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Background: Advantages of proton radiotherapy
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Physical advantages of proton radiation dose distribution: Biological advantage of proton radiation dose
1. The dose is released only at the tumor site distribution:
2. The proton beam covers the tumor, and the anterior and posterior organs  10% higher bioavailability than photon

are almost unirradiated



Background: Relative biological etfects (RBE) of proton radiotherapy
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BEAM THERAPY
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When the beams are summed the create a uniform dose distribution
across the tumor depth: the “Spread Out Bragg Peak” or SOBP
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Biological dose = RBE x physical dose

The dose of X-rays required to produce specific biological effects

The dose of the measured radiation required to achieve the same biological effect
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Background: Proton RBE assay experiment

(o vitro RBE determination experiment
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Scientific question: Are there differences in damage caused at different
positions in SOBP in lung tissue?

3.0

2.5 1

2.0

1.5

Relative Dose

0 50 100 150 200 250

Depth (mm)




(- PTCOG-AO 2025
The 5'"Annual Conference of the Asia-Oceania Particle Therapy Co-Operative Group O & e HONG KONG

NOV 7-9

CONTENTS

Materials and methods



Experimental Materials and methods: Experimental verification of the
accuracy of proton beam irradiation in small animals

2.Verify dose deposition in lung tissue during proton

1. Irradiation plan verification : s ) : ;
irradiation using a thermoluminescence dosimeter

PPCO05
lonization chamber

Place the dosimeter into
the rat model and position
it according to the actual
irradiation plan.

Screen out dosage tablets with
dispersibility <3% using the
Probeam accelerator and repeat 3
times.

Calibrate from 0 Gy to 22
Gy and determine the
calibration factor.

— —>

Films

!

. Read the measurement
Compare with the — after 24 hours of
planned system readings S
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Experimental Materials and methods : Animal experiments to observe
I ‘ photon and proton damage
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Result 1: The dose can be accurately deposited into the lung tissue

1. PPCO5 ionization chamber measurement results: deviation between planned and measured doses <3%.

planned system measurement value(Gy)| measured value(Gy) error
2.02 2.068, 2.066, 2.047 2.2%. 2.3%., 1.3%

2. Film measurement results: deviations in flatness and symmetry were approximately 3%.
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Result 1: The dose can be accurately deposited into the lung tissue

3. Zebra 1onization chamber measurement results: range deviation at the 4. Rat model measurement results: deviation from
SOBP entrance and distal end was 2—3 mm. the planning system <3%.

Calibration curves
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The dose we expect to achieve can be accurately achieved in rats



I‘ Result 2: LET corresponding to SOBP

Using the Moriak Proton 1.0 software ( Hefei Huiguang Healing Technology Co., Ltd ) to analyze the irradiation
plan, we found that with the increase of irradiation depth, the LET also increased, with a more significant rise at the
distal end of the SOBP.

SOBP of water-equivalent depth

Central position of lung tissue [mm] Dose-averaged LET [keV/um]
29 1.304
95 2.235
85 2ol
115 4215




Result 3: HE representative image

16 Gy
In the lung tissue irradiated
with proton and photon beams
at 16 and 20 Gy, we observed
"P'ﬂ“ s that, compared with the
N ."'* sy j, A ‘f R £ 'h. \ 20 Gy unirradiated group, both the

e

proton and photon irradiated
groups exhibited alveolar
damage, widened alveolar
septa, and infiltration of
inflammatory cells. Edematous
fluid and inflammatory cells
were also observed within the
alveolar cavities.

20GyE the centre of SOBP 20GyE the dlstal-end of SOBP 20Gy photon
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Under the same dose of irradiation, the
damage to lung tissue at the distal end
of the proton SOBP is more severe.

Histological scores of the lung stained with HE Histological scores of the lung stained with HE Histological scores of the lung stained with HE




I Result 4: Mast cells
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Compared with the unirradiated group,
the perivascular and mucosal regions of
the trachea in both the proton and photon
groups showed an increased number of
mast cells.
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‘ Result 5: Expression of inflammatory factor TGF-p1
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In the unirradiated control lung tissue,
the lung tissue structure was observed
to be orderly, and TGF-31 was almost
not expressed. However, Its expression
was elevated in both the proton and
photon groups.



The expression of TGF-B1 at the distal
end of the proton SOBP was

significantly increased.
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Result 6: Proportion of AQS-labeled ATI

16 Gy

20 Gy In the unirradiated lung tissue,
AQPS5 was continuously
distributed along the alveolar
walls, indicating intact type I
alveolar epithelium. In contrast,
the number of type I alveolar
cells was reduced 1n the lung
tissue following proton and
photon irradiation.

20GYE the centre of SOBP 20G E the dis aI en ofS P
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The proportion of type I alveolar
epithelial cells in the alveolar
epithelium decreases more at the distal
end of the proton SOBP.



Result 7: Proportion of SFTPC-labeled ATII

control 16GYE the entrance of SOBP 16GyE the fore-end of SOBP
5o rv o el GRS ' 16 Gy
Wasly o o
S f _‘l" I‘;P.; "-: -
qé’“’ . ”!‘?,_?
¢ i “g i d?"\s » 1 N
16GyE the centre of SOBP 16GyE the dlstal-end of SOBP 16Gy photon

control 20GyE the entrance of so|3p 20GYE the fore-end of SOBP

In the unirradiated group, SFTPC*
alveolar type 11 (AT2) cells were evenly
distributed along the alveolar walls. In
contrast, numerous morphologically
abnormal SFTPC* AT2 cells appeared in
the lung tissue following proton and
photon irradiation.

20GyE the centre of SOBP — TBp T 20Gyphoton
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However, the changes in the proportion
of type II alveolar epithelial cells in the
alveolar epithelium were not significant
under different irradiation conditions,
suggesting that ATII may be involved in
the repair of alveolar structures.
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I‘ Conclusion:

1. This study confirms at both the tissue and microscopic levels that, for

lung tissue, the distal end of the proton SOBP causes more severe tissue
damage compared to the entrance, fore-end, and centre regions of the
SOBP, manifested as aggravated pathological damage and enhanced
inflammatory response.

2. Proton 1rradiation in regions with high energy deposition and high LET
can induce stronger local immune and inflammatory responses.

3. When type I alveolar epithelial cells (AT1 cells) are injured, type 11
alveolar epithelial cells (AT2 cells) contribute to the regeneration of

alveolar structures through proliferation and differentiation.
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