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MC application to passive
i beam delivery

Geant4-based modeling of nozzle at MGH Proton Center

1st Scatterers

“MC model of the nozzle Range Modulator
components with iy | S Wheels

mm-accuracy
(~1000 objects)

“MC settings (e.g., initial
beam energy, spread
and size) based on
available information
(measured or from

manufacturer) or 2d Scatterers

tuned on exp. data

Paganetti et al, @@

H. Paganetti, Aperture,
MGH Boston Compensator

Med. Phys. 2004
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Parameters to characterize the beam at treatment head entrance

Treatment Head Simulation

1. Beam size and spread (IC measurement)

2. Beam angular spread (manufacturer info)

3. Beam energy (range!) (control system)

4. Beam energy spread  (manufacturer info, measured)

Paganetti et al, *%04 02 00 02 oa ' 00 02 04
Med. Phys. 2004

Beam Size Sigma [cm] Beam Size Sigma [cm]

n position and angle) for one

Example phase
) for a de-f right).
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e, Experimental validation of
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Paganetti et al,
Med. Phys. 2004
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Paganetti, MGH
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Universal IBA nozzle can also enable scanning beam delivery

IBA Universal Nozzle

Range Modulator

Scanning Magnets

Variable Collimators

Scanning Magnet simulation
(can be modeled “geometrically” or via B field)

Paganetti, MGH




- Active ion delivery @ | “ﬁﬁ-?é
| [ GSI / HIT / CNAO

LMU

. The generation of acceleratagr
sawean || library (“LIBC) at HIT

Prior to beam production

Accele

— 255 Energies (2-32 cm in water)
—4 Foci (4 -10mm FWHM)

rator library for p /12C

Modeling based on FLUKA
Monte Carlo (MC) code
Carbon ion energy (MeV/u)
35100 200 300 400
—Nominal F1
_ %0 Protons > Measured F1
E P ---Nominal F2
= == Nominal F3 .
= 20 Nominal F4 GSI, HIT, Siemens AG
£ 15|
- .
o 10
b
5
0 L L L L
50 100 150 200
Proton energy (MeV/u)

Parodi, Mairani et al PMB 2012
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The FLUKA MC code for ion therapy:
an example of benchmarking

Protons (183 MeV/u) in water 12C jons (400 MeV/u) in water
9F
1t E
[ 8F
O Exp.Data(HT) E
08 —— FLUKA 2005 3b 7 E
g g
gos ; Sf
I [
s 3 4F
2 04 :E /
3: F",#J' }
02 2; P —i pﬂma@ eam
E secondary fragments o W
i ™ :
% s 100 150 w20 S0 00 450 200 250 300 30 a0
Depth in Water (mm) Depth [mm]

Exp. Data (points) taken at HIT: D. Schardt, Exp. Data (points) taken at GSI:
P. Steidl, K. Parodi, S. Brons Haettner et al, Rad. Prot. Dos. 2006

MC for generation of input data for TPS (I)

Depth-dose profiles (“ddd”) in water w/wo ripple filter (RiFi)
for all the 255 energies delivered by accelerator for p and 12C =

0 Meas; - MC with acceptance corr; - MC Database @ HIT

1000

00
60
&00

700 N

p without RiFi

¥ 12C with 3mm RiFi
600
500
400

300

lonization (MeV cm? [ g)
lenization (MeV cm? / g)

200

100 [

. s
i 50 100 1s0 200 280 300 350 0 50 100 150 200 250 300 350
Depth in water (mm) Depth in water (mm)

Advantage of MC (1): reduction of expensive beam time

Parodi, Mairani et al PMB 2012
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wewie: MC for generation of input

MAXIMILIANS-

LMU| iz | | data for TPS (1)

0 Meas; - MC with acceptance corr; - MC Database @ HIT
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Advantage of MC (2): Eliminate influence of detector response

Parodi, Mairani et al PMB 2012

wowe || The “ddd” MC modeling for
LMU| || HiT-TPS

Detailed modeling of the ripple filter (RiFi) element

1

121 0 Meas. WO RiFi ne O Meas. WO RiF ? |
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FLUEAYWO RifR .") 08 FLUEAWO RiFl :‘”‘, i
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MC data normalized to meas., but relative scaling with/WO RiFi is PRESERVED!

Parodi et al, PMB 2012



The “"ddd” MC basic data for HIT-TPS

1100

1000 -
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Depth (cm) Depth (cm)

In clinical use since November 2009

Parodi, Mairani et al PMB 2012

MC for generation of input data for TPS (Il)

Benchmarking FLUKA against thick-target (water) fragmentation data from GSI

12C ions (400 MeV/u) on water
Carbon Beam Attenuation Build-up of secondary fragments

T T F H Exp. Data (STARS) P

| Exp. Data (Points) 070 He FLUKA (POINTS - LINE) *
| FLUKA (Solid line) E
06—
o5
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.......................... \'S :
. 0.2
n.1f—

02J_| £
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Depth [mm]
Exp. Data from Haettner et al, Rad. Prot. Dos. 2006, now available in IAEA database

MC models reliable (compared to uncertainties of exp. and biol. data)

Sommerer, Parodi et al PMB 2006, Mairani Ph.D. Thesis 2007; Mairani, ... Parodi ... PMB 2010
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MC for generation of input data for TPS (Il)

Fragment spectra dN/dE(A Zp) in water w/wo ripple filter (RiFi) for 12C
(80 — 440 MeV/u in steps of 10 MeV/u)

12C jons (80 - 400 MeV/u) 12C jons (400 MeV/u)
Beam attenuation profiles Energy Spectra at 25 cm

W, 100 MeV/u

300 MeV/u

ANAE [NF/NO  MeV/u]

400 MeV/u

Depth (mm)

E [MeViu]

with 3mm RiFi

In clinical use since November 2009

Parodi, Mairani PMB 2012

MC for generation of input data for TPS (I11)

MC database of experimentally validated lateral profiles for improved
beam modeling in TPS against single Gaussian assumption to account for

- Large angle scattering in beamline
+ Large angle emission of nuclear secondaries / fragments

10 T T T T T
10D L J o Meas
0 MC
10 ¢ ——-SingleGauss |
4 —— DoubleGauss
_ 10k i =
B -
g ORI
el 10-27 [a]
> Meas 3 107l
H MC \
7 ! ——-SingleGauss Y :
3|/ - 1 N R
10, : DoubleGauss \ . 10
i [ . Lt AR .
-40 -20 0 20 40 -40
Lateral position (mm) Lateral position (mm)

Lateral profiles in water at ~16cm shortly before the Bragg Peak

Meas: Schwaab BSc Thesis 2010, Schwaab,...,Parodi, PMB 2011, MC: Parodi et al, J Rad Res 2013

07.07.2020
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MC for generation of
input data for TPS (l11)

(1 —w)

Sigma (mm)

Weight

Henkner et al, to be published; Courtesy of HIT Med. Phys. Team

- Gi(x o1 (2eq- E)) +w - Galx, 02(2eq. E))

For beamlet of no initial size

The double Gauss parametrization for TPS beam model
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In clinical use since July 2011 (and also transferred to CNAO)

Parodi, Mairani and Sommerer, JRR, 2013

Old TPS (Variable Single Gauss)

The impact of double Gauss on TPS plan verification

Small cube (3cm side) in 20 cm depth in water
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Scanning Magnet simulation via “geometrica

Modeling of pencil-

I"

modeling

Vertical Horizontal
magnet magnet
Vacuum
window
Vacuum

T

RiFi Beam
(E,F1)
Ll
BAMS (3 [Cs,
2 MWPCs)

oint

Raster scan

Water
" iphanton;

lIsocenter 7

XatansY pian]

Air

(F. Sommerer et al, EWG-MCTP Workshop, Ghent 2006;

Parodi, Mairani, Sommerer PMB 2011, 2012)

MC application to active beam delivery @ HIT

FLUKA dose calculations of irradiated scanned fields for comparison with
measurements and TPS calculation to support TPS-dosimetric tests

[ Measured dose
D [Gy] [ Planned dose

Dose cube: proton_utop:
Fhantor wateik:

Mean deviation: .4 %
Standard deviation: 1.6 %

Masimum dose: 0738 Gy / Scaling factor 1.0
Date: 0. December 2008 18:04 D [5y]
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,Beam eye view"

Zoom + (x=0.0 mm, y=0.0 mm)
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Along depth

Zoom+ (y=0.0/mm, 2=-170.0 mm)

0633
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0
E]234557E‘3WEIH12131415151713182D21222324\I:\

w2:plane: F:\Wwaterphantom\ Extractidase_+e.ima

Along depth

Zoom + (+=0.0 mm, z=170.0 mm)

AR RGN ERE ] a0-40% | en-s0x | so-eox | eoemom | 7o-oov  (NEOSSHSSMMNNSOSIGGEN 100 %

Protons

r Meas.: ICsin
water phantom +
data acquisition
system from C.
Karger (DKFZ)

Parodi et al PMB 2012

07.07.2020
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MC application to active beam delivery @ HIT

FLUKA dose calculations of irradiated scanned fields for comparison with
measurements and TPS calculation to support plan verification

e e e e | Protons

0306 \_/ 0906

e r Meas.: ICs in

m 5 o water phantom +
data acquisition

043 ws | system from C.

032 we | Karger (DKFZ)

0151 ois

0.000 - k

ic $ 10 11 12 13 W 15 16 17 18 18 A 2 2 2B A4 IC

irplane: FAWalerphartom\Estiaci\dote sy ima »2plane’ F\WatehaniomiExraci\dosa_xz ma

yr-plane F\Waterphantom\E diactidose_yzima

,Beam eye view* Along depth

Parodi et al PMB 2012
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From dose in water to

CT-System H,0-squiv. The typical TPS approach
Scale dose-to-water according
EEEEN EEEEN to radiological path length
deduced from semi-empirical
CT-range calibration curve

EEEEN EEEER CT Number = Hounsfield Unit
Kramer et al, PMB 2000 HU = 1000 (t4-t4,0) ! H0

Physically: Stopping CT-number conversion

power ratio in tissue 20
relative to water ) Kramer et al, PMB 2000 L
Sam le \ - 15k i
Beam £ -
@ A 2|
D. e
“ [ ! & = |
> Chibe, 20cm phantom
S Chiba, plastics
o . DKFZ, Coiegcb
IC2 © o5 ¢ B oo, 0 Gome |
C()“ 1 A fat, O Geiss
= used, 0 Geiss
I 0 -l’ 1 1 1 n 1 1 1 L
~1000 -h0o 0 500 1000 1500
Rietzel et al, Radiat Oncol 2008 CT Number

Import of planning CT
* Segmentation into 27 materials of defined elemental composition
ouHn GF1S8Sy FTNBY {OKYSARSNI SO [t wnnnz
- ¢éNominal mean density given to each material (IJianget al MP 31, 2004)

wi(pp)

HU 2 L T L
H c N o Na Mg P s o A K Ca < a es
—1000--550 755 12 13 B "‘\t‘
—950--120 103 105 il 749 02 02 03 03 02 ﬂo
—120--83 116 6.1 02 198 01 01 0l 18— “ce
-82--5 113 367 09 308 01 010l e Ul
—32--23 110 458 15 411 0l o1 02 0z d“c
-22-7 108 356 22 509 01 02 02 ‘e
818 106 284 26 578 o1 02 02 01 dto
19-50 103 134 30 T3 02 02 02 02 02 de N i
80-120 94 207 62 62 06 06 03 i

120200 95 455 25 35 01 21 01 0+ me;\‘olo\

200-300 89 &3 27 363 01 30 _os ﬂ\ 2 -

300-400 82 91 29 372 01 2 ‘eco N\a 2

400-500 76 361 30380 01 0 5“ 09 101 | E sk _ R
500-600 710035 32 87 02 t‘s 0“ 17 4

600-700 66 310 33 30s 10 Esp 132 S

700-800 61 M7 35 s‘, 5 “d 126 08

800-900 56 265 \go “\ (1) 03 159

900-1000 52 M6 P& “e 78 03 170 04

1000-1100 49 17 g U2 83 03 181

1100-1200 45 210 \Po 01l 01 88 03 102

1200-1300 42 194 4 Y 215 01 02 82 03 201 0z T Lung, :

1300-1400 39 179 41 429 01 02 96 03 210 . i :

1400-1500 36 165 42 42 01 02 100 03 219 A 'POS"“SSFG  Softtissue tigsue

1500-1600 34 155 42 45 01 02 103 03 25 S0 w0 @0 40 2 0 20 @0 0 80 00 @0 w0 0

Schneider et al PMB 45, 20@0ased on analysis of 71 human CT scdtis)
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T phantoms

Correction factors accounting for “real density”

and forcing MC to follow same ion-range AOHU

calibration curve as TPS Fg
i
CT to SPR loakp table
2.0 T T T
c
o -
15 - i 125 130 135 140 145
~ 1 . Depth [mm]
= s
a s 200 :
L 10F Chiba, 30cm phantom | 1801
> Chiba, 20cm phantom 1601 400 HU
3 Chiba, plastics
o DKFZ, C. Jacob 140
) 0.5+ y ® bran, 0O Geiss i = E
- z B rmuscle, O Geiss & 120
C()” 4 A fat, O Geiss -Eamn
= S —used, O Geiss £
0.0 1 . 1 . ] : 1 : 0
-1000 -h00 0 500 1000 1500 E e
CT Number ol ||
Kréamer et al, PMB 2000 o s 350 55 5

Depth [mm]

A. Mairani PhD thesis 2007, Pavia
——

MC versus TPS dose for passive delivery @ MIGH

d
an
0\90'““‘:.{\55“‘*
0‘“\'5 d05¢ = 1 Gy(RBE)
! M 3 Gy(RBE)
M 5 Gy(RBE)
7 GY(RBE)
B 9 Gy(RBE)
M 11 Gy(RBE)
M 13 Gy(RBE)
[ 15 Gy(RBE)
M 17 Gy(RBE)

4 Monte Carlo

Range

07.07.2020
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MC versus TPS for proton therapy @ MGH

Paraspinal tumor patient with metallic implants

Confirmed advantage of MEsTPS regardless of used code

K. Parodi, in ,,lon Beam Therapy*, Ed. By Ute Linz, 2011

Dose-to-water versus Dose-to-tissue

Analytical dose calculation algorithms results in dose-to-water
(because materials are characterized by relative stopping powers)

Monte Carlo results in dose-to-tissue
(because materials are characterized by material compositions, mass
densities, ionization potentials)

H. Paganetti proposed three approaches to convert MC dose-to-tissue
into dose-to-water in proton therapy (Phys. Med. Biol. 54, 2009)

1. Average stopping power ratios
2. Energy-dependent stopping power ratios

3. Energy-dependent stopping power ratios and nuclear
interactions

07.07.2020
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Methods

Converting dose to medium into dose to water
Retro-active conversion considering relative stopping power

5,
Dmx{OW(gé “ =D, xS,
/Om[dxjm

* Based on Bragg-Gray cavity theory
» Assumes small volume (no perturbation) and charged patrticle

equilibrium
» Requires solely the unrestricted water-to-tissue collision stopping
power ratio
@ MASSACHUSETTS
GENERAL HOSPITALI BE58 HARVARD
&l MEDICAL SCHOOL
CANCER CENTER Paganetti , MGH )

Methods

Converting dose to medium into dose to water
B. On-the-fly conversion considering energy and particle
dependent relative stopping power

DE’ = [Dm X Su‘,m(E)]proton + [DIM X 'SUI\JH(E)]E?ICCU'OI‘] + [D/H X Sw,m(E)]others

~ Df = [Dm X Sw,m(E)]proton + [Dm X Su'.m(E)]elemron + [Dm]olhers

(if not tracking secondaries heavier than protons and recoils )

* Takes into account the energy dependence of the relative stopping
powers

MASSACHUSETTS
GENERAL HOSPITAI 5= HARVARD

¢ MEDICAL SCHOOL
CANCER CENTER Paganetti , MGH :

18
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1.2 P
“Table 1. The relative clestron densitics, mean excitation encrgics and relative stopping powers Tissue #2¢
ihased on 100 MeV proton encrg) 26 tissue materials, Number 27 repeesents various user-
defined high-Z implant materials, " Tissue
RIS T
CToamber Rela o . BEUEHIY
Tissue Tissue range density (equation (5)) energy (V) {equation (41)  power (equation (3)) - Tissue #12
1 [ =951] 0.024 85,68

2 Lung [-950;~121] 0476 6044
3 . (—120; —83] 0929 059 0971
g Adiposetissie | e oy gosy oFe] 0976
H Yellow marrow  [—52; —23] 0982 6397 0982
6 Redmwow  [-227]  Lo07 6530 0087 o 5 10 15 20 2
7 18: 18] 1024 66,58 0991 Proton energy [MeV]
5 Softtsmes  [19:79] L0s2 6002 0908
9 [T 6058 e Figure L. Relative proion stopping Power, &, . for the tissucs lised in table 1, For illustration
purposes anly tissues 4, 8, 12, 16, 20 and 24:re shervn
10 2191 Lo 6003 1006
145
m (2002091 L140 nn 1016
12 Sternam (300399 1190 s 1029 w
13 [400; 499 1240 166 1040 110 w
4 Femuchead  [500:59] 1201 5020 Lo# i
15 6006001 1342 5283 1058 i
16 Ribs [00: 7991 1.391 8542 Loss ot
1 (800:899] 144l 816 Lo7 & T
18 [900: 9991 1491 42 1085 Tissue #8
1o Cramium [1000; 1099] 1542 9248 1092 B P —————————
» [n1o0: 193] 1.592 048 1099 Tissue #4
2 1120012091 1642 06,50 1106 RN
2 [1300: 1309] 1,693 o878 Lz 0.95
B s (1400, 1498]  1.743 10050 L8 00 01 02 03 04 05
2 (1500 1509]  1.794 mnxn Lz
2 [1600; 190] 1931 . L1z Electron energy [MeV]
% [2000, 3060] 2287 02 12
Figure 2. Relative eloctron Stopping power. [, hiuca: f0r tissues 4, 8, 12, 16, 20 aad 24 from
4 (30611 3757 m 1413 able |

Methods

Converting dose to medium into dose to water
C. On-the-fly conversion considering energy dependent
relative stopping power and nuclear interactions

DS = [Dm X Sw,m(E)]proton + [Dm X Sw.m(E)]electron + Dnljuclear X (Etransareact(E)/A)w,m

* Incorporates nuclear interactions events
» Methods based solely on stopping power considers only nuclear
secondaries and their electromagnetic energy loss

MASSACHUSETTS
GENERAL HOSPITAL

2258 HARVARD
. MEDICAL SCHOOL
CANCER CENTER Paganetti , MGH
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“Table 1. The relative clestron densitics, mean excitation encrgics and relative stopping powers

(based on 100 MeV proion encrgy) for 26 tissue materials. Number 27 represents various uscr-
defined high-Z implant materials, e.2. ttanium ssue #16
CT oumber  Relative electron Mean excitation Relative stopping & ﬂss_‘r'fs m o
Tissue Tissue range density (equation (5))  energy (eV) (equation (41)  power (equation (31) = B Mot ot ST
mg ¥ fequ ey (V) power ey H TR ER
1 [ =951] 0.024 85,68 L3t w
2 Lung [=950: ~121] 0476 w44 0.999
3 Adi 0929 0.59 09T
4 lpose tissus 0958 6223 0976
5 Yellow marrow  [—52; —23] 0982 63.97 0982
6 Redmamow  [-227] 1007 6530 0987
7 I8: 181 1024 66,58 0991 0 50 100 150 200 250
8 Softtsues  [19:79] 1052 .02 0.998
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Dose-to-water versus Dose-to-tissue
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Dose-to-water versus Dose-to-tissue

* In general 3 conversion approaches for D,, agree within 1%

* Linear dependence of the relative D, - D, deviation with CT
number (up to 10% in bony structures, negligible in soft tissue)
Dose-to-water D, vs. dose-to-tissue D,
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Patient 2: spinal cord astrocytoma

Dose-to-water versus Dose-to-tissue

Impact on proton beam range

Isodose lines:

100% (green)
80% (red)
50% (blue)
20% (yellow)

1.5 mm

Paganetti,
PMB 54, 2009

The estimations are average numbers based on 1.5 standard deviations. Extreme cases,
such as lung treatments. might show bigger uncertainties.

Range uncertainty
without Monte Carlo

Range uncertainty

Source of range uncertainty in the patient with Monte Carlo

Independent of dose calculation

Measurement uncertainty in water for commissioning =+ 0.3 mm +0.3 mm
Compensator design +0.2 mm +0.2 mm
Beam reproducibility +0.2 mm +0.2 mm
Patient setup + 0.7 mm +0.7 mm
Dose calculation
Biology (always positive) * +~0.8% +~0.8%
CT imaging and calibration +0.5%* +0.5%"
CT conversion to tissue (excluding I-values) +0.5%° +0.2%8
CT grid size +0.3%° +0.3%¢
Mean excitation energy (I-values) in tissues £ 1.5%¢ +1.5%¢
Range degradation; complex inhomogeneities —0.7%* +0.1%
Range degradation; local lateral inhomogeneities * +2.5%" +0.1%
Total (excluding *, ) 2.7% + 1.2 mm 2.4% 4 1.2 mm
| Total (excluding *) 4.6% + 1.2 mm 2.4% 4 1.2 mm |

The number are estimations based on finding by

A Chvetsov and Paige (2010).

b Schaffner and Pedroni (1998) and Matsufuji et al (1998).

€ Espana and Paganetti (2011).

4 ICRU (1993). Bichsel and Hiraoka (1992) and Kumazaki et al (2007).
¢ Sawakuchi et al (2008), Bednarz et al (2010) and Urie ef al (1986).
"Bednarz et al (2010).

& Espana and Paganetti (2010).

Phys. Med. Biol. 57 (2012) R99-R117
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Biological dose calculations

LUDWIG-
MAXIMILIANS-
UNIVERSITAT

MONCHEN

Clinical prescription is given as biologically equivalent dose
(because biological response is dependent on the specific tissue and the
mixed radiation field produced in carbon ion therapy)

MC for TPS verification in 12C ion therapy must include biology
(because physical dose is insufficient for clinically relevant information)

Runtime coupling of MC with the Local-Effect-Model LEM
(Kramer and Scholz 2000) used by TPS

MC for biological dose

LUDWIG-
MAXIMILIANS-
UNIVERSITAT
MONCHEN

Given a biological model as a input of the simulation
(in terms of particle type, energy or LET)

Whenever energy Eis deposited in a target voxel by a certain radiation type, the
biological response is evaluated on-line taking into account the biological database

According to the typical linear-quadratic dependence and the TDRA (Theory of Dual
Radiation Action) the number of lesions in a Mixed Radiation Field is expressed as

€(Dy,D,.....D,) = Z%‘Dz' + (Z \/ﬁ_«cD«;)2
i=1 i=1

In MC the sums of D;, D, and B2D, can — > D,
be scored during runtime in different YLD
arrays to allow final determination of the
average parameters for a mixed field: — > VED;,
:d = (ni) .
Zi:l D;

07.07.2020
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FLUKA MC coupled to Local-Effect-Model (Scholz et al GSI) used by GSI-
TPS (TRIiP98) and HIT-TPS for calculating biological RBE-weighted dose

Experimental validation for two 12C ion fields with “H-shaped” target

— FLUKA — GSI-TPS (TRiP98) m Exp data
1 a) 1 b) IC
i
n
a) b, o
T e e e R I e T R
Depth Imm] Depth Imm] Depth Imm]

Bauer, ..., Parodi PMB 2014
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Carbon ions
fnfdaon
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sadad Range TN p
Reference
Target Prescribed Dose Native resolution  MCSubvolume tepe/prin statistics
D Energy [MeV/u] volume [ml]  [Gy(RBE)] CTprotocol  [mm?] [#voxels] #lonsTP  #runs  [s] [%]
p_Hom_H  48-105 98.3 2 S4-Head 0.61x0.61 263x308x37 4.15E10 120 8.6E-03| 0.5(1%)
p_Het H 81-133 (F1) 63.8 2 S4-Head 0.61x0.61 317x220x43 1.44E10 120 2.2E-02] 0.5(1%)
80-136 (F2) 1.35E10
pHel B S4.178 14609 3 S4-Body  098x09R 310x218x02 D OEI0 40 2SEmf 01
C_Hom_H  89-208 67.6 3 S4-Head 0.61x0.61 322x155x32 0.53E09 120 6.8E-02| 6
C_Het_HN  98-210 153.0 3 SO-Head/  0.98x0.98 260x138x53 1.02E09 120 6.3E-02| 3
Neck
- CHet B 219430 17721 3 S4-Body  0.98x0.98 363x166x89  8A0E09 80  23E01| 2(1%)

Caveat: effects of statistics
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PTV-TPS
PTV-MC REC
PTV-MC OPT
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Giantsoudi D, ... Jiang S, Paganetti H PMB 2015 Qin...Pinto ... Parodi, Jia IJROBP 2018
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o Conclusion & Outlook
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' Contact e Searchy Monte Carlo with GPU

+ Open Ephys enables
closed-loop
electrophysiology

» Ultrahigh-resolution

CT raises the bar
+ Research briefs:
immunotherapies

» EIS and EIT assess
surgical margins

» SIP-PACT tracks

whole-body dynamics

in real time
More news articles»
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Apr 24,2017
Monte Carlo tool targets carbon-ion
therapy

Monte Carlo (MC) simulation is an essential
tool for carbon ion therapy, providing the
most accurate method for predicting dose
distributions. MC simulations can also be
used to model biological effects and enable
in vivo beam range verification, via

Go

REVIEW
Take a look at the
Iphysics:

comparison of and

secondary radiation. Currently, however,
clinical adoption of MC methods is hindered
by high computational demands.

[T I CL T To improve computational efficiency,

» Dose engine brings MC  researchers from UT Southwestern Medical

calculations to all

» Monte Carlo codes
under close scrutiny

» GPU accelerates
proton dose

Center and LMU Munich have developed
QOCMC - a graphics processing unit (GPU)-
orfented MC package for carbon fon therapy.
The goCMC tool performs faster simulations in
part due to its efficient approach to handling
nuclear interaction simulation.
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More companies»

GPU MC solutions of commercial
vendors entering clinical routine
for protons

% Monte Carlo are very promising and rapidly emerging technigues to
support and promote high-precision ion beam therapy via

and Quality Assurance

- Accurate estimation of dose deposition in water and patient CT

“ Improvements in computational power, efficiency enhancement
methods or (simplified) GPU implementations will likely enable wide
routine clinical use of Monte Carlo in ion therapy, including MC-TPS
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