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LINAC 6 Elekta Synergy
X 6; e, MLC, EPID
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Philips Brilliance Big Bore
CT-Simulation, Tumor L.O.C.

Philips Eleva
PCR System

Elekta ABAS
Atlas based autosegmentation

5 x Elekta Monaco 3.3
Monte-Carlo Systems

6 x Nucletron

Masterplan vers. 4.2

ELEKTA MOSAIQ Vers. 2.50

LINAC 1 Elekta Versa HD
X 6,10,18; e, Agility MLC

EPID, cone beam CT, FFF,
Clarity, Intergrity 3.1 (9/2011)

LINAC 2 Elekta Versa HD

X 6,10,18; e, Agility MLC
EPID, cone beam CT, FFF,
Clarity, Intergrity 3.1 (9/2012)

LINAC 3 Elekta Synergy
X 6; e, MLC,EPID,cone beam
Integrity 1.1, (03/2004)

| ELEKTA

LINAC 4 Elekta Synergy

X 6; e, MLC,EPID, cone beam,
Integrity 1.1, (05/2010)

Gammknife
Perfexion 2013

MOSAIQ
100 clients

Intraaoperative unit

Zeiss Intrabeam, 50 KV

_ Seed application

Elekta/Nucletron FIRST

LINAC 5 Elekta Synergy
X 6; e, MLC, EPID
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10J post full neck IMRT
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Mean

3.18
7.76
1.61
16.12

D30

3.3
8.1
1.77
17.4

D60

2.4
2.7
1.39
13.8

Cranial
part

5
225
11
13

Middle
part

<5
4.5
5
8

IMRT

Caudal
part

<5
<4.5
0

4

Left Kidney (Gy)

Median Mean D30 D60 g::;nial IF\)/I;(:tdIe g;l:dal
|4107 369 463 384 47.8 453 252 |
25.8 2295 27 18 45 42.7 36
| 2025 2218 26.68 18.15 29 26 9 |
2384 2328 27.7 212 26.8 18.5 13.5



T2w: (A) IMRT vs. (B) 3D
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Image Guided, PET-assisted Radiotherapy of Lung Cancer

Target Volume Reduction and RT-Optimization for critical Tumor-to-Lung Ratio

1. CTV-Definition/Minimimization
based on functional Imaging (PET-CT)

Optimal Positioning

3. Image Guided Radiotherapy Treatment

2. Treatment Planning as IMRT based on with Cone-Beam-CT at Linac

Monte-Carlo Dose calculation
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Fleckenstein et al., submitted
Measurement setup

m |IBA Matrixx Evolution
m |IBA Multicube

m CIRS dynamic platform
model 008PL (accuracy
0.05mm)

m VMAT plan generated in
Monaco 2.0.3.beta
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Fleckenstein et al., submitted
A=10mm, T=3.6s, cos4-motion trajectory

[*] Signal T = 200 oiy
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static case with motion difference map

1002 = 200 iy 100% = 200 eGy
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treatment plans by entities/modalities

misc IMRT
Prostate IMRT 7%
Breast IMRT 270 —_—
6% O~
Head & ¢
Neck__ «

IMRT
10% o

misc VMAT

5%
Rectum VMAT
3% /
SP‘“;}’M” 560 samples
1]

Oct 2010-May 2011
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QA for VMAT Boggula et al, submitted

 So far
- Extended Linac QA according DIN 6847-5
* Full patient plan verification using EDR2/Gafchromic film and ion che
* In vivo dosimetry during patient delivery for prostate cancer

* Recent additions:
* IBA MatriXX 2D-arry detector for patient plan verification

» MatriXX Evolution with gantry angle sensor
and multicube phantom

(Comparison of measurement to TPS)

IBA Compass

» MatriXX Evolution with gantry holder
and Compass software (independent TPS using
measured fluences)
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off-axis-target test
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irregular MLC shaped field

Y [em]
[cm] Y 100% = 272.8 cGy 1.0 | ig
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112

measurement Setup U A e B M A i P

film measurement Gamma map (3%,3mm)

0 Monaco = 0-9 %0, 0 geantg = 1.3 % on a 2 mm dose grid
v (3 %, 3 mm) in the ROl :

*97.3 % for film measurement against Monaco

*99.0 % for film measurement against Geant4 and
*99.4 % Monaco against Geant4
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irregular MLC shaped field
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position [cm]

profiles with profiles with
initial Monaco ® head model adjusted Monaco ® head model

Fleckenstein et al., submitted
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Fleckenstein et al., submitted
Dose to water — dose to medium conversion

Monaco dose slice global gamma dm-dw corrected
(3%,3mm) gamma (3%,3mm)
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Fleckenstein et al., Z Med Phys, 2013
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Fleckenstein et al., Z Med Phys, 2013

Monaco ® vs. Geant4
patient with metallic implants

~«g mean deviation of the organs at risk:
(0.7=x 0.3) % of D,(PTV)
= 0.4 %, 0 geanu= 1.6 %0
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Lung Tumor boost
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Breast will in a bit be exclusively tangential IMRT
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Cutaneous Melanoma Metastases
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VMAT for Reirradiation of
Paraspinal Tumors

3D-PA 3D-Wedge IMRT 5B IMRT 7B VMAT
HI40 - - 1.18:0.07 1.17+0.06 1.14£0.07
Cl - - 1.7420.32 1.8520.21 1.9620.36
Mu 240+21 553136 844+133 877 £102 785192
Time 2512 sec 8817 sec 348172 sec 472182 sec 289169 sec
Cosnp 47_923‘5_/89% 55_32(:‘; _/93% 82.50:4.56% | 81.22+4.37% | 81.28+4.25%
SCopy 26.11+0.33Gy | 25.9820.06Gy | 26.91+0.93Gy | 25.67+1.55Gy | 23.54+2.35Gy

Stieler et al. SUON, 2011
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Gastric Cancer

1000 2000 4000 6000
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Koeck et al., IJROBP, 2012
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Anal Cancer
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Static Gantry IMRT VMAT
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LE4

07092010

#  Patienmt i Time s Tad Mode W widg Dose wdg- Comp- Block- V&R O
m" Reld MU Appl  FDA®  Oth
o Falisal A A 1 T XCT I 0 o6y W T
101 Patient B EBB 1 TOROT 6N WAMAT 1T F 41 0.0 200 £y v out
Falient B EBR r T X T 0.0 0 oGy wp Ik
102  Patient C CoC E 7 AROTY 6N WMAT 0P 8481 0.0 200 Gy v out
Palient o | T KT 0.0 0 ohy wp Uk
103 Patienl [ oD 1 IROTT & WAIAT 1920 P 66l S 1.0 200 {15y vl Jidl
Fatient D oo 1338 1 T XCT 0.0 0 oGy wp Out
4 Falient E EEE 1347 1 IROTT € WMAT 1B P a3 10 200 {15y il 11

I7 min tatal treatment time, including cone beam CT and imaging

ot p

- - - - . = r

Figure 5 o ne hour routine lreatment. Patien ogilic vi lreatment Time (IGRT + YMAT: 50% ) 30%. Beam-on times betwesn 2 and
7 minutes
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Clinical Commissioning
of the new Elekta Agility

Dipl.Phys. MSc. Flavia Molina

Klinik fur Strahlentherapie und Radioonkologie
Universitatsklinikum Mannheim

Medizinische Fakultat Mannheim

Direktor: Prof.Dr.F.Wenz
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Properties of Agility

Lamellenzahl

Leaf width at Isocenter
Maximum Field size
Minimum Field size

Maximum Leaf Speed
Diaphragm-Speedt

Transmission

Interdigitation

@ uvm
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160
S5 mm
40 x 40 cm?
0,5 x 0,5 cm?
6,5 cm/s
9 cm/s
<0,5%

possible
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Abbildung 111 Schematizche Darstellung des Agility-Blendenzystems 1EC 61217)
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Abbridung 727 Sohewnatische Davsteilung von MUCT wnd MICL2 TEC 67217

(1) Targetblock (8) MLC-Leaves I[ll] Y-Blenden I
(2) Primarer (7l Zubeharrin (12) Motorisierter Keiltilter (mit 111 Targerblock (7 H-Packup-Blenden (12} ¥-Blenden
Feldausgleichsfilter Riickstreuplatte) [Sekandirkallimataren|

(3} Primarkollimator r {13) Sekundirer Filter [2] Primirer (8} Elektromenapphkator 1137 Moetomsierter Kalfilter
4) Portl (%)  Satellitentrager (14) Differentialfilter Feldausgleichehilier {mix Riickserenplatre]
(5} Ionisationskammer (100 Mylar"-Fadenkreuzfolie (15) Port2 (3] Primickollimator 3 Mylar® Fadenkreuzfolic  [14) Sekundérer Filrer

4] Port 1 110} Satellivenrdges 1151 Porr 2

13 lonistonskammer 111} Zubehirring 1181 Differenmialfilver

(] MLC-Leaves
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MLC Rubicon-System
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Leafspeed

- 160 Leaves x 5 mm at Isozentrum,
uber das gesamte 40x40 Feld.

mﬂmﬂﬂum I

3

- Interdigitation and Island Shapes

—

- Maximum Leafspeed 6.5cm/s

Medizinische Fakultdt Mannheim
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Transmission

- Leakage < 0,5% over the whole field

Diaphragm
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Agility Kommissionierung |

1 Linac delivered in Mai 2012
Installation june/july 2012
Integrity 3.0

XVIR 4.5

IViewGT

Mosaiq 2.4.1

- Photon Energy Elektron Energy:
6MV - 6MeV
10MV - 8 MeV
18MV - 10 MeV
- 12 MeV
- 15 MeV

Filter free for Research since Oktober 2012
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Dose rate [#]

TDK Agility and MLCi2

Elektronen

Photonen

100 —

5

&

B
1||||||||||||.
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In- Cross Plane Agility und MLCi2
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Flattening filter free (FFF)
with Monaco 3.3

F. Stieler, Ph.D.
V. Stell, F. Lohr, M.D.
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FFF Development Work

The FFF pilot sites are
Middlesbrough, UK
Leeds, UK

Mannheim, Germany
Leeuwarden, Netherlands

The following sites were a part of the consortium
National Physics Laboratory, UK

Vienna, Austria

Birmingham, UK

NKI-AVL, Netherlands

Leeds, UK

Leeuwarden, Netherlands
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Flattening filter free (FFF) mode

I - FFF increases the dose rate for
6MV ~16 Gy/min, 10 MV ~22 Gy/min

Target

Primary collimator . r
Pnmary colimator

Flattening filter Flatening flter
—

- FFF beams have less variation of
off-axis beam hardening

SEcondany /

colimatars ‘\‘ ;

jatws

- FFF has less photon head scatter

REE - FFF has less leakage outside of
e beam collimation

bigast

*By courtesy of, Elekta Crawley
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FFF Mannheim machine setup

Photonen (MV)
N N

X06

X10 J J

X18 J %)

Elektronen (MeV)
Low 04,06,08
Mid 10,12,15
High 18,20,22

Flat
photons
Flat
photons
Electrons
mid

Q 5
Q 5 5

& R
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FFF - Clinical application chain

Treatmentplanning
Monaco Version 3.3

Linear accelerator
Versa HD (Aqility, Integrity vers. 3.1, FFF)

OIS System
Mosaiq Version 2.5
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Limitations for Modulation in General

- Gantryspeed
- Due to patient safety 1 rpm

- Leafspeed
- Agility MLC ~3 times faster than MLC2i

Leafspeed | Leaf nominal -

: : : height

- H o 156 0-3,5cm/! o 9 o
Doserate oI S K R T o= === e

*Combined with leaf
guide

- conventional ~ 6 Gy/min

MLC2i 80 1,0 em . 125cm 0-2,0 cmisec: 8,2.cm
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FFF — Basic data for Monaco 3.3, e.g.6 MV

El o
L= == o
= . =—F
1.:_:5 =ﬂ.: 1-._-5 -
= = =+
- == =
i=== = =] | i=== =

S T—

em[salsie

o[
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FF / FFF — Validation output factors
Monaco 3.3 vers. Measurements 6 /10 MV
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Cwtput Faeber 30203 5110.0 0m

FFF — Validation measured vers. calculated data
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Wang, IJROBP, 2012
Surface Dose
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Fig. 1. Relative surface dose (DD ., ) increases linexly with
the field size (~ 1%/cm”) for both 6X and 10X flat and FFF
photon beams (error bar = standard deviation). The surface
output factors for field sizes 2 x 2 ~ 10 x 10 cm® show 6X FFF
= 6X Flat = 10X FFF > 10X Flat, which have zero-field-size

r. UMM surface doses of 22.8%, 16.4%, 15.7%, and 10.2%, respectively. P S .
e edizinische Fakultdt Mannheim
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Peripheral Dose
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Figure 5. Results of peripheral dose measurements (in the isocentric plane) as a function of the distance from the fisld edge for the lung
SBRT plans with a) 6 and by 10MV flattened and unflattened beams. The relative percentage reduction in peripheral dose (dev [U-F])
achieved by using FFF beams when compared to FF beams is indicated in gray in the top part of the figure.

Kragl et al., Z Med Phys, 2011
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Peripheral Dose
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Figure 4. Comparison of DVHs for the prostate IMET case using FF
isolid lines) and FFF beams (dashed lines). The plans were normal-
ized in order to result in the same mean dose to the PTV.

Kragl et al., Z Med Phys, 2011
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Commissioning FFF with
Monaco 3.3 and Agility

F. Stieler
J. Fleckenstein
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Larger volume Head & Neck
6MV FFF — IMRT 9 Beams- 2Gy
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Larger volume

Head & Neck 6MV FFF — VMAT 2 Arcs — 2Gy

Gamma 33:
98,99%

Gamma 55:
99.91%
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Larger volume
Head und Neck — 6&10MV FFF — VMAT 2 Arc — 2Gy

Gamma 33:
99,19%

Gamma 55:
99,98%
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Larger volume stomach
6 MV FFF — VMAT 2Arcs — 15Gy
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Midsize volume Prostate with integrated boost
10MV FFF — VMAT 2Arcs -2,5Gy
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Small volume Brain 1 — 6 MV FFF — IMRT vs VMAT
(noncoplanar)

Gamma 33:
99,86%
Gamma 55:
100%
Kammer:
-1.1%
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Flattening filter free (FFF)
with Monaco 3.3

Preclincal Examples

F. Stieler, Ph.D.
V. Steil, F. Lohr, M.D.
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Prostate — moderately complex, low fraction dose

MLCi2
Monaco 3.3

Agility
Monaco 3.3

Agility + FFF
Monaco 3.3

PROSTATE

mean 60 Gy mean 60 Gy mean 60 Gy
1.09 1.09 1.09
35.8Gy 35.6 35.96 Gy
42.3 Gy 41.7 40.95 Gy
30 30 30
171 sec 152 sec 156 sec
789 762 915
2 Rotations 2 Rotations 2 Rotations
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Dose distribution screenshots, DVH
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Lung - moderately complex, high fraction dose

MLCi2 Agility
Monaco 3.3 Monaco 3.3

Agility + FFF
Monaco 3.3

60 Gy 60 Gy 60 Gy
1.09 1.09 1.09

8.25 Gy 8.13 Gy 8.35 Gy

1.80 Gy 2.2Gy 2.15 Gy

0.18 Gy 0.17 Gy 0.17 Gy
5 5 5

230 sec 245 sec 130 sec

2014 1997 2281

1 Rotation 1 Rotation 1 Rotation
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Dose distribution screenshots, DVH
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Head & Neck - highly complex,low fraction dose

MLCi2 Agility
Monaco 3.3 Monaco 3.3

Agility + FFF
Monaco 3.3

Head and neck

54 Gy 54 Gy 54 Gy
1.12 1.14 1.13
29.79 Gy 28.86 Gy 30.91 Gy
44.33 Gy 42.40 Gy 44.62 Gy
27.99 Gy 28.01 Gy 30.82 Gy
28.32 Gy 26.94 Gy 29.46 Gy
30 30 30
293 sec 182 sec 169 sec
635 633 1123
2 Rotation 2 Rotation 2 Rotation
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Dose distribution screenshots, DVH
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Our first FFF treatment
2 metastases 16 Gy each, one fraction

|||||||||||||
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Our first FFF treatment

Flan Infermation
Siudyset ID: CT3 #of Slices: 163 Pixal Siza; 007 Sces Orientation:  HES

Trammen Peaitian: HEAD W

Setup Infarmation

N Whole procedure

Bgam | Deesripdion Muching iD Energy | Gantry | Coll, | Couch| Mocemier Bl | ML . . .
2 X ¥
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] 05 iy BUV FEE | BFIT F=] [ [ . .
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B | G784 Agiiy BUV_FFF | &{FFF) 150 [T 80
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L] Lenrdds Agity BV Ink fi £ 0.0 =] ‘
g p/ Field Notes Sts |By RxcGH Rx:Einzeit F
Mormalization Meterset| Dose| Machine TSPFDC Fx | ED! Dly| Cum| Fx|ED| Dly| Cum| |
B3
Presoripton (cGylk 1600.0 8of Fractions: 1 [1,800.20 oGy —g
100,00 % of 1680,0 ey 1o cover 50,08 % af PTV.1 LB4
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Diase Caleulation LB4 T
LB4
Grid Spasing (smj 020 53
# of Caleulation Polns: SEOOTSE —33
Asslgned CTioED File: by, el ancull gl -3
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ME S Dev pas Plan: 1.00 L2
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Max Deae in Plan (eGyl 18747 LB:
LB:
Max Dose Location [sm): K=158 W= AR50 =140 B4
LB:
Dalhvary Mode: Stip & Shael IMAT LB: 1 300 cGy| 300 cGy
LE:
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QA LB:
- 3608.03.2013 LB: 300 cGy| 900 cGy
37[11.03.2013 LE: 300 <Gy
3812 032013 LB: 300¢G
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First Lung hypofractionated FFF treatment
Fraction dose 12 Gy
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First Lung hypofractionated FFF treatment
Fraction dose 12 Gy

Whole procedure
incl. CBCT and verification 30 min.
treatment time (beam on) 8 min.

Plan Infarmation

StudysetID: CT1 ¥ of Slices: B8 Pimel Jipe: 092 Joan Orientation: HF3
Traatmsant Position: HEAD IN
Setup Information
Scan Reference Coordinates (cmi): Ma Scan Refersnce Fainl has been selectad p— s ST
Beam | Description Maching 10 Energy| Gantry | Call, | Gouch| leocentar TR SitSetu T e S5 TS0 S
4 % ¥ z 5ags B Treatment Fields
1|5t Solby 10k FEF |10 FEF) 160 ) ool ool 244 1.08 4 ——G1 - 190" Lunge ABC FFF - 10 X FFF DMLC 5 Control Points 26.03.2013| A 26.3.2013 SM
2 |a salby 10MY FEF 10 FFF) L, ool oo 244 4 ——G8 - 220" Lunge ABC FFF - 10 X FFF DMLC 5 Control Points 26.03.2013| A 26.3.2013 SM
3 | G5 Aty 10Ky FFF |10 FFF) 29510 nnl  dnog 210 4 ——G5 - 295" Lunge ABC FFF - 10 X FFF DMLC 5 Control Points 26.03.2013| A 26.3.2013 SM
4 a2 Anilty 10kY FFF |10 FFF) 3351 nol  inoel  -210 4 ] ——G2 - 335" Lunge ABC FFF - 10 X FFF DMLC & Control Points 26.03.2013| A 26.3.2013 SM
5 |oT Aty Takv FEF 140 IFFF) [Ix K] IR =210 4 28043 ——GT - 0° Lunge ABC FFF - 10 X FFF DMLC 5 Control Points 26.03.2013| A 26.3.2013 SM
& |G3 Agilly 10y FFF [10FFF) 00 0] 0.0 FRE 4 237.69] ——G3 - 30° Lunge ABC FFF - 10 X FFF DMLC & Control Points 26.03.2013| A 26.3.2013 5M
Al =] Agliy 10y FFF 10 {FFF ol O 0.0 =210 -1.88 4 2415 ——G4 - 80° Lunge ABC FFF - 10 X FFF DMLC 5 Control Points 26.03.2013| A 26.3.2013 SM
& s Aoty Uy FEF [10FEF) 14008 o] qooel  -xaal  -1es 4 25E. 1 ——G6 - 140" Lunge ABC FFF - 10 X FFF DMLC & Control Points 26.03.2013| A 26.3.2013 5M
9 | wER Alby BMY Int [ o ool  sooe]  2ad] 1.4 o L. o ——VER1- 0" Lunge ABC FFF - 6 X MLC 26.03.2013| A 26.3.2013 SM
[ T=EE Al BRY Ini & e ool ioog] 244 -1.@[ 1] C.oo ——VER2 - 90° Lunge ABC FFF - 6 X MLC 26.03.2013| A 26.3.2013 8M
Tatal: ) 2EER.TT] ———CT1-FFF-CT A 2532013 KH
—EPID - 0° - 10 X FFF 26.03.2013| A 26.3.2013 8M

Narmalization
Pregcription {cGyl: 6000.0 ¥ of Fractions: 5 (1,200000 <G yifx)

- 4B [ CTH Cr + Svby

- hEIVEHE 2,0y 2 Sy

- 4 VER1| 2 4.0 nMy &+ 8y

- EPID | 2 10.18MU %+ [SWSv

— 5 67 2804 MU 150 cGy . S 50 clby

— 206 |G3 2377 MU| 150 eGy n Sv 50 cGy

- 207 |G4 3419MU| 150 cGy D ET 50 cGy
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Breath Hold / Gating
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Clinical Setup:
1. Flow-Based Breath Hold Triggering

Boda-Heggemann et al,
Radiother Oncol, 2011
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Clinical Setup:
2. Surface-based Survelllance
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Clinical Setup:
3. Direct Liver Tracking

20"

I‘|. . = B .
2 4 o s A8 ARES AL
L] POIST : ¥
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Fast CBCT
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Ansatz kV+MV-Rekonstruktion

http://www.elekta.com/healthcare_international_beaumont_work_results_breakthrough.php
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kV-MV imaging
workflow

Workflow
Automation for
ultrafast
Kilovoltage
Megavoltage
Cone Beam CT

Blessing et al.,
ESTRO, 2013

Physics 1.
Imaging in
radiotherapy:
Technical
developments.
20/04/13, 10:30
to 11:30.
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Linac

In-house

XV [

Pl

MV detector

hardware box l

kV projections

!

MV projections

Reconstruction
Software

Table 1

h

reconstruced
kKV=MV Volume

workflow

duration (manual)

duration (automated)

prepare Linac for KV-MV mode

~1/2 hour (connect hardware box,
reconnect cables m kV and MV
detector control board)

~1 sec (furn key switch)

Logm kV and MV service mode | ~10 sec ~10 sec
prepare X VI for Volume imaging | ~10 sec ~10 sec
logout, login MV ~10 sec ~10 sec
load MV beam ~10 sec ~10 sec

set relevant Linac parameters I

~30 sec (mamual changes in MV
service mode )

~1 sec (in-house software waits
for confirmation, press enter)

start and interrupt MV beam

~10 sec

~5 sec

set relevant Linac parameters II

~30 sec (mamual changes 1n MV
service mode )

~1 sec (in-house software waits
for confirmation, press enter)

start KV ~10 sec ~1 sec

start MV ~10 sec ~1 sec

rotate Gantry, start MV readout ~10 sec ~15 sec

angle mappimng ~10 mun (analyse images, find 0 sec (software output: angle list
imitial projection) for MV projection)

reconstruction ~10 sec ~10 sec

total:

roughly 10 min
+1/2 hour preparation

roughly 1 min




Dose Rate effects in Photon and Particle treatments -
Are high dose rates problematic?

i . der Universitit Heidelberg
UNIVERSITATSMEDIZIN Name | Folie 1 | Datum
= MANNHEIM Universitétsklinikum Mannheim

r . UMM Medizinische Fakultt Mannheim  /{|




Dose Rate? Pulse Rate??? Dose per Pulse????

X -,
400 MUY Min l l l l . l l

_%_ Constant Delivery Time
GFFF ' Average Dose Rate
400 MU/ Min
""Il'x_ Lonstant Instantaneous
s Dose Rate
GFFF
1400 MU/Min _
Time

Figure 1. Schematic illustrating the different dose-per-pulse and pulse repetition frequencies of
the x-ray fields used in this study.

King et al., PMB, 2013
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Negative Studies

Michaels, Rad Res, 1978 (OER, field emitting device)
Ling, IJROBP, 1985 (OER)
Steel et al., 1990 (cell lines, 0,25-90 cGy/min)

“There was little evidence of a dose-rate effect above 2 cGy/min
but significant sparing was seen at lower dose rates”

Zackrisson, Acta Oncol, 1991 (cell lines, HDR e-, 24000Gy/min)

Soerensen, R&O, 2011 (cell lines, diff. DR/pulse)
Verbakel, Acta Oncol, 2013 (cell lines, moving strip)
King, PMB, 2013 (cell lines, mesh buildup)

Reviews bei
Ling, R&O, 2010
Wilson, Br J Radiol, 2012 (Oxygen depletion)
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Negative Studies

Figure 4. Cell survival plots following exposure to flat & MV mdiation fields with different average
of instantaneous dose-rates for (a) D145 and (b)) H460cell lines. Emor bars reprezent + standand
error of cach data set. Lines represent the results of lincar-quadratic fits to the data.

Table X. Results of lincar—quadratic curve fitting analysis {with £ standard error of the mean) for
cells exposed to differsnt average or instantaneous dose-rates.

Treatment modality DU145 H4&0

(MU dose-rate) o B a g

63 (400 MU min—') 009 £ 003 003 £ 001 024 £ 019 006 £ 0.03
&FFF (400 MU min—')  0.14 £ 0.13 003 £ 002 021 £ 0.1 007 £+ 0.02
6FFF(1400 MU min™") 0.14 &+ 0.15 003 £ 0.06 021 + 0.16 007 + 0.03

King et al., PMB, 2013
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Positive Studies
Lohse, R&O, 2011

. A - R=4Gy/min

20 ® — R=24Gy/min

-2.3 | | I | 5
0 2 -+ 6 B 10

Dose D/ Gy

Fig. 4. Surviving fraction of T98G-glioblastoma cells at different dose rates. For
24 Gy/min, the I'-LQ-model can fit the experimental data with «=0.03Gy ',
f=004Gy ?and y=0.556 min~"; for 4 Gy/min, y has to be adapted to 0.361 min~!
and for R=0.2 Gy/min, a good fit can only be achieved by adapting the kinetic

constant to y=0.0313 min~".
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But: Disparate Results for
same cell line (T98 Glioma)

=]
E
- .
= -15_ A - R=4Gy/min
! ! ool @ ——R=24Gy/min
Fig. 4. Surviving fraction of T98G-glioblastoma cells at different dose rates. For ="
24 Gy/min, the I-LQ-model can fit the experimental data with «=0.03 Gy ',
f=0.04Gy 2 and y=0.556 min~"; for 4 Gy/min,  has to be adapted to 0.361 min~"'
and for R=0.: Jmin, a good fit can only be achieved by adapting the kinetic
constantk;o Y j(%s 13 ming]. ' g g P ¢ ' - 2 o 5 | | | |
0 2 4 6 5 10
Dose D}/ Gy
icy 1
VS .
£
S 041
=
Verbakel, Acta £
=
Oncol, 2013 s
NCOl, g
s 0.011
u
Figure 3. Normalized cell survival curves for SW 1573
(A), D384 (B) and T98 (C) cells. Error bars represent
the standard error of the
mean (n 3). Open squares FF, Closed squares FFF.
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Synopsis

Low dose rates
-> | oss of effect

Intermediate dose rates (covering the spectrum of what is
currently possible with FFF Linacs (overall and per pulse)

->No effect

Ultra-high Dose rates
(not relevant for photons, possibly for laser pulsed particles)
-> Oxygen Depletion
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Courtesy M. Alber/F. Stieler
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