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Carbon ion 6+
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& RBE Values of Carbon lons
(Carbon ion, 290MeV, SOBP=60mm)
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[P @D lonization density increases with depth,

thereby the biological effectiveness increases as
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Tumor Types and Clinical Situations Where Carbon lon
Radiotherapy Offers a Therapeutic Advantage

Hypofractionated RT Is feasible

Treatment time is reduced to half or even shorter as
compared to other RT

Average : 12.0 fr / 3 wks
Stage | Lung— single fr Hepatpma— 2 fr
Prostate— 12 fr

Effective to unresectable tumors
Skull base Head & neck Pelvis, etc

Effective to photon-resistant tumors
Sarcoma Melanoma Adenoca Adenoid cystic ca, etc.




Relative Dose

RBE vs. Fraction Size in Carbon Beam Irradiation
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Dose Escalation Phase |/l Studies

The NIRSIlinicalstudy In the early days :

w The patients whose tumor wasvading or close to the
overlyingskin often developedsevere skireactionsat
the higher dose levels delivered.

w In CIRT of prostatand uterine cervixcancer, those
patients whowere treated with higher dose levels
frequently developedsevereintestinal side effects

w After the cause of these side effects was examined in
detall, the safe dose was determined and irradiation
technigues were improved when no more similar side
effects were observed




Dose-fractionations for carbon ion RT at NIRS

BED BED
Tumor type GyE / Fr./ Wk (0 /=h0) (0 /=8.5)

Adenoca, ACC 57.6/16/4 3.6 78.3 140.5
Head & Neck MMM 64.0/ 16/ 4 4.0 89.6 166.4
Sarcoma 70.4/16/ 4 4.4 101.4 194.3
Skull base Chordoma & Chondrosarc 60.8 /16/4 3.8 83.4 153.2
Peripheral 60.0/4/1 15.0 150.0 420.0

] P 50.0/ 1/1dy i i -

un

J Mediastinum 48.0/12/3 4.0 67.2 124.8
Hilar : Superficial 54.0/ 9/3 6.0 86.4 183.6
Bulky 68.4/12/3 57 107.4 224.4
Liver Hepatocellular ca 48.0/ 2/2dys 24.0 163.2 508.8

Metastasis of colon ca >50.0/ 1/ 1dy 50.0 - -
Bone & Soft Sarcoma 70.4/ 16/ 4 4.4 101.4 193.4
tissue Chordoma 67.2/26/ 4 4.6 95.4 180.1
. . . 57.6/16/4 3.6 78.3 140.5
Prostate Low / Medium / High risk 516/12/3 43 73.8 140 4
Post-operative C-ion RT >35.2/ 8/2 4.4 50.7 97.2

Pancreas _

C-ion (+ CDDP 1000mg/m?2) 55.2 /112/3 4.6 80.6 156.8
Rectum Post-ope pelvic rec. 73.6/16/4 4.6 107.5 209.0
Re-irradiation 70.4/16/ 4 4.4 101.4 194.3
Eve Melanoma 70.0/5/1 14.0 168.0 462.0
y Lacrymal gland 55.1/12/3 4.6 80.6 156.8
Standard photon RT 60/30/8 2.0 72 108




Dose-fractionations for carbon ion RT at NIRS
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Tumor Sites in Carbon lon Therapy at NIRS
June.1994 ~ August 2015
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Carbon-ion RT regimens

for non-small cell lung cancer

Prescribed Dose (GYyE)

/[fraction (dose /1r)
T1-2 NO MO
Peripheral Stage | 50.0 / 1 50.0
Central type 612 1 9 (6.8)
Early lung cancer
T1-2 NO MO
Hilar nodules 68.4 / 12 (5.7)
T1-3 N1-2 MO
Locally advanced tumors 72.0 /16 (4.5)
Metastatic mediastinal 480 | 12 (4.0)

lymph node




Clinical trials of CIRT for peripheral

Stage | NSCLC

#9303 #970 #9802 #0001 #0201
Single
fractionation
Phase I/ Phase /Il Phase Il Phase Il Phase I/l
(n=47) (n=34) (n=30) (n=79) (n=218)

1994.10 1997.09 1999.04 2000.12 2003.04

1998.08 1999.02 2000.12 2003.11 2012.02




Respiratory gaited
iIrradiation

Proton therapy
at Tsukuba Univ.

Strain-gaze
sensor

illfll.n‘ll.'ll’Iln_mnl, n]ll'lll wllulll'limr | Il
) » | 1 12 13
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cT2NOMO Adenocarcinoma
48.0GyE/single fraction

Prior to CIRT

_Grade 1
| skin reaction
3 months ‘ e




Lung adverse reaction single fraction

Early (NCI-CTC) Late (RTOG/EORTC)

Total Grade Grade

dose | M [0 [ 1 [2]3 40 "° [ o 1 | 21340
28.0 6 4 2 0O 0 O 6 2 4 0O 0 ©0
320 | 26 13 13 0 0 0 | 25 3 22 0O 0 ©0
340 | 34 19 14 1 0 0 | 33 0 33 0O 0 ©
360 | 18 12 6 0 0 O 17 2 15 0 0 O
380 | 14 9 5 0O 0 O 13 2 11 0 0 O
400 | 20 10 10 O 0 O 19 4 15 0O 0 ©
420 | 15 10 5 0O 0 O 15 1 14 0O 0 O
440 | 44 6 37 1 0 0 | 43 2 40 1 0 O©
460 | 20 0 20 0 0 O 19 0 19 0O 0 O©
480 | 10 0O 8 2 0 0 10 0 10 0 0 O
500 | 10 O 10 O O O 10 0 10 0O 0 ©
Total (217 83 130 4 O O |210 16 193 1 O O




5-Yr Local Control
of Single Fraction C-ion RT In Stage | SCSLC

1- }
38 O36GYE(NnN=151)
e O34GYyE(N=66)
o |
©4
qv]
8 P<0.0001
—.2 Log-rank test
O_




Toxicities In Pats receiving >36GYE

Early(NGICTC) Late (RTOG/EORTC)
Grade Grade
NO- T T T3 a1 2] 3 nx
Skin | 151 | 146 | 3 0 0 |151]143]| 1 0 0
Lung | 151 | 101 | 3 0 0 |151]134| 1 0 0
Chest| o1l 0| 0o | o | o |181|17| 6 | 1 | 0O
Wall
For the skin and lung, no toxic reactions

greater than grade 2 were observed.



. ocal control and survival rates

wi t h ' O4@..0-5006yEg) f=20

SEE
>
= 6 -
% 3-year Local Control 95.0% |
2 4 Overall Survival  85.0%]
a2

O -

Years after CIRT

median follow-up period: 50months (22 to 60)
No toxicities greater than grade 2 were observed in the lungs or skin.
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C-ion RT for Prostate Ca

A Rigid immobilization by body cast +
foot rest.

A Rectum is emptied by laxative or
enema, if needed.

A Rectal balloon, metal marker and
respiratory gating have not been used.




C-1omRT fon Prostate Cancer atrNIRS

Total treated: 2245 pts. Period:95.Jun. ~ 15.Mar.
20fr / 5wks; 562pts, 16f / 4wks; 1107pts, 12f / 3wks; 576pts

Fractionation Period Dose No.pts
20fr./5weeks

Phase I/ll 00.2 54~72GyE / 20f 96
Phase Il ~HAMT* 00.4~07.8 63~66GYyE / 20f 466
.................................... (NOV-20087) s
16fr./Aweeks

HAMT* 57.6GyE / 16f 1,107
12fr./3weeks
Phase I/ll ~ HAMT*15.3 51.6GyE / 12f 576

Total 95.6~15.3 2,245

*AM; Highly Advanced Medicine Technology



Late toxicity in Prostate Cancer

_ _ No Late | G2 Injury
Institutes Treatment Dose /Fractions ' _
Pts Rectal Urinary
Princess Margaret H.* IMRT 60Gy/20fr 92 6.3% 10.0%
Cleveland CF.? IMRT 70Gy/28fr 770 4.4% 5.2%
Stanford U.® SBRT 36.25Gy/5fr 41 15.0% 29.0%
RTOG 9406* 3DCRT 08.4-79.2Gy 275 7-16% 18-29%
/38-41fr
3DCRT 78.0Gy/39fr 118 25-26% 23-28%
Loma Linda U.? Proton 75.0Gy(RBE)/39fr 901 3.5% 5.4%
Japanese PBT group® Proton  74.0Gy(RBE)/37fr 151 2.0% 4.1%
ACR 0312/ Proton 82.0Gy(RBE)/41fr 85 25.0% 25.0%
NIRS® Carbon 57.6Gy(RBE)/16fr 1107 0.4% 3.7%
Gunma U. Carbon 57.6Gy(RBE)/16fr 459 [ 0.8% 2.8% ]

1) Martin JM, IJROBP 2007, 2) Kupelian PA, IJROBP 2007, 3) King CR, IJROBP 2009, 4) Michalski JM,
IJROBP 2010, 5) Schulte RW, Strahlenther Onkol 2000, 6) Nihei K, IJROBP 2011, 7) Coen J, IJROBP

2010, 8) Ishikawa H, Int J Uro 2012.



Prospectivel investigation of Ratient
Quality of Llfe After Glon RIT

Changes of Patient Quallty of Llfe accordlng to
Treatment Modality

I
ol

-10 [
-157
-20 [

B C-ion RT (n=417)

o X-ray RT (n=23)

0 Brachytherapy (n=44)

£l Radical Prostatectomy (n=23)

Changes in QoL

-25
Before lmonth  3months  lyear 3years




Qutcomes of Radiation Therapy for Prostate Cancer

NO. O Total dose 5-year bhiochemical relapse free rate
patients  (Gy, GyE /fr.) y P

Low Intermediate High
Zelefsky 3DCRT 743 64.8-81.0 / 36-45 85% 65% 35%
\Vora 3DCRT 416 66.0-71.0 / 33-38 89% 68% 49%
Zelefsky IMRT 561 81.0/45 85% 76% 72%
Cahlon IMRT 478 86.4 /48 98% 85% 70%
Johansson SDCRT 265 70.0/ 30 100% 95% 74%

+ Proton
Mendenhall Proton 211 78.0-82.0 / 34-41 99% 99% 76%
NIRS C-ion RT 1649 51.6-66.0/ 12-20 92% 91% 90%
A A




Biochemical Control Rate Compared with Image-guided Proton Tx

Freedom from recurrence (%)

Freedom from recurrence

IJROBP 88, 2014
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Overall Survival Rate Compared with Image-guided Proton Therapy

Overall survival /JROBP 88, 2014
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Cion RT for rectal cancer

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

C-ion RT for post-ope pelvic recurrence

Indications extended to colon ca and the
tumor with bone destruction or distant meta

Development of spacer technique

Re-irradiation after photon RT




59y/o F, 73.6GyE/16fr
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Acute and Late toxicities

by NCI-CTC and RTOG/EORTC Scoring System

(202 lesions in 189patients)

Acute(NCI-CTC) Late(RTOG/EORTC)

No. of lesions Gr0 Grl Gr2 Gr3 Gr4 No. of lesions GrO0 Grl Gr2 Gr3)1Gr4

Skin 214 56150 8 0 O 214 127 84 112 |0
Gltract 214 210 0 4 0 O 214 210 1 1§11 }0

Urinary 214 213 1 0 0 O 214 211 1 2|0 |0

No grade 3to 5 toxicity was observed.



@.... Local Control by Total Dose

90 - —— , C (n=195)
80 — e 70.4GyE
70 - —
0/ =
060 | (n=21)
50 - — 67.2GYE
40 (n=10)
30 -
20 - N=226
10 -
O \ \ \ \ \ |
0) 10 20 30 40 50 60
Month
I N 720 2 T
67.2GyE 90.0% 78.8% 78.8%
70.4GyE 21 86.1% 79.5% 79.5%

‘ 73.6GYE 195 98.4% 93.9% 90.9% ‘




@Mm Survival by Total Dose

100
90 - LL'_\_L‘ — 73.6GyE
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0,70 - _L :
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0 20 40 60
Month
PR R 2 T T
67.2GyE 90.0% 20.0% 20.0%
70.4GyE 21 77.3% 43.4% 19.5%

‘ 73.6GyE 195 08.4%  74.6%  50.5% ‘




Comparison of C-ion R

with surgery

In post-ope pelvic recurrence of rectal cancer

Author

Survival rate

Kato
Garcia-Aguilar J | 1999 42 88% 62%
Wanebo 1999 53 91% 62%
Salo JC 1999 /1 88% 5%
Saito N 2003 43 91% 8%
Moriya 2004 48 95% 716%
NIRS 2015 195 98% 91%

1) Gastroentero Surg 21:105, 19822) Dis Colon Rectum 42:1438, 199%®) Dis Colon Rectum 42:1438, 1999)Ann Surg
Oncol 6:171, 1999, 5) Dig Surg 20:192, 2003) Dis Colon Rectum 47:2047,2004, 7) 48th ASTRO meeting,2006



61y/o M, 73.6GyE/16fr
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C-ion RT for Pancreas Cancer at NIRS

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
(year)

Phase | /Il clinical trial Phase | /Il clinical trial
preoperative Short-course preoperative
(Protocol 9906) (Protocol 0203)

16fr o
22pts. 20pts.
y 4

Phase | /ll clinical trial

GEM+Carbon

(Protocol 0513)
12fr

Phase I /1l clinical trial locall

\dvanced (Protocol 0204
12fr

47pts. 82pts.




Pattern of Local Recurrence after
Operation in Pancreatic Cancer

Recurrent sites 140 cases

Neuroplexus 120 (86%)

Residual Pancreas 28 (20%)




Sites of failures in pancreatic cancer

> Distant |
meta

1. Easy distant metastasis m—)

2. Easy infiltration of neuroplexus

3. Large radioresistant cell fraction

Carbon-ion can be expecteu
to control these regions.



Anatomy of the pancreas |
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Radiation Field for Pancreatic head cancer
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Dose Distribution of Pancreas Head Ca







