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HYPERTHERMIA
RADIO-BIOLOGICAL
RATIONALE

Hyperthermia (HT), heating tumors in the
range 41-43°C, is a powerful radio and
chemosensitizer. The effectiveness of HT as
well as its safety, in combination with
radiotherapy and chemotherapy, has already
been proven in phase Il clinical trials [1,3],
particularly in patients with very large or very
advanced stages of cancer and recurrent
tumors. HT enhances the effect of radiotherapy
on the tumor, without additional toxicity for

nearby healthy tissue, by multiple synergistic

mechanismes.

N O O

INHIBITION OF DNA DAMAGE REPAIR:
HT enhances the effectiveness of radiotherapy by inhibiting the
repair of DNA damage. [2,4,5,6]

REOXYGENATION:
HT increases tissue perfusion resulting in reoxygenation, thereb ',/ :
reducing hypoxia and increasing radiosensitivity.[2;6,7] &

within the heated tumor region without aggraval
toxicity. [8] HT &
Local hyperthermia has also been shown to be
systemic anti- tumor immune responses. [l]

DIRECT CELL KILLING:
HT selectively kills radioresistant hypoxi¢ tumer
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TREATMENT PLANNING FACILITATES CLINICAL
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Treatment planning facilitates clinical decision
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BASIC HTP CAN FACILITATE CLINICAL
DECISION MAKING AND IMPROVING
TREATMENT QUALITY

TREATMENT QUALITY STRONGLY DEPENDS
ON THE ACHIEVED TUMOR TEMPERATURES
AND TREATMENT PLANNING

HYPERTHERMIA TREATMENT PLANNING (HTP) CAN
BE APPLIED IN CLINICAL DECISION MAKING BOTH
FOR SUPERFICIAL AND LOCOREGIONAL
HYPERTHERMIA TREATMENTS
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PLANZheat T PATIENT REPRESENTATION

3D adaptive simulation
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PLANZheat DATA MANAGEMENT SYSTEM AND
i INTEGRATION INTO RT WORKFLOW
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PLAN2heat ALBA HTPS - PLAN2HEAT
3D adaptive simulation W O R K F LO W
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PLAN2heat ALBA HTPS - PLAN2HEAT
IMAGE PREPROCESSING

PRE-PROCESSING
Background and Bolus removal
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pLAN2heat ALBA HTPS - PLAN2HEAT
e WORKFLOW

HU Automatic
Segmentation

A
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HU AUTOMATIC SEGMENTATION

LARGE TISSUES SEGMENTATION
For dielectric properties assignment

Bone
B Muscle
Inner air
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pLAN2heat ALBA HTPS - PLAN2HEAT
e WORKFLOW
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PLAN?heat ALBA HTPS - PLAN2HEAT
IMPORT STRUCTURES

4
N/

Overlay any structure with known dielectric properties
on the base segmentation

CORONAL VIEW
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AXIAL VIEW
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PLAN?heat ALBA HTPS - PLAN2HEAT
IMPORT STRUCTURES

4
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Overlay any structure with known dielectric properties
on the base segmentation

CORONAL VIEW
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PLAN2heat ALBA HTPS - PLAN2HEAT
3D adaptive simulation W O R K F LO W
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PLANZheat f- ALBA HTPS - PLAN2HEAT
ARRAY REGISTRATION

Ao W - [ X : PATIENT CENTER ]

Y : PATIENT CENTER

Z : TUMOR CENTER
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ALBA HTPS - PLAN2HEAT
PLAN2heat [ ANTENNA AND PATIENT REGISTRATION:
u TWO OPTIONS

PLANNING IN VIRTUAL ROOM OPTICAL TRACKING IN THE TREATMENT ROOM
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PLAN2heat [=) ALBA HTPS - PLAN2HEAT
ST | am ANTENNA POSITIONING

VIRTUAL PLANNING TREATMENT ROOM FEEDBACK

SIMULATION MODEL




pLAN2heat ALBA HTPS - PLAN2HEAT
e WORKFLOW
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ALBA HTPS - PLAN2HEAT
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pLAN2heat ALBA HTPS - PLAN2HEAT
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pLANZheat [ ALBA HTPS - PLAN2HEAT
B ANTENNA POSITIONING

Dose Volume Histogram

©

- Compare ANTENNAS
-  Compare POSITIONS
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PLAN2heat ALBA HTPS - PLAN2HEAT
3D adaptive simulation W O R K F LO W
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3D adaptive simulation
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Thermoradiotherapy optimization in RayStation

@ RayStation

RaySeargh%
Laboratories

lakob.oden@raysearchlabs.com
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Thermoradiotherapy

e Thermoradiotherapy...
b) Datta et al. Cancer Treatment Reviews 2015;41:742-753

—

...iIncreases the effective dose through tumor heating
_ . N TCP (RT+HT)
...potentially increases tumor control probability (TCP)
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« RT and treatment plans are optimized individually

o
0
o

- Thermal radiosensitization not fully taken advantage of 70 80

Dose (Gy)

= Ongoing research evaluates the total effect using

equivalent radiation dose in 2 Gy fractions (EQD2x+,, /)
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EQD2 with temperature dependent o, 3 and thermal cell kill
EQD2;,,r evaluation l
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EQD2,.,.r evaluation — EQD2,.,, optimization




EQD2..,.r optimization tool in RayStation

1. Import CT, , CT,; & temperature distribution into RayStation
2.  Map temperature distribution CT . > CTx;

3. RT plan generation

- Calculate thermal radiosensitization parameters on voxel level
- EQD2,,,; optimization w/wo dose objectives

4. Treatment evaluation
- Temperature, dose, EQD2+,,., NTCP, TCP...

30 EQD2., ,; = Equivalent radiation dose in 2 Gy fractions for thermoradiotherapy treatment



1. CT & temperature distribution import into RayStation
DICOM and Python scripting

~ PLAN2heat
\ 3D adaptive sim?aéon
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2. Map temperature distribution
CT. > CT,,

« Deformable image registration (DIR)

= Hybrid algorithm ‘ANCONDA’
- Biomechanical algorithm ‘MORFEUS’

Q RayStahon '

e Mapping temperature CT,. = CTy;

e ROI segmentation on CT

- Manual
- Mapped using DIR
- Deep Learning auto segmentation
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DL segmentation in RayStation using 3D U-Net CNN

Available to all users from RayStation 12A
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3. RT plan generation
Proof-of-concept — 3 VMAT plans for the rectum case

1) RTonly

= Uniform dose of 50 and 60 Gy to PTV ,4es & PTV ymor respectively
- EQD24; objectives for OARs (a/=3 Gy)

2) RTHT AR

= As (1), but EQD2x+,47 Objectives for normal tissues

3) RTHTOAR+tumor
= As (2), but uniform EQD2y¢, 41 Of 75 Gy to PTV 1o (@/B=10 Gy)

7 HT fractions

l 1 h time interval
'E' L L [ ]
E 12 L L L }'I- L L L L L ] L ] L ] L
e !
= 21

H Time [days]

[=]

34 25 RT fractions
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Thermal radiosensitization
Equivalent radiation dose in 2 Gy fractions (EQD?2)

« EQD2.., .. with dose d, temperature T, and time interval between RT and HT for fraction
! 2
EQDZ ol D a/B+ d _ EQDZ B zi::L . di + . di +
RT (X./B"‘Z Sk = 037 +2'B37
General EQD2 with temperature dependent a and
037, T <37°C
_ T-37 ar,, —InE) - Ity .
{a37 © eXp [ﬁ - In ((1_37) : exp( T )] , T>37°C

- Exponential increase with temperature T > 37°C

- Exponential decreasing exponent with t, . > 0 h

Pa7s T<37°C
= T -—37 By —In2) - [tingl
B ~exp[ 0 In(—ref> -exp(— , T>37°C
35 e Tref — 37 [337 T1/2



RTHT optimization functions

Edit optimization function

Beam set: RT Background dose:
HT

Relate to dose:

(®) Beam set dose
() Beam set + background dose

ROI: W PTV tumor

b

{® Objective Weight: 25.00
() Constraint

[] Robust

[] Restrict function t 2 beam

o

0LTref
037

A

A

Function type: Min dose

Dose level [cGy]: 7400.00

EQD2Z Thermoradiotherapy
ofB [Gy] 10

af37 °C) [Gy™: 0.3

Tef [°C: 41

Tt °C) + a[37 °C): 1.5

B(T™ef °C) + (37 °C): 2

T% [h]: 1.5

).ex

Time [hours]

12

A\ 4
—In(2) - [tinl
T1/2
A

Temperature distribution: Temperature (CT_HT == CT_RT) ~
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RTHT optimization functions

(3) RTHTOAR+tumor

meters

Temperature (CT_HT -= CT_RT)

True

0.3

1.5
2
1.5

Function Constraint = Dose ROI Description Robust Weight Value EUD [cGy] of/p [Gy]l | Thermoradiotherapy
| W Physical composite objective 0.0890

----- Min dose Beam set W PTV tumor Min dose 7400.00 cGy 25.00 0.0212 10 *

----- Max dose Beam set W PTV tumor Max dose 7600.00 cGy 50.00 0.0099 10 *

----- Min dose Beamset g f PTV _RT rim  Min dose 4850.00 cGy 75.00 0.0087

----- Max dose Beam set g f PTV _RT rim Max dose 5050.00 cGy 25.00 0.0023

----- Max dose Beam set g Ring PTViumor Max dose 5500.00 cGy 100.00 0.0269

----- Max dose Beam set [y Ring_PTV_RT Max dose 4500.00 cGy 10.00 0.0020

----- Dose fall-off Beam set ] External Dose fall-off [H]6000.00 cGy [L]2500.00 cGy, Low dose distance 1.00 cm 1.00 0.0051 3 *

----- Dose fall-off Beam set ] External Dose fall-off [H]6000.00 cGy [L]600.00 cGy, Low dose distance 6.00 cm 1.00 0.0038 3 *

----- Max EUD Beamset [y Femoral heads WMax EUD 1200.00 cGy, Parameter A 1 1.00 4.0971E4 1254.31 3 *

----- Max dose Beamset [ Femoral heads Max dose 4000.00 cGy 1.00 0.0022 3 *

----- Max EUD Beam set W f bladder Max EUD 2000.00 cGy, Parameter A 1 5.00 9.5544E-4 2061.95 3 *

----- Max dose Beam set W f bladder rim Max dose 5000.00 cGy 1.00 0.0049 3 *

----- Max dose Beam set Spinal_cord Max dose 4200.00 cGy 1.00 5.5554E-4 2 *

37
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4. Plan evaluation 43
Dose and EQD2,.,,; distributions 4

RT dose

EQDZRT+HT

38
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60 Gy
A |
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1ol
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44 1l
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(3) RTH TOAR+tumor
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4. Plan evaluation
EQD2..,, .-volume histograms

« PTV EQD24.,,., similar for... T T

0 1 RT — P, PTV tumor
...(1) RTyyy and (2) RTHT g5 50 \"-.__ (1) RTony o PTV_RT
\"-... T== Q) RTHToug M Bladder
\ ...... (3) RTHTOAR+tumor . Femﬂm|_head5
0 A Spinal_cord
* Higher PTV,,o, EQD2gr,, for... @
(3) RTHTOAR+tumor g %
e Lowest EQD2;.,  to OARs for...
..(2) RTHTgag and (3) RTHT 5 ar+tumor
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Conclusions

* Novel thermoradiotherapy planning tool...

...allow EQD24+, 7 optimization & evaluation
...improve the overall EQD24..,,; distribution, potentially leading to improved treatment outcome

e The tool can be utilized in individualized...

...pre-treatment planning & adaptive re-planning

e Future work includes...
...further clinical exploration within the HYPERBOOST project (https://www.hyperboost.eu)

...robust evaluation & optimization accounting for temperature uncertainties

40


https://www.hyperboost.eu/
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