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Clinical activity in CNAO: a handful of numbers

CIRT
52%
(1793 pts)

Protons
42%
(1407 pts)
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CIRT treatments

SETTING OF CIRT TREATMENT

Definitive (naive-rec)
38%

Re-irradiation
23%

Palliative
9%

Post operative (naive-rec)
30%

11% of pts received systemic therapy before and/or after CIRT

22/06/2021




CIRT treatments

CIRT ACCORDING TO ANATOMICAL DISTRICT

PROSTATE
3%

NEURO-ONCOLOGY
16%

VERTEBRAL COLUMN
14%

PELVIS
10%

THORAX/ABDOMEN
5%

HEAD AND NECK
51%

22/06/2021

CIRT ACCORDING TO CANCER

Mucosal melanoma
8%

Extra-axial cancers ’

3%

Intra-axial cancers
1%

Salivary gland cancers

34%

Others
5%

OLOG
pithelial non-
glandular cancers

2%

Soft tissue tumours
11%

Bone tumours
36%




Selection Criteria for CIRT
(Rare)/Radioresistant/recurrent tumors

Dose Volume Histogram

Normal tissue
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Potential advantaaes

Dose High tumor dose, normal tissue sparing
RBE Effective for radioresistant tumors
OER Effective against hypoxic tumors

Cell-cycle : S
dependence Radioresistant (S) phase cells are sensitized

- . Fractionation spares normal tissue more than
Fractionation tumour
dependence

Angiogenesis Reduced angiogenesis and metastatization

Immune effects Systemic effects in combination with

immunotherapy
Tinganelli, Cancers 2020




Adenoid cystic carcinoma (ACC) of the Head
and neck

March 2013- June 2020

= Main pts characteristics

255 pts: 117 M; 138 F

Median age: 56 years (range: 20-89) = Radiotherapy treatment:

= Naive pts: 70%; Recurrent after S (no previous RT) pts: 30% > Settings:
= Site:paranasal sinus/NP 44%; parotid 21.6%; v definitive RT: 82/255 (32.1%)
v H . o/).
submandibular: 15.5% postoperative RT: 173/255 (67.9%):
o RO: 18.1%
= Stage: T4:58.8% (T4 unresectable 32%); T3:19.6% o R1: 34.9% (36% multiple)
o R2:47%

Positive node(s): 10.3%; Oligometastatic stage: 9.3%
» Beam quality and fractionations:
v’ CIRT: 4.3 Gy[RBE] FS/16fs/ 68.8Gy[RBE] :
65%

v" CIRT: 4.1 Gy[RBE]FS/16 frs/ 65.6Gy [RBE]:
13%

v" protons: 2 Gy[RBE]FS/27-37 frs/54-74Gy
[RBE]: (22%)

microPNI: 96.4%; macroPNI: 25.7%

v’ SEQ strategy

Unpublished data



Outcome results

MedianFU: 33 months (range: 3-89 months)
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Toxicity

= G3 acute toxicity:

» mucositis: 38 patients (23%)
» erythema: 3 patients (2%)

= G5 late toxicity: vascular toxicity: 1 patient
= G4 late toxicity:

» epidural abscess: 1 patient
» radionecrosis: 1 patient

= @G3 late toxicity:

» osteoradionecrosis: 8 patients (5%)
» soft tissue necrosis: 4 patients (2%)
» neuropathy: 4 patients (2%)

GO 1% 12%
Gl 21% 22%
G2 53% 47%
G3 25%

G4 /

G5 /

GO
= @G3 grade acute toxicity: erythema: 1 patient G1
= @G3 grade late toxicity: decrease of vision: 1 patient -

G3

#
/ 7%
G1 3% 35%
G2 81% 53%
G3 16%

/ 10%
41% 47%
56% 40%

=  G3 grade acute toxicity (16%):
» mucositis: 4 patients (7%)
» erythema: 4 patients (7%)
= G3 grade late toxicity (5%):
» hearing loss: 2 patients (4%)
» necrosis of the surgical flap: 1 patient

Unpublished data



Mucosal Melanoma of the Head and neck

June 2013- June 2020
= Radiotherapy treatment:
» Settings:
v' definitive RT: 30%
= Main pts characteristics V' postperative RT: 70%

v" Macroscopic disease before CIRT: 80%
» GTV volume:

* 40 pts; F62,5%, M 37,5%

* Median age: 70 years (range 39 — 87)
v' All pts: 27 cc (range 0 — 276)

= Naive pts: 77%; Recurrent (no previous RT) : 23%
v’ unresectable+R2 cases: 137 cc (range 5 —276)

* Site: Nasal cavity: 77,5%; Paranasal sinuses: 12,5%
v" Preop mean GTV volume: 52 cc (range 5—141)

= Stage: T3:42.5%; T4:57.5% v
» CIRT fractionations:

v 4.3 Gy[RBE] FS/16frs/ 68.8Gy[RBE] : 45%
v' 4.1 Gy[RBE]FS/16 frs/ 65.6 Gy [RBE]: 55%
v SEQ strategy

= Adjuvant immunotherapy:46%

Unpublished data



Clinical results

MedianFU: 18.8 months (range: 3-89 months)

Local control
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Better LC:
- Nosurgery or only one surgery before CIRT
(p=0.004)
- Naive T status vs recurrent (p=0.004)

26/06/2021 Unpublished data



Progression—-free survival Overall Survival
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Better PFS: Better OS:
- Naive T status vs recurrent - - T3 stage vs T4 (p=0.01)
- (p=0.03) - Age (as continuous variable)
- Complete Best radiological
response (CR vs non-complete)
(p=0.004)

- T3 stage vs T4 (p=0.01)

22/06/2021 Unpublished data




Toxicity

Acute max toxicity (during/end of CIRT):

G3

G3 events:
1 eritema
1 mucositis

No > G3
acute tox
@ 3 months

06/06/2021

Late max toxicity > 3 months (evaluable for 30/40 pts)

G4 G3 events:
1 pt 1 unilateral hearing impairment
G3 3% GO

1 unilateral visual impairment

G4 events:
1 unilateral visual loss

Unpublished data




Re-irradiation of SGCs

Table 1
Major patients and radiotherapy characteristics.
Patients and treatment characteristics M (%)
Sex
Pale 27 (53)
1
Female 24 (47) = November-2013-September2016
Mone 1{2)
One 10 (19.6) n
o 5D 51 pts
ree 10 (19.6 .
. 701.7) * Median CIRT dose 60 Gy[RBE]/ 3Gy[RBE] FS
Adenoid cystic carcinoma 38 (745) .
Mucoepidermoid carcinoma 5(118) =  Median follow-up: 18 months
Myoepithelial carcinoma 3({58)
Carcinoma ex pleomorphic adenoma 2{39)
Mucinous adenocarcinoma 1{2)
Ductal adenocarcinoma 1{2)
Site of retreatment
Parotid 17 (33.3)
Mazal cavity 5 {9.8)
Masopharynx 3{59)
Mandible 2 (349)
Maxillary sinus 5({9.8)
Hard palate 3(59) 1.0
Ethmoid 3(59) -
Para-pharyngeal space 3 {59)
Oropharynx 1{2)
Lacrimal gland 2 (3.9) oad
Soft palate 1{2) -
Tongue 1(2)
Retromolar trigone 1{2)
Pterygopalatine fossa 4(718) > 0.6- Overall Survival (OS)
Reirradiation stage F %
T2 1(2) 2
T3 5 (9.8) 2
rcTda 26 (51} [
rcT4b 19 (37.2) a 0.4 T ——— . e
rcM0 46 (90.2) ocn onro ( ) TOX'C'ty
rcN1 4(7.8)
rcMzh 1(2) 0.2 Table 4
MO 45 (88.2) Acute and late toxicity at last follow up.
M1 6 (11.8)
Prior KT courses i ) ° ACUTE TOXICITY LATE TOXICITY
La] 46 (90.1 T T T T T 1
T 5 (9.9) o 10 20 30 40 50 60 N (%) N(%)
;I:‘I(’;’r;:té;;n:ﬁu‘.unls;hﬁm . Follow-up in Months Go 11(21.5) 14 (27.5)
Y * .
3.0 Gy [RBE)/fr = 16 fr 3(5.8) g;mbm atsn:k as 34 30 30 30 e 15(37.3) 4 (18]
3.0 Gy [REE]ffr = 18 fr 10 (19.6) e 51 46 as 25 16 16 G2 19 (27.3) 19(37)
3.0 Gy [RBE|/fr = 19 fr 1(2) G3 2(39) 9(175)
3.0 Gy |[RBE|/fr = 20 fr 15 (29.4) Fig. 2. Local control (LC) and overall survival (OS) following reirradiation with CIRT
3.0 Gy |[RBE]/fr = 22 fr 2{39) in a series of inoperable recurrent salivary gland tumors treated at CNAO.
3.75 Gy [RBEL/fr = 16 fr 1(2)
4.0 Gy [RBE|[fr = 14 fr 1(2)
4.0 Gy [RBE|jir = 15 fr 6(11.7)
4.0 Gy [RBE|[fr = 16 fr 1(2)
43 Gy [RBE]ffr = 16 fr 9 (17.6) . . .
5.0 Gy [REElfr = 12 fr 1¢2) V|SCh|0n| B, RO, 2020




Skull base chordoma

= November 2011- December 2018

= CIRT: 65 pts (unfavourable)
= PT:70 pts

= CIRT dose: 70.4 Gy[RBE]/ 4.4Gy[RBE] FS

= PT dose 74 Gy[RBE]/ 2 Gy[RBE] FS

22/06/20}annalfi A, Neuro-Oncology 2020
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Table 1 Patients” characteristics

Sex

Male

Female

Age, v, madian (renge)
Treatrnent

Primary

Recurrent

Alm of the treatment
Postoperative
Exclusive

Resection status
Complete

Imcomplate

Only blopsy

Surgical technigue
Endoscopic endonasal
Other approach (transcranial)
Mot known

Surgery (np

1

=1

Brainstem abutment andior compression

Optic path L and/or

Mot evaluated *
Visual defect
W
N
Mot eveluated
Diplopla
¥
M
Hearlmg impairment
W
N
Pituitary dysfunction
N
¥ {1 hormenal deficit)
¥ (=1 hormonal deficis)
Cranial merve deficit
W
N
GTV, em?, median (range)
Dose, median (range)

22 (18]
113 (84)

82 (61}
63 (39}
67 (13-81)

107 (79)
28 (21}

130 {36)
54}

18 (14}
115 (85)
1 {1}

12 (83)
13010}
10 (7)

77 (87}
58 (43}

31 (23}
103 (77)
1

{8
123 {92
1

24 (18]
10 (81}
11}

55 (41}
80 (53}

B2 (46}
73 (54}

12 {82.9)
10 (7.4)
13(9.6)

58 (43}
77 (57}
7 (0-89.3)

17
54(83)

42 (85)
23438)
581(13-81)

48171)

19429)

61(94)
48]

aio
54198)
142)

55 (84)
5148l
51481

34(52)
31 448)

14422)
51 (78]
i)

58 (89)
T
ool

17 (28]
48(74)
oo

28143)
37157)

281(43)
37157)

B14{78.4)
7i10.8)
7i10.8)

35(54)

30 445)

1310.4-82.4)
70.44{70.4-70.48)

1 (18)
69 (84)

40 (57)
30 (43)
63 (17-81)

61 (87]

a{13)

69 (39)
141

13 (27}
511(73)
oio

67 (82)
B{11)
E17]

43 (1)
27 (39)

17 (28)
B2 (78]
i

64 (34)
48

Hm}-
62 (89)
1

27133)
47 |67)

34 (49)
36 (51)

61{821)
343}
B (8.6}

23 (33)

47 (67
3.5(0-99.3)
T4 (T2-74)

0374

0.1388
0019

<0.0001

0.285

0671

0579

0016

0.5M5

oszx1

0303

01014

00001

Abbreviations: *0Only CT imaging, CIRT: carban ion radiotherapy, PT: proton therapy, ¥ yes, N: no, GTV: gross target volume, KPS: Karnofsky performance status.




Clinical results

MedianFU: 44 months (range: 6-87 months)

Local control Overall survival

A 5 Late toxicity

3%
)% Table 3 Late toxicity profile for the entire cohort of patients (PT
/0 + CIRT)

High grade late toxicity MNo it ]

its o
88
12
G3 13 i
G4 3 6
88

CTCAE high grade Na 19
P=0.15 P=082 late toxicity
0.0 0.0

0.4 0.4 Yes

0.2 0.2 4

T T T T T T T T Ear
1] 12 24 36 48 60 o 12 24 36 48 &0 G3
Months Months

G4
Endocrine
G3
G4
Eye
G3
G4

Mervous
systemn disorders

G3
G4 o

MW o= m

Fig.1 Kaplan-Meier curves of local contraol (LC) (A) and overall survival (0S) (B) for PT and CIRT.

W kN B S = = =2 @

W

Abbreviations: PT: proton therapy, CIRT: carbon ion radiatherapy,
CTCAE: Commaon Terminalogy Criteria for Adverse Events, G: grading.

22/06/2021 lannalfi A, Neuro-Oncology 2020




Axial and pelvic bone tissue sarcoma

= January 2013 to September 2018
= Median follow-up :(range=4-61 months)

Table II. Patients characteristics.

Patients=54 N (range or %)
M:F 32:22
Age 50 (18-79) 1.01
Histologic subtypes
Osteosarcoma 13 (24%) 0.9
Solitary fibrous tumor 3 (6%) 0.8- -
Chondrosarcoma 21 (39% o)
Other 17 {ﬁ&f}ﬁ) 0.7 ‘_'_.65 A)
Grading 2
Gl 11 (20%) 3 061
G2 12 (22%) @© i
G3 23 (43%) § 0.5
Gx & (15%) a 044 1.0-
Disease presentation
De novo 41 (76%) 0.31 0.9+
Recurrent 13 (24%) 0.2 0.8- —
Tumor site 0.7
Pelvis 27 (50%:) 0.1 -1 i L [
» Cervical spine & (15%) 0.0 ,g 0.6- 1 e 5»84’
Thoracic spine + Chest wall 13 (24%) 0 5 10 15 20 25 30 35 40 45 50 55 60 | . (G N |
Lumbar spine 6 (11%) st o 0.5 o
e £ o4
Unresectable 37 (6B) 5 (IS : 5 2 : t
Subtotal resection 17 (32%) Figure ‘l. Kaplan-Meier curve for local control (LC) of the study 0.3-
Chemotherapy Pre-RT 22 (40%) population.
Median total dose 73.6 Gy RBE (70.4-76.8) 0.27
Median daily dose 4.6 Gy RBE (4 4-4.8) 0.1
Median GTV 268.51 cc (72-3199.74)
Median PTV 1177 83¢e (1TB-6596.99) 0.0

0 5 10 15 20 25 30 35 40 45 50 55 60
Time

Late tox: G3 neuropathy in 2 cases (4%) : : .
Figure 3. Kaplan-Meier curve for overall survival (OS) of the study
population.

Cuccia F, Anticancer Research, 2020
22/06/2021




Re-irradiation for unresectable pelvic rectal recurrence

Value
Number 14
Gender (number)
Male 12
Female 2
Age, years
Median (range) 58.5 (34-78)
Dose of prior EBRT
(at time of first diagnosis)
Median (range) 45 Gy (45-76%)
Daose of prior BT boost
(at time of first diagnosis) 1-year LC 78% 1'year OS 100%
Total dose (1 patient) 200G
Dose of prior RE—E:rradialiun ’ 2-year LC 52% 2'yea r OS 762%
Total dose (1 patient) 30 Gy Close to the bowel in 6 pts
Interval between EBRT and CIRT, months
Median (range) 65 (14 - 139)
Relapse site
Pre-sacral 10 No G>3 acute/late reaction or pelvic infections were observed;
g‘”f;“:: : a sacral asymptomatic insufficiency fracture was observed (12 months)
erian
Pre-coccygeal 2 . . . . .
GTV volume, ml Spacer Implantatlon Via opéen surgery : 4 patlents!
Median (range) 154.63 (7.21-359.94)
PTV volume, ml
Median (range) 306.7 (53.55-742.64)
Total dose of CIRT
Median (range) 60 Gy RBE (35-76.8)
Dase for fraction (CIRT)
Median (range) 3 Gy RBE (3-4.8)

Number of fraction (CIRT)
Median (range) 16 (15-20) Barcellini A, In vivo 2020




Vitolo et al. BMC Cancer (2019) 19:922

https://doi.org/10.1186/512885-019-6108-0 BMC C ancer Prim a ry end pOint

AMENDED! PFS
_ Secondary Endpoints
Preoperative chemotherapy and carbon =~ 0s

ions therapy for treatment of resectable Radical resectability rate (RO resection)

and borderline resectable pancreatic Treatment toxicity (acute,

d g ] ! h I intermediate, late)
2 en.ocarcmo.ma. a prospective, phase li, Intra and perioperative toxicity
multicentre, single-arm study

Adjuvant

Chemotherapy
SURGERY Restaging

Neoadjuvant

Neoadjuvant
CT

CIRT

FOLFIRINOXm
( up to 9 cycles)
If KI <70 or unfit
Gemcitabine (up to 6
months)

FOLFIRINOX m

3 cycles

38.4 Gy [RBE]
4.8 Gy[RBE]/8
fractions

22/06/2021




Thank you very much for your attention ...

and

... thank's a lot to all my clincal staff

RTTs & Nurses:

S.Tampellini
RTTs: M.Addonizio, F.Alabiso,
L.Anemoni, G.Balsamo, L.Bianchi,
Y.Bontd, M.Cadeo L.Calabro, A.Ferent,
F.Ferrari, F.Ferrario, G.Giovanelli,
N.Giuliani, G.Leone,

A.Mancin, L.Martini, I.Mascayano,
G.0Ordano, M.Piazzolla, D.Zambrino

NuURsEs: M.Delle Femine, A.Maioli,
M.Manno, E.Silajdzija, C.Testa, L.Zollino

Radiation Oncologists:

E.Orlandi
A.Barcellini, M.Bonora
A.Chalaszczyk, A.Iannalfi
R.Ingargiola, M.Fiore
G.Riva, S.Ronchi
B.Vischioni, V.Vitolo,

F. Patti, I. Cavallo T,
A. Camarda, L. Goanta,
A. Ghirelli, P.Loap

BiomedicalEngineers:

G.Baroni
B.Tagaste, G.Fontana
A.Pella, F.Bello
R.Ricotti, L.Antonioli

Medical Physicists:

M.Ciocca
G.Magro, D. Maestri,
E.Mastella,A.Mirandola,
S.Molinelli, S.Russo,
E.Rossi
A Vai

Medical Secreterary:

V.Gasperi, E. Villani,
V. Di Palma



