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Tumor size
Tia (€2 cm)
Tib (2-3 cm)
T2a (3-5 cm)
T2b (25 am)
Tumor location
Upper lobe (including 2 tumors in middle lobe)

Lower lobe

Laboratory Data
serum KL-6 (U/1) median (range)
serum SP-D (ng/l) median (range)
The time of ILD diagnosis
at the same time as lung cancer diagnosis
unknown

before diagnosis of lung cancer

34 (17-63)

N

1167 (456-2410)
157 (31-502)

14
1

Nakajima et al

FEMEMRICEFFLIZMREISN T S ER FIAR

. Radiation Oncology 2017
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Table 2 Treatment characteristics and dose volume analysis

B 215 5t LIz 2R T 2 ER TG R

RP:Radiation Pneumonitis

Table 3 RP Grade and incidence of acute exacerbation

Protocol

No. of pts.

46.0Gy (RBE) /1fr/1 day
480Gy (RBEY/1r/1 day
50.0Gy (RBE)Y/1fr/1 day
528Gy (RBE)/4fr/4 days
60.0Gy (RBE)/4fr/4 days
72.0Gy (RBE)/16fr/4wks

PTV volume (ml), median (range)

Dosimetric factors of the lung (%), median (range)

N N N 0 b

853 (346-13198)

V5 lung 105 (3.0-348)
V10 lung 86 (26-328)
V15 lung 7.1 (22-27.1)
V20 lung 6.2 (20-180)
V25 lung 46 (18-168)
V30lung 40 (1.5-159)
Mean Lung Dose 35(1.0-122)

Abbreviations: RBE relative biological effectiveness, PTV planning target volume

RP grade (CTCAE ver3.0)
1 9 (31%)
2 12 (41%)
! 8 (28%)
RP grade progression after treatment
0/1/2 24/41
100 5

Local control rate

= D -~

P
occB888883388

.QOverall survival rate

0 10 20 30 40

S0 60 0 8 % 100

Months after CIRT
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2. &£PFRLTRHE

1 HREDEEMNSDIEE Repair
2. {HABREEADE S Reassortment

4DODR 3. BEBENEEBRFHMIEODEERIE Reoxygenation
4., BRBEEZOMIEIEIE Repopulation
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4DOMDR

DNA Damage Caused by Protons
and Heavy lons

ionization density profiles

proton . ; nucleus

proton (1KeV/u)

carbon (100KeV/u)

HREDEENSDIEE Repair
TR EIEAD B 771 Reassortment

EENERRMBEOBEERIE Reoxygenation

Radiation Sensitivity by Cell Cycle

Carbons have less difference of radiation sensitivity by cell cycle

G1 phase Late 5 high
0.5 phase
m\{ ©
! °
0,3\ lox ng: AT 3— 2
02 “\HE o
{ - N
OIL =
ew—ss—— 3
o= e
& 172 18
. o
TimefromM phas
s

Oxygen effect

Carbons have significantly smaller OER than photons

Carbon 5

Medisrs LET (xaV/ um )

J.D.Chapman, Radiation. Biology in cancer research

Dr.Ando etal
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4DOMDR

HREDEENSDIEE Repair
TR EIEAD B 771 Reassortment

EENERRMBEOBEERIE Reoxygenation

Fractionation effects

there is minimal fractionation effect in carbon beams because of

less repair capability

Carbons

DOSE (GyE)
Dr. Ando et al
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T2: 60.0Gy (RBE)/4fr H fRE N ER

a/B=10TEtET H&

1.0+ . B | At it L famh
Local Control 6OGy/4fr o 34Gy/1fr 44‘50Gy (RBE)
08 80% & 8
-L‘""-‘_I:_ i 36-42Gy (RBE)
04} 42% g 4 T -
" e i o 28-34Gy (RBE)
R &IEHE &
0.0 0 -
00 100 2200 X0 400 500 600 o 2 4 B 8 10 12 14
Years after CIRT
7 IIC  SylC

Month after Carbon Therapy
A4 S0GYRBE n=40 77.7%  711%

36-42GyRBE n=20 743% 743%
2B-34GyRBE n=35 473% 376%

Miymoto et al. Journl of Thoracic Oncology 2007
Yamamoto et al. Journl of Thoracic Oncology 2016
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Spot scanningixz AL - BRI FH#RAEIZ L S simultaneous integrated boost(SIB) &

20 A 40 Gy(RBE)/4 fr
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Isovalues (%)
108.0
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