 PSI

Proton vs photons — The power of the shower

Prof Tony Lomax,
Head of Physics Research and Development
Centre for Proton Therapy (PSIl), Department of Physics (ETHZ)

PSI Winterschool

16th January 2025




SFUD plan-(delivered 9 field IMR}=second try

Factor 6 lower integral dose for
protons
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A more comprehensive comparison

9 patients treated with
protons at PSI compared
to IMRT plans calculated

retrospectively

Average fields used:
Protons: 1.9
X-rays: 7.2

van der Boom, Timmerman et al, PTCOG 2006
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A more comprehensive comparison

Non-target tissue integral dose

Dose relation factor xay / protons

M-ray /| protons
o
I
I

1.0 +— —
0.5 1 —
0.0
1 2 3 4 5 G 7 g g
Patients

Average reduction in integral dose ~ 2
(1.5-2.7)
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The ‘volume effect’ for integral dose?

Calculated for 10 extra-cranial chordoma patients treated with protons at PSI

Integral dose saving (IMPT/IMRT) vs target volume

—a— IMRT/MFT

Ratio (IMXT/IMPT)
\
|

D T T T T T T T T T T T T T

0 150 300 450 600 750 900 1050 1200 1350 1500 1650 1800 1950
PTV volume (ml)

Kathy Haller, PSI
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But what about OAR doses?
Critical organ EUD’s as function of distance from PTV

Average EUD (overlapping) Average EUD (<25mm) Average EUD (>25mm)

- ok
50 " .\..
30_% 10 .‘\______ 12 N —
0 20 W g
M )

20 10 .

1} T T T T ] i] T T T T 1 1}

] 0z 04 0.6 0.8 1 0 02 0.4 08 0.8 1 0 02 0.4 0.6 08 1

Serial organ =————  Parallel organ Serial organ ==————— Parallel organ Serial organ =——Parallel organ

van der Boom, Timmerman et al, PTCOG 2006
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How do photon and proton lateral fall-offs compare?

Lateral profiles

12(pRg oo derton \ 1
l_PBS protons — _ w4t | PBSprotons
R e A I 5 \  (unoptimised) .
% . 80—20% i ;\.\a 12- \‘ ‘Hi,_\“,.‘”;,.””
206! ! o}
5 dose fall-off q N
“0.4 | > \
1 (@] 1 L
e N W Q \
0.2 ' o \ \\ _ ’/,‘,/
____.?.,,,._.-,,,,_,._..,,_,..._..,._,...,:,._.____ -\6 \ \\ - ’/” -
O e s 432 101234:67 s E08p Seel =TT e
Profile [cm] c \ -
Ao — AN -
- Depth (cm) - N - "\
100 PthOP\S\ e —%5\ 06 L \\ P -~ AN
i ‘\%ﬁ/ " o~ __---" PBS protons
= 041 (Opt|m!;ed — best case)
2 }/ —— \¥ 02 b
7[} = %\\ 6MV photons
20» / — 1 0 . . N N N N N N . U. rrrrrrrr :717?7‘5-"'"?.1:‘-‘6”‘- i
/Jj - ¥ 0 2 4 6 8 10 12 14 16 18 20 2 24 2 28 30 3

Distance from central axis axis (cm) Depth in Water (dw) [Cm]

Safai et al PMB 2008, Winterhalter PMB 2017
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A comparison of high dose conformation (1)

A comparison of SFUD
protons and IMRT for 9
different indications

B OAR Mean dose
n 50“ i ) ] : : b } 5 : ; : ] ]
5 g 5 N T R I B
5 1 2 = : ST 7 S I
£ o : ' ] _8 Q 59 (e t ! | -
SR s L S A lpagige i 4 i id°
° a3 e 12 T L T
| I ' = i i [ 1 L ]
iz 3 2 & iy, 83 ., & : : ] ]
= 4 b :°2 : 1 Jg i 3 Y
. DT I CEIE PO z i
c - B | : %) P g |
c 9 L * P : c 5 2
= B5-50f ¢ : . O +pofF 7 A
o w b L 4
& ° S 3
: o
~100 i i : : : ; : 1 _ 100 : ‘. : _
1 2 3 4 5 & 7 8 9 1 2 3 4 5 6 7 8 9

Case number Case number

Lomax, Bortfeld et al Radiother Oncal 1999
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A comparison of high dose conformation (2)
e PBS PT vs VMAT for re-irradiation of | ‘ r &
meningiomas | ' |
* |nitial irradiation - 52-60Gy
e Re-irradiation plans to 45Gy with
VMAT and PBS PT

Whole brain (-PTV) dose o VI0Gy
16 B VMAT ., N VMAT
. f| NN PBS PT M PBS PT

12t Mean reduction

for all proton plans

80 |

Volumea in CC

60

40

4F Jd
| _ 2| II |
D - J J ‘ -
1 2 3 4 5 [ ) 8 8

f=

1 2 3 4 5 6 ¥ 8 9

Poel et al BJR 2019 °°°* Subjects
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The bottom line.

 The advantage of protons is
~ 7 NOT in high dose

/
,7 conformation

* Their advantage is in reducing

. the mid-to-low dose levels in

) comparison to photons...

/7

-

e ...or in changing a dose bath
to a dose shower

-

PSI Winterschool, 16th January 2025



Can showering reduce 2" cancer risk?

 >450000 RT patients identified from National Database (US)
* 9tumour types, 35% 3DCRT, 65% IMRT, 1.3% Protons
* Median F/U 5.1 Yrs

Head/neck | — -
Gastrointestinal +

Gynecological 100 patient-
g’ Lymphomas
& Lung non-small cell { _
§ Prostate | . 50.44
—) Breast |
e | IMRT 1.55
= one/soft tissue | .
= Brain/CNS|  — e Hazard ratio 0.31!

All except prostate |
At O
02 05 1 2 5 10
< >
Favors PBRT Favors IMRT

Adjusted odds ratio Xiang et al. Cancer. 2020 126:3560-3568.

PSI Winterschool, 16th January 2025




PSI

Can showering reduce side effects (1)

* 31 mesenchymal tumours treated with

- 30
~22Gy(RBE) | .

Grade 1 toxicities

>= Grade 2 toxicities

Schneider et al, Strahlenther. Onkol. 2013 189:1020-1025.
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Can showering reduce side effects (2)
* Phase IIB randomised trial for Esophageal cancer.
e N=107 patients (61 IMRT and 46 PT)
 Dose 50.4Gy(RBE)
* End points - Toxicity and PFS

Recorded toxicities
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Lin et al, J. Clin. Oncol., 2020 38:1569.
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Can showering improve Quality of Life after treatment?

* Health related QoL comparison of pediatric brain
tumour patients treated with protons (MGH) and
(il Increased QOL (close to

VIERIEL  healthy control) after
proton irradiation.

p<0.001
90.0 p=0.024 p=0.337 p=0.003

70.0 }{ 80.9

81.4

HRQoL Score

Total Score Physical Psychosocial

[1Healthy Control [l Proton Therapy [l X-ray Therapy

Yock et al Radiother Oncol. 2014 113: 89-94.
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Can showering improve tolerance to combined therapies?

e Comparison of 391 proton and 1092 photon patients
treated with concurrent chemotherapy

* Endpoint — number of unplanned hospitalizations due to
adverse events

‘Proton’ patients include those also treated with a

\NEEIRVARR SR [l = =Rl o of protons and photons.
2gral dose reduction for proton plans 1.3

severe adverse events,
despite a moderate (1.3x)

reduction in integral dose. II

:* Grade 3 events = Grade 2 events Performance decline

\ / B Protons M Photons
~_ -

Baumann et al JAMA Oncol. 2019
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Can showering improve overall survival?
* 305 Esophageal cancer patients
* Dose 52Gy
e Overall survival as function of lymphopenia grade recorded during treatment

1.00 - Lymphopenia
— | < G2
— G2

0.75 - — G3 5y OS (G3/G2) ~22%
— >G4

S5y OS (>=G4) ~7%

~ 3x decreased OS if

0.25 " oA -- - \Q patient suffers G4
— lymphopenia during
' therapy

I 1
0 25 50 75 100 125

Time (months
= ( ) Abravan et al J Thor Onc 2020
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Can showering improve overall survival?

————-~

Inc:|dence of Grade 4 lymphopenia

357 -4 Lymphopenia at 5 week .
0 ymphopenia a weeks

300‘/" IMRT - 33%
25% PBT — 15%
20%
15% >2x reduction in G4
10% IymphoPpBe_Ir]la with

5% I I

0% — = |

Pre-RT WKk 1 Wk 2 Wk 3 Wk 4 Post-RT
m IMRT mPBT

Shiraishi et al Radiother Oncol 2018
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Can showering improve overall survival?

504 esophageal cancer patients treated with CRT

Incidence of Grade 4 lymphopenia
B

35% caL X - )
o ymphopenia a weeks

30;” IMRT — 33%
25 PBT — 15%
20%
15%, >2X reduction in G4
10% lymphopenia with

59, PBT

0% —

Pre-RT WKk 1

Shiraishi et al Radiother Oncol 2017
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Can showering improve overall survival?

* MD Anderson Phase lll clinical trial for Oropharyngeal cancer
e 296 patients (136 photons, 160 protons)

Group 1 (IMRT) vs Group 2 (IMPT) Gastrostomy Tubes Proportion of Patients

Working
P=0.02
80%

70% ——/_/
60% P=0.58
IMPT - 28% 50% \wﬁf‘aj‘t—mﬁ—‘

40%
30%
20%

IMRT - 42%

10%
0%
Pre-RT End RT 6 Mos 1Year 2 Years

e |[|PT e |MRT

Overall Survival (PP)

-
o
S

= 757
=
s
2
2
@ 50
T
[
>
)

N
o

| Hazard Ratio for Death (95%Cl): 0.60 (0.32, 1.12)
rotons 'IMPT' (E/N=16/160)
Photons 'IMRT" (E/N=25/136)

T T T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10

Steven Frank, MD Anderson, PTCOG62 Tieiskce st}
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Summary

* The main advantage of protons is for larger target
volumes and for reducing (substantially) the mid-to-low
dose bath to normal tissues

 Reducing this dose bath will likely have an advantage.
The question is what, and to what extent?

 Reports are emerging of reduced side effects with
protons, but more studies required

 Evidence is also emerging of significantly improved
tolerance of patients to combined therapies (e.g. with
chemotherapy) when treated with protons...

 Could this also improve overall survival as well?
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