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Introduction: what is hadrontherapy?

* Hadrontherapy (or particle therapy) is an innovative and promising form of RT using
heavy particles (i.e. protons and carbon ions)
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Introduction: what is hadrontherapy?

* Hadrontherapy (or particle therapy) is an innovative and promising form of RT using
heavy particles (i.e. protons and carbon ions)

 Compared to traditional RT, it has dosimetric and radiobiological advantages
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Introduction: what is hadrontherapy?

* Hadrontherapy (or particle therapy) is an innovative and promising form of RT using
heavy particles (i.e. protons and carbon ions)

 Compared to traditional RT, it has dosimetric and radiobiological advantages

 Dosimetric hallmarks:
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e v - favourable depth-dose curve:
e X-ray energy decreases exponentially with dose
* Hadrons deposit most of their initial energy close to the end of the
range (Bragg peak) within the tumour target
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Durante M. Proton beam therapy in Europe: more centres need more research. Br J Cancer. 2019 Apr;120(8):777-778.
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t5 Introduction: what is hadrontherapy?

* Radiobiological hallmarks:

¥ charged particles.have a higher LET, which ensures a higher relative

High-energy | Low-energy . i . _
R dose High dose biological effectiveness (RBE) than conventional RT
Low-LET High-LET
Fractionation sparing Little fractionation effect
RBE -1 RBE > 1
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Proton beam
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Durante M. Proton beam therapy in Europe: more centres need more research. Br J Cancer. 2019 Apr;120(8):777-778
Tinganelli W, Durante M. Carbon lon Radiobiology. Cancers (Basel). 2020 Oct 17;12(10):3022
Pawlik TM, Keyomarsi K. Role of cell cycle in mediating sensitivity to radiotherapy. Int J Radiat Oncol Biol Phys. 2004 Jul 15;59(4):928-42
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G1, and least sensitive during the latter part of S phase)
v Reduced oxygen enhancement ratio (OER) in the tumour

Durante M. Proton beam therapy in Europe: more centres need more research. Br J Cancer. 2019 Apr;120(8):777-778
Tinganelli W, Durante M. Carbon lon Radiobiology. Cancers (Basel). 2020 Oct 17;12(10):3022
Pawlik TM, Keyomarsi K. Role of cell cycle in mediating sensitivity to radiotherapy. Int J Radiat Oncol Biol Phys. 2004 Jul 15;59(4):928-42
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é@?’ suitable for tumors close to radiation-sensitive organs
&-@ (bowel, spinal cord, brain...), slow-growing tumors,
‘,,, oxygen-poor tumors or local recurrences after photon
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el beam radiotherapy

Durante M. Proton beam therapy in Europe: more centres need more research. Br J Cancer. 2019 Apr;120(8):777-778
Tinganelli W, Durante M. Carbon lon Radiobiology. Cancers (Basel). 2020 Oct 17;12(10):3022
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o Rationale of hadrontherapy

* Cervical adenocarcinoma is relatively radioresistant compare to squamous cell carcinoma
with poorer OS and LC results under conventional chemoradiotherapy

v' 5-y Locoregional failure rate > 30% ( pelvis is the main site of relapses)
v/ 5.y OS rate: 20.3% ( especially for I, IVA)

* Primary gynecological melanomas rare, radio-chemoresistant and aggressive cancers
v' 5-year OS of 37-50% for vulvar, 13-32% for vaginal, and approximately 10% for cervical melanoma

* Inoperable endometrial carcinoma in patients unfit for BT
v 3-10% medically inoperable and unfit for BT

* Recurrence in-field

Grigsby PW et al. 1988 ;Gien LT et al 2010;
Gadducci A et 2018,Wang et al 2019 ,Lee MY et al 2015.
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Current Evidence: role of hadrontherapy in
gynecologycal maligniancies

* In 1994 at NIRS (Japan), clinical trials of the use of CIRT for locally advanced cervical
cancer started

By m |
hO |« [§i

v" PROTOCOL 9403: first study that demonstrates

i _100“ 24 &ﬁ&i‘?ﬁ&nh advantages in LC for very advanced disease ( probably for
Carcinoma " nﬂdi"““""‘ﬁf hypoxic tissues)
L OMVCRITTIA, I-\ M- A v PROTOCOL 9403&9702: phase | and Il dose escalation
| ponee 20"“;':""5 waske- study that demonstrates that maximum tolerance dose to
Cervix Wil (9902) rectum of 60 GyE
-20 fractions/5 weeks- odcnogaml . ‘\
N | (001)
Cervix IV (0508) : 3 {::5 ro v In all studies:
b catpiorhd vy 3 Sw‘ a v’ Total dose ranged from 52.8 GyE to 74.4 GyE
v" Whole pelvic irradiation ( GTV + elective nodes
\mw :.,.,s’?.?,u.. irradiation)
czf;ﬁ:f?hfmg:w v' Good LC with poor systemic control that lead to
combo treatment ( Protocol 1207 and 1001)
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* PROTOCOL 9902: dose escalation study

MNo. of patients %_22
Follow-up, range (median) { mo) B-1348 (473)
Age, range (mean) (y) 31-80 (58.0)
Performance status

0-1 21

2
Stage

1B
e
VA

Lymph node status

MNegative 14
Positive 8
Tumor size {cm), range [ median) 40-120(62)
5.0 1
50-69 14
=70 7

v’ Total dose to the cervical tumor: 64.0-72.0 GyE for 20 fractions
v' OTT ranged from 32 to 37 days, with a median of 36 days

v" Median follow-up durations for all patients: 47 months

v" Median follow-up for surviving patients: 116 months

Wakatsuki M et al Dose-escalation study of carbon ion radiotherapy for locally advanced squamous cell carcinoma
of the uterine cervix (9902). Gynecol Oncol. 2014 Jan;132(1):87-92.

e-Sessions via e-ESO.net | ©2021 The European School of Oncology 20
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* PROTOCOL 9902: dose escalation study
/N,
E;igiﬁzfrﬁge[nwdjm] (mo) %‘.22114,3[4?.1: 100 — Lo;’c';'l":'o:“;:""
Age, range (mean) (v) 31-80 (58.0) 80 \:i = Disgase free survival

Performance status

0-1 21 Z \
. 1 = 60 !
Stage g -\ -
lIB
1B & 40
IVA e e,
Lymph node status 20 N O 623 tOX|C|t|eS
MNegative 14
Positive 8
Tumor size {cm), range [ median) 40-120(62) 0 4
=50 1 0 12 24 36 48 60
50-69 " (Months after treatment)

=10 7

v The 5-year OS rate and LC rate were 50.0% and 68.2%, respectively

Wakatsuki M et al Dose-escalation study of carbon ion radiotherapy for locally advanced squamous cell carcinoma
of the uterine cervix (9902). Gynecol Oncol. 2014 Jan;132(1):87-92.
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* PROTOCOL 9902: dose escalation study

~ __ 640-68.8GyE N=16
7\

Mo. of patients %32 100 Overall suevival — 72.0-72.8 GyE N=6
Follow-up, range (median) (mo) B-1348 (47 3) — Local contral 100
Age, range (mean) (y) 31-80 (58.0) 80 = Disgase free survival
Performance status
0-1 21 é‘ - % 80
2 1 = ! F
Stage g LT_- o L Z 60
B ©
I1IR a 40 .5
VA e ey a 40
Lymph node status 20 NO 623 tOX|C|t|eS
Megative 14 20
Positive 8
Tumor size {cm), range [ median) 40-120(62) 04 0
50 1 0 12 24 36 48 60 0 12 24 36 48 60
5.0-6.9 14 (Months after treatment)
=70 7 (Months after treatment)
5-y LC for patients receiving
64.0 or 68.0 GYE was 56.2%
VS
100% for patients receiving 72.0 GyE
v’ The 5-year OS rate and LC rate were 50.0% and 68.2%, respectively (p =0.069)

Wakatsuki M et al Dose-escalation study of carbon ion radiotherapy for locally advanced squamous cell carcinoma
of the uterine cervix (9902). Gynecol Oncol. 2014 Jan;132(1):87-92.

e-Sessions via e-ESO.net | ©2021 The European School of Oncology 22
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=70 7 (Months after treatment)
5-y LC for patients receiving
64.0 or 68.0 GYE was 56.2%
VS
100% for patients receiving 72.0 GyE
v’ The 5-year OS rate and LC rate were 50.0% and 68.2%, respectively (p =0.069)

Wakatsuki M et al Dose-escalation study of carbon ion radiotherapy for locally advanced squamous cell carcinoma
of the uterine cervix (9902). Gynecol Oncol. 2014 Jan;132(1):87-92.
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* PROTOCOL 0508: extended field RT study

MNo. of patients
Follow-up range (median) (mo) 8-85 (38)
Age range (mean) (y) 32-78 (59)
Performance status 01 26
Stage (FIGO) B 13
[1]=] 1
IVA 2
Pelvic lymph node status Negative =
Positive
Tumor size range (cm) (median) 4.0-10.0 (6.1)
<5.0 7
5.0-6.9 13
> 7.0 »

v’ Pelvis + para-aortic nodes: 39.0 GyE/13 fx, additional 15.0 GyE/5 fx to GTV and
surrounding tissues; local boost up to 18.0 GyE /2 fx
v’ Total dose to the cervical tumor was 72.0 GyE over 20 fractions

Wakatsuki M et al Clinical trial of prophylactic extended-field carbon-ion radiotherapy
for locally advanced uterine cervical cancer (protocol 0508). PLoS One. 2015 May 20;10(5):e0127587

e-Sessions via e-ESO.net | ©2021 The European School of Oncology 24
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* PROTOCOL 0508: extended field RT study | e

No. of patients 10
Follow-up range (median) (mo) 8-85(38) 80 Fh lm
Age range (mean) (y) 32-78 (59) F
Performance status 0-1 26 E ' 2
Stage (FIGO) I8 13 g h- Sy PFS 61.5%
1]z} 1
IVA 2 20
Pelvic lymph node status Negative
Positive @ ’ 0 12 24 16 48 60
Tumor size range (cm) (median) 4.0-10.0(6.1) Patients at risk (Months after treatment)
<50 i LC 2% 20 17 13 8 3
5.0-6.9 13 05 2% 23 19 14 10 5
270 2% N\ W PFS 2 18 16 12 8 3

|

v" No concurrent chemotherapy

v Unsatisfactory OS-PFS

v’ 26.9% of the patients developed
distant failure

Wakatsuki M et al Clinical trial of prophylactic extended-field carbon-ion radiotherapy
for locally advanced uterine cervical cancer (protocol 0508). PLoS One. 2015 May 20;10(5):e0127587

e-Sessions via e-ESO.net | ©2021 The European School of Oncology 25
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* PROTOCOL 0508: extended field RT study

8
[

= N v" Protocols 9702 and 9902: the PALN failure rate was 25.0% and in
z pelvic lymph node-positive patients, PALN failure was seen at a
E i high rate of 44.4%
& 40 N,
20 et v Protocol 0508:
5 »  1/26 patients developed PALN failure
0 8 # . - “ = cumulative PALN failure rate was 5.3% (95%Cl: 0— 15.3%)
WS- Qe trestmeng = better control for smaller GTV
o B “ N . . « 2-year and 5-year local control rate for < 50 mm, 50-70
>70 mm a 2 1 ) 1 1 mm, and > 70 mm were 86%, 86% and 67%

Wakatsuki M et al Clinical trial of prophylactic extended-field carbon-ion radiotherapy
for locally advanced uterine cervical cancer (protocol 0508). PLoS One. 2015 May 20;10(5):e0127587
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e PROTOCOL 9704 : adenocarcinoma of the uterine cervix

Cases of Analysis for Toxicity

{%)
100
Characteristic (No. of Analyses for Efficacy) l @
. ) 80 4
Cases of uterine cervix 58 (55) A _3
A di 28-85y (59 .
e{rggy ian) y (59 y) g ol 5-y-LC 54.5%
Adenocarcinoma 45 (42) e — N Ry . 0
Adenosquamous garcinoma 13 (13) E 40 - > Y 0S:38.1%
B 20 (20) —  L82al control rate
B 35 (33) 20 1. — owverall survivalrate
IVA 32 — local Gontrol rateincluding salvage surgery
Tumor size (median) 3.0-11.8 cm (5.5 cm) o % & : 3 : VS
<5cm | 19 (17) 0 12 o4 46 48 80
E? 2: o rem ?8 ﬁ% b (Months after treatment) v
Lymph node
mé g;" gﬂ Authors stage n.pts
Grigsby et al 1] 12 RT 25% (5y) 33% ( 5y)
43 35% (2-y);
64.8 GyE/20 fracti 4'(4) : Y y)r
e G§B20 i, ey 10 {40) Eifel et al 1 61 RT 26% (5 ) 46% (5y)
71.2 GyE/20 fractions 23 (21) -
17 (17) Niibe et al [IE 61 | RT/RCT | 22% (5y) 36% (5y)
Huang et al 1] 28 RT/RCT | 29% (5y) 58% (5y)

Wakatsuki M et al Clinical outcomes of carbon ion radiotherapy for locally advanced adenocarcinoma of the uterine cervix in phase 1/2
clinical trial (protocol 9704). Cancer. 2014

e-Sessions via e-ESO.net | ©2021 The European School of Oncology
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* PROTOCOL 1001: concurrent chemotherapy

No. of patients enrolled (No.

Characteristics of patients analyzed) 1.0 4 — (S |
Cases of uterine cervix Q}?l ) [ LC
Age [median], years 70 [47] (26-70 [47)) — DFS '
Histology
+€TTTOUS adenocarcinoima 17 (17) 08 - + >t
Endometrioid adenocarcinoma 7 (6)
Clear cell carcinoma 3(3)
ROSQUaMOUS carcnosas 6 (5)
UICC TNM stage g 0 6 kN
I8 20 (19) A -1 ’ : ¢
B 10(9) 'g
IVA 3(3) 2
Tumor size [median], cm 3.0-9.7[5.2](3.0-9.7[54) 2
<5 cm 13 (12) o 0.4
<Scmto >7 cm 12(11) -
<7 cm 8(8)
Pelvic LN metastasis .J
14 (12) 0.2 i
19 (19) n= 31
4 Gy\RBE) in 20 fractions 3(3)
71.2 Gy (RBE) in 20 fractions 3.3) 0.0 ¢
4.4 Gy JRBE) in.20ractions 27 (25) ; - b \ Y 2 L/
pweekly CODP administration 0 12 24 36 48 60 72 (mo nths)
on 2 (0)
. G 0s (31) (30) (25) (7) (3) (2)
4 times 6(6) LC (31) (25) (19) (5) 3) (2)
5 tmes 244 DFS (31) (1)  (18) (3) (2) (1)

Okonogi N et al Clinical outcomes of carbon ion radiotherapy with concurrent chemotherapy for locally advanced uterine cervical
adenocarcinoma in a phase 1/2 clinical trial (Protocol 1001). Cancer Med. 2018 Feb;7(2):351-359

e-Sessions via e-ESO.net | ©2021 The European School of Oncology
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e Score-matched analysis (2020)

Chemo-C-onRT (n=28) = ======» C-ion RT alone (n = 26)
A Local control B Qverall survival C Distant metastatic-free A Before treatment B Dose distribution of C-ion RT C Six months after treatment
' ; | 1.01 | x =%
i 0.8
= = '*----__ﬁ s =
= = 0.6 =06
o a [ e A N
_§ -------------------- = _§ : Tl ‘g ":__ Py emeemeney :
4 _ =2 | _ : : 3 _ L Isodose
i 0 P=.886 o 0.4 P=.041 EOA P=.048 i i lines (%)
0.21 3-year 5-year | 3year S5-year | 3-year S-year n (N N | m20%
21| Chemo-CHonRT:  53%  53% 0.21| chemo-CionRT: - 87%  72% 0.21| chemo-CionRT:  66% = 66% W N\ Y m70%
C-ion RT: 49%  49% C-ion RT: 56%  46% C-ion RT: 6%  41% 8> » 208 u50%
0.01 . 0.01 : ; 0.01 ; 3 g “
0 12 24 36 48 60 0 12 24 36 48 60 0 12 24 36 48 60
Months after treatment Months after treatment Months after treatment

26 patients who underwent CIRT vs 26 who underwent chemo-CIRT for Adenocarcinoma
Median age and follow-up period were 57 (range, 28-79) years and 34 (range, 2-126) months

Okonogi, Noriyuki et al. “Significance of concurrent use of weekly cisplatin in carbon-ion radiotherapy for locally advanced

adenocarcinoma of the uterine cervix: A propensity score-matched analysis.” Cancer medicine vol. 9,4 (2020)
e-Sessions via e-ESO.net | ©2021 The European School of Oncology
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Current Evidence: role of hadrontherapy in
gynecologycal maligniancies

e Score-matched analysis (2020)
Chemo-C-onRT (n=28) = ======» C-ion RT alone (n = 26)
A Local control B Qverall survival C Distant metastatic-free A Before treatment B Dose distribution of C-ion RT C Six moqths after treatment
1.01 | X S =%
! 0.8
- 2 e z
=o. = 0.6 i =0.67
= =) e 0 e T [
_§ L e e e s b _§ E “""“:_ _______ ‘g ": __-:
.4 am = - : : . ! - Isodose
a0 P=.886 & 041 P=.041 i : g04] P=.048 s (%)
0.2- 3-year 5-year 3year 5Syear | 3-year S-year
21| Chemo-C-onRT:  53%  53% 0.27| Chemo-CionRT: - 87%  72% 0.27| chemo-CionRT: 66%  66%
C-ion RT: 49%  49% C-ion RT: 56%  46% C-ion RT: 8% 41%
0.07 i 0.0+ : 0.0 ;
0 12 24 36 48 60 0 12 24 36 48 60 0 12 24 36 48 60
Months after treatment Months after treatment Months after treatment

26 patients who underwent CIRT vs 26 who underwent chemo-CIRT for Adenocarcinoma
Median age and follow-up period were 57 (range, 28-79) years and 34 (range, 2-126) months
5-year OS rate was significantly better in the chemo-CIRT (72%) than in CIRT (46%; P = .041)

5-year distant metastatic-free rate was significantly better in the chemo-CIRT(66%) than in the CIRT group (41%; P =.048)

Okonogi, Noriyuki et al. “Significance of concurrent use of weekly cisplatin in carbon-ion radiotherapy for locally advanced

adenocarcinoma of the uterine cervix: A propensity score-matched analysis.” Cancer medicine vol. 9,4 (2020)
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e Score-matched analysis (2020)

Chemo-C-ion RT (n = 26)

C-ion RT alone (n = 26)

A Local control B Qverall survival C Distant metastatic-free A Before treatment B Dose distribution of C-ion RT C Six months after treatment
1.0 ’ : X S %
| - ‘
=
£ 2 o
= £ " Y i
E Fomme e - = E ‘-: '
o [=] St :
= (0.4 - J e o ——— Isodose
o P=.886 a 0.4 P=.048 lines (%)
0.21 it vl ! | 3year 5-year
21| Chemo-C-onRT:  53%  53% 0.27| Chemo-CionRT: - 87%  72% 0.27| chemo-CionRT: 66%  66%
C-ion RT: 49%  49% C-ion RT: 56%  46% C-ion RT: 8% 41%
0.07 i 0.0+ : 0.0 ;
0 12 24 36 48 60 0 12 .24 36 48 60 0 12 24 36 48 60
Months after treatment Months after treatment Months after treatment

26 patients who underwent CIRT vs 26 who underwent chemo-CIRT for Adenocarcinoma
Median age and follow-up period were 57 (range, 28-79) years and 34 (range, 2-126) months
5-year OS rate was significantly better in the chemo-CIRT (72%) than in CIRT (46%; P = .041)

5-year distant metastatic-free rate was significantly better in the chemo-CIRT(66%) than in the CIRT group (41%; P =.048)
Grade > 3 late toxicities was comparable between the two groups

Okonogi, Noriyuki et al. “Significance of concurrent use of weekly cisplatin in carbon-ion radiotherapy for locally advanced
adenocarcinoma of the uterine cervix: A propensity score-matched analysis.” Cancer medicine vol. 9,4 (2020)

e-Sessions via e-ESO.net | ©2021 The European School of Oncology



¥ Current Evidence: role of hadrontherapy in
» gynecologycal maligniancies

* Mucosal Malignant Melanoma of the lower genital tract are really rare and aggressive
malignancies with a 5-year OS of 37-50% for wvulvar, 13-32% for vaginal, and

approximately 10% for cervical melanoma

Gadducci A, Carinelli S, Guerrieri ME, Aletti GD. Melanoma of the lower genital tract: Prognostic factors and treatment modalities. Gynecol
Oncol. 2018 Jul;150(1):180-189. doi: 10.1016/j.ygyno.2018.04.56
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* Mucosal Malignant Melanoma of the lower genital tract are really rare and aggressive
malignancies with a 5-year OS of 37-50% for wvulvar, 13-32% for vaginal, and

approximately 10% for cervical melanoma

* Treatment is based on both the current data concerning gynecological cancers as well as
standard management of cutaneous melanoma

Gadducci A, Carinelli S, Guerrieri ME, Aletti GD. Melanoma of the lower genital tract: Prognostic factors and treatment modalities. Gynecol
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* Mucosal Malignant Melanoma of the lower genital tract are really rare and aggressive
malignancies with a 5-year OS of 37-50% for wvulvar, 13-32% for vaginal, and
approximately 10% for cervical melanoma

* Treatment is based on both the current data concerning gynecological cancers as well as
standard management of cutaneous melanoma

e Surgery is the treatment of choice (early stages)

* Sometimes they present surgical challenges due to the proximity of bladder, anus and
rectum

Gadducci A, Carinelli S, Guerrieri ME, Aletti GD. Melanoma of the lower genital tract: Prognostic factors and treatment modalities. Gynecol
Oncol. 2018 Jul;150(1):180-189. doi: 10.1016/j.ygyno.2018.04.56

e-Sessions via e-ESO.net | ©2021 The European School of Oncology



Al ARN

&2  Current Evidence: role of hadrontherapy in
» gynecologycal maligniancies

* Mucosal Malignant Melanoma of the lower genital tract are really rare and aggressive
malignancies with a 5-year OS of 37-50% for wvulvar, 13-32% for vaginal, and

approximately 10% for cervical melanoma

* Treatment is based on both the current data concerning gynecological cancers as well as
standard management of cutaneous melanoma

e Surgery is the treatment of choice (early stages)

* Sometimes they present surgical challenges due to the proximity of bladder, anus and
rectum

* Adjuvant treatment is unproven

Gadducci A, Carinelli S, Guerrieri ME, Aletti GD. Melanoma of the lower genital tract: Prognostic factors and treatment modalities. Gynecol
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* Mucosal Malignant Melanoma of the lower genital tract are really rare and aggressive
malignancies with a 5-year OS of 37-50% for wvulvar, 13-32% for vaginal, and
approximately 10% for cervical melanoma

* Treatment is based on both the current data concerning gynecological cancers as well as
standard management of cutaneous melanoma

e Surgery is the treatment of choice (early stages)

* Sometimes they present surgical challenges due to the proximity of bladder, anus and
rectum

* Adjuvant treatment is unproven
» Radiotherapy. can be wused in the adjuvant setting, in patients with positive surgical
margins or histologically positive nodes

Gadducci A, Carinelli S, Guerrieri ME, Aletti GD. Melanoma of the lower genital tract: Prognostic factors and treatment modalities. Gynecol
Oncol. 2018 Jul;150(1):180-189. doi: 10.1016/j.ygyno.2018.04.56
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v gynecologycal maligniancies

* Mucosal Malignant Melanoma and CIRT

Characteristics Number of Patients %
Age (median), years 51-88 (71) . ) .
T . . * Retrospective analysis of 37 patients
agina . .
o, oo 5 2 * Median follow-up periods: 23 months (range: 5-103 months) for all
ervix uterus
Bl , - patients and 53 months (range: 16—103 months) for survivors
urgery
Chemotherapy 3 8
None 25 68
T stage (including recurrent T stage)
&l 8 22
T2 21 56
T3 8 22
Tumor size in maximal diameter
<30 mm 29 78
>30 mm 8 22
Lymph node metastasis
Positive b 14
Negative 32 86
The reason for inoperableness
Medically inoprerable 27 73
Patient’s refusal 10 27
Total dose of C-ion RT
57.6 Gy (RBE) in 16 fractions 35 95
64.0 Gy (RBE) in 16 fractions 2 5
Adjuvant therapy
DAV/DAV Feron 9 24
Nivolumab 1 3
None 27 73

Murata H et al Long-Term Outcomes of Carbon-lon Radiotherapy for Malignant Gynecological Melanoma. Cancers (Basel). 2019 Apr 4;11(4)
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* Mucosal Malignant Melanoma and CIRT

Characteristics

Number of Patients

%

Age (median), years
Tumor site
Vagina
Vulva
Cervix uterus
Prior treatment
Surgery
Chemotherapy
None
T stage (including recurrent T stage)
A
T2
13
Tumor size in maximal diameter
<30 mm
>30 mm
Lymph node metastasis
Positive
Negative
The reason for inoperableness
Medically inoprerable
Patient’s refusal
Total dose of C-ion RT
57.6 Gy (RBE) in 16 fractions
64.0 Gy (RBE) in 16 fractions
Adjuvant therapy
DAV/DAV Feron
Nivolumab
None

51-88 (71)

22
12
3

22
56
22

78
22

14
86

73
27

95
5

24
3
73

* Retrospective analysis of 37 patients

* Median follow-up periods: 23 months (range: 5-103 months) for all
patients and 53 months (range: 16—103 months) for survivors

* Mainly vaginal and vulvar tumors

e 9 were post-surgical recurrences and 3 women underwent
chemotherapy before CIRT

Murata H et al Long-Term Outcomes of Carbon-lon Radiotherapy for Malignant Gynecological Melanoma. Cancers (Basel). 2019 Apr 4;11(4)
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* Mucosal Malignant Melanoma and CIRT

Characteristics Number of Patients %
Age (median), years 51-88 (71) . ) .
Tl . . * Retrospective analysis of 37 patients
agina . .
o AR 4 % * Median follow-up periods: 23 months (range: 5-103 months) for all
S nsion . . patients'and 53 months (range: 16—-103 months) for survivors
urgery . .
Shsbtesiy 2 2 * Mainly vaginal and vulvar tumors
SRR SRR ; 5 9 were post-surgical recurrences and 3 women underwent
T2 21 56
i ! 22 chemotherapy before CIRT
Tumor size in maximal diameter 1 1
e - = * 35 pts up to a total dose of 57.6 GyE in 16 fractions
>30 mm 8 22
Lymph node metastasis
Positive 5 14
Negative 32 86
The reason for inoperableness
Medically inoprerable 27 73
Patient’s refusal 10 27
Total dose of C-ion RT @
57.6 Gy (RBE) in 16 fractions 95
64.0 Gy (RBE) in 16 fractions 5
Adjuvant therapy
DAV/DAV Feron 9 24
Nivolumab 1 3
None 27 73

Murata H et al Long-Term Outcomes of Carbon-lon Radiotherapy for Malignant Gynecological Melanoma. Cancers (Basel). 2019 Apr 4;11(4)
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* Mucosal Malignant Melanoma and CIRT

* Within 6 months : 19.CR, 14 PR and 4 SD
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— 0S,n=37
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0.8
206
%
©
S 04
a.
0.2
0.0+
T T T NN W | . T T T T
0 12 24 36 48 60 72 84 96 108
Months after C-ion RT
Number at risk
LC (37) (25) (14) (9 (B (B4 (4. M
oS (37) (30) (17) (14) (12) «(6) .« (4) (@) (1)
PES 37)y7(18) (12) (B) A7) .45) .. @4 @) ()

Murata H et al Long-Term Outcomes of Carbon-lon Radiotherapy for Malignant Gynecological Melanoma. Cancers (Basel). 2019 Apr 4;11(4)

e-Sessions via e-ESO.net | ©2021 The European School of Oncology



EA&" &2  Current Evidence: role of hadrontherapy in
dAEA dEA o o o
@&t 9 gynecologycal maligniancies

* Mucosal Malignant Melanoma and CIRT

vol - * Within 6 months : 19 CR, 14 PR and 4 SD
s e, « 30 of 37 patients (81%) achieved tumor disappearance following CIRT
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* Mucosal Malignant Melanoma and CIRT
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Within 6 months : 19 CR, 14 PR and 4 SD

30 of 37 patients (81%) achieved tumor disappearance following CIRT
25 patients had died before the final follow-up date:21 died from MM
and 4 died from non-cancer-related reasons

Murata H et al Long-Term Outcomes of Carbon-lon Radiotherapy for Malignant Gynecological Melanoma. Cancers (Basel). 2019 Apr 4;11(4)
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* Mucosal Malignant Melanoma and CIRT
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Within 6 months : 19 CR, 14 PR and 4 SD

30 of 37 patients (81%) achieved tumor disappearance following CIRT
25 patients had died before the final follow-up date:21 died from MM
and 4 died from non-cancer-related reasons

Promising 2-y LC and 2-y 0S

Murata H et al Long-Term Outcomes of Carbon-lon Radiotherapy for Malignant Gynecological Melanoma. Cancers (Basel). 2019 Apr 4;11(4)
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* Mucosal Malignant Melanoma and CIRT

Within 6 months : 19 CR, 14 PR and 4 SD

1.01 — LC,n=37
| e . . ) .
s e, * 30 of 37 patients (81%) achieved tumor disappearance following CIRT
3 » 25 patients had died before the final follow-up date:21 died from MM
o and 4 died from non-cancer-related reasons
3 ¢ _Promising 2-y LC and 2-y 0S
g 04]  “Acceptable toxicity rate
0.2
‘ . . CTCAE v.4 Scoring
0'0-‘{ . . i . - N . - " . o Acute Toxicity Grade 0 Grade 1 Grade 2 Grade 3 Grade 4-5
0 12 24 - 36 48 60 72 84 96 108 Dermatitis/mucositis 2 18 14 3 0
e Months after C-ion RT Genitourinary loxlicit}r 28 9 0 0 0
Lower gastrointestinal toxicity 17 14 3] 0 0
LG, @7) W25 14) (©) (8 (B)wd) (4) - () :
0s @7) (30) (17) (14) 4(12)f6) .(d) . (&) (1) Late toxici RTOG/EORTC Scoring TN
PES @7(18) (12) (8) «7) .48, @4 @) () ty Grade 0 Grade 1 Grade 2 /Grade 3 Grade 4-5
Dermatitis/mucositis 28 9 0 0 0
Genitourinary toxicity 30 3 4 0 0
Lower gasirointestinal toxicity 29 3 3 0 0

Murata H et al Long-Term Outcomes of Carbon-lon Radiotherapy for Malignant Gynecological Melanoma. Cancers (Basel). 2019 Apr 4;11(4)
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* Mucosal Malignant Melanoma and CIRT

LC PFS 0s DM

Factor Neok' i~ e P T * None of the factors examined significantly
(%) p-Value (%) p-Value %) p-Value (%) p-Value . p . . .
Py — 0213 057 T = influenced LC, PFS, and-OS in univariate analysis
<71 17 49.7 17.6 57.0 529
>71 20 8§9.2 394 433 401
Prior treatment 0.468 0547 0564 0242
No 12 69.4 30.5 535 376
Yes 25 722 25.0 50.0 583
T stage (including 0974 0953 0877 0903
recurrence)
T1-2 29 65.4 26.6 53.7 48.0
T3 8 87.5 375 375 375
Tumor diameter 0337 0.418 0304 0.320
<30 mm 29 739 334 572 463
>30 mm 8 60.0 125 375 375
LN metastasis 0.320 0.248 0.069 0.206
Positive 5 60.0 0.0 40.0 80.0
Negative 32 73.0 404 549 39.1
Adjayank 0538 0.142 0382 0.79
chemotherapy
No 27 65.8 204 538 434
Yes 10 80.0 50.0 50.0 50.0
Tumor response
within 6 months after 0.535 0.923 0818 0.826
commencing C-ion RT
CR 19 77.7 237 615 432
Non-CR 18 61.6 333 432 458
Primary site N.Sq NS. NS NS.
Vagina 2 734 26.5 55.2 53.0
Vulva 12 764 333 58.3 333
Cervix uterus 3 33 333 333 333

Murata H et al Long-Term Outcomes of Carbon-lon Radiotherapy for Malignant Gynecological Melanoma. Cancers (Basel). 2019 Apr 4;11(4)
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* Mucosal Malignant Melanoma and CIRT

Factor Wk — e P * None ' of the factors examined significantly
(%) p-Value (%) p-Value %) p-Value (%) p-Value . p . . .
yPy— o5 057 T s influenced LC, PFS, and-OS in univariate analysis
<71 17 497 17.6 57.0 529
>71 20 89.2 394 433 401
(0.468 0.547 0564 0242
N 12 69.4 30.5 535 376 1 H H
o 2 i - o i e Age was -associated with the rate of distant
T stage (including 1974 0953 - 3 .,
recurrence) RE7 pa: metastasis: younger group (age < 71 years) showed
Ti1-2 29 65.4 26.6 53.7 480
T3 8 875 375 375 375 H H H 1 H
. - . Do -\ - a higher incidence of distant metastasis than the
<30 mm 29 739 334 57.2 463
0w 5 600 125 3 3 elderly group (age 2 71 years) (p = 0.041)
LN metastasis 0320 0.248 0.069 0.206
Positive 5 60.0 0.0 40.0 80.0
Negative 32 73.0 404 549 39.1
Adjuvert 0535 0.142 0382 0.79
chemotherapy
No 27 658 204 538 434
Yes 10 80.0 50.0 50.0 50.0
Tumor response
within 6 months after 0.535 0923 0818 0.826
commencing C-ion RT
CR 19 77.7 237 615 432
Non-CR 18 61.6 333 432 458
Primary site N.Sq NS. NS NS.
Vagina 22 734 26.5 55.2 53.0
Vulva 12 764 333 58.3 333
Cervix uterus 3 33 333 333 333

Murata H et al Long-Term Outcomes of Carbon-lon Radiotherapy for Malignant Gynecological Melanoma. Cancers (Basel). 2019 Apr 4;11(4)
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* Inoperable endometrial cancer

Median follow-up: 50 months (1 232-1 :3‘; * pooled analysis of data from two trials
1004 * 14 patients with stage <IlIIC endometrial carcinoma
80 4 - . : * medically inoperable because of comorbidities, age, or refusal of surgery
:—1 : . * total dose to the tumor was 62.4-74.4 GyE

401 = Local control

- Progression-free survival
204 = Overall survival
Cause-specific survival

L e L

0 12 24 36 48 60 72
Months after treatment

Probability (%)

Irie D et al Carbon-ion radiotherapy for inoperable endometrial carcinoma. J Radiat Res. 2018 May 1;59(3):309-315.
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* Inoperable endometrial cancer

n=14 . y
Median follow-up: 50 months (12-218) e pooled analysis of data from two trials
1001 * 14 patients with stage <IlIIC endometrial carcinoma
~ 80- - = : * medically inoperable because of comorbidities, age, or refusal of surgery
< . . * total dose to the tumor was 62.4-74.4 GyE
2 60+
% Table 3. Tumor response at 6 months after carbon-ion
'g 401 *Iﬁocal corytrolf - fudiotherapy
a == Frogression-iree surviva o ose 0. omple i stable rogressive
204 = Overall survival [T[.talcsBE)] a @ ia:tise ths::se isj:e
Cause-specific survival - - £ v’ 2/6 patients receiving
0 ————r— 3 o ‘\"\“\, 62.4-68.0 GyE achieved CR
0 12 24 36 48 60 72 645 Lo | 0 0 v ' y Y .
Months after treatment 680 . | | o 8/8 patients receiving
‘ 71.2-74.4 GyE achieved CR
74.4 5 5 0 0 0

Total 14 3 1 0

Irie D et al Carbon-ion radiotherapy for inoperable endometrial carcinoma. J Radiat Res. 2018 May 1;59(3):309-315.
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* Inoperable endometrial cancer

Median follow-up: 50 months (1 222-1 :3‘; * pooled analysis of data from two trials
100+ * 14 patients with stage <IlIIC endometrial carcinoma
. (BN - . : * medically inoperable because of comorbidities, age, or refusal of surgery
< ~ * total dose to the tumor was 62.4-74.4 GyE
£ 60+ - ‘
g Table 3. Tumor response at 6 months after carbon-ion
9 401 - Local control Fdiotherapy
o o = g’\?gﬁfgfxi‘gaele survival Total dose No.@ Partial  Stable  Progressive
Cause-specific survival (Gy (RBE)] responsg/response  discase disease v 2 / 6 patients receiving
0 = . . W . N — 62.4 2 1 1 _ .
0 12 24 36 48 60 72 64.8 1o ! 0 0 v gf; St?é?] ti yris;ir\]/liivecj R
Months after treatment 0 . 1 1 . P . g
71.2-74.4 GyE achieved CR
71.2 3 3 0 0 0 (P - 0.015)
No patient developed Grade 3 or higher 744 5 S 0 0 0
acute or late toxicity. Total 14 3 ! 0

Irie D et al Carbon-ion radiotherapy for inoperable endometrial carcinoma. J Radiat Res. 2018 May 1;59(3):309-315.
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* Inoperable endometrial cancer

n=14 5-y LC: 86%
Median follow-up: 50 months (12-218)
100 5 y- PFS: 64%
< 801 — 5y-0S:68%
2 60+ i .
% Table 3. Tumor response at 6 months after carbon-ion
'g 401 = Local control . radiotherapy
o. 204 : g’;/oeg'_r-aelfgfrs;\f,"aele survival Tt?ta.l dose No. @ Partial S.table P'.mgressive
Cause’speCiﬁC surlival [Gy (RBE)] response/ response disease disease v 2/6 patlents receIVIng
0 S S A W Wi A, 3 ' ‘\"\“\, 62.4-68.0 GyE achieved CR
0 12 24 36 48 60 72 éis 1o 1 0 0 v ' o y .
Months after treatment 680 . | | o 8/8 patients receiving
‘ 71.2-74.4 GyE achieved CR
71.2 3 3 0 0 0 (P - 0 015)
No patient developed Grade 3 or higher 744 S8 0 0 0
acute or late toxicity. Total 14 3 1 0

Irie D et al Carbon-ion radiotherapy for inoperable endometrial carcinoma. J Radiat Res. 2018 May 1;59(3):309-315.
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Case Primary site_ Histology Initial Diose of Duration of | Tumor Diose of Recumenee
: M : Stage treatment _oprior RT  prior RT o size C-ion RT
e Re-irradiation for recurrence gt
{months)
1 Cervical cancer, Squamous cell CCRT 50 Gy/25 fr. 26 33 48 Gy (RBEV12 fr. NER
TXZbNIMO CAFCINOME
. . 2 Cervical camcer, Squamous cell BT alonc 50 Gy/25 fr. 25 28 48 Gy (RBEY12 fr. NER
* Retrospective series of 16 cases T2aNOMO carcinoma
3 Endometnal cancer, Endometrioid Surgery 50 Gyf25 fir. i 25 48 Gy (RBEV12 fr. NER
H TINOMD adenocarcinoma
* UnreseCtabIe recurrence at the edge Of the preVIOUSIY 4 Cervieal eancer, Squamous cell CCRT 50 Gy/25 1. 26 14 48 Gy (RBEV12 fr. LN metastasis
o . o T4AMOMD carcinoma
Irra d IatEd fl e |d 5 Cervical cancer, Squamous cell. | Surgery 66 Gy/33 fr. 1 33 528 Gy (RBEVI2 fr. NER
TI1b1MNOMD carcingma
) M ed ia n age 5 7 yea rs ( ra n ge: 3 5_79 yea rS) 6 Endn:f::;cmmttr_ Carcinosarcomsa Surgery 60 Gy/30 fr. 12 20 576 Gy (RBEWI2 fr. LN metastasis
H H T Cervical cancer, mamous cell Surgery 50 Gy/25 fr. 17 15 528 Gy (RBEV12 fr. Local reommmence, LN
* Median tumor size was 27 mm (range=14-80 mm) e 4 g mrnia R : and Lung metasteses
.4 Cervical cancer, Squamous cell CCRT 506 Gy/27 fr. 33 24 57.6 Gy (REEWIZ fr. LN metastasis
e Total dose range: 48-57.6 GyE T2bN1MO carcinoma - _
9 Endometrial cancer. Endometrioid Surgery 50 Gy/25 fr. 20 0 57.6 Gy (RBEV16 fi Local recurrence
T3bMNIMD adenocarcinoma
10 Cervical cancer, Squamous cell CCRT 46 Gy/23 fr. 77 30 528 Gy (RBEYI12 fr. MNER
TXaNOMO Carcinoma
11 Orvarian cancer, Serous Surgery 56 Gy/28 fr. 40 18 528 Gy (RBEYI12 fr. Luong metastasis
T1bNOMO aiEnocarcinoma
12 Endometrial cancer, Endometrioid Surgery 50 Gy/25 fr. 130 2 528 Gy (RBEVI12 fr. NER
TIaNOMO adenocarcinoma
13 Endometrial cancer, Small cell Surgery 54 Gy/27 i 17 75 528 Gy (RBEVI2 fr. Lung metasiasis
T1bNOMO CArCINOIMma
14 Cervical cancer, Mucinous Surgery 504 Gy/28 fr. 21 38 57.6 Gy (RBEWI2 fr. NER
TI1bMOMD adenocarcinoma
15 Endometrial cancer, Endometrioid Surgery 586 Gy/32 fr. 29 42 528 Gy (RBEVI2 fr. Liver metastasis
TI1bMOMD adenocarcinoma
16 Cervical cancer, Squamous cell Surgery 50 Gy/25 fr il 20 528 Gy (RBEVI2 fr. NER
TIbMNIMD carcinoma

CCRT, Concurrent chemoradiotherapy; C-ion RT, carbon-ion radiotherapy: fr., fractions; LN, lymph node; NER. no evidence of recurrence; RT.
radiotherapy.

Shiba S et al Clinical Impact of Re-irradiation with Carbon-ion Radiotherapy for Lymph Node Recurrence of Gynecological Cancers.
Anticancer Res. 2017 Oct;37(10):5577-5583
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Case Primary site_ Histology Initial Diose of Duration of  Tumor Diose of Recumenee
: M : Stage treatment _oprior RT  prior RT o size C-ion RT
e Re-irradiation for recurrence _ shyiglibund
{months)
1 Cervical cancer, Squamous cell CCRT 50 Gy/25 fr. 26 33 48 Gy (RBEV12 fr. NER
TXZbNIMO CAFCINOME
. . 2 Cervical camcer, Squamous cell BT alonc 50 Gy/25 fr. 25 28 48 Gy (RBEY12 fr. NER
* Retrospective series of 16 cases T2aNOMO carcinoma
3 Endometnal cancer, Endometrioid Surgery 50 Gyf25 fir. i 25 48 Gy (RBEV12 fr. NER
H TINOMD adenocarcinoma
[
UnreseCtabIe recurrence at the edge Of the preVIOUSIY 4 Cervieal eancer, Squamous cell CCRT 50 Gy/25 1. 26 14 48 Gy (RBEV12 fr. LN metastasis
o . o T4AMOMD carcinoma
Irra d IatEd fl e |d 5 Cervical cancer, Squamous cell. | Surgery 66 Gy/33 fr. 1 33 528 Gy (RBEVI2 fr. NER
. TI1b1MNOMD carcingma
) Medlan age 57 yea rs (ra nge=35_79 yea rS) 6 Enu:ln_lrréllc:nal cancer. Caminosarcoms Surgery 60 Gy/30 fr. 12 20 576 Gy (RBEWI2 fr. LN metastasis
H H — T Cervical cancer, Squamous cell Surgery 50 Gy/25 fr. 17 15 528 Gy (RBEV12 fr. Local reommmence, LN
* Median tumor size was 27 mm (range=14-80 mm) TNIMO carcinoma and Lung metastiscs
.4 Cervical cancer, Squamous cell CCRT 506 Gy/27 fr. 33 24 57.6 Gy (REEWIZ fr. LN metastasis
e Total dose range: 48-57.6 GyE T2bN1MO carcinoma
9 Endometrial cancer. Endometrioid Surgery 50 Gy/25 fr. 20 0 57.6 Gy (RBEV16 fi Local recurrence
T3bMNIMD adenocarcinoma
- 10 Cervical cancer, Squamous cell CCRT 46 Gy/23 fr. 77 30 528 Gy (RBEYI12 fr. MNER
. b T2aNOMO carcinoma
Drgans involved GO Gl G2 G3 G4 p 11 Ovarian cancer, Serous Surgery 56 Gy/28 fr. 40 18 528 Gy (RBEVI2 fr. Lung metastasis
T1bNOMO aiEnocarcinoma
) . 12 Endometrial cancer, Endometrioid Surgery 50 Gy/25 fr. 130 2 528 Gy (RBEVI12 fr. NER
Gastrointestinal tract 14 2 0 0 0N T3aNOMO adenocarcinoma
Urinzu'}' tract 15 1 0 ~ 0 0 13 EndmmmTlh‘El\;‘;n;cr. SJTSI]:‘I;;]; Surgery 54 Gy/27 fr. 17 15 528 Gy (RBEYVI2 fr. Lung metastasis
Leg edema 15 0 1 0 0 14 Cervical cancer, Mucinous Surgery 504 Gy/28 fr. 21 38 57.6 Gy (RBEV12 fr. NER
- T1bNOMOD sdenocarcinoma
Lower extremity nerve 14 2 0 0 0 15  Endomctrial cancer,  Endometricid  Surgery S86Gy32fr. 29 42 528Gy (RBEVIZ fr.  Liver meiastasis
TI1bMOMD adenocarcinoma
. e 16 Cervical cancer, s cell 5 50 Gy/25 fr. il . 1 528 Gy (REBE)V12 fr. NER
RTOG/EORTC. Radiation Therapy Oncology Group/European E?f&;;;,” Sqﬁr::i:mt e = vRREREE

Organization for Research and Treatment of Cancer.
CCRT, Concurrent chemoradiotherapy; C-ion RT, carbon-ion radiotherapy: fr., fractions; LN, lymph node; NER. no evidence of recurrence; RT.

radiotherapy.

Shiba S et al Clinical Impact of Re-irradiation with Carbon-ion Radiotherapy for Lymph Node Recurrence of Gynecological Cancers.
Anticancer Res. 2017 Oct;37(10):5577-5583
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* Re-irradiation for recurrence
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Months after treatment

Two patients had local recurrence, and 7 patients had distant metastases

Shiba S et al Clinical Impact of Re-irradiation with Carbon-ion Radiotherapy for Lymph Node Recurrence of Gynecological Cancers.
Anticancer Res. 2017 Oct;37(10):5577-5583
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g Conclusions: Take home messages

* Hadrontherapy appears to be a safe, effective and feasible treatment method, which has
shown advantages over photon therapy

* For locally advanced cervical cancer CIRT provides good outcome in patients receiving
pelvic CIRT, prophylactic extended-field CIRT and concurrent chemotherapy

* CIRT seems to improve outcome.in adenocarcinoma cervical cancer compared to photon
beam RT

* Prospective and randomized clinical trials are warranted!
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* The results of inoperable endometrial carcinomas and gynecological melanomas have a

similar therapeutic effectiveness to that of surgery
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* The results of inoperable endometrial carcinomas and gynecological melanomas have a
similar therapeutic effectiveness to that of surgery

* For their radiobiological and ballistic hallmarks re-irradiation with CIRT could meet
expectations as a curative treatment option
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g Conclusions: Take home messages

* The results of inoperable endometrial carcinomas and gynecological melanomas have a
similar therapeutic effectiveness to that of surgery

* For their radiobiological and ballistic hallmarks re-irradiation with CIRT could meet
expectations as a curative treatment option

* A strong collaboration between. Researchers .and Physicians treating rare and
radioresistant histologies as well as difficult-to-cure patients is of utmost importance to
make a step forward in the treatment of these diseases
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Thank you for your attention

“True progress is when the advantages of new technology are available for all”
H. Ford
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