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Roberto Orecchia
Chair of Radiation Oncology at the University of Milan
Scientific Director at European Institute of Oncology in Milan and
at The National Centre of Oncological Hadrontherapy in Pavia
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Working Group

1998, 2003, 2008, 2009

2500 estimated new patients/year

to be treated by hadrons

___________ essere adoftate in quasi 20% dei casi di
alcune categorie di tumori radioresistenti

= Le principall patologie necplastiche trattabili
con ioni sono: | tumen delle ghiandole
salivari, i melanomi mucosi delle VADS, i
adenccarcinomi dei seni paranasali, |
sarcomi ossel e dei tessuti molli e 1
epatocarcinomiftumori pancreatici e delle vie
bilian

310

564 6.236

Patologie esclusig Patelogie Totale
consigliabili

[ Melanoma uveals

« Ad oggi I'applicazione della terapia a ioni
Carbonio & piuttosto limitata, tuttavia in
futuro si prevede una crescente estensions

Fonte: Aire

Casi tumori Casi non del campo di applicazione
radioresistenti trattabili con ioni con icni
Fonts: Airo MIL-0101-08512-004-065-02 |

Regione fondqzionec NAL
Sistema Sanitario * Lombardia

Centro Naozionale di Adreterapia Oncologica



CNAO in Pavia !

dual center
1 active scanning
e ﬁerviziomedico@cnao.it | Protons /Carbon lons

| http://folder.cnao.it It;" )
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Regione fondczionec NAL
Sistema Sanitario % Lombardia C

entro Nozionale di Adroterapia Oncologica

| Synchrotron P-C 400 meV/u |
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National
Started since Januar




fondazione C N AQ—
PROGETTO DI SPERIMENTAZIONE CLINICA Presented to:
ACURADI:

Ermminio Borlon: - Presidents
Roberto Orecchia - Direttore Scientifico
Sandro Rossi — Segretano Generale @ Direttore Tecnico

- Italian Ministry of Health
- Lombardy Region

Protons

IL CENTRO NAZIONALE DI ADROTERAPIA ONCOLOGICA
Strada Privata Campessi - 27100 Pavia

Carbon

= Main Tasks:

- Dosimetry characterisation

% - Radiobiology characterisation

e - patient treatment

Licizions 2l Registro dalle Persons Gamdiche della Prefern dd ML ..
PIVAn 03491780965
Codce Frucale n. 97301200156



Proton Raiobiology

3 cell lines: HSG (human salivary gland tumour), T98G (human
glioblastoma), V79 (Chinese hamster lung fibroblast)
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Group Leader: -
Yoshiya Furusawa, Carbon ions

NIRS, Chiba

Animals




Comparison of RBE results
(CNAO vs GSI \ NIRS)

Dose (Gy)
5 10
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crypts fcircumference
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== -NIRS

ELSEVIER daoiz L0 T016/).ijrobp. 2008, 12.021

BIOLOGY CONTRIBUTION

COMPARISON OF BIOLOGICAL EFFECTIVENESS OF CARBON-ION BEAMS IN
JAPAN AND GERMANY

Axko Uzawa, M.Sc..* Koicar Anpo, D.M.Sc.,” Sacuko Koke, M.Sc..* Yosurva Furusawa, Pu.D.,*
YosHITAKA MaTsumoTo, PH.D..* NosuHKO Takal, PH.D.,* RvoicHt Hravama, PH.D.*
MASAHIKO WATANABE, M.Sc.,* MicHAEL ScHoLz, Pu.D.,” THiLo ELsisser, Pu.D.."

AND PETER PESCHKE, PH.D.!




2014 - 2015 Activity [l

Patients: 553 (732, including the experimental phase *)

Proton
Conventional fractionation
Patients: 107 @4, %

- Synchrotron Operation: H24, 7/7
Car b on ion Maintenance: 4/year - 5 days each
. - (Thursday to Tuesday)
NIRS fractionation Treatments: Mon to Fri — 8:00 to 21:00
- . QA: Mon to Fri —0:00 to 6:00
Patl entS . 446 (95, *) Beam time for research over week-ends




All clinical results from Japan
(NIRS, Hyogo and Gunma) are
based on Kanal Model

* All clinical results from Europe
(GSI, HIT and CNAO) are based on
LEM | Model with an idealized
chordoma cell line as reference
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Physical dose in SOBP

1.8

1.7

16

1.5

1.4

1.3

1.2

1.1

CNAQO 4.45
GYE gn——~

10P PuBLISHING PHYSICS I MEDICINE AND BIoLOGY

Phys. Mcd. Biol. 57 (2012) 7543-7554 doi:10.1088/0031-9155/57/22

Dose prescription in carbon ion radiotherapy: a
planning study to compare NIRS and LEM
approaches with a clinically-oriented strategy

3, Silvia M . Naruhiru Matsuf
Mario Ciocca', Alfredo Mirandola', Andrea M
Junetsu }, Azusa Hasegawa’, Reiko Imai’,
Roberto Orecchia'>* and Hirohiko Tsujii®

Piero Fossati' >

e adashi Kamada”,

ica (CNAO), Pavia, Italy
diche, Universiti di Milano, Milano, Ttaly
herapy. National Institute of Radiological Sciences

Centro Nazionale di Adroterapia Oy

Scienze
| * Rescarch Center for Charged P
Chiba, Japan

* Istituto Europeo di Oncologia, Milano, ltaly
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Final results

Prescription doses (GVE)

(16 fractions, 4 fractions per week)

NIRS dose CNAO dose
Opposed ports Orthogonal ports Single port
Indication
quadratic errors quadratic errors quadratic errors MC

Cubes | Spheres | Cubes | Spheres | Cubes | Spheres Spheres

Headand necknonmesenchmalancer |3 661 420 | 415 | 420 | 415 [ 420 | 415 | 419
drallbuechormamthondrosreont | 380 | 435 | 430 | 435 | 430 | 435 | 430 | 433
Headandnecknonmesenchmal Gcer ) g 00 | 450 | 440 | 450 | 445 | 450 | 445 | 447
>pumal chordoma and chondrosareoma |- g9 | 465 | 460 | 470 | 4.60 | 470 | 460 | 464
Head and neck sarcoma 440 | 480 | 470 | 480 | 470 | 480 | 470 | 475
Bone and soft fsue sarcoma 440 | 480 | 475 | 480 | 475 | 480 | 475 | 478




Before After 9

4.3 GyE x 16 fr

- 68.8 GyE months

treatment



Phase IT (9602) for Malignant Head-and-Neck Tumors
Local Control according to Histological Type (Apr 97~Aug 10)

1
9
.8
i g
= .6
25 CNAO mean FU 12 months
S local control 73/78 (94%)
E 4 5-year Local Control Rate
3 ACC (139) 80%
MMM(102) 79%
2

Adeno(48) 81%

SCC(23)

—

0 12 24 36 48 60 72 84 96 108 120 132 144 156
TIME IN MONTHS



ocal Control.

—_,—'——__W
L MMM CNAO —

:
Regione fondczionec NAL
Sanitario % Lombardia Ceniro Nazionale di Adroterapia Oncologica
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Carbon lon Radiotherapy for

Mucosal Malignant Melanomas
(Apr 97~Feb 11)
Local Control Overall Survival
Chemo-C-ions (n=96)

19 5-year; 81% ; Chemo-C-ions (n=96)
i . - 5-year; 58%
8 Imﬁ'?“-'l{ 8
77 Wt 7
£.6] C-ions alone (n=102) Z.67 p=0.0019
251 5-year; 79% 257
S 41 9 41 CNAO mean FU 12 months,
3 NG 1% h 3 OS 7/9 (78%)
9 mean months, ,] | )
q local control 9/9 (100%) "] Cjjons alone (n=102) -
' 1 5iyear; 35%
0 12 24 36 48 60 72 84 96 108120132 0 12 24 36 48 60 72 84 96 108120132

TIME IN MONTHS TIME IN MONTHS



2014 - 2015 Protons [l

Patients: 107 (+84*, total 191)

Chordoma & Chondrosarcoma: 27 (+44%

Meningiomas: 25
Brain: 12
Recurrent H&N: 19

H&N Boost (mixed IMRT): 22

Other: 4
*

Treated in the

experimental phase



2014 - 2015 Carbon lons e

Patients: 446 (+ 95, total 541)

Bone & Soft Tissue Sarcoma **: 191 (+ 309
Salivary Glands: 113 +19%

Mucosal Melanoma: 12

Recurrent H&N: 80

Primary H&N: 16

Pancreas / Liver: 11/4

Recurrent Rectum: 8

Other: 4 S Experimental phase

*% .
Including chordoma &
chondrosarcoma
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Proton Therapy for Skull Base Chordoma
| .. T

95.00 %
10,00 %

STUDY 6 STt e STUDY 6
24-Jan-13 24-Jan-13 24-Jan-13
12:58:59 PM > 1:05:04 PM > 12:59:03 PM r
21IMA 21/50 Y 4 IMA 23 /45 21MA 24 /50 |

R - IARF R
. g
P B ]
i 10cm
N ]
v 10cm
MF 1.00 J MF 1.00 > - /
» A \ X
TR 7822.1 ore |l TR 7850.0 \~&\
TE 76.0 TP Fa5 || TE 75.0 - < Tp 225 TR7822.1 D/H
TA02:13 sP F28.9 | TA01:58 1\ SPR11.6 JE76.0 TP F4
BW 260.0 SL 3.0 §| BW 260.0 L 3.0 TA02:13 SP F39.
p2 M/DIS2D FoV 203250 f| p2 M/DIS2D FoV 255+320 BW 260.0 L 3.
250"384s —— 214384 P2 M/DIS2D FoV 203+25(
A2/FS Tra §J A2/FS >Cor(7.. 5)>Tra( 2 4) 2503849
T:HEAHEP;NE1,2 w 1398 lf THEAHEP;NE1,2 § A2IFS Trd
*tse2dirs14 / 122 C 648 i tse2dirs14 / 150 A & &858 T:HEAHEP;NE1,2 W 1309
*tse2dirs14 /122 c 59
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Proton Therapy for Skull Base Chordoma

At 24 months -

Good condition, no symp‘toms.
Acute Toxicity scale CTCAE v4.0: GO
Late Toxicity scale CTCAE v4.0: GO



Proton plan

At 1 cm the dose falls
down from 76% to 36%

Carbon ions plan

At 1 cm the dose falls
down from 102%
to 22%




CIR+ for Skull Base Chondrosarcoma
May 2014




Particle Radiation Therapy for Tumors
of the Skull Base at CNAO 2011-2015

Mean FU Local Local
(months) Failure Control %

Tot PT CIRT

Chordoma 88 43 45 20 ! 92

Chondrosarcoma 23 10 13 22 1 05.6

All local failures > brain stem compression / proximity
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CIRT for Skull Base Chordo

Female, 72 years old

24-05-2012 TC : _ ,
lesion of skull base AR
region ; -

14-06-2012 MRI :

solid lesion 39 x 37.4 x
36.4 mm with B S
compression and
Invasion the sphenoid
sinuses, the chiasm
abutting the cavernous
sinus



CIRT for Skull Base Chordoma

We ask for a new
debulking surgery and
decompression of the
brain stem

26-07-2012:
trans-nasosphenoidal
surgery

El: Chordoma




CIRT for Skull Base Chordoma .

30/11/2012 Second surgery 18/02/2013- 14/03/2013

A

Carbon
lons (CIRT)

IMPT

total dose 70.4 Gy

4.4 Gylfraction

16 fractions,
4 friweek




Particle Radiation Therapy for Tumors |

of the Skull Base at CNAO 2011-2015

End of IMPT At 3 months At 6 months
G3; G3;
2% 1%
G2; 3 G2;
GO; 16% 18%
= @ = @
\\\_/ .\\_/

G2
10%

2%
At 18 months ”

GO
56%

. . \\p
Late toxicity

G4

1 pt complete visual loss one side
1 pt Complete hearing loss

G3

- 1 Sympthomatic Brain necrosis
- 3 Hypopituitarism

- 2 Chronic middle ear infectious
- 2 visual field deficit




CIRT for Sacral Chordoma

= /
- s o

G‘ki.n toxicity



Surgical spacer placement

SIEMENS  Molinelli Silvia Server: svpvtps003

e
Al ITx. “ning

% Loc. =80.50 GyE,
Giob. = 82.07 GyE

Silicon spacers

Width 5-6 mm




Surglcal spacer placement

Do»s vwrmuabomm
e TEAGYE NSEFFECTIV 104 GyE EFFECTIVE

®09

Uoss m Lyt

With spacer: dotted lines
W/out spacer: continous lines
Green lines: digestive tract

Plan comparlson study on different CT from
the same patient selected for spacer positionnig



Uncertainties in the
definition of volumes
and greater uncertainty
In the dose distribution

SIEMENS Fiore Maria Rosaria Server: svpvtps002

Tx Planning CEN || CALABRESE, aURy

Define Tx Plan

BBHOEO
Type:
L IR —
% g‘! :;\:: \. “\I : Positioning

Beam Setup

RT Navigator { 3 g 106m

Structures

Name Type | Vol [cem] ~
|5 OR... 5493
O metal OR... 3013

B nenve roots R OR... 157

Beam Setup Pos. Verification >atch Plane




New

implants
in titanium/
carbon fiber

AN &)

Titanium

Evaluation of imaging
artefacts and impact on
# contouring uncertainties

Evaluation of
Interference effects




Reirradiation: 80 patients

70 pts Conventional Fractionation: mean dose 61 Gy (45 - 76 Gy)
6 pts Hypo Fractionation (3 Gyx10 fr or 12 Gyx4 fr)
4 pts receved two previus courses of radiotherapy (CF + HF)

Mean time to reirradiation: 56 months (range 7 — 216 months)

Particle radiotherapy
Carbon lons ( 72 pts) Protons ( 8 pts)

Total Mean 53 Gy RBE Mean 58 Gy RBE
Dose (range 12—-74 Gyeq) | (range 50-70 Gyeq )
Dose per 2.5-48 Gy RBE 2 Gy RBE

Fraction




ain Goal: OARs Sparing

SIEMENS ]
bt

Tx Planning

Fx Sequence

#79131

STUNY 29 Apr 2015
29 Apr 2015
13:34:14




Late toxicity (overall)

W H&N o
Acute_toxicity

11 Pelvis
M Skullbase
L CNS | ‘ : GO
Pelvis 5 G1
.1 Others = G2
2
GO 19
G1 m::;f
mG2
mG3

H&N



1y OS 65%

oS

Reirradiation.

100

90 i
80 i
70}

60 |-

501

Number at risk
80

5 10 15 20 25
Time

52 35 16 8 2

30

100

80

60

40

30}

Reshlts

1y LC 50%

LC

90}
70}

50}

5 10 15 20 25
Time

Number at risk

48 26 13 7 0
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And in the next

*Further improvement in NIRS/CNAO conversion
RBE dose model

=Radiobiology

"Eye melanoma treatment [—_—_——————"

=Moving target treatment



Absorbed Dose RBE-weighted Dose

Case description CTV Daps|so% ratio (%) CTV Draegjsos ratio (%)
Energy SOBP MC&LEM CNAO MC&LEM CNAO
(MeV/u) (mm) Dabs (%) | A B DrgE (%) I A B
SOBP 290 60 0.2%+0.2
SOBP 400 70 1.7%0.1
Prostate 400 70 1.1£1.1 -1.3 -21.7 -3.2 14.8£2.6 14.5 0.3 15.6
AdC
(3.6 Gy
(RBE)urs 400 70 1.1£+1.2 -0.6 -19.1 -2.5 15.6%+2.4 14.8 0.3 15.6
Head
('2((:33) 290 80 2.4x55 -1.8 -13.2 0.0 11.7x2.7 12.0 2.0 12.2
(RBE)nirs
Head (Sq
CC)
4 Gy 290 70 2.4%+2.8 -1.8 -14.7 -0.6 9.1%+3.7 10.0 -0.5 9.5
(RBE)niRrs
400 70 1.6x1.5 -2.0 -12.9 -5 5.9%+2.5 5.2 0.0 4.3
Pancreas
AdC
400 90 1.5x1.6 -2.4 -13.2 -3.9 7.8x£1.0 5.9 0.0 4.3
(4.6 Gy
(RBE)nirs
400 80 1.3*+1.1 -2.5 -10.4 -4 6.5+2.8 4.8 0.7 5.0

NIRS beamline was simulated with a MC code. CT scan, structure set, plan and dose
files of treatments at NIRS wre exported in DICOM format, for 3.6, 4, and 4.6 Gy
(REB) per fraction nominal prescription dose. MC code was interfaced with LEM |
to calculate, according different RBE models, the NIRS physical dose



The main topics for the radiobiological research in CNAO comprise
tissue, cell and molecular experimental activities aiming to investigate
the mechanisms of response after particle irradiation.

v'"Mechanisms of radioresistance
v'Healthy tissues and microenvironment response

v Effects of existing and/or new radiosensitising agents with high LET
radiations

v'Low doses effects

V...

Collaboration with INFN radiobiology groups
(MI, NA, ISS, PV, Roma3, LNL) (continue...)




INFN-founded Research project 2015-2017
ETHICS

Pre-clinical experimental and theoretical studies to improve treatment and
protection by charged particles

Understanding the underlying action mechanisms on normal cells by charged particles
used in medicine to reduce the risks for human health

— The experimental activity of the CNAO Unit within the WP-1

will be dedicated to the evaluation of the effects of sublethal
doses of different radiation qualities on the stroma mechanisms
regulating cell adhesion and migration (risk of metastasis).

— Effects of paracrine diffusible factors secreted
by fibroblasts irradiated with varying radiation quality on
the adhesion, proliferation, migration and invasion of
pancreatic cancer cells



C Mosci et al. Proton beam radiotherapy of uveal
melanoma: Italian patients treated in Nice, France.

Eur J Ophthalmol 2009: 19(4): 654 - 660

Target

Eyve Local
Reference
Svystem

\(n"u\
1

Pupil Center

IR Light Sources Torsion

Comea Center

noninvasive tumor localization

Schematic representation of the
eye tracking method. The glints
and the pupil center are
recognized on the calibrated
camera images and their 3D
position is calculated through
triangulation. The 3D cornea
center is localized at the
intersection of the virtual lines
connecting each IR light sources
and its respective glints. An eye
local reference system is created
starting from the optic axis that
connects pupil and cornea
centers. The assessed eye
torsion is then taken into
account by rotating the local
axes around the optic axis. The
coordinates of the target with
respect to the eye local
reference system are estimated
during treatment planning.

Via R et al. Optical eye tracking system for real-time
In  external beam

radiotherapy. Med Phys 2015 May;42(5): 2194-202.



Non invasive eye tracking system for intraocular
tumor localization in proton therapy treatment

’ ' POLITECNICO DI MILANO




4D I\/Iovin organs treatment

 Reducing respiratory motion
(less than 5 mm) using thermo-
plastic mask or compression 4 gating 5 rescanning
band

* Multiple fields (2-3) and
fractionated treatment

» Gating (reference phase: max
expiratory. Anzai system and
OTS) + rescanning (N = 5)




Liver cancer
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A dream......,
but we are now working
to realize
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py New Year to all of you
from the CNAO team




