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Helium lons Therapy

 Phase lll RCT
 Helium ions vs
. lodinel25 plaque
bl prachytherapy
o« Significant (P=.0006)
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Hadrontherapy Centres

— Vo
(21’—?.\\‘ ', ? T\\' PR aminl
16 3 \
i 05, %f L TTZ ?ll
\ 1 V4

More than Ne=—
120 Centres
expected for 2022 T
?Protons 60 PrOton Centres
i 10 Carbon lon Centres

Nature Reviews | Clinical ("):p.;:.\i‘\r:‘:r]jy

Durante M, Orecchia R, Loeffler JS, 2017



Carbon lons Centres

IMP-CAS, Lanzhou *Khabarovsk

400/n, fixed beams . -
Himac, Chiba

SPHIC, Shanghai . Saoporo - 800/n, fixed beams,
Vladivostok Ppo
430/n, fixed beams | : 1 gantry
Beijng 5 i L
vichuen | ik L Kirans, Busan postate
[INA o . S GEL 430/, fixed beams HIBMC, Hyogo
HITEIL Lanzh: P 320/n, fixed beams,
40:),’ :-"z dO:’ Gansu Yonsei, Seoul 1 gantry
= ng--,---u.eab::'njna, 430/n, fixed beams, Tohoku
' 2 gantryes

HICTC, Wuwei, Gansu
400/n, fixed beams

GHMC, Gumna
400/n, fixed beams

hitbu -\ “ Kanto

~J

HITC, Osaka
400/n, fixed beams

SAGA-Himat, Tosu

Operating _ .. 400/n, fixed beams

. v Shikoku
Under construction | o
UH, Yamagata

Planned 430/n, fixed beams,
1 gantry

i-Rock Kanagéwa
430/n, fixed beams



Carbon lons Cen
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Number of treated patients

Patients Treated with Protons and C-ions
in North America, Asia, and Europe

70000
Protons 83667 >

60000

50000

North America, Protons

40000

e |]apan/China/Korea, Protons
30000

> s Japan/China/Korea, C-ions

=== Europe/Russia, Protons

Total number of patients (cumulative)

20000 C-ions 9723 > Europe/Russia, C-ions
10000 ;ﬂfﬁf‘””ﬂ
) | m—— - C-ions 21580 (+120%)
Other ions 3587
b+ > L6 A ® O O SN
S8 & L S protons 149345 (+80%)

2017> Grand Total 174512



First goal: OaRs sparing

A CENTRO NAZ. ADROTERAPIA ONCOERGIA
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Second goal: less mtegral dose
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Hadrontherapy: indications

STUDY 3

TR 7040.0
TE 76.0




«New» Indications

Up to 20% of the
total number of

v patients

AR
)

2 currently treated

290

by RT are
suitable to be

treated by
hadrontherapy

Liver-GTV PROTONS

8000




Number of patients at NIRS

11,580
patients

Prostate

Bone & soft tissue
Head & neck

Lung

Pancreas

Liver

Rectum

Uterus

Uveal melanoma
Abdominal lymph nodes
CNS

Skull base
Gastrointestinal tracts
Lacrimal gland

Breast

Kidney

Re-irradiation

Others

Mohamad O et al, Cancers 2018



Which tumors might benefit of
high LET particles?

Up-regulated Mutated tumor

oncogenes suppresor genes
Radioresistant Dis-regulated

for genetic alteration apoptosis

Radioresistant Radioresistant

. . - for proliferation status
for intratumoralmicromilieau

T i High content
. -regulate
Deprivation e of quiescent

! defense system
of oxigen Slow cell clones

High angiogenetic proliferation

potential activity



Companson of the effectiveness of radiotherapy with photons and particles for

chordoma after surgery. a meta-analysis S
Treatment 3-y OS 5-y OS 10-y OS
CRT 0.70% 0.46* 0.21*
SRT 0.92 0.81 0.40
Proton 0.89 0.78 0.60
Carbon-ions 0.93 0.87 0.45

*

P-value < 0.001

Zhou J et al, World Neurosurgery 2018
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omparison of human chordoma cell-kill for
290 MeV/n carbon ions versus 70 MeV protons \

In vitro
Photon radiation ] Proton 70 MeV i Carbon 290 MeV/n
2 z 2 LET
2 = [ o
5 S 0.100; \ $0.100
i i : NN 13-20 Kev/pm
> 0.010¢; >
g £ g 0.010 20-30 Kev/um
W W w
000126 & %%y 3 4 & & 0001, RSlUGVY
Dose (Gy) Dose (Gy)
70  Kev/pm
Carbon 290 MeV/n __ Proton 70 MeV
1. S GyatEntrance ; 3 Gy at Entrance
%omo- ﬂ, | 2 0.100!
: o f RBE
s , 2
3 0010 |'||| 50.010 0.89
$
0.001 ' ' L y . . . )
0 5 10 15 20 O000TTTRG TR, Fujisawa H et al, Radiat Oncol 2013
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Adenoid Cystic Carcinoma. ACC

Dose Volume Histogram
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IMRT alone vs IMRT + Carbon lon boost

LC at 4 years
77.5% vs. 24.6%

Schulz-Ertner et al, IJROBP 2003

Pre CIRT Met PET



ACC. Long-term 0OS

GSI/HIT

10-year o
Overall 0.
Survival i3
1}
Ll 11 i H Ell LA} L3 1=1] b 1=l
Time (months)
PO =TS A L Tl
13 | " il i1 Iy - i L b I
photoms 37 30 i 20 15 11 7 £ 2

Jensen A et al, Cancer 2014; Jensen A et al, Radiother Oncol 2015



ACC. Long-term PFS

GSI/HIT

10-year
Progression
Free Survival

i 1 1 Hl L L] LAl 1211 b= 1=l
Time (months)
MraimiDeE s 1l -|.L
cld: nA Tl L R 1% il I : ry
phobon: 37 18 14 0 5 ) 7 §

Jensen A et al, Cancer 2014:; Jensen A et al, Radiother Oncol 2015



ACC at Hyogo. P+ vs CIRT

100 100}
Lh) 920 Carbon ion
50 §0 S —
™ = Proton
:é 60 g 60
'S L) _: 20 p = 0.698
T Z W
50 30
20 20
w| All patients 10 Local Control
0 0
0 12 24 36 48 60 0 12 24 36 48 60
Time (month) Time (month)
Patient at risk, n Patient at risk. n
LC 80 71 49 34 27 17 Carbon 40 34 20 10 6 5
oS 80 74 S5 41 31 20 Proton 40 37 29 24 21 12
PFS 80 04 43 26 16 11
100) 100
90 b ..,_( f ..‘:"_im.'.. 9%
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s 6 L oo |
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- £ -
:’ 40 é 40 p= 0137
50 ;1 30 Proton
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w| Overall Survival w| Progression Free Survival
0 0
1) 12 24 36 48 60 0 12 24 36 48 60
Time (month) Time (month)
Patient at risk,n Patient at risk,n

Carbon 40 s 21 12 7 5  Carbon 40 31 17 10 6 s
Hyogo lon Beam Center, Japan Proton 40 39 s 29 24 15 Proton 40 33 26 16 10 6

Takagi M et al, Radiother Oncol 2014



Hypoxia is predictive of

outcome in H&N cancer

Senda M et al, Ann Nuclear Med xxx

10 (P=0.07)
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Janssen HL et al,
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CIRT at NIRS-Chiba

Pre CIRT 70.4 GyE/16fx/4 wks At S years



CIRT at NIRS-Chiba

MOP  S-year LC  5-year OS

[nstitution (year) Histology Treatment no (mo) (%) (%)
MSCMCC (12) (1970-2001)  Soft-tissue sarcoma Surgery = X-ray £ chemo 112 139 43 3
RMH (21) (1944-19%8) Soft-tissue sarcoma Surgery - Xray = chemo 103 30 4] 30
MGH (22) (1972-1993) Sof{-tissue sarcoma Surgery + X-ray £ chemo 46 50 69 A
UCSF (23) (1961-1993) Soft-hissue sarcoma Surgery + X-ray + Chemo 65 64 66 56
NCI (24) (1985-1996 Osleosarcoma Surgery £ X-rav + chemo 4% 39.]

NIRS (current study) Bone and soft-tissue sarcoma ~ Carbon 1on RT 21310 80.4 316
(2001-2008)

Abbreviations: LC = 5-year local control rate; MOP = median observation penod; MSCMCC = M. Sklodowska-Cung Memonial Cancer
Center; NCI = national cancer mstitute; NIRS = National Institute of Radiological Saiences; OS = 5-year overall survival; RMH = Royal
Marsden Hospatal; UCSF = unersity of california san francisco.

CLINICAL INVESTIGATION

CARBON ION RADIATION THERAPY IMPROVES THE PROGNOSIS
OF UNRESECTABLE ADULT BONE AND SOFT-TISSUE SARCOMA OF
THE HEAD AND NECK

Kencar Jingu, M.D., Pu.D. 1 Hironiko Tsuin, M.D.. PH.D_* Jun-Etsu Mizoe, M.D., Pu.D..*
Azusa HaseGawa, D.D.S.. Pu.D..* Hirokl Bessno, D.D.S.. Pu.D.." Ryo Takacl. D.D.S.. Pu.D..* ea eC a rCO I I a
TAKAMICHT MORIKAWA, D.D.S..* Morio TonoGr. D.D.S., Pu.D..% Hirosui Tsun, M.D., Pu.D..*
f

TApAsHI KAMADA, M.D., PH.D..* AND SHOGO YAMADA, M.D., PH.D. " AND ORGANIZING COMMITTEE FOR
THE WORKING GROUP FOR HEAD-AND-NECK CANCER

From the *Researc

enter 5 (NIRS). Chiba, Japay
'Department of Radiation Oncology. Tohoku Uni

apan; ‘Department of Oral Me I cine, lu o

Comparison of OS and LC

h 70.4 GyE o




CIRT at NIRS-Chiba

a0y p<0.0001
H&N |
8 & “H—H—
Sarcoma 3 |1
6
§ 5\ —+— 704 GyE (n=27)
B 4 L, -—£x-- 576 0r640 GyE (n=14)
9 [
|
E 2
Jingu K et al JROBP, 2012 0.0 v . v v v v .
0 12 24 36 48 60 72 84
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b 1.0
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LC (a) and OS (b) at dose level of 70.4 GyE according to tumor volume



Etude randomisée comparant Phadronthérapie par ion carbone
a la radiothérapie conventionelle - y compris protonthérapie -

pour le traitement de tumeurs radiorésistantes
PHRC ETOILE

Standard Arm

ACC: IMRT integrated boost (2.2Gy/day) up to 66 Gy
High risk CTV: 60 Gy (2.0Gy/day)
Low risk CTV: 54 Gy (1.8Gy/day)

Proton (20 GyE/2.0 GyE/day) + IMRT 50 Gy/2.0Gy/day)
Sarcoma : 64 to 70 Gy, IMRT alone or integrated boost P+
Chordoma: from 66 Gy to 74 Gy (2Gy/day)

If exclusive P+ up to 78 GyE(2GyE/day)

Experimental Arm

ACC: 68.8 GyE in 16 fractions (4.3 GYE each)
Sarcoma & Chordoma: from 70.4 GyE to 76.8 GyE/16
fractions/ from 4.4 GyE to 4.8 GyE each



Pancreatic cancer
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Pancreatic cancer

Treatment Dose 1-y OS 2-y OS

SRT 25Gy/1 21-50% -
25-30Gy/3-6 41-78% 18%

Protons 25Gy/5 - 42% (with surgery)

59.4Gy/33 - 31%

50-67.5Gy/25 76.8% -

C-12 preop 30.36.8Gy/5 69% 42% (5-)

C-12 radical | 43.2-55.2Gy/12 3% 35%

Sweet PN & Herman JM, Cancers 2018, modified



C-12 ongoing randomized trials

Study

nstitution

Condition

BAA-N01CM51007-51

C-12 versus IMRT

NC

I/Shanghai

Phase /111

Locally advanced
pancreatic cancer

CIPHER: C-12

versus IMRT (+ CT)

STUDY SCHEMA

Randomization

Stratify by carbon
site (Japan or
Europe) and
anatomic site
{head or other)

*55.2 Gy in Japan; §7.6 GyE i
** 4 cycles of gemcitabine+ n

Dallas/NIRS/

CNAO

Arm A:

Carbon lon
Radiotherapy (552 or
576" GyE in 12
fractions) plus
concurrent gemcitabine,
followed by
chemotherapy™

Arm B:

Conventional
Radiotherapy (50 4 Gy
In 28 fractions) plus
concurrent gemcitabine,
followed by
chemotherapy™

n Europ
ab-pacli

e: biologically effective dose
paclitaxel, or until progression or

Locally advanced
pancreatic cancer

toxicity

Follow for overall
survival, time to local
failure, progression-
free sunvival, and

s are identical
intolerance of therapy



CIRT at NIRS-Chiba

Malignant Melanoma
57.6GyE/16fr/ 4wks

53 months




CIRT at NIRS-Chiba

Author No. Tumor location Treatment modalities 5-year OS (%)
Gilligan 28 Sinonasal Radiotherapy 18
Shibuya 28 Upper jaw Radiotherapy +/- surgery 25
Shah 74 Head and neck Surgery +/- radiotherapy 22
Chaudhry 41 Head and neck Surgery+/— radiotherapy+/— chemotherapy 17
Lund 58 Sinonasal Surgery+/— postoperative radiotherapy+/
—chemotherapy (BCG, melphalan) 28
Pandey 60 Head and neck Surgery+/— radiotherapy+/— chemotherapy 28*
Chang 163 Head and neck Surgery+/— radiotherapy+/— chemotherapy 32
Patel 59 Sinonasal and oral Surgery +/— postoperative radiotherapy+/
—chemotherapy 35
Stern 42 Sinonasal and oral  Surgery+/- radiotherapy+/— chemotherapy+/
—immunotherapy 40
Guzzo 48 Head and neck Surgery+/— radiotherapy+/— chemotherapy+/
—immunotherapy 21
Wada 31 Head and neck Surgery+/- radiotherapy+/— chemotherapy 33*
_____________________________________________________________________________________________________________________________________________________________
NIRS-1(9602) 100 Head and neck Carbon ion radiotherapy 36

NIRS-2(0007) 82 Head and neck Carbon ion radiotherapy+ chemotherapy 62



Modern Oncology
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Molecular biomarkers

for radioresistance

| p53
. 4

l

Proliferation ==

Radioresistance

Tailored Hadrontherapy

Biomarker

T i ~_ Hypoxic microenvironment B i O m a'r k e r S

may allow
molecular
profiling
of individual
tumors

Angiogenesis

Sox2(+)Octd(+) (Shen 2014) 3 ._.|_.
Stn-2 (0S) (Shen 2014)s Lt
HIF2a (Jim 2011)s T
Lgals1 (LR) (Huang 2013)4 —t—t
ATM (Roossink 2012} it
B-cat () (Zhang 2014)s N m—
Opn(+)Ecad(+) (Huang 2015)4 3 —t
Bcel2(+)Bax(+) (Wootipoom 2004)4 l-—+—l
ANp73 (Liu 2006)4 ——
IASPP (Cao 2013)4 |—’;‘
T T T Trrrm T T TIT T Tr=TrTrrmrm
0.1 1 10 100

Hazard ratio

Kilic S et al, Ann Transl Med 2015



OER (x-rays vs Carbon lons)

Dose (GyE)

DOSE (rods)
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——

TCP (%)

TCP (%)

Relative clinical effectiveness of carbon |
ion radiotherapy: theoretical modelling for !
H&N tumours
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Survivirg Fraction

- Carbon ion beam combined with cisplatin

effectively disrupts triple negative breast
cancer stem-like cells in vitro
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Sai S et al, Mol Cancer 2015
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CIRT for breast cancer

“4 < IDC, TINOMO, age = 60 year old
< ER+, HER2-, no LVI, no EIC
% 48.0 GyE, 52.8 GyE, 60.0 GyE

| “» Four fractions in a week

.~ <+ 12.0 GyE, 13.2 GyE, 15.0 GyE

< Surgery 90 days after

i < 14/21 pCR (66%)

| <+ One PD

“* No G3 skin toxicity

Anonimous,
San Francesco Church, Matera, Italy

Karasawa K et al, Int J Radiat Oncol Biol Phys, 96:25 suppl 2016



RT is immmunogenic

Untreated : RT (5 Gy)
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Immunogenic cell death

Localized RT induces cell death and release of
Immunogenic factors, which subsequently
triggers the release of a number of endogenous
damage-associated molecular patterns (DAMPS)




RT-induced ascopal effects and

out-of-field lesion regression

DAMPS  cell

fasises 2 Asnligen caplure & ! Lymph node

3\ - Dandvitic cell getivation
<N “\ Irradie s d f 1 pawee
‘.‘\ medasissis Y [— \
\ AY
)/Y ovstant - ’A

Cytotc;Xic T Lymphocyte Antigen 4 (CTLA-4)
Ipilimumab
Anti-Programmed Cell Death 1 (PD-1)

Programmed Death-Ligand 1 PD-L1)
Nivolumab/Pembrolizumab






