow, and reduced local
hypoxia often present in cancerous tissue. Due to the locally
applied heat, cells outside the target zone are not subject to
an increased destruction.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects of the invention will be apparent
from and elucidated with reference to the embodiments
described hereinafter. Such an embodiment does not neces-
sarily represent the full scope of the invention, however, and
reference is made therefore to the claims and herein for
interpreting the scope of the invention.

In the drawings:

FIG. 1 is a schematic illustration of a first embodiment of
a diagnostic imaging system in accordance with the inven-
tion,

FIG. 2 is a schematic illustration of a second embodiment
of a diagnostic imaging system in accordance with the
invention, and

FIG. 3 is a timing diagram indicating the activation f
different components of a treatment system.

DETAILED DESCRIPTION OF EMBODIMENTS

FIG. 1 shows a schematic illustration of an embodiment
of a diagnostic imaging system 100 comprising a magnetic
resonance (MR) imaging system 110 and a hyperthermia
device 111.

The MR imaging system 110 comprises an MR scanner
112 and includes a main magnet 114 provided for generating
a static magnetic field. The main magnet 114 has a central
bore that provides an examination space 116 around a center
axis 118 for a subject of interest 120, usually a patient, to be
positioned within. In this embodiment, the central bore and
therefore the static magnetic field of the main magnet 114
has a horizontal orientation in accordance with the center
axis 118. In an alternative embodiment, the orientation of the
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main magnet 114 can be different. Further, the MR imaging
system 110 comprises a magnetic gradient coil system 122
provided for generating gradient magnetic fields superim-
posed to the static magnetic field. The magnetic gradient coil
system 122 is concentrically arranged within the bore of the
main magnet 114, as known in the art.

Further, the MR imaging system 110 includes a radio
frequency (RF) antenna device 140 designed as a whole-
body coil having a tubular body. The RF antenna device 140
is provided for applying an RF magnetic field to the exami-
nation space 116 during RF transmit phases to excite nuclei
of the subject of interest 120. The RF antenna device 140 is
also provided to receive MR signal from the excited nuclei
during RF receive phases. In a state of operation of the MR
imaging system 110, RF transmit phases and RF receive
phases are taking place in a consecutive manner. The RF
antenna device 140 is arranged concentrically within the
bore of the main magnet 114. As is known in the art, a
cylindrical metal RF screen 124 is arranged concentrically
between the magnetic gradient coil system 122 and the RF
antenna device 140.

Moreover, the MR imaging system 110 comprises an MR
image reconstruction unit 130 provided for reconstructing
MR images from the acquired MR signals and an MR
imaging system control unit 126 with a monitor unit 128
provided to control functions of the MR scanner 112, as is
commonly known in the art. Control lines 132 are installed
between the MR imaging system control unit 126 and an RF
transmitter unit 134 that is provided to feed RF power of an
MR radio frequency to the RF antenna device 140 via an RF
switching unit 136 during the RF transmit phases. The RF
switching unit 136 in turn is also controlled by the MR
imaging system control unit 126, and another control line
138 is installed between the MR imaging system control unit
126 and the RF switching unit 136 to serve that purpose.
During RF receive phase, the RF switching unit 136 directs
the MR signals from the RF antenna device 140 to the MR
image reconstruction unit 130 after pre-amplification.

The hyperthermia device 111 is an ultrasonic irradiation
device which is a high intensity focused ultrasound (HIFU)
device for applying ultrasound to the target zone of the
subject of interest, which is controlled to heat the target area
with low intensity. The hyperthermia device 111 comprises
a transducer box 142 including a transducer head, which is
located integrally with the MR imaging system 110 to heat
a subject of interest 120 located in the examination space
116, as shown in FIG. 1. The transducer head is movable to
apply ultrasonic irradiation to a desired target zone of the
subject of interest 120. A contact pad 144 is provided to
improve the transmission of the ultrasonic irradiation from
the transducer box 142 into the target zone.

A medical treatment system comprises the above diag-
nostic imaging system 100 and a treatment module 146 for
applying a treatment to the subject of interest for destroying
cells within the target zone. The treatment module 146,
which is indicated in FIG. 3, is a high power linear accel-
erator (linac) for applying irradiation to the target zone of the
subject of interest.

The control unit 126 for controlling the MRI system 110
performs a combined control of the MRI system 110, the
hyperthermia device 111, and the treatment module 146.

The operation of the medical treatment system will now
be described with reference to FIG. 3

In an initial step SO at time t1, an image representation of
a portion of a subject of interest 120 covering the target zone
is provided by the MRI system 110. The subject of interest
120 has normal body temperature, also referred to as first
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temperature. The image representation is a blood oxygen
level dependent (BOLD) image representation.

In a subsequent step at a time t2, the hyperthermia device
111 is activated by the control unit 126 to locally heat the
target zone to a second temperature above the body tem-
perature. When the second temperature is reached, the
hyperthermia device 111 is de-activated and a further image
representation of the portion of the subject of interest is
provided by the MRI system 110. Also the further image
representation is a BOLD image representation.

In step S2, the image representations obtained at the first
and second temperatures are correlated by the control unit
126 to provide a diagnostic image representation of the
portion of the subject of interest. The diagnostic image
representation comprises information on temperature depen-
dent changes of the metabolism of the subject of interest
120. In this embodiment, the diagnostic imaging system 100
is adapted to provide the diagnostic image representation
including hypoxia information. The amount of hypoxia is
estimated, and the amount of treatment damage to the cells
is estimated.

Furthermore, the control unit 126 calculates a dose cor-
rection of an initial dose, which was applied prior to S0 to
direct a treatment to such areas, where the cells have not yet
been destroyed as desired. The dose correction is calculated
based on the diagnostic image representation, i.e. based on
the representations provided at t1 and t2. Accordingly, the
hypoxia information is fed back to dose calculations to boost
the dose on hypoxic volumes. Based on the damage esti-
mation, the amount and location of dose is optimized to
minimize damage to healthy tissue while ensuring the effec-
tiveness of the treatment on the target zone during the
irradiation. The dose refers to a location and intensity of the
treatment applied by the treatment module. In this embodi-
ment, the dose refers to a target area of the linac 146 and the
intensity of the linac 146.

In step S3, the treatment is applied to the target zone by
the linac 146 according to the dose calculated above. Fur-
thermore, the MRI system 110 is operated to provide therapy
images.

Subsequent steps S4 and S5 are essentially identical to
steps S0 and S1, respectively, and provide image represen-
tations at times t3 and t4. Accordingly, at t3 an image
representation at the first temperature is provided. Accord-
ingly, the target area cools down to the first temperature,
which is lower than the second temperature, by normal
thermal conduction and perfusion. In an alternative embodi-
ment, active cooling is applied to support cool down of the
target area.

In step S6, the image representations obtained at the first
and second temperatures at times t1, t2, t3 and t4 are
correlated by the control unit 126 to provide a diagnostic
image representation of the portion of the subject of interest
120 as described with respect to S2. With the correlation of
multiple image representations for the first and second
temperature, the process of the treatment is monitored.
Again, based on the diagnostic image representation, the
control unit 126 calculates a dose correction of the prior dose
of S3.

In an alternative embodiment, the control module is
further adapted to control the hyperthermia device 111 for
locally heating the target zone within the portion of the
subject of interest 120 together with the treatment module
146 for applying the treatment. Accordingly, the treatment is
applied under hyperthermia conditions.

FIG. 2 shows a schematic illustration of an embodiment
of a diagnostic imaging system 100 according to a second



US 10,265,016 B2

9

embodiment. The diagnostic imaging system 100 according
to the second embodiment is mostly identical to the diag-
nostic imaging system 100 according to the first embodi-
ment, so that only differences will be described. Also the
methods for providing a diagnostic image representation and 5
for treatment are applied as described above.

The diagnostic imaging system 100 according to the
second embodiment differs from the first embodiment
merely in the positioning of the transducer box 142, which
is positioned outside the examination space 116. Accord-
ingly, to apply heating to the target zone, the subject of
interest 120 is moved out of the examination space 116 on
a movable tabletop 148. After heating the target zone, the
subject of interest 120 is returned into the examination space
116. 15

While the invention has been illustrated and described in
detail in the drawings and foregoing description, such illus-
tration and description are to be considered illustrative or
exemplary and not restrictive; the invention is not limited to
the disclosed embodiments. Other variations to the disclosed
embodiments can be understood and effected by those
skilled in the art in practicing the claimed invention, from a
study of the drawings, the disclosure, and the appended
claims. In the claims, the word “comprising” does not
exclude other elements or steps, and the indefinite article “a”
or “an” does not exclude a plurality. The mere fact that
certain measures are recited in mutually different dependent
claims does not indicate that a combination of these mea-
sures cannot be used to advantage. Any reference signs in
the claims should not be construed as limiting the scope.

20

25

30

REFERENCE SYMBOL LIST

100 diagnostic imaging system

110 magnetic resonance (MR) imaging system
111 hyperthermia device

112 magnetic resonance (MR) scanner
114 main magnet

116 RF examination space

118 center axis

120 subject of interest

122 magnetic gradient coil system
124 RF screen

126 MR imaging system control unit
128 monitor unit

130 MR image reconstruction unit
132 control line

134 RF transmitter unit

136 RF switching unit

138 control line

35

40

45

10

140 radio frequency (RF) antenna device
142 transducer box

144 contact pad

146 treatment module, linac

148 tabletop

The invention claimed is:

1. An oncological treatment system comprising;

a magnetic resonance scanner configured to generate
image representations of a portion of a subject to be
treated, the image representations being indicative of
hypoxia,

an ultrasound device configured to heat selectable areas of
the portion of the subject,

a linear accelerator configured to irradiate selected loca-
tions in the portion of the subject with selected inten-
sities,

one or more processors programmed to control the mag-
netic resonance scanner, the ultrasound device, and the
linear accelerator to perform a pulsed operation of the
ultrasound device and the magnetic resonance scanner
to provide image representations of the portion of the
subject of interest when the ultrasound device is inac-
tive, including:

(a) controlling the magnetic resonance scanner to gen-
erate an initial image representation of the portion of
the subject to be treated, the initial image represen-
tation being indicative of hypoxia,

(b) based on the initial image representation, selecting
areas of the portion of the subject to be heated by the
ultrasound device and locations in the portion of the
subject to be irradiated and an irradiation intensity
for each location,

(c) pulsing the ultrasound device to heat selected areas
and controlling the linear accelerator to irradiate the
selected locations with the selected intensities,

(d) when the ultrasound device is inactive, generating
another image representation,

(e) based on a comparison of the initial and the another
image representations, adjusting the selected areas of
the portion of the subject to be heated by the ultra-
sound device, the locations irradiated by the linear
accelerator, and the linear accelerator irradiation
intensities,

(D) pulsing the ultrasound device to heat the adjusted
selected areas and control the linear accelerator to
irradiate the adjusted locations and/or with the
adjusted intensities,

such that continuous verification of success and adap-
tation of the treatment is provided.

L S S T
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