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Topics
* Fundamental basics of radiation therapy
¢ Radiation biology

¢ Radiation physics

* Field setup
¢ Tumorimaging

* Flash radiotherapy
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Fundamental basics of radiation therapy: Biology

* Cancer is one of the most frequent reasons for death
in humans in Germany

(https://www.destatis.de/DE/Themen/ 1 / it/ /_inhalt.html)

* 348312 Heart / blood circulation problems
¢ 230292 Cancer

e 72502 Deseases of the respiratory system

* 50% of all cancer patients who are cured received
radiotherapy

*  90% of cancer death are related to metastasis
formation and not to the primary tumor
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Therapeutic options

Radiation oncolgy
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Primary target for radiation therapy is the DNA
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Phases of radiation damage

¢ Physical phase: immediately (ionization)

¢ Chemical phase: changes in molecules

* Biological phase: early and late responses to radiation therapy

Consequences of radiation damage
* Cell alteration

* Cell death

¢ Cancer development
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Fundamental problem: Cell alteration
4+ Effect of radiotherapy
Normal tissue damage
100% — -
Tumor cell death
Cure without side effects
» Dose
Modified / Hermann Georg Holthusen
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Radiation physics: Depth dose curves
4+ Dose
Protons
Photonx
Gamma x-rays
Electrons Lo
» Depth in tissue
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Charged particles in radiotherapy - |

Bragg peak.

a * Increase of energy deposition
in a given depth (energy
dependent): Bragg peak

Rapid decrease of energy
deposition after Bragg peak

T 1 1

Nuclear reactions: “dose tail”
beyond Bragg peak for heavier
particles

Relative Deposited Energy.

o
5 117 105 13 123 125 27 129 Ba 133
Depth in Water (cm)
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Energy straggling in radiotherapy

o —
A 254 Mev/y carbon ions

carbon ions|
For particles with same range:

1 C-ions show less straggling than
protons = sharper dose gradient
after Bragg peak

-

(BUT: nuclear fragments deposits
additional dose after Bragg peak)

relative dose
@

~

8 ] 1z 1% L] ”» éO
depth in water [cml
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Consequences for radiotherapy- |

A

s

Charged particles need to be
I accelerated to about 150-430 MeV/u
— y to reach depths of 15-30 cm in tissue.

1 MY photons

relative dose

> B=06-0.7

n For clinical applications: need to
ﬂanlth in water leml ”expand” Bragg peak = “spread out
b= Bragg peak” (SOBP)

CECEED

g

particie sy

2

Ratio “plateau to peak” larger for C-
ions (€ lower “straggling”)

relative dose
s 2

‘ L] L L
penetration depth lcml
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Consequences for radiotherapy- Il
X-rays C-ions

Dose(Gy)

26

4

Photons must be “cross-fired” from many directions —
only a few fields needed when using protons and C-ions

12
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Fundamental problem: Field setup

13
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From 3D-konformal radiotherapy to stereotactical
treatments
- Superpositon of multiple fields N
- Steep dose gradients Va
- Small security margins / GTV
- Goal:PTV=GTV i ‘ i
- Exact tumor localization Y /
- Differentiation from healty tissue \‘\\ //'
- Motion management p-‘FV
,»Optimal“ tumor imaging
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Fundamental problem: Tumor <-> Organs at risk

Tumor

Q)

Organs at risk

Organ at risk

15
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3D-conformale radiotherapy

l l l l l l llA/ Blades Resulting

- I-l 1 l-l/ - dose distribution
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|| | M Planning target volume

TTT TTT TT Organs at risk

Photon x-rays

Image modified from: Carol MP. Where we are today. In: Sternick ES (Hrsg.) The theory and practice of
intensity modulated radiation therapy. Madison: Advanced Medical Publishing, 1997
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Fluenzmodulierte Strahlenbehandlung (IMRT)

l l l l l l ll//l::\addemsodiﬁer Resulting

L sose ditribution

-> - -
- - -
-

. | Planning target volume

TTT fTT TT Organs at risk

Photon x-rays

WL

Image modified from: Carol MP. Where we are today. In: Sternick ES (Hrsg.) The theory and practice of
intensity modulated radiation therapy. Madison: Advanced Medical Publishing, 1997
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Inverse back projection

mm S T Siewl

Detektor

V

Y XXX NS,

Modified from:
Rosenman. Treatmentplanning for IMRT. In: Sternick ES (Hrsg.) The theory and practice of intensity modulated
radiation therapy. Madison: Advanced Medical Publishing, 1997

18
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mw

Modified from:
Rosenman. Treatmentplanning for IMRT. In: Sternick ES (Hrsg.) The theory and practice of
intensity modulated radiation therapy. Madison: Advanced Medical Publishing, 1997
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Tumor imaging: Target volume delineation

CTV (Clinical Target Volume)

--I-....
”
.

TV* (Treated Volume)
Irradiated Volume)

* Abbreviation not recommended by ICRU

Pl
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Problems in tumor imaging

* Spatial resolution: Single tumor cells not visible
¢ Microscopic spread enhances the target volume
* Soft tissue contrast

,Border” between healthy tissue and tumor tissue

* Organ movement

e E.g.respiration, bladder and rectum filling

* Tumor changes during therapy

21
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Imaging options at clinical accelerators
(Varian TrueBeam STX powered by Novalis)
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Automated positioning control

“/_ “ ﬂ’”ﬁ‘tor

=

X-ray tube
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6D treatment coach

P

24
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BrainLab ExacTrac
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Beam shaping within 1 mm accuracy

26
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Example: Brain tumors / metastases

27
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Saving neuronal stem cells
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Hippocampal dose reduction
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Simultaneously integrated boost
NEC

WHOLE-BRAIN RADIOTHERAPY WITH SIMU
MULTIPLE BRAIN META

TEGRATED BOOST TO
ARC THERAPY

USING VOLUN

Frank J. LAGERWAARD, M.D.. Pu.D.. ELies A. P. van per HoorN, WiLko F. A. R. VerBAKEL. Pu.D..
Corneuss J. A. Haasseex, M.D., Ben J. SLovaN, M.D.., PH.D., AND SuresH SeNAN, M.R.C.P.,FR.C.R., Pu.D.

30
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Organ motion management for liver metastases
=  Example: 61 years old woman with solitary metastas (surgery no option)

= 3 gold markers surrounding the liver leasion

= 4D CT-Scan for analysis of organ motion
5 PTV for SBRT:

ITV + 4mm setup

margin

B d Bewe

ICRU 62
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MR guided radiotherapy (ViewRay)

Quelle: www.viewray.com
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MR guided treatment planning

Quelle: www.viewray.com

33

11



UK

HAMBURG

Th. Frenzel Current challenges in radiation therapy Nr.34

MR guided treatment planning

Quelle: www.viewray.com
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Extremely Preliminary ~Phaserll Data

Overall Survival of Inoperable Pancreatic Cancer

High dose MR
adaptive RT
18/19 patients
alive at last

follow-up

patients alive at

Owerall Surviva

last follow-up

10 18 x 2 0

“Time from diagnosis (months)

Barmes- Jawish Hosonal = Washington University Schosl of Masiclne Nationsl Cancer inatitute « Natlonal Comprahe i Cancer Netwerk
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Topics
* Fundamental basics of radiation therapy
¢ Radiation biology
¢ Radiation physics
* Field setup
¢ Tumor imaging
* Flash radiotherapy
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Ultra-high dose rate vs. conventional radiotherapy
FLASH RT established at particle accelerators = pulsed irradiation

t,: pulse width  time between pulses t, =1/PRF

ny:# of pulses  total irradiation time t,= (n,-1)x t4t,

b H
DPP=D,xt,  D=(n,xDPP), ’
(-8 S——— § - R " H macro-pulse
\ N*° N "N \
@ N N N N N N
< \ N N N N N 4
e | N N N N N ’ /
g } : N \ : N ] 7 micro-pulses
3 P 3 LTIk
I N B°N N R 1f
N N N N N N HHUR G
N N N N N N = HAHWEH
- qndne
time
HUNUY o
Source: Nolan Esplen et al 2020 Phys. Med. Biol. 65 23TR03
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Ultra-high dose rate vs. conventional radiotherapy

Conventional irradiation (e.g., TrueBeam, 6X, 600 MU/min):
DPP = 0.3 mGy
ty, ®5us
D, = Dt—‘;” ~ 60 Gy/s
PRF =~ 360 Hz
5 ~0.1 Gy/s (6 Gy/min) I, pulse width  time between pulses t, =1/PRF

n:8of pulses  total irradiotion time t;= (n,-1)x t+t,

DPP=D,xt, B = (n,x DPP)A,
I A% 7
@
e
o micro-pulses.
g
k-1 [
N >
time
Source: Nolan Esplen et al 2020 Phys. Med. Biol. 65 23TR03
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Ultra-high dose rate vs. conventional radiotherapy
UHDR irradiation for FLASH effect:

DPP > 1Gy

t, ~1fs—1ps

D, > 10°Gy/s

D>40 Gy/s

1,: pulse width  time between pulses t, =1/PRF

n,:8of pulses  totol irradiotion time t,= (ny-3)x t,+t,

DPP=D,xt,  D=(n,xDPPYY,
LA macro§
-, ¢ - ac
-]
B
@ micro-pulses
]
8
- t
time

Source: Nolan Esplen et al 2020 Phys. Med. Biol. 65 23TR03
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Rationale ultra-high dose rate (FLASH) radiotherapy

Benefits of UHDR (FLASH) irradiation:

«  Kill tumours while providing better protection for normal tissues and
preventing side effects > FLASH effect

FLASH effect seems to depend on:
* Dose rate per pulse

* # of pulses & their width

¢ Frequency

* Total irradiation time

40

' Th. Frenzel Current challenges in radiation therapy Nr.41

Large evidence of normal tissue sparing

Mouse lung
Favaudon et al. (2014)
Foullade et ol (2020]

Mouse brain

Montay Gruel etal Q017 g
Montay Gruel et al, 2018)
Montay.Gruel et sl (2015)

Moo o] Mortay-Gruel eval 2020) Minlature pig skin
; eoyerl 2 Wedhound e Gy Noserin st (2051
Canine Velalopoulou et al (2021) Veghbiand etal x0ay ot
Konwsdionetal (021 MM Kim ekl (5211
Mouse skin

il & Beadey 1974)
Tnada s (180
Hendiyeisl 1982 (P —
Soioera (2020
Conminghames i (0211
Velalopoulou et al (2021) Zebrafish embryo
Sorarwen etal 20221 Vontiy Geuel e, (2019
Vozenin et al. (2015b)
acermet . (2022
Karsch et (2922

Human hematopoiesis
Chab et al. (2021)

Vazenin et al (20193)

Source: C.L. Limoli & M.-C. Vozenin, Annu. Rev. Cancer Biol. (2023)
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Large evidence of normal tissue sparing

Tt
|

% Sparing of acute respending * liceficsent tumeur
aring of late responding organs. s eradication
- Inhibition of metastasis
heavy lom)
{ >~
e
e *Reduced *Reduced +Sparrgol mtestinal  Sparngof

cognition * Nopreymonitis ifammation tion ogeness
* Acute and late sparing  + NoRbross *Noacute + Sparing of intestinal

of the vasculature ulceration crypts
* Reduced N bbrons + Redhuced inflsmenation

neuromflammation

Source: M.-C. Vozenin et al. Nature Reviews Clinical Oncology (2022)
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