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Precisione
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ELEKTA MOSAIQ Vers. 2.5

LINAC 1 Elekta Versa HD

Philips Brilliance Big Bore X 6,10,18; e, Agility MLC
CT-Simulation, Tumor L.O.C. EPID, cone beam CT, FFF,
Clarity, Intergrity 3.1

Philips Eleva LINAC 2 Versa HD

PCR System X 6,10,18; e, Agility MLC EPID,
cone beam CT, FFF, Clarity,

Intergrity 3.1

MOSAIQ" C€we
MOSAIQ" Data Director C€

Elekta ABAS

Atlas based autosegmentation LINAC 3 Elekta Synergy

X 6; e, MLC,EPID,cone beam

Integrity 1.1
LINAC 4 Elekta Synergy
> X Elekta Monaco 3.3 X 6; e, MLC,EPID, cone beam,
onte-Carlo Systems Integrity 1.1
Gammknife
Perfexion 2013
< > MOSAIQ
Y
100 clients T
6 x Nucletron Intraoperative unit
Masterplan vers. 4.3 o’ Zeiss Intrabeam, 50 kV

Seed application
Elekta/Nucletron FIRST

LINAC 6 Elekta Synergy
X 6; e, MLC, EPID
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Clinic statistics

Staff
22 MD’s (attending + residents)
12 Full licensed physicist

6 PhD-students
17 Radiographers
35 Researchers
Treatment

2300 patients per year,

~1500 IMRT / VMAT Series per year,
~100 kV cone beam CT’s per day ~50
MV EPIDS per day

Film- and paperless since 2006

r ‘ U M M Medizinische Fakultét Mannheim /100 )
) der Universitat Heidelberg e e

‘ UNIVERSITATSMEDIZIN N L
O MANNHEIM Universitatsklinikum Mannheim g




1
Evolution of Elekta
Radiotherapy
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The evolution of radiotherapy

e

O E)obalt ¥ Linac m Linac | m Desktop m Integrity
m MLC [m MLC 1.1
m IMRT |m IMRT ® MLCi2
m IGRT m IMRT
m Monaco ® IGRT
1.0 m VMAT
m Monaco
2.04
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MLCi2

Integrity 1.1 e.q.

Continuously Variable Dose rate (CVDR)
Interdigitation for MLCi2

VMAT QA prescriptions

Improvements regarding Service
Diagnostics

IntelliMax (support for remote support)
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What is Integrity?
Advantages of Continuously Variable Dose rate (CVDR) ?

CVDR reduces the
time by 20-50%, on
average by 30%

g 8 8

Dose Rate (MU)
8

0 20 40 60 80 100 120
Delivery Time (seconds)
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Elekta Synergy Platform + Desktop 7 + MLCi 2

One clinical hour at a Linac

Action Patient Time | Description MU's Fx Dose Treatment Time Total
finish treatment Patient A 8:08
finish treatment Patient C 8:38 | 6X StepNShoot 68CPs 637.7 MU 2.0 Gy ~7 min ~34 min
finish treatment Patient D 8:46 6X StepNShoot 46CPs 531.3 MU 2.0 Gy ~7 min
finish IGRT Patient E 8:52 1x MV Images (IView) 20 MU
finish treatment Patient E 9:03 6X StepNShoot 150CPs 721.0 MU 2.0 Gy ~11 min
Elekta Synergy + Integrety 1.1 + MLCi 2
Action Patient Time Description MU's Fx Dose Treatment Time Total
finish treatment Patient A 11:22
finish IGRT Patient C 11:51 | cone beam CT (XVI)
finish treatment Patient C 11:56 | 6X VMAT 205CPs 670.5 MU | 2.0 Gy ~5 min ~26 min
finish IGRT Patient D 12:06 | cone beam CT (XVI)
finish treatment Patient D 12:13 | 6X VMAT 181CPs 1357.0 MU | 2.0 Gy ~7 min
finish IGRT Patient E 12:22 | cone beam CT (XVI)
finish treatment Patient E 12:26 | 6X VMAT 191CPs 4797 MU | 1.8 Gy ~6 min
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7 min total treatment time, including cone béam CT and imaging

b X

- -
Figure 5. One hour routine treatment. Patient logistics vs treatment time (IGRT = VMATY 50% / 50%. Beam-on times between 2 and
7 minutes
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Limitations for treatment speed

m Gantry speed
e for safety reasons limited to 1 rpm

m |eaf speed
e max. 2cm/sec with the MLC2i

m Dose rate
e ~ 6 Gy/min
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The evolution of radiotherapy

O E)obalt ¥ Linac m Linac m Desktop m Integrity
m MLC = MLC 1.1
= IMRT = IMRT ® MLCi2
m IGRT m IMRT
m Monaco ® IGRT
1.0 m VMAT
m Monaco
2.04 .
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The evolution of radiotherapy — the next generation
R )

m Cobalt m Linac m Linac m Desktop m Integrity| = Integrity 3.1
= MLC = MLC 1.1 = Agility
m IMRT = IMRT m MLCi2 m IGRT
m IGRT m IMRT m VMAT
= Monaco ® IGRT ® Monaco 3.3
1.0 = VMAT m Mosaiq 2.5
0 Monaco\ -
2.04
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- 160 leaves x 5 mm width in ISO,
40x40 field

- Interdigitation
- Leaf speed up to 6.5 cm/ sec
- Leakage/ transmission < 0.5%

- Smoother and more precise

modulation

MLC2i... 80
@ uvmm
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Agility

1mmﬂummunnhm

Leaf nominal
. : : height
0-3,5cm/sec - 9 cm :

15cm -
*Combined with leaf

guide

02,0 cm/sec. ~  82em -

J125em
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MLC Rubicon-System

- MLC-reflectors replaced by
ruby tips

- Ultraviolet light from an LED
source produces infrared
fluorescence when it falls on

the ruby tips of the multileaf
collimator leaves

- Infrared fluorescence
detected by infrared camera
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Ul

Monaco 3.3 treatment
planning
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Monaco 3.3 treatment planning

- Cost function based biological and physical optimization

- TEMPLATES

- Two step optimization (optimal fluence then segmentation)
- Margin concepts to avoid help structures

- Virtual Head Model

- Monte Carlo dose engine

- Segmentation with sliding window that fits the Agility head
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Agility and Monaco 3.3

- Small lesions

- Dedicated Micro MLC not
needed anymore

- One solution for all our
planning needs
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Moving leaf bank and Monaco

Moving leaf bank in Agility and in Monaco ... full speed if all the leafs
are moving in the same direction
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Biased dose in planning

en doses...

.

Optimization takes into account previously giv

=
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Fleckenstein et al., submitted
A=10mm, T 3.6s. cos4-motion trajectory

Signal 100% = 200 Gy
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Monaco dose calculation modules

\
model of the Virtual fluence model
treatment head VS.
> fluence engine full treatment head
| simulation
Pencil beam
CT model of dose engine and _
the patient & Monte Carlo algorithm
' MS
‘ /
p.(HU) and w, (HU)
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Hounsfield Unit conversion: metallic implants

_ Isolines
pencil beam 2 59,
= contouring implants, which are in the PTV, improves the target
DVH and enhances the optimization convergence probability

= relative electron density of titanium implants: 3.73
= use clear and fill options for CT reconstruction artifacts

Monte Carlo: variance 0.5%, grid: 2mm
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Monaco 3.3 at Mannheim University Hospital

About 80% of all treatments are intensity modulated techniques

Prostate IMRT misc IMRT
Neck IMRT 5% 7%
2% \
MammalMRT
6%

Head__
IMRT
8%

0%

misc VMAT/
5%
Rectum VMAT
3%

Spine VMAT
5%
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Limitations for treatment speed

m Gantry speed
e for safety reasons limited to 1 rpm

m |eaf speed
e max. 2cm/sec with the MLC2i

m Dose rate
e ~ 6 Gy/min
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One clinical hour at a Linac

Elekta Synergy + Integrity 1.1 + MLCi 2

Action Patient Time Description MU's Fx Dose Treatment Time Total
finish treatment Patient A 11:22
finish IGRT Patient B 11:35 | cone beam CT (XVI)
finish treatment Patient B 11:43 | 6X StepNShoot 82CPs 6146 MU | 1.8 Gy ~8 min
finish IGRT Patient C 11:51 | cone beam CT (XVI)
finish treatment Patient C 11:56 | 6X VMAT 205CPs 670.5 MU | 2.0 Gy ~5 min ~26 min
finish IGRT Patient D 12:06 | cone beam CT (XVI)
finish treatment Patient D 12:13 | 6X VMAT 181CPs 1357.0 MU | 2.0 Gy ~7 min
finish IGRT Patient E 12:22 | cone beam CT (XVI)
finish treatment Patient E 12:26 | 6X VMAT 191CPs 479.7 MU | 1.8Gy ~6 min
Versa HD + Integrity 3.1 + Agility
Action Patient Time Description MU's Fx Dose Treatment Time Total
finish treatment Patient A 10:15
finish treatment Patient B 10:22 | 10X VMAT 206CPs 4248 MU 1.8 Gy ~4 min
finish IGRT Patient C 10:30 | cone beam CT (XVI)
finish IGRT Patient C 10:32 | 2x MV Images (IView) 40 MU
finish treatment Patient C 10:37 | 10X VMAT 128CPs 491.2 MU 1.8 Gy ~5 min
finish IGRT Patient D 10:45 | cone beam CT (XVI) ~28 min
finish treatment Patient D 10:48 | 10X VMAT 189CPs 826.8 MU 2.0 Gy ~7 min
finish IGRT Patient E 10:55 | cone beam CT (XVI)
finish treatment Patient E 11:00 | 10X DMLC 96CPs 670.2 MU 2.0 Gy ~5 min
finish IGRT Patient F 11:09 | cone beam CT (XVI)
finish treatment Patient F 11:16 | 6X DMLC 165CPs 5972 MU 2.0 Gy ~7 min




Limitations for treatment speed

m Gantry speed
e for safety reasons limited to 1 rpm

m |eaf speed
e max. 6.5 cm/sec with the Agility

m Dose rate
e ~ 6 Gy/min
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Anal Cancer
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Step-and-Shoot IMRT

695 MU/1.5 Gy
92 Segments
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Peritoneal PNET

Two arcs, Two isocenters, 2740 MU/1.5 Gy

First CT to last beam off: ~20 min (2 CTs, 2 Arcs)
@ uvm
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Anal Cancer

Two arcs, Two isocenters, 1403 MU/1.8 Gy

First CT to last beam off: <20 min (2 CTs, 2 Arcs)
@ uvm

Medizinische Fakultit Mannheim [/

. der Universitadt Heidelberg
UNIVERSITATSMEDIZIN
O MANNHEIM

Universitatsklinikum Mannheim




NPC Treatment Sequence

before
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Longitudinal VMAT TBI
Jahnke et al., Radiother Oncol, 2014

Unterteilung eines kontinuierlichen Bestrahlungsbogens von 320° bis 60° mit 10
Kontrollpunkten (Feldgrof3e 10x40cm)

Gantryrotation 320 °/_\
< O

60°

max. 150 cm

Einstrahlwinkel | 55°-60° | 50°-55° | 40°-50° | 30°-40°| 20°-30°| 10°-20° 10°-350° 340°-350°| 330°-340° | 320°-330°
Rel. MU‘s 358% 276% 185% | 144% | 117% 108% 100% 108% 17% 144%

_Ilga_F_
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Clinical experiences with
FFF treatment delivery

Jens Fleckenstein, Ph.D.
University Medicine Mannheim, Germany
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The evolution of radiotherapy — the next generation

l\éobé.lt " Linau(A: - Linéc Desktop - Integrity

O
m MLC = MLC 1.1 m IGRT
m IMRT = IMRT m MLCi2 o XVI,
m IGRT m IMRT e Clarity,
m IGRT e ABC
= Monaco - \?M AT ™ VMAT/dMLC
a Monaco ™ Monaco 3.3
2 04 m Mosaiq 2.5
m Versa HD
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Treatment chain

m Philips Brillinace CT Big Bore — 16 stripe

® Monaco 3.3 to use the full capability of
the moving leaf banks

m Mosaiq 2.5 to deliver FFF
m Integrity 3.1 to deliver FFF beams

m Agility MLC to get high leaf speeds
® DMLC/ VMAT to be fast and conformal
m FFF to achieve high dose rates

m IGRT (XVI, Symmetry, Clarity) to position
accurately

m Patient immobilization (ABC)
m A fast and reliable QA method
@ uvm

‘ UNIVERSITATSMEDIZIN
O MANNHEIM

Medizinische Fakultat Mannheim
der Universitadt Heidelberg
Un

iversitatsklinikum Mannheim



Current status Versa HD in Mannheim

® Nov. 2012: machine commissioning finished, validation
report received

m Mar. 13t first patient treated with FFF
m Jul. 22-26: matching second Versa HD
m Until Aug. 1st: 38 patients treated with FFF
m Hypo-fractionated (D2 5 Gy) treatments performed:
e Brain metastases,
e Lung,
e Liver,
e Adrenal glands
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Limitations for treatment delivery time

m Gantry speed
e for safety reasons limited to 1 rpm

m Leaf/ Jaw speed
e max. 6.5 cm/s with Agility MLC

4 )

®m Dose rate Versa HD
e FF mode: ~6 Gy/min (600 MU/min)
e FFF mode: ~ 15 Gy/min (1500 MU/min) for 6 MV

~ 24 Gy/min (2400 MU/min) for 10 MV
\- _/
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V
Versa HD FFF beam
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Flattening filter free (FFF) treatment head

‘ Electron beam
Target e

Primary collimator

‘ Electron heam

Target y

Primary collimator %
11

Nin
npwn

1 "
- T2
Flattening filter ——3/At} “p
’///////////////////////;//////////////////////I.

£

L L 3]
(AERL

Flattening filte! ——— 3 ]
free

contor % % aimin L__ 7'//
EaN
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Filter setup Mannheim

flat | FFF | |
photons - potential in (MV)
6 v v
10 v v
18 v
electrons - energy in (MeV)
low: 4, 6, 8 v
mid: 10, 12, 15 v
high: 18, 20, 22 J
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beam data requirements for
Monaco 3.3, FFF , 6 MV
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accurate profile/ head scatter measurements

1 .
0l 1,2
0.8 1,1
5
'§ 0.7r m% 1)0 -
g o6r = 09 - ——PTW semiflex 1onization
05 >R chamber 0.125¢m3
g oal E 08 A ——PTW pinpoint ionization
g  diamond d=16mm - chamber 0.015¢m3
203 - zmmj §=100m 2. 0,7 ——PTW diamond detector
* diamond d=30cm ~—
0.2f — IC d=16mm = .
. — IC d=10cm | © 0,6 Gafchromic EBT2 film
' — IC d=30cm
e , . . 0,5 1 —*—Geant4 (2 x 2 x 2) mm3 voxels
%o 25 20 IS -10 K; 0
position [mm] 0,4 ‘ ‘ ‘ ‘ ‘ ‘

0O 2 4 6 8 10 12 14 16 18 20 22
field size (square field)

= (3 x 3) cm? quadratic fields (A-B direction)

= VMAT with interdigitating leafs: smaller segments accurate
measurements for equivalent field sizes FS< (3 x 3) cm?

= use diamond or diode detector for FS< 3 cm
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Monaco Virtual Energy Fluence model - FFF 10 MV

AB: Field size 40.00 cm x 40.00 cm
Depths: 2.4 cm, 5.0 cm, 10.0 em, 20.0 em, 30.0 cm

AB: Field size 2.00 cm x 2.00 cm
Depths: 2.4 cm, 5.0 cm, 10.0 cm, 20.0 cm, 30.0 cm
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Versa HD — LINAC matching — lateral profiles

| | 10 cm x 10 cm | 30 cm x 30 cm | 40 cm x 40 cm
| | Monaco Linac 1 Linac 2 | Monaco Linac 1 Linac 2 | Monaco Linac 1 Linac 2
IMeasurement point distance I I I
I 0.2 G-T axis I 98.0 977 99.1 99.3 99.4 99.2 I 89.9 90.4 95.2 95.1 95.2 953 I 85.3 86.1 923 921 924 926
| A-B axis| o74 98.4 99.2 99.1 99.2 w2 | w7 90.3 95.1 947 95.3 o3 | sss 85.9 922 91.7 91.9 92.1
| 05 G-Taxis| o6 91.3 95.1 95.4 9.6 w1 | 700 69.8 80.0 79.9 802 w2 | e1a 613 725 725 726 728
| A-B axis| o5 915 952 949 950 T Y 70.1 79.9 794 80.2 w2 | ez 61.0 724 72.1 722 724
| 08 G-Taxis| s 80.9 87.3 87.7 88.0 g1 | sa0 532 64.8 64.8 64.8 oo | aas 448 56.2 56.1 56.1 56.3
| A-B axis| s 813 872 86.9 86.8 ez | sas 53.1 64.8 645 64.9 oo | aao 449 56.2 55.9 55.8 562
measured mean values
0.2 G-Taxis| 979 99.2 993 902 95.1 953 85.7 922 925
| A-B axis| 97,9 99.2 992 905 949 953 85.9 92,0 92,0
| 05 G-Taxis| 915 953 953 69.9 79.9 802 61.4 725 727
2| A-B axis | 915 95.0 95.1 69.9 796 80.2 61.1 722 723
= | 0.8 G-Taxis| 81.1 87.5 87.5 536 64.8 64.9 447 56.1 56.2
8 | A-B axis| 815 87.0 87.0 53.3 64.7 64.9 449 56.0 56.0
references from Elekta customer acceptance test (CAT)
0.2 | 98.4 90 84.9
| 0.5 | 914 67.9 59
| 0.8 | 81.1 515 424
|_tolerance (%) | 3 3 3
deviation from CAT in (%)
0.2 G-Taxis| 06 0.1 0.2 02 05 07 08 1.1 14
| A-B axis| 05 0.1 0.4 05 03 07 09 08 0.9
| 05 G-Taxis| 0.0 03 04 2.0 1.7 20 23 22 24
| A-B axis| 0.1 0.1 0.1 20 14 20 21 1.9 20
I 0.8 G-T aXiSI 0.0 0.4 0.4 21 22 23 23 25 26
| A-B axisl 03 0.1 0.1 18 2.1 23 25 24 24

Monaco TPS LINAC 1 LINAC 2
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Patient collective
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Patient collective

1D Modality fx dose in (Gy) CPs/segs MU beams/rots enerqy ID Modality fx dose in (Gy) CPs/segs MU beams/rots energy
S
] it ] i el rild . : o |25 DMLC 5 5 42 1554 7 10
VMAT 1 16 176 7620 4 6 2
2 VMAT 1 16 112 4326 3 6 5
3 VMAT 1 22 32 3089 8 6 S |26 DMLC 1 5 81 1402 9 10
4 VMAT 1 16 66 2245 2 6 o
6 Q. VMAT 4 5 182 2007 1 10
5 VMAT 1 22 66 3206 2
6 VMAT 1 16 89 2439 2 6
7 VMAT 1 16 66 2353 2 6 27 DMLC 12 5 27 947 7 10
9 VMAT 1 16 90 2094 2 6
28 DMLC 4 12 166 3803 1 10
1 VMAT 2 20 69 1395 1 6
12 VMAT 1 16 54 1992 2 6 29 DMLC 5 12 32 2260 8 10
13 VMAT 1 16 66 3971 2 6 30 DMLC 5 12 45 2336 9 10
S VMAT 1 16 65 4390 2 6 10
® 31 DMLC 12 5 23 820 7
o |14 VMAT 1 22 54 3101 2 6 »
<
15 VMAT 3 5 89 974 2 6 DMLC 12 5 28 983 7
O
16 VMAT 1 22 7 4022 2 6 m |32 DMLC 5 12 28 2365 7 10
VMAT 1 22 144 6058 4 6 <
o |33 DMLC 5 12 27 2300 7 10
17 DMLC 1 22 70 8850 10 6 c ”
18 DMLC 1 16 172 4201 8 6 2 |34 DMLC 5 12 32 1873 8
19 DMLC 1 22 32 3667 8 6 DMLC 5 12 32 1861 8 10
20 DMLC 5 5 29 757 9 6
A T ) T . ! - 6 35 VMAT 12 5 45 979 4 10
22 DMLC 1 16 66 3833 11 6 VMAT 12 5 44 972 4 10
6
DMLC 1 22 72 6700 12 36 VMAT 5 10 66 1294 1 10
DMLC 1 13 54 2326 1 6
A WOAT 1 i T e . ; 37 VMAT 12 5 191 1830 1 10
24 VMAT 1 20 87 2017 3 6 38 VMAT 5 12 67 1847 1 10
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One clinical hour at a Linac

Action Patient Time | Description MUs Fx Dose Treatment Time Total
finished treatment Patient A 10:15
. |fmshedteatment | Patents | 1022 [ oxvmatzo6crs | 4248 wu [rscy [-amin |
> finished IGRT Patient C 10:30 | cone beam CT (XVI)
e
%); finished IGRT Patient C 10:32 | 2x MV Images (IView) 40 MU
< _B, finished treatment Patient C 10:37 | 10X VMAT 128 CPs 4912 MU 1.8 Gy ~5 min
+ =
> B‘) finished IGRT PatientD | 10:45 | cone beam CT (XVI) ~28 min
%-'g finished treatment Patient D 10:48 | 10X VMAT 189 CPs 826.8 MU 2.0 Gy ~7 min
g_ finished IGRT Patient E 10:55 | cone beam CT (XVI)
w finished treatment Patient E 11:00 | 10X DMLC 96 CPs 670.2 MU 2.0 Gy ~5 min
finished IGRT Patient F 11:09 | cone beam CT (XVI)
finished treatment Patient F 11:16 | 6X DMLC 165 CPs 5972 MU 2.0 Gy ~7 min
Action Patient Time | Description MUs Fx Dose Treatment Time Total
—
™
>
e
-
(@)
O
]
£
+ ~29 min
% finished IGRT Patient J 13:04 | cone beam CT (XVI)
© finished treatment Patient J 13:07 | 10X VMAT 219 CPs 6446 MU 2.0 Gy ~3 min
n
@
>
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Vli.a
Brain treatments
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Stieler et al.

2 brain metastases, D= (1x16
treatment planning

y

)
Radiother
Oncol ,
Constrants | senses
Structure Cost Function Enabled  Status Manual Weight Reference Dose (cGy)  Multicriterial ~ Isoconstraint  Isoeffect Relative Impact
W[FV.1 - [TargeteUD v on .00 1600.0 0.0
| Quadratic Overdose ¥ |on 0.08 1600.0 &0.0 00
F Quadratic Underdose 2 on 0.01 1600.0 80.0 0.0
W[PTV.2 - |Targetewd 7] on .00 1600.0 0.0
| Quadratic Overdose ¥ |on 0.08 1600.0 0.0 0.0
‘Quadratic Underdose v [on 0.01 1600.0 80.0 0.0 -
[Sehrerv i~ [ Serial v |o 001 300.0 0.0
O |Sehnervre + | serial ¥ [on 0.01 3000 0.0 -
R o Cm )| Gemes | Gooney | SeupBoam
v Quadratic Overdose v |on 0.01 3000 50.0 00 - - -
| [Fimstamm _~ | Quadratic Overdose 9 |on 0.01 400.0 0.0 0.0 .FPX Beam Description Field ID  Visible Delivery & Machine D g# lsocenter Location X{cm) Y (cm) Z (cm) a
el 001 0.0 20 0.00
T [rad e 501 30 o S 1[G12A [ [Step & Shoot IMRT ~ [Agity_6MV_FFF ~ [Plan Isocenter - 275 4690 200
m][E ~ | Parallel Or 0.01 200.0 20.00 0.00 I
O A:Z:e = p:':“:‘ j O: — 500 500 —= 2|G10A ¥] [Step & Shoot IMRT ~ |Agilty_6MV_FFF + |Plan Isocenter - 275 -46.90 -2.00
@ [Auere - | Paralel v |on 0.01 300.0 0.00 0.00 3|GTA ¥] [Step & Shoot IMRT ~ |Agilty_6MV_FFF + |Plan Isocenter - 275 -46.90 -2.00
[ i | cmtcovsae o o =  — # 4[Gi3A 7] [Step & Shoot IMRT ~ |Agiity_6MV_FFF « [Plan Isocenter - 275| 4690 200 3
<cick to 3dd a new structure> 5|G14A v] |Step & Shoot IMRT ~ (Agility_6MV_FFF - |Plan Isocenter - 2.7 -46.90 -2.00
» hd 6|G15A [¥] [Step & Shoot IMRT ~ |Agilty_6MV_FFF « [Plan Isocenter - 2.7 -46.90 -2.00
Optimization mode: = = =
© Corstrained (Normal Tisue Prcity) p— o) Cone 7|G16A v] [Step & Shoot IMRT ~ |Agility_6MV_FFF + |Plan Isocenter - 27 -46.90 -2.00
Pareto (Target Volume Priority) 8|G17A ¥] [Step & Shoot IMRT ~ |Agilty_6MV_FFF + |Plan Isocenter - 275 -46.90 -2.00
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2 brain metastases, D= (1x16) Gy
documentation

Plan Information
Studyset ID: CT3 #of Slices: 163 Pixel Size: 0.07 Scan Orientation: HFS
Treatment Position: HEAD IN

Setup Information

Scan Reference Coordinates (cm): No Scan Reference Point has been selected W h I d
Beam | Description Machine ID Energy| Gantry Coll. | Couch| Isocenter #of | MU/MX O e p ro Ce u re
# X Y Z Segs
A Agility 8MV_FFF (FFF) 181.0 .g{ 0 75 <4690 200 1 296.79] . .
I Agility 6MV_FFF_| 6 (FFF) 2200 o o 75| 46.90] -2.00 522.46) InCIUdIn ‘ B‘ T and
A Agility BMV_FFF_| 6 (FFF) 2830 o o 75 -46.90] -2.00 s_ql
A Agility 6MV_FFF_| 6 (FFF) 72.0 0 0 75 46.90] -2.00 61
G14A Agility 8MV_FFF (FFF) 1440 0 0. 75 4690 -2.00 .76 . g ]
G15A Agility 6MV_FFF (FFF) 300 o %0 75 46.90] -2.00 56 Ve rlfl Catlon -
G16A Agility BMV_FFF (FFF) 70.0 ] 30 75 46.90] -2.00 53] N
8 |GITA Agility 8MV_FFF (FFF) 150.0 50 75| 4690 -2.00] 24 1.39
9 | VER3A Agility BMV_Int 3 0 0 75 4690 200 0 0.00}
10| VerdA Agility BMV_Int 6 270.0 o o 75 4690 200 0 0.00}
Total: |_172| _4200.96]

Normalization

.
Prescription (cGy): 1600.0 # of Fractions: 1 (1,600.00 cGy/fx) I - 1 9 l I Iln

100.00 % of 1600.0 cGy to cover 50.00 % of PTV.1

Dose Calculation

Grid Spacing (cm): 0.20 .

# of Calculation Points: 5906752 treatment tl me for 8 beams y
Assigned CTtoED File: DICOMS3 BrillianceBigC

2::::::?'0050 to: :::::5:8“0 proen 1 72 C P, 4 ] 2 k M U y 2 ta b I e
MC Std Dev per Plan: 1.00

Max Dose in Plan (cGy): 1674.7 a n g I e S :

Max Dose Location (cm): X=195 Y = -46.90 Z=140

Delivery Mode: Step & Shoot IMRT

T=7 min
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2 brain metastases, D= (1x16) Gy
documentation

’} Diagnoses and Interventions - ID1: 34306865 _

Radiation |Medical | surgery | General | Admin |

Start Status
E-E[1] Dx: links parietal Secondary malignant neoplasm of brain and cerebral meninges 21.02.2013
=-@>Radiation Oncology Course: 2 01.03.2013
@Rad Rx: GH - 3D Plan - Xrays Dose: 3.000 cGy @ 300 cGy x 10 A5.3.2013DB
E-@Treatment Fields
E1 - lilat GH - 6 X MLC 06.03.2013/ A 6.3.2013 JB
2 -relat GH - 6 X MLC 06.03.2013/ A 6.3.2013 JB
@>Rad Rx: Einzeit - IMRT Plan - Xrays Dose: 1.600 cGy @ 1.600 cGy x 1 A12.3.2013 DB
Site Setup AE 532013 KS
E>Treatment Fields
G10 - 181° Boost 1x16 Gy K - 6 X StepNShoot 182 Control Points H
G11 - 30°Boost1x16Tisch90K - 6 X StepNShoot 128 Control Points H
VER3 - 0° Boost 1x16 Gy - 6 X MLC 13.03.2013| AH 12.3.2013 DB
VER4 - 270° Boost 1x16 Gy - 6 X MLC 13.03.2013| AH 12.3.2013 DB
G12A - 181° Boost1x16GyFFF - 6 X FFF StepNShoot 204 Control Points 13.03.2013| AH 13.3.2013 DB
G13A - 30°1x16GyFFF Tisch90 - 6 X FFF StepNShoot 140 Control Points 13.03.2013| AH 13.3.2013 DB
CT-CT1-CT AH 12.3.2013 DB
—«r Dx: IA: 1 - Right Upper lobe - bronchus or lung 31.07.2012
=-@ErAdenokarzinom o.n A
=@ Radiation Oncology Course: 1 23.08.2012
@Rad Rx: Lunge - IMRT Plan - Xrays Dose:  0cGy@ 0cGyx 0
E>Rad Rx: Med./Lunge re - IMRT Plan - Xrays Dose: 6.600 cGy @ 200 cGy x 33 Rx Site: FFF Plane Dose: 22722/0 cGy Fractions: 2210 Approved: | OK |
Site Seti -
&Trleeatn?erL:fFields Field: [MB3 |Lunge Quse:| 1.204 cGy Field Tx: [0] Approved: 02.01.2013 Cancel
G1 - Lunge - 6 X DMLC 170 Control Points Machi [— Gy/MU: 0581 Tol :[—LI Last Treated: -
VERT - 0° Gan"y _6 X MLC lachine: | LB2 ﬂ ciy: - alerance: ltreat ast lreate <<Field Setup
VER2 - 270° Gantry - 6 X MLC 5 E———— =0 i
CT1 - Lunge - CT [oeam [~ Gantry: [ Tol = - Viewer ~
& @ Tx Plans ¢ Type 5 Gantry Angle: [ 1800 R 10 < BEv_ ¢ Note
T1XY FFE IMRT A1B.PDF Modality: [Xrays Caollimator Angle: IT 1.0
_CT2-,0)2. IMRT PDF Energy: Field Size X: 400 04
Monitor Units: Field Size Y A 04
Wedge MU: |1 a 04
Time: 1 20,0 04
Daoserate: Jaw Y1: 45 A 04
Arc Direction: | Cw Jaw Y2: 45 A 04
MU/Deg: [0,00 MRT" “Boint ndex_ MU
Start Angle: [1600 " S| oAe7 o000 000> ﬂ i ﬂ
Stop Angle: [150,0 - Couch ~Tol—
= . Vertical: IT 05 Portal Image Planned - Open——
Wedge: l—‘z’ Lateral: IT 00 Monitor Units: ! 00
Compensator: Longitudinal: 00 00 DgseDCcIuef. L 0000
ta:
Block: Angle: 00 10 5

39113.03.2013 [11:22 2 1.600 cGy| 1.600 cGy |E=E 00 10

I~ ERID si;:fop
2,0MU
2,0 MU
2609.6 MU| 800 cGy |LB2 800 cGy
15915 MU| 800 cGy |LB2 800 cGy
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2 brain metastases, D= (1x16) Gy
quality assurance

S bbbk dshbskdubhbdsabbsbdhodsol
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Intensity modulated radiosurgery of brain metastases

with flattening filter-free beams

-~

/\/MAT IMRT

Monitor units (MU)

~

Treatment technique Treatment time (min) Single Metastases MMuItlpIe
etastases
Agility FF 9:49+0:59 35011523 4636+372
Versa HD 5:06+0:23 33641406 4534+642
Agility FF 8:32+2:21 33331867 4284+249
Versa HD 4:18+1:07 32751950 4635+583 /
/Freatment technique Conformity index CI Homogeneity index HI Gliow Glhigh \
S.M. M.M. S.M. M.M. S.M. M.M. S.M. M.M.
Agility FF 0.67£0.02 0.66+x0.03 1.08%£0.01 1.08£0.02 2.65+0.22 3.39£041 3.23+0.63 3.27£0.24
Versa HD 0.66+0.04 0.64+0.03 1.08+0.01 1.10£0.02 2.61+£0.18 3.36£0.67 3.16£0.58 3.03% 0.67
Agility FF 0.75£0.04 0.74+0.02 1.05%£0.01 1.06£0.01 2.79+0.17 2.95£0.23 3.23+0.43 3.45+0.41
Versa HD 0.72+0.05 0.70£0.04 1.07£0.02 1.06£0.01 2.81+0.16 3.03x0.31 3.29+0.35 3.66% 0.5y

G/IAT IMRT

@ uvm
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Stieler et al., Radiother Oncol, 2013
Courtesy of F. Stieler
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2 mets, D= (1x22) Gy, T= 18 min (beam on
12 beams, 4 table angles, 6.7k MU

Stieler et al.,
Radiother
Oncaol,

2013

Beam | Description Machine ID Energy| Gantry Coll. | Couch| Isocenter MUMNx
# X Y
1 | G21 Aglty BMV FFF_ | 6(FFF) 260.0) 0.0 00|  -3.00 505 84,
2 | G22 Aglty BMV FFF_| 6 (FFF) 268.0 0.0 0. -3.00 59174
3 |G23 Aglty BMV FEF | 6(FFF) 0.0 0.0 3.000 [EiRE
4 | G2 Aglty EMV FFF | 6 (FFF) 40.0 0.0
5 | G25 Aglty BMV FFF | 6 (FFF) 72.0 0.0
& | G26 Aglty 6MV FFF | 6 (FFF) 130.0 0.0
7 |G27 Aglty MV FFF | 6 (FFF) 300 1200
8 G28 Aglty 6MV FFF 6 (FFF) 700 1200
9 |G29 Aglty BMV_FFF_| 6 (FFF) 35.0 1500
10 | G30 Aglty BMV FFF | 6 (FFF) 85.0 1500
11| G3t Aglty BMVY FEF | 6(FFF) 266.0 1200
12 | Gaz2 Aglty MV FFF | 6 (FFF) 326.0 1200
13 | VERS Aglty EMV Int [ 0.0 0.0
14 | VERE Aglty EMV Int 5 270.0 0.0 00| -3.00
6700 14|

Normalization

r ‘ U M M Prescription (cGy): 2200.0 ¥ of Fractions: 1 (2,200.00 cGy/¥fx) inische Fakultdt Mannheim
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2 mets, D= (1x16) Gy, T= 12 min (beam on
12 beams, 4 table angles, 3.6k MU

Stieler et al.,
Radiother
Oncaol,

2013

Beam | Description Machine 10 Energy| Gantry Coll. | Couch| Isocenter #of | MUNX

# X Y z Segs
1 G2 Aglty BMV FFF 6 (FFF) 81.0 0.0 0.0 0.00 14.00 -3.00 6 55144
2 _|GS Aglty BMV FEF | 6(FFF) 260.0) 0.0 14.00 [ 224071
3 |Gt Aglty BMV FEF | 6(FFF) 208.0 0.0) 14.00) [ 37085
4 |Ga Aglty BMV FFF | 6 (FFF) 40.0 0.0 14.00 [ 3565 08
5 |G3 Aglty 6MV FFF | 6 (FFF) 72.0 0.0 14.00) 6 12310
& |Ga Aglty MV FFF | 6 (FFF) 130.0 0.0 14.00 6 201 .05
7 |G& Aglty 6MV FFF | 6 (FFF) 30.0) 00 14.00) § 373,11
8 |G7 Aglty BMV _FFF | 6 (FFF) 70.0) 00 14.00 8 4 3
9 Go Aglty BMV FFF 6 (FFF) 35.0) 0.0 14.00 6 3
10 | G10 Aglity BMV _FFF 6 (FFF) 85.0) 0.0 14.00 6
11| G12 Aglty BMV FEF | 6(FFF) 266.0) 0.0) 14.00) [
13 | VER! Aglty MY Int [ 0.0 0.0 14.00 300 0
14 | VER2 Aglty MY Int & 270.0 0.0 1400 300 a

Total: 66

U M M Normalization
Medizinische Fakultat Mannheim

Prescription (¢Gy): 1600.0 # of Fractions: 1 (1,600.00 cGy/fx) der Universitét Heidelberg
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VI.b
Lung treatments
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Clinical Setup:
1. Flow-Based Breath Hold Triggering

Boda-Heggemann et al,
Radiother Oncol, 2011

@ uvm

‘ UNIVERSITATSMEDIZIN
O MANNHEIM



Clinical Setup:
2. Surface-based Surveillance

. |

Paeres | "

Stieler et al.,
Strahlentherapie, 2012

Stieler et al.,
Strahlentherapie, 2013

FHEETR
= . UMM Medizinische Fakultst Mannheim (110 (1 1
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Breath hold surveillance

Baseline:

. Amplitude: 0.0 mm

' Frequency: 0.00 Hz

Respiration Settings
SizeR: 20 mm

Reference: 9/17/2013 12:01:41 PM
Primary

[mm]

X 1 mm

Y:  -67 mm
i z 0 mm
0
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Clinical Setup:
3. Direct Liver Tracking
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Clinical Setup:
Flow-Based Breath Hold Triggering

Gl 0
153

'y
s 1T\
(%] %]
RESPONSE
o
® (»
" J

@ uvm
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“Intensity Modulated, Volume-Image Guided SABR
(Stereotactic Ablative Radiotherapy)
can be applied in a 15-min treatment slot”

Boda-Heggemann et al.,
Radiother Oncol, 2013

m Flattening-filter-free FFF 10 MV Versa HD
m intensity modulated Monaco dMLC plan

m Active breathing coordinator ABC Transversal and coronal
® image-guidance XVI, EPID PEt_T-CtT images of the
patien

@ uvm

- ‘ UNIVERSITATSMEDIZIN Courtesy of J. Boda Hegemann

d
MANNHEIM Universitatsklinikum Mannheim




Beam Spreadsheet

SABR (Stereotactic Ablative Radiotherapy

Treatment planning

’ @ General Geometry I Setup Beams
[@ ‘ Beam Description Field ID  Visible Delivery ﬁ Machine ID ﬁ Isocenter Location X{cm) Y (cm) Z (cm)
1G1 | duc e 10.06 210 -1.85
2|G8 v] dMLC ~ |Agility_10MV_FFF ~ [Center of GTV - 10.06 -2.10 -1.85
3|G5 v] dMLC ~ |Agilty_10MV_FFF ~ [Center of GTV - 10.06 -2.10 -1.85
b 4|G2 v] dMLC ~ |Agility_10MV_FFF ~ [Center of GTV - 10.06 -2.10 -1.85
5|G7 v] dMLC ~ |Agility_10MV_FFF ~ [Center of GTV - 10.06 -2.10 -1.85
6(G3 v] dMLC ~ |Agilty_10MV_FFF ~ [Center of GTV - 10.06 -2.10 -1.85
7|G4 v] dMLC ~ |Agility_10MV_FFF ~ [Center of GTV - 10.06 -2.10 -1.85
8|G6 v] dMLC ~ |Agility_10MV_FFF ~ [Center of GTV - 10.06 -2.10 -1.85
<click to add a new beam>

Group Only Visible Beams

Constraints I
Structure Cost Function Enabled Status Manual Weight Reference Dose (cGy)  Multicriterial Isoconstraint Isoeffect Relative Impact
[J[PTVLunge | ~ [ Target EUD v on 1.00 6000.0 0.0
Quadratic Overdose v On 1632.23 6000.0 80.0 0.0
Quadratic Underdose V| On 100.00 6000.0 80.0 0.0
A o rRM ~ | Quadratic Overdose 4 On 0.01 1000.0 50.0 0.0
[ [Herz ~ | Parallel v On 0.01 1500.0 50.00 0.00
[ |Lunge li ~ | Parallel V| On 0.01 2000.0 25.00 0.00
M |Lungere  ~ | Parallel v On 0.01 1000.0 30.00 0.00
0 |Lunge ges. ~
M |Patient ~ | Quadratic Overdose v On 0.01 3600.0 30.0 0.0
<dick to add a new structure >

Optimization mode:
© Constrained (Normal Tissue Priority)
Pareto (Target Volume Priority)

[ Print ] [ oK ] [ Cancel

@ uvm

UNIVERSITATSMEDIZIN

Sequencing Parameters: dM

Max. # of Control Points Per Beam:
Target Dose Rate (MU/min): 150.00

Min. Segment Width (cm): 0.50

Fluence Smoothing: Medium v

V| Max. Sweep Efficency

V| Allow Move Only Segments

2000 3000 4000 5000 = Medizinische Fakultdt Mannheim
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SABR (Stereotactic Ablative Radiotherapy

documentation

First fraction setup time incl. ABC/ CBCT and EPID: T= 30 min
treatment time: T= 8 min (8 beams, 2.3k MU)

Plan Information
Studyset ID: CT1 # of Slices: 88 Pixel Size: 0.12 Scan Orientation: HFS

Treatment Position: HEAD IN

Setup Information

> : - - X : 3 3 SM
Scan Reference Coordinates (cm): No Scan Reference Point has been selected enmetastase LA NERR R 2..1S
Beam | Description Machine ID Energy| Gantry Coll. | Couch| Isocenter #of | MU/fx @>Treatment Fields
# X Y z Segs ——G1-190° Lunge ABC FFF - 10 X FFF DMLC 5 Control Points 26.03.2013| A 26.3.2013 SM
i ——G8 - 220° Lunge ABC FFF - 10 X FFF DMLC 5 Control Points 26.03.2013| A 26.3.2013 SM
1 G1 Agility 10MV_FFF {10 (FFF 190.0 0.0, 0.0 10.08] -2.10] -1.85 4 325.68
2 |Gs Aﬁti 10MV_EFF 110 :FFF; 220.0 0.0 0.0 1008 210 185 2 286.03) ——G5 - 295° Lunge ABC FFF - 10 X FFF DMLC 5 Control Points 26.03.2013| A 26.3.2013 SM
3 1G5 Agility_10MV_FFF_| 10 (FFF) 295.0 0.0 00l 1008 210 -185 2 253 22 ——G2 - 335° Lunge ABC FFF - 10 X FFF DMLC 5 Control Points 26.03.2013| A 26.3.2013 SM
2 G2 Agility_10MV_FFF_[10 (FFF) 3350 0.0 0.0 1008 210 -1.85 2 236,791 ——GT - 0° Lunge ABC FFF - 10 X FFF DMLC 5 Control Points 26.03.2013| A 26.3.2013 SM
5 | G7 Agility_10MV_FFF |10 (FFF) 0.0 0.0 00l 1006 210 185 2 280.43] ——G3 - 30° Lunge ABC FFF - 10 X FFF DMLC 5 Control Points 26.03.2013| A 26.3.2013 SM
5 163 Agility_10MV_FFF_[10 (FFF) 300 0.0 00| 1008 210 185 4 237,691 ——G4 - 80° Lunge ABC FFF - 10 X FFF DMLC 5 Control Points 26.03.2013| A 26.3.2013 SM
7 1Ga Agility_10MV_FFF_[10 (FFF) 80.0 0.0 0.0 1008 210 -1.85 2 341.93 ——G6 - 140° Lunge ABC FFF - 10 X FFF DMLC 5 Control Points 26.03.2013| A 26.3.2013 SM
8 |ce Agility_10MV_FFF |10 (FFF) 1400 00| 00| 1006 210 -1.85] 4| 298.01 [~—VER1-0° Lunge ABC FFF - 6 X MLC 26.032013) A 26.3.2013 SM
9 [ VERT Agility 6MV_int 6 00 00| 00| 1006] 210 185 0 0.00 _‘é%Rstg 'E:“T”ge ABC FFF -6 X MLC 26.03.2013 ﬁgggggg EM
10 [ VER2 Agility BMV_Int 6 909 00 00| 10.08] -2.10] -1.85 0 000! - -
Total: 321 2250.7 ——EPID - 0° - 10 X FFF 26.03.2013| A 26.3.2013 SM

Normalization
Prescription (cGy): 6000.0 # of Fractions: 5 (1,200.00 cGy/fx)

— 11:53 | VER2 | 1 2,0 MU LB2 A Sv

— 11:54 [VER1| 2 4.0 MU LB2 A+ |Sv

= 12:01|EPID | 2 10,1 MU LB2 A+ |Sv/Sv

— 12:05| G7 1 280.4 MU 150 cGy |LB2 " Sv 150 cGy
— 12:06 | G3 1 237.7 MU 150 cGy |LB2 B Sv 150 cGy
— 12:07 | G4 1 341.9 MU 150 cGy |LB2 " Sv 150 cGy
— 12:08 | G6 1 298.0 MU 150 cGy |LB2 " Sv 150 cGy
= 12:10 | G1 1 325.7 MU 150 cGy |LB2 " Sv 150 cGy
— 12:11|G8 1 286.0 MU 150 cGy |LB2 " Sv 150 cGy
= 12:12| G5 1 253.3 MU 150 cGy |LB2 B Sv 150 cGy

1 A

— 12:13| G2 236,8 MU 150 cGy I:BZ Sv 150 cGy
I U M M Medizinische Fakultat Mannheim
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SABR (Stereotactic Ablative Radiotherapy)

Image guidance

lview (EPID)
MV-verification image

Transversal, sagittal and coronal CBCT (XVI) images

/././..'"~~
r ‘ U M M Medizinische Fakultdt Mannheim [

) der Universitit Heidelberg \‘
UNIVERSITATSMEDIZIN Nk e

O MANNHEIM Universitatsklinikum Mannheim




SABR (Stereotactic Ablative Radiotherapy)

Quality assurance

X: 544 cm
Y:1.09cm
Dose: 0.8%
jem] ¥ 100% = 18. 2 82 Gy
10.(
60
40
X: 544 cm
o0 Y. 108 em
Dese: 0.7%
20
40
£

@ uvm
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2"d lung hypofractionated FFF treatment

D= (5x12) Gy
total treatment time including CBCT: T= 18 min

treatment time (beam on): T= 6 min
2.2k MU in 9 dMLC beams

Setup Information

Scan Reference Coordinates (cm): No Scan Reference Point has been selected

Beam | Description Machine ID Energy| Gantry [ Coll. | Couch| Isocenter #of | MU/fx 4115.04.2013 [12:21 | 9FIds 41101.200 cGy
# X Y r4 Segs ~ 12:21|CT1 T
1|61 Agility 10MV_FFF |10 (FFF) 190.0 0.0 0.0[ -7.70 . 0.51 5 256.81 C 1352 81 4110 ¢ 256.9MU| 133 cGy tgg % 133 cGy
2 |G Agility_10MV_FFF |10 (FFF) 2200 0.0 0.0 -7.70 I 0.51 5 252,64 : :
3 |G Agility 10MV_FFF_[10 (FFF) 250.0__ 0.0 0.0 _-7.70 ! 051 5 320.61] “ 12.22/G10_| 4110 2527TMU| 133 cGy|LB2 AZ 133 cGy
4 |G Agility_10MV_FFF_[10 (FFF) 2950 0.0 0.0 _-7.70 . 051 5 171.90 - 12:23|GY 4110 3206 MU| 133 cGy|LB2 AZ 133 cGy
5 |G Agility_10MV_FFF |10 (FFF) 33500 0.0 0.0 -7.70 I 0.51 5 344.4 - 12:24 | G5 4110 171,9MU[ 133 cGy|LB2 AZ 133 cGy
6 G7 Agility 10MV_FFF |10 (FFF) 0.0 0.0} 0.0} -7.70 . 0.51 5 31.7 — 12:25 | G2 4110 3445 MU 133 CGV LB2 AZ 133 CGV
7_|G Agility 10MV_FFF_[10 (FFF) 30.0 0.0 0.0 -7.70 . 0.51 5 342.5 -
8 |G Aggili(yx OMV_FFF |10 (FFF) 80.0 0.0 0.0 -7.70 I 0.51 5 917 - 12:25|G7 4110 231.9MU| 133 cGy|LB2 AZ 133 cGy
9 |G Agility_10MV_FFF_[10 (FFF) 14000 0.0 _-7.70 ! 051 5 22.9 - 12:26|G3 4110 3427MU| 133 cGy|LB2 AZ 133 cGy
10 | VER1 Agility 10MV_FFF_[10 (FFF) 0d 00 0.0 -7.70 . 0.51 0 0.00 - 12:27 | G8 4110 1918 MU| 133 cGy|LB2 AZ 133 cGy
11| VER2 Agility 10MV_FFF |10 (FFF) 90.0 0.0] 0.0 -7.70) 6.60) 0.51 0 0.00 C 1228 | G6 4110 2231 MU 136 CGV LB2 AZ 136 CGV

Total: 45| 233557 . .

Normalization

Prescription (cGy): 6000.0 # of Fractions: 5 (1,200.00 cGy/fx)

Volume (%)

@ uvm
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Clinical Results Image Guided BH-Lung SABR

]

A B

BED2>80Gy

: BED2<80Gy
C p=0.1167 D

| Boda-Heggeménh et al., submitted

I ‘ U M M Medizinische Fakultat Mannheim

. der Universitadt Heidelberg
‘ UNIVERSITATSMEDIZIN
O MANNHEIM Universitatsklinikum Mannheim




Vl.c)
Treatment of adrenal
glands
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Right adrenal gland
3x60°partial VMAT arcs, D= (4x5

P

Total Volume DVH

Niese re

PTV NN §

PTV NN re

Constraints | |
Structwre  Cost Function Enabled  Stats Manual  Weight  ReferenceDose (Gy) Muticiteridl  Isoconstrant  Isoeffect Relative Impact
[T[PTVIWre - TTargetew ¥ [on 100 2000.0 0.0
Quadratc Overdose 7 |on 0.10 2000.0 100.0 0.0
Quadratic Underdose v |on 0.01 2000.0 100.0 | 00
O[terere  ~ | Serial 7 |on 0.08 700 0.0
A @ [neei - quastcoverdoe v |on 0.01 0.0 50,0 0.0
leber - | paralel ¥ |on 0.01 1000.0 30.00| 0.00
) (B[ ~ | Quadratc Overdose 7 |on 0.01 800.0 50.0 0.0
| Duenndarm ~ | Quadratic Overdose v |on 0.01 1500.0 50.0 0.0
C[FTVNNE - | Quadratic Overdose v |on 001 100.0 50.0 00
W[Patent - | Quadratc Overdose 7 on 0.01 800.0 200 0.0
[ Conformaity % |on | 0.07 [ o7 | 0.00
<dick to add a new structure>
Optimzation mode:
© Constrained (Normal Tissue Priorty) erint oK. Cancel
Pareto (Target Volume Priority)

Prescription (cGy): 2000.0 # of Fractions: 4 (500.00 cGy/fx)

Medizinische Fakultat Mannheim

der Universitadt Heidelberg

Universitatsklinikum Mannheim

. | Description Machine 1D Energy Coll. | Couch | Isocenter #of | MUNX
7 _|ROT1 Aglty 1 10 (FFF)! 0.0
10 _|ROT2 Aglty 10 (FFF) 0.0]
11_|ROTS Aglty 10 (FFF) 0.0
8_|VER3 Aglty 1 10 (FFF) 00
9 _|VER4 Aglty 10MV_FEF |10 (FFF) 00
Normalization




Sum plan adrenal glands
D= (4x5) Gy, T= 3 min

© JBNMIBAT-T 5NN re IAT + Max Dose Difference: 2177.5 cGy

15NNreVMAT - Max Dose: 2138.1 cGy

18NNIIVMAT + Max Dose: 2222.2 cGy

I ‘ U M M Medizinische Fakultat Mannheim
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VI.d
Liver treatment
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7 fields dMLC, 10 MV
0x5) Gy

Total Volume DVH

T=6 min, D=

Structure Control

Structure

Herz
Leber
Lunge li

Niere i
Niere re
PTY leber

Volume

3000
Dose (cGy)

Sequencing Parameters:

Max. # of Control Points Per Beam:

Target Dose Rate (MU/min):
Min. Segment Width (cm):

Medium v

Fluence Smoothing:

V| Max. Sweep Efficiency

V| Allow Move Only Segments

Cancel

Constraints | se
Stuctre  CostFunction Enabled  Status Manual  Weight ~ Reference Dose (cGy) Multicriterial  Isoconstraint
[ [Duenndarm ~ | Quadratic Overdose v On 786.66 3500.0
[OJ[PTVleber ~ | Target EUD V] On 1.00
Quadratic Overdose 7 |on 6315 6000.0
Quadratic Underdose v |on 100.00 5000.0
O |rerz < [Paralel 7 on 0.01 1500.0 7 General Geometry | Setup Beams
P - I I —
A E tﬁ:iz r‘E - ::::::: j g: ggi ﬁggg @ Beam Description FedID  Visble ¥ Delvery & Machine ID & Isocenterlocation  Xfem)  Yiem)  Zicm)
[ [Nerel | Quadratic Overdose 7 |on 79.66 300.0 I % =k M A;.m et d ATV
[OJ|Nierere  ~ | Quadratic Overdose V] On 445,24 300.0 50.0 bt - - <
A= T e = Ton = 00,0 .00 3[GT1 v HMIC < [Agity_10MV_FFF < [Centerof GTV - 281 130 780
EIED - T = on Toa 1000.0 0.0 # 7[G12 7 @MiC < Agity_TOMV_FFF_+ Centerof GTV - 281 130 780
Patent | Quadrafic Overdose = Ton o 30000 0.0 . 5(G13 v EMLC < Pgity_10MV_FFF < [Centerof GTV - 281 13 780
’» ikt Overdons 5 on s 20000 00 L] 5[Gia 7 @MiC < Agity_TOMV_FFF _+ [Centerof GTV - 281 130 780
‘ Conformalty = Ton T 075 | 7[G15 v EMLC ~ Poity_TOWV_FFF - [Corerd GTV - 281 13 780

@ uvm
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Clinical Results Liver

}
.i —
- !w
3
) i
BED2>78Gy o
BED2=78Gy PTV ‘~.(» jcem
=().0999 ’ PTV>67¢cem
P p=0.2412

om

Figure 3 A) Local control of patients with BED2>78 Gy (red) and <78 Gy (black), p=0.0999 (trend to signifiance; Kaplan-Meier log-
rank test). B) Local control of patients with PTV < 67 cm’ (red) and 267 cm® black), p=02412, not significant.
\

Boda-Heggemann et al., Rad Onc, 2012
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IIIIII

(VII)
Comparison of
MLCi2 — Agility - Versa HD
treatment times



Prostate
moderately complex, D= (30x2) Gy, 1 VMAT arc

-+ Max Dose: 6590.8 cGy VMM 2 /MAT Agility VMATAGgilityFFF

Structure Control

‘ Structure

]
Dose (%)

Medizinische Fakultdt Mannheim
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moderately complex, D= (30x2) Gy, 1 VMAT arc

Prostate

beam-on time per fraction

152 sec

MLCi2 Agility Versa HD
Monaco 3.3 Monaco 3.3 Monaco 3.3
Homogenity index 1.09 1.09 1.09
OAR Rectum, mean dose 35.8Gy 35.6 35.96 Gy
OAR Bladder, mean dose 42.3 Gy 417 40.95 Gy

number of MU's delivered

762

treatment time t

Versa HD
Agility

MLCi2

0 50 100 150 200
tin (s)
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Lung
moderately complex, D= (5 x12) Gy, 1 VMAT arc

[ 344 7L C5F + Max Dose: 6408.1 cGy VMATMLC2i VMATAgility

VMATAgilityFFF
Structure Control

‘ Structure

|
I
[ twgei |
I
I

Volume (%)

60
Dose (%)

. %_7{!

[ YMATAgility - Max Dose: 6403.6 cGy

[ YMATAgilityFFF - Max Dose: 6465.6 cGy
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moderately complex, D= (5 x12) Gy, 1 VMAT arc

Lung

Versa HD

Agility

MLCi2

@ uvm
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treatment time t

MLCi2 Agility Versa HD
Monaco 3.3 Monaco 3.3 Monaco 3.3

Homogeneity Index 1.09 1.09 1.09
OAR Lung left, mean dose 8.25 Gy 8.13 Gy 8.35 Gy
OAR Lung right, mean dose 1.80 Gy 2.2 Gy 2.15 Gy
OAR Heart, Mean dose 0.18 Gy 0.17 Gy 0.17 Gy
beam-on time per fraction
number of MU's delivered

o

50

150
tin (s)

100 200

250 300

Medizinische Fakultat Mannheim
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Head & Neck
complex segmentation, D= (30 x1.8) Gy, 2 VMAT
arcs

[34] YMATMLC +~ Max Dose: 6014.0 cGy VMATMLC VMATAgility VMATAgilityFFF

Structure Control

Structure 2

Hirnstamm PRY
Lunge li
Lunge re

PTV54
PTVE0
PTV7O

Parotis re

60
Dose (%)

[ YMATAgility - Max Dose: 6077.7 cGy ) s TAgitine/FF + Max Dose: 6303.0 cGy
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Head & Neck
highly complex, D= (30 x1.8) Gy, 2 VMAT arcs

MLCi2 Agility Versa HD

Monaco 3.3 Monaco 3.3 Monaco 3.3
Homogeneity Index 1.12 1.14 1.13
OAR Parotis, mean dose 29.79 Gy 28.86 Gy 30.91 Gy
OAR Spinal Cord, max dose 44.33 Gy 42.40 Gy 44.62 Gy
OAR Lips, Mean dose 27.99 Gy 28.01 Gy 30.82 Gy
OAR Brain stem, mean dose 28.32 Gy 26.94 Gy 29.46 Gy
beam-on time per fraction
number of MU's delivered

treatment time t

Versa HD

Agility

MLCi2

50 100 150 200 250 300 350
tin(s)
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Liver
moderately complex, D= (5 x12) Gy, 1 VMAT arc

-+ Max Dose: 6268.4 cGy

4] a4 Tvdgitvitl €

1000 2000 3 000 B 7000

[ YMATvAgil + Max Dose: 6245.0 cGy [ YMATvAgilvFFF ~ Max Dose: 6253.5 cGy

Medizinische Fakultdt Mannheim
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Liver
moderately complex, D= (5 x12) Gy, 1 VMAT arc

MLCi2 Agility Versa HD
Monaco 3.3 Monaco 3.3 Monaco 3.3

Homogeneity index 1.07 1.06 1.06
OAR Liver, mean dose 10.57 Gy 10.46 Gy 10.44 Gy
OAR Kidney, max dose 8.63 Gy 8.15 Gy 8.13 Gy
OAR Spinal Cord, max dose 7.82 Gy 7.91 Gy 8.20 Gy
beam-on time per fraction
number of MU's delivered

treatment time t

Versa HD

Agility

MLCi2

0 50 100 150 200 250 300 350 400
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Evaluation of treatment plan quality of IMRT and VMAT with
and without flattening filter using Pareto optimal fronts

TR e |

mu”mm
2 NRV”_glnu
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Lechner et T
al., submitted
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Dose Rate effects in Photon and Particle treatments -
Are high dose rates problematic?
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Dose Rate”? Pulse Rate??? Dose per Pulse???7?

6X
400 MU/Min ‘ ‘ ‘ ‘ ‘ ‘ ‘

OFFF \
400 MU/Min
\, Constantinstantaneous
GFFF ‘ B
1400 MU/Min |

Time

Constant Delivery Time /
Average Dose Rate

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

King et al., PMB, 2013

I ‘ UMM Medizinische Fakultat Mannheim (/01 )

. der Universitadt Heidelberg
‘ UNIVERSITATSMEDIZIN
O MANNHEIM Universitatsklinikum Mannheim




Negative Studies

Michaels, Rad Res, 1978 (OER, field emitting device)
Ling, IIROBP, 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
Soerensen, R&0O, 2011
Verbakel, Acta Oncol, 2013
King, PMB, 2013

cell lines, HDR e-, 24000Gy/min)
cell lines, diff. DR/pulse)

cell lines, moving strip)

cell lines, mesh buildup)

AN N N N

Reviews beli
Ling, R&O, 2010
Wilson, Br J Radiol, 2012 (Oxygen depletion)
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Positive Studies
Lohse, R&O, 2011

“re,
‘e

--------------

""" R=02Gy/min

. A - R=4Gy/min

20 ® — R=24Gy/min

251 l | l l >
0 2 4 6 3 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 ',
$=0.04 Gy ?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)

VS.

@ uvm

UNIVERSITATSMEDIZIN
MANNHEIM

Lohse, R&O, 2011

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=0.04Gy ?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 7 =0.0313 min~".

Verbakel, Acta
Oncol, 2013

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.

(C)

Surviving fraction

0.001

® — R=24Gy/min

l
4

Dose D /Gy

l
6

Dose [Gy]



Synopsis

L ow dose rates
-> Loss 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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m Klinikum rechts der Isar
Technische Universitat Minchen

Munich-Centre for
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U\ www.munich-photonics.de

Radiation biology of laser induced protons and heavy ions

PD Dr. Thomas Schmid
Department Radiotherapy and Radiooncology

Preconference — 37 Years of Radiation Research March 07, 2013




Pulsed character of laser-accelerated protons

“conventional® proton therapy laser-based proton therapy
2 Gy in 100ms (=10-'s) 2 Gy in 1ns (=109 s)
per cell / tissue voxel per cell / tissue voxel

\ O 4

factor 108

Is this difference in dose-rate
of biological relevance?

Factor 108 corresponds to an application of a 3 year event in only 1 second
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20 MeV protons (tandem accelerator)
1 Gy (single dose)

35 ‘
D 30 continuous pulsed
(@]
D 25 %
5 .
2 201 continuous pulsed
é 15 | (1Gyin100 ms) (1 Gyin1ns)
AN
T
@ 10 1 O X-Ray Foci percell 26.54+£254 23.29+2.04
e regression line
e 5 1 —— 95% Confidence interval
® o A Protons, pulsed RBE 1.13+£0.21 096 +0.18
O B Protons, continuous
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Take home messages - Versa HD

m Better modulation in shorter treatment times
e higher conformity/ homogeneity — 160 MLC leaves
e higher leaf speed
e higher dose rates can be achieved with FFF

m \Where do we see this clinically

e Agility speed improvements can be seen for many treatment
sites and fractionation schemes

e The advantage of higher dose rates from FFF can mainly be
seen for moderately complex plans with fraction doses D> 5 Gy

m Quality assurance

e An extensive measuring/ validation of base data and
commissioning phase is necessary

e individual pre-treatment plan verification recommended
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