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Proton FLASH Approaches

First-in-human use of proton FLASH

Mascia, Anthony E., et al. "Proton FLASH radiotherapy for the treatment of
symptomatic bone metastases: the FAST-01 nonrandomized trial." JAMA

oncology 9.1 (2023): 62-69.

Transmission Proton FLASH

« Single Energy Layer
« Simple hardware workflow
* Reduced distal OAR sparing
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Conformal Bragg Peak FLASH

« Single Energy Layer

» Better distal OAR sparing

» Patient specific hedgehog/ridge filter
» Complicate hardware workflow



FLASH-RT QA: Clinical Need.

1. Determine if the treatment field can truly FLASH dose rate in the treatment volume.
2. Quality assurance measurement.
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Our solution:

Current method:
* Log file method: No actual deposited proton distribution
e Ultra fast sensor: Can not measure 3D dose

Transmission Proton FLASH Conformal Bragg Peak FLASH Lucite
(b) Experimental Lucite
Implementation -
Dose Rate
| Ridge filter
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Zhou, Shuang, et al. "Three-dimensional proton FLASH dose rate measurement Harrison, Nathan, et al. "Characterizing devices for validation of dose, dose rate, and

at high spatiotemporal resolution using a novel multi-layer strip ionization LET in ultra high dose rate proton irradiations." Medical Physics 51.11 (2024): 8411-
chamber (MLSIC) device." Medical physics 52.10 (2025): e70033. 8422.

3D dosimeter with high frame rate :



MLSIC Architecture(1/2)
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MLSIC Architecture(2/2)
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Dose reconstruction(1/2)

Measured Lo-Res X/Y signal Reconstructed X/Y profile Dose Calibration with QA field
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Dose Reconstruction(2/2)

Fit Hi-Res signal
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Dose(a.u.)

Calibration
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Physical Beam Trajectory(1/2)

CCIIDIITIIIIInInn oI CIIIoI-IoICooTZ —

L CCTTTTIITTILLLE oo CCoCToCITIC 1o E
PR Lol IITIIIIIIIZITD =
CIIIIIIIIIII e eeeeooIIIIIIIIZ X
L NN
IS MNP iy
Pl A A P A S P A R L T T T e O T T T e T T T S N
P i i A P S R T T T e T T

L Pl A A A A A A ] L T T T T O T T T Tt W IO
P A AP A AV A AP A A T T T T e O R R R T T R_U
P A P A A S A A A A A AR T T T T T T T T
P A A ar Ar A A AV A B A i IR R T T T T T N N
PR EEEEN IR R R R R R R R R R R R R R
LSS AT R T T T O T T T T O
LSS A S A AT IR R T TN N N
AL TT T R NN
AT IA LI PAVAAAVUL VYN NN N NN,
AT IR R R R R R o
AALLLTIL T AL AL AL UL NNV NN Y 1O
SAALLNT I S NN -

1 1 1 1
o o o (=) o
o n n o
- 1 —
1
(Ww)A
Muucd A~
= O © =
O B Q.=
S .8 w'g
w O g
Sex=«
i = Q
— S W 1%%)
v
. =/ / @
O
j (= 3
\ (] - 8
= S <[> o
| - Q
I ol o
~] & G o9
o
g © ol © T
g w == | 10118
= (@) g -
c _ *n
© ©
- ceminzzzolsonies * gL
- = T il
\ O T Ted. et su NNl
P S e e, o
o © | .
! =T T T
............................. -
ﬁvm .......l..l:u«.u\.”.n.‘unu..u T nzrTaaes o m
h I nbd et oo eng.. FHRNEYS | &is=
iy S O
R (] e i 21 T SR B © £
) O B DN LT SO =
o swrmpszoreterSt oty
35 IS pibson Th I LT T
ST L by i
v w Y ks =S FT =)
— TnlnrInTame m-.u
a W Pt T 7 TR
> 3
+ o
Q V 1.0
& 5
AR
S
= - > -
i v &0 ceernzzz
= L 1 o
<> b o o =
= 10 =] 2
< - - )
@ 0 (ww)uonisod A aidwes
o %) -~
yi M 2 o >
= 9 S
s g © N N
mN m C VJMW ~
oo I3? u
H m - ® 0 [oe]
© C 17
= O & Q
g8 §
»
Se B8R
(o)) "N © 3
C C c &2
O oo 2UW
o [%2]) ..% = =
58 0 S 2
—
=<9 o g~
T > Qy O

Proton beam cone angle/ divergence

12

Continuous proton beam trajectory



Physical Beam Trajectory(2/2)

Software defined spot location vs Actual proton trajectory
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IMPT Plan

Prostate treatment field with ProBeam Signed Gamma
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Conventional Dose Rate

1309 spots across 12 distinct energy layers. A total of 9832.3
MUs was delivered in 24.7 seconds

0.3566 s with 38 spots, 3.2909 s with 169 spots, 1.7997 s with 217 spots, 1.1605 s
with 182 spots, 0.8851 s with 154 spots and 0.7077 s with 125 spots
Energy switching time: 1.3493 s, 1.2747 s, 1.2554 s, 1.2296 s and 1.1968 s
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Transmission Proton FLASH Dose Rate(1/3)

141 spots; 111,672 MU in 0.34 seconds

FAST-02 (NCT05524064) clinical trial beam at the
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Transmission Proton FLASH Dose Rate(2/3)
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Transmission Proton FLASH Dose Rate(3/3)

High dose rate at turning point
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FLASH Dose Rate Measurement of Ridge

Filter

Solid Water

Dose vs Time

——Dose at +
——Dose at x

Y(mm)
Dose(gy)

100 150 300
X(mm) Time(ms)

& o
Y Y z

Field 3D dose Sinéle spot 3D dose

Simulation

MLSIC

Dose (a.u.)(simulation)

Dose (a.u.) (€xperiment)

0.8

0.6

0.4

0.2

0.0

0.8

0.6

0.4

0.2

0.0

2075 =
e = 1= [ exp
5 0.501 s 1=
b -~
8 0.251 £ =
1 -t
0.00 -—m/ : M
-4 -2 0 2 4
y (cm)

_ 075
3
5050
b
8025

0.00

B

I exp

=
-
3
=
¥
s
=
F

-12 -10 -8 -6 -4
z (cm)

-2

0

Harrison, Nathan, et al. Medical Physics 51.11 (2024): 8411-8422.




Other Clinical Uses of MLSIC

Efficient IMPT patient specific QA  Proton radiography for stopping power measurement
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Conclusion

* High speed 3D dose and dose rate measurement device

* Depth dose curve, Lateral dose Profile, 3D dose and dose rate
INn one system

» Offline Reconstruction required
* Pre-treatment verification only
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Review of dose measure tools

Method Dimension Sampling Observable Representative systems
ality Rate
Water Tank 3D <1Hz Gas lonization Charge DigiPhant PT
1D lon Chamber Depth ~ 100Hz Gas lonization Charge Giraffe, Zebra(100Hz)
lon Chamber Planar Surface 10-100Hz Gas lonization Charge MatrixxPT/One(50Hz), Octavius
arrays 1600XDR(10Hz) etc
Diode Planar arrays Surface 20Hz Semiconductor Charge MapCHECK3
2D Strip lon Chamber Surface 20kHz Gas lonization Charge Yang, Shi C, Chen C-C, et al.
Scintillator imaging Surface 1kHz Optical Photon Vasyltsiv R, Harms J, Clark M, et
al.
Radiation acoustic 3D Pulse-based Acoustic Pressure Zhang, W., Oraiqgat, |., Litzenberg,
imaging (Reconstructed) D. et al.
MLSIC 3D 6.125kHz Gas lonization Charge Our system

(Reconstructed)




Cylinder ion chamber

Inner electrode radius: a
Outer electrode radius: b
Distance between parallel plates: d

2a
y
2b Anode
Cylinder ion
Cathode chamber
Anode
Parallel plate ion
Cathode chamber

V
EO) = o
brin(b/a) In(b/a)
= _— —_ — N
teyl L oV dr oV (b* —a™2)
dz
tpara =
uv

Assume b =3mm,a=1.7mm, d =1.3mm

. 0.57 611 3.47
= * 0, = —
cyl ﬂV ﬂV

1.32 26
tpara = v = PG
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