A Light for Science

Safety issues related to the Synchrotron Stereotactic
Radiation Therapy project at the ESRF

J. F. Adam?, J. Balosso?, P. Berkvens!, A. Bravin!, H. Elleaume?, F. Esteve?,
J. F. Le Bas?, C. Nemoz!, Y. Prezado?!, M. Renier!, H. Requardt! & M. Vautrin?

1: European Synchrotron Radiation Facility, BP 220, Grenoble Cedex 09, France
2. INSERM-U647/ESRF, Grenoble, France; /MRI Unn‘ érenob/e University Hospital,
Grenoble, France PN

Contents omur e N3
1. Introduction
2. Dosimetry and Characterisation of X-ray Beam
3. Patient Safety System

4. Planning

_CONTROL CABINS

STORAGE RING Wal

S A Safety Issues related to the SSRT project at the ESRF
European Synchrotron Radiation Facility P. Berkvens, RadSynch09, Trieste, 21 - 23 May 2009



A Light for Science

Brain Tumours

Epidemiology : * 9% of adults
10 to 14 new cases/100.000/year el d|§eases
° : *  But high social and
65% are glioma .
High grade tumours - bad prognostic economic impact
gh gracde progn - Dramatic decrease of
6 months life expectancy in 50 % of cases life quality

Third cause of

, cancerous death in
Radiotherapy (MeV) the range 15-35
50 Gy at the tumour's location years old

25 fractions @ 5/week
Limited by tissue tolerance.

Stupp et al. NEJTM 2005

Is there another means for increasing the dose delivered
to the tfumour while sparing the surrounding tissue ?
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CT-Therapy

History:
1980: Mello, Norman, Solberg, Iwamoto.
'Radiation dose enhancement with iodine’.
1999: First CT-Therapy with patients using a modified CT

scanner.
Principle: vup
Tumor loaded with a high Z element. ‘i '
(iodine, gadolinium, platinum, gold) ky A w
' ' R Al z
Beam size adjusted to the tumor dimensions. “ N\

Tumor positioned at the center of rotation.

Irradiation with kilo-Voltage X-ray beam.
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without rodine

Tomo-irradiation | { j ] |
* beam height: 2 cm A 7 | a2 " |
- beam width: 2 cm LN 7 | LN 7 |

Isodose lines: red = 90%,
green = 50%, blue=25%

6_5 Me\?gm
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jodine 10mg/m/

Tomo-irradiation
- beam height: 2 cm
* beam width: 2 cm

Isodose lines: red = 90%,
green = 50%, blue=25%
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6 MeV ““ho iodine
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Dose distribution with increasing iodine concentration
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Tomo-irradiation @ 85keV
- beam thickness: 2 cm
- beam width: 2 cm
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o
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[1]=10 mg.ml?

Isodose lines: red = 90%, Yy X |
green = 50%, blue=25% ¥ b |

Boudou C, Balosso J, F. Esteve, et al. Monte
Carlo dosimetry for synchrotron stereotactic
radiotherapy of brain fumours. Phys Med Biol.
2005 Oct 21;50(20):4841-51. Epub 2005 Oct 4.
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RT clinical trials at the ESRF

Monhochromatic beam

Stereotactic:
- rotation of medical chair

Flat X-ray beam:
- vertical movement of chair

- Dosimetry
- Patient safety system
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SSRT clinical trials at the ESRF

Clear definition of the responsibilities of ESRF and of the hospital. ESRF
is responsible for:
the characterisation of the irradiation facility in terms of absorbed
dose in water (dosimetry protocol, following international standards).
reproducing the irradiation conditions defined by the treatment
planning software.

Fundamental principle adopted by ESRF for radiation therapy projects:

Irradiation facility should be a static system, with no variable
settings during irradiation.

- SSRT done for a limited number of orientations (maximum 10).

- For each orientation, treatment planning defines the 2D beam
collimation: = individual fixed collimators used for each
orientation, rather than variable slit settings.

—> Coincidence" interlock on orientation angle and corresponding 2D
collimator.

- All motors inhibited (wiggler, slits, monochromators , ...).
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SSRT clinical trials at the ESRF

patient’s head _\

Final configuration
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Positioning of 2D collimators

'y

1 ) )

Presence switches

Position switches
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Fabrication of 2D collimators

CERROBEND or MCP 69

Bi 49.4%; Pb 30.9%; Sn 12.1%; Cd 7.6%
Melting point: 69°C

Density 9.7 g/cm3

Mould for the
fabrication of 10

i 4 SES
I £
K !
/ _-"f i I
0
.
iy
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Connection panel

©1@1@:1@:@@~
@@ ©:@:@=@x
@@ @ @:@@n
©4@1@:@:@+@~
©4©4©:©:@:@~
©:@1@:@:@:@=

Rotation arm of [ e

(fixed to the rotation axis of the chair;
located below the chair)
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ESRF

osimetry and characterisation of the beam

Dosimetry and characterisation of the X-ray beam and absorbed dose
determination based on TAEA International Code of Practice no. 398 for
dosimetry based on standards of absorbed dose to water:

1.3 Types of radiation and range of beam gualities

(b) Medium energy X rays with generating potentials above 80 kV
and HVL of 2 mm Al.

80 keV X-rays:

In(2) e

_|_ {L £ External Beam Radiotherapy
An International Code of Practice for Dosimetry
Cﬂmpfﬂn Based on Standards of Absorbed Dose (o Wator

Sponsored by the IAEA, WHO, PAHO and ESTRO

(OT IV

A photo electric
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Dsime'rr'y and characterisation of the beam

Calibration of ionisation chambers:
Uniform broad radiation fields, with
transverse dimensions much larger
than the corresponding dimensions of
the ionization chamber.

Use of ionisation chamber in a flat
beam:

Can we still use the broad beam
calibration factors of the ionisation

chamber?
—)

»
»

A

Ybearn

active part of ionisation chamber

—)

/

uniform radiation field

beam I
+— _‘}

_hslifs

LA

; zbeam I ﬁr

fixed vertical slits z,,,, = hgits
v

z
constant scanning speed of ionisation chamber v,
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Dosimetry and characterisation of the beam

active part of ionisation chamber

D calibration ¢ D beam X

jS(z)-dz

active volume

jS(z)-dz

active volume

=3

D catibration = C X D peam X

uniform radiation field

beam I
_v =S —"—h
— | = Zbeam I —a slits
'l . . .
Ybear fixed vertical slits z,,,, = hg,
"

z
constant scanning speed of ionisation chamber v,

D measured = C X D peam X jS(Z) -dz

Az = Zheam

Dmeasured =Cx

S(Z)X Jl.jbeam°dt -dz

_Z
At = %

J

active volume

p4

4

0

S(Z) Dyjontroge = 1 MM
o 7 | PTW 31002 | |
" 1

2. .

g, >

c. |

: 4 ?\WQ./ \WA

T T T T T T
1000 2000 3000 4000 5000 6000 7000 000

<
<

5.5 mm

relative transverse position of the flat beam (mm)

. Zbeam
Dineasured = C X D beam % X IS(Z) . dz
Z active volume
®
V
Dcalibration = Dmeasured X Z
beam
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Dosimetry and characterisation of the beam
Pencil-type beam

Fo: uniform differential fluence at beam (O/Y'Zz

x = 0 (photons/cm?/s) )| -dz
Tpencil: r(;ppr’opr;ia’re conversion factor ,\ﬁ;

Gy <m?) z
.D{;Ianﬁ}:anTﬁenm (xg.y0:9.2)dy dz — I

xA

* (%0¥00) ¢
Uniform broad beam

Dbm.::r.:f{in -V 0} = Fy IIT;DEPECI'I {;‘tljl - Vg- Vs :} dv-dz
bean

"II—"I‘.}?:"&I‘Z 4—

Daroaa (%9, 9.,0)= Fy > ITﬂmw£Yn~.vn z)-dz
fz

Tﬂm‘ Ay (‘TD - Vi ...E')- dz = dz =« IT;E?E!HEH (‘tﬂ ,Vgs _13..2')- (flr‘ X .//
a4 (X0.¥0.0)
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Dosimetry and characterisation of the beam
Scanning object + phantom through beam at constant speed v,

[)(‘\'0 2 :\'0 -.O. ’) = FO X Tﬂaﬁ ﬁ)’ (.\‘0 5 _TO W :(’)) :beam 5 [)(\‘0 = _"'0 ~O) = "’b.éam X FO X jTﬂag &y (\‘0 . ,‘.O ) = ) (]:
| | . z Az
D(XO‘.‘.O*O.): J.D(.\’O‘_Tg‘o.f‘)-df. _ %
At =)=z, +v, -t D(x,¥4.0)= ’f‘j"”"* ¢ Diroaa (X, v4.0)
A

dz=v,-dt Duality between broad beam dose rate and

Broad beam ficld size: integrated dose from vertical scan through
flat beam.

Horizontal: slits > Ay
Vertical: height of scan > Az

Absorbed dose under reference conditions:
XO - IAEA- Zr.ef = 2 g/CmZ bean

Yo=0
Central axis depth dose:
Different values of x,

Yo=0 2
Horizontal dose profiles: .
Xo=0 (X0.Y0.0) ?

Different values of y,

Safety Issues related to the SSRT project at the ESRF

European Synchrotron Radiation facility P. Berkvens, RadSynch09, Trieste, 21 - 23 May 2009



A Light for Science

Dosimetry and characterisation of the beam

Dose profile

Examplei 3x3cm? July 08 -16

) . ! Y A W il
horizontal dose profiles, [y o e s e X =
measured in  water /’[,fﬂ;qyx\ T
phantom, for different o8t -

depths and for
different field sizes.

L~

=5t

Dose percentage

e
'S
I

b ==

T

Vertical field size 80 60 —40 20

= scan interval | D) y (mm)
X I . > ionisation chamber:
J Horizontal field size PTW semiflex 31002

defined by slits
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Dosimetry and characterisation of the beam

Example:

horizontal dose profiles,
measured in  water
phantom, for different
depths and for
different field sizes.

T

Vertical field size

Dot prof Do prodie

= scan interval

|

ionisation chamber:

:Hor'izon’ral field sizicI PTW semiflex 31002
defined by slits
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Dosimetry and characterisation of the beam

PDDs

I 1

3x3cm? July 08
5x5cm? July 08
10x10cm? July 08

Example: -
percentage depth profiles \
measured in water phantom. )
% 0.8F
=
8
o 06
o
B
o
0O 04
T 0.2
Vertical field size 0 50

= scan interval

|

turopean Synchrotron Radiation fFacility

Horizontal field size
defined by slits

100 150 200
X (mm)

ionisation chamber:
PTW semiflex 31002
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Dsime'rr'y and characterisation of the beam

Treatment planning software
For each orientation:
- 2D beam profile

beam
4—

a

- Dose to tumour y
> Cor'r'espondmg absorbed dose
in water at reference depth

Zoe | Puase 2

DEDbecm{ID 0,0)= 7y x j j pencit (0 037, 2)-dy |-dz

Eyniry \-Pmm |IZ:|

. P (2]
D{_ID *ﬂ*ﬂj.} = FI:I “Z beam © .[Tpencﬂ {.IIII .,Cl:y..Z(f)_}' Cf_}’

Prae |2

P

(;O ,O ,O)

Y ax(z)y

N

y

I/'D‘\
7 Vi

X (:<O ,O \,\O)

D(x.0,0) = Fy x Zeam j

Emin \yma.x A

-

I penc@f [IEI KU Z(f)] dy |-dz

2 L ]
D{ID .D.ﬂ} = Zbeam % L3790 beam {IEI J:'..D}

Vg

Zmax

szX

Ymin(z)

zmin

beam

_Ymin(z)

zmin
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Dosimetry and characterisation of the beam

>

Transmission ionisation
chamber

~

Dose measurement with
thimble ionisation
chamber

= e

D(x,.,0,0)=
|
Interlock on integrated dose
—~independent on z,,,,, and v,. Yiax(Z)  Ymin(2)

active part of ionisation chamber

JD' 2D henm {-‘TD .,”..{} }

Zmax

zmin
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Treatment planning software (DOSISOF 7) Online dose interlock from
- Orientation A Ta & L

- 2D beam profile
- Dose to tumour

~

<~

=
~

Dose measurement with
thimble ionisation chamber

transmission ionisation
chamber

Corresponding
absorbed dose in
water at reference
depth

2D collimator

Aoy L

Relative calibration of
transmission ionisation
chamber
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Patient Safety System

The patient safety system is based on the patient safety system that was
developed for the angiography clinical trials, which was approved by the
French authorities:

Redundant, relay based system, based on standard ESRF personnel

safety systems;

Use of fast relays for critical interlocks;

Direct interlock to storage ring RF transmitters.

The existing system has been modified to take into account:
The different irradiation orientations;
The individual 2D collimator for each orientation;
More precise integrated dose interlock:
» Precision measurement of the vertical chair position;
» Precision measurement of the vertical chair speed.

Safety Issues related to the SSRT project at the ESRF
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Patient Safety System

The only part of the patient safety system managed by software:

The integrated dose, predefined for each orientation, is obtained by
adjusting the vertical speed of the chair, as a function of the exact
intensity of the stored electron beam.

Beam intensity read prior to start of irradiation:
- Vertical speed of chair calculated and limits set;
- Limits set for transmission ionisation chambers.

“Confirm stable beam” in the patient safety system freezes
these limits.

If irradiation not started within 1 minute, irradiation is aborted.

Safety Issues related to the SSRT project at the ESRF
. e 25/32

European Synchrotron Radiation Facility P. Berkvens, RadSynch09, Trieste, 21 - 23 May 2009



A Light for Science

Patient Safety System

24V
—— Not Not
Key Key Key Key
Safety Group ID17 Safety Group ID17
() ' a8 a8
_/ \_/ | \_/ \_/ |
Patient Mode Test Mode
ov oV
not SSRT hutch SSRT hutch Ionisation Confirm Scan Scan
Patient mode Test mode interlock no.1 interlock no. 2 chamber Stable beam  ready button
() () () () () (seq) seq (seq)
\_/ \_/ \_/ \_/ \_/ \_ N
Scan Scan
slow safety

ready
Holding volts: <

Hutch search
Scan emergency stop
Not scan completed

o

<
o
<

Safety Issues related to the SSRT project at the ESRF
P. Berkvens, RadSynchQ9, Trieste, 21 - 23 May 2009

turopean Synchrotron Radiation fFacility



FooT A Light for Science

Patient Safety System

24V Not
Test mode Patient mode
() ()
N \_/
Slow Not Vertical Collimators Collimators Vertical
scan Dose Mode Imaging ¥ speed high coincidence Safety chair
safety Monitor Irradiation  mode centred chair position interlock belt position
U U OO0 W, et
Not Rotation  Collimators inferlock
Imaging Irradiation V' speed Low storage ring
mode mode off-centred  chair position -L- RF
() () () (E) (B o
\_/ _/ \_/ \_/ \_/
Rotary shutter closed
Guillotine shutter no. 1 closed Guillotine shutter no. 2 closed
/ () ()
\_/ \_/
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ESRF
24V Not
Test mode Patient mode
() ()
_/ _/
Slow Not Vertical  Collimators Collimators Vertical
scan Dose Mode Imaging P’ speed high coincidence Safety chair
safety Monitor Irradiation  mode centred chair position interlock belt position
L M/ I N e N e e )
_/ _/ _/ \_/ N _/ N _/
Not Rotation Collimators
Imaging Irradiation Y speed Low
mode mode off-centred  chair position —L—
I N e N o oV
_/ \_/ _/ _/ \_/
Rotary shutter closed
()
® F
Not _/
Test mode Patient mode
° () ()
\_/ \_/
Slow Not Vertical  Collimators Collimators Vertical
scan Dose Mode Imaging Y speed high coincidence Safety chair
safety Monitor Irradiation  mode centred chair position interlock belt position
\_/ \_/ \_/ \_/ \_/ \_/ \_/ \_/
Not Rotation Collimators
Imaging Irradiation Y speed Low
mode mode off-centred  chair position

()Y ) (P (FY—(F)
\_/ N/ N\ \ )/
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Central cubicle of SSRT
patient safety system
during initial testing
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Evaluation of the radiological risk

Energy of X-rays : around 80 keV, quasi-monochromatic spectrum.
Measured dose rate: 2.6 mGy/s/mA.

> Dose rate at 200 mA : 520 mGy/s.
- Dose rate at 300 mA : 780 mGy/s.

Reaction time in case of problem (e.g. sudden stop of chair): 5 ms.
* 5 ms : already achieved during angiography clinical trials;
- Development on safety systems foreseen to reduce this reaction time
down to 2 ms.
5 ms:
520 mGy/s > 2.6 mGy over-dose on max. surface of 30 x 1 mm?2.
780 mGy/s > 3.9 mGy over-dose on max. surface of 30 x 1 mm?.

Annual limit for equivalent dose to skin for the public : 50 mSv
> 5 ms delay : accidental dose <1/10 annual limit.

For comparison:
Dose rate during angiography clinical trials : 12.5 Gy/s (at 200 mA).
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Planning

Approval of medical protocol by ethical committee

- Submission June 2009
- Approval expected before summer 2009

Approval from French Nuclear Authorities
- Simultaneous submission to

- ASN (Autorité de Sireté Nucléaire)

+ AFSSAPS (Agence Frangaise de Sécurité Sanitaire des Produits de
Santeé)

* First contacts in 2008 (ASN) and 2009 (AFSSAPS)
- Submission August 2009
- Approval expected end 2009

Treatment planning software

» Commissioning from July 2009 onwards
Patient Safety System

- Installation August 2009
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Pple involved

Medical Investigators

* Pr Jacques BALOSSO, oncology
radiotherapy

* Pr Jean Francgois LE BAS, radiology
* Pr Frangois ESTEVE, biophysics

* Pr Emmanuel GAY, neurosurgery

* Pr Frangois BERGER, neuro-oncology
* Dr Eric SEIGNEURET, neurosurgery
* Dr Caroline PASTERIS, oncology
radiotherapy

* Dr Mansour RASTKHAH, oncology
radiotherapy
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Technical and Scientific support staff

ESRF

* Paul BERKVENS, responsible safety and radiation
protection ESRF

+ Gilles BERRUYER, software engineer

- Alberto BRAVIN, responsible ID17

» Christian NEMOZ, software engineer

* Yolanda PREZADO, medical physicist

* Michel RENIER, responsible radiotherapy projects

* Herwig REQUARDT, engineer ID17

CIC

* Pr Jean Luc BOSSON

* Dr Jean-Luc CRACOWSKI
* Pr MORO-SIBILOT

* M. Christophe MENDOZA

CHU
- Jean Frangois ADAM, MCU, mediical physicist
« Mathias VAUTRIN, software PhD student

INSERM
+ Hélene ELLEAUME, engineer Inserm
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