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Rationale

Durante M, Br J Cancer. 2019 

• Compared to traditional RT, particle beam RT has dosimetric and

radiobiological advantages

• Dosimetric hallmarks:

✓ favourable depth–dose curve:

▪ 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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Tinganelli W, Cancers (Basel). 2020; Pawlik TM Int J Radiat Oncol Biol Phys. 2004; Durante M, Br J Cancer. 2019

• Radiobiological advantages

✓ charged particles have a higher LET, which ensures a

higher relative biological effectiveness than

conventional RT

✓ they can mainly induce more serious damage (i.e.

oxidative stress, more DNA double-strand breaks)

✓ DSBs are the most lethal, as an accumulation of

misrepaired or unrepaired DSBs can lead to a massive

loss of genetic information and cell death

✓ Reduced dependence of fractionation and cell-cycle

stage

✓ Reduced oxygen enhancement ratio (OER) in the

tumour

Rationale



Rationale
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Rationale

Tinganelli W, Cancers (Basel). 2020; Pawlik TM Int J Radiat Oncol Biol Phys. 2004; Durante M, Br J Cancer. 2019

• Normal tissue sparing, higher dose to tumor

• Effectiveness to hypoxic and radioresistent tumors

• Ability to reverse tumor immune desertification and resistance

suitable for

• tumors close to radiation-sensitive organs (bowel, spinal cord, brain…)

• local recurrences after photon beam radiotherapy

• slow-growing tumors

• oxygen-poor tumors

• “cold” tumors
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Gynecological Melanomas

▪ Vulva: 2.4-10% of all vulvar cancers
3-7% of all melanomas in women                             
Incidence: 0.48-1.4/1000.000 women 
5-year OS: 37–50% 

▪ Vagina: <3% of all vaginal cancers
0.4-0.8% of all melanomas in women 

Approximately 500 cases reported in the literature 
5-year OS : 13–32% 

▪ Cervix: extremely rare
approximately 80 cases reported in the literature
5-year OS: approximately 10%

Gadducci A, Gyn Oncol

▪ Management based on data concerning 

gyn cancers & cutaneous melanoma

▪ Surgery is the treatment of choice (early 

stages) →surgical challenges (proximity of 

bladder, anus rectum)

▪ CIRT is a promising alternative



▪ 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

▪ 2-y LC 71%

Murata et al., Cancers (Basel). 2019 

Gynecological Melanomas
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• Retrospective analysis of 11 patients

• Total dose 68.8 GyRBE

• Median follow-up 18 months (IQR: 8.7, 20.3)

• ORR :82%

• CB of 100 %

• 1-y and 2-y LC were 100% and 86%

• Patients with an age >60 years seemed to experience a better

LC (p = 0.014)

Barcellini et al., Cancers (Basel). 2024 

Gynecological Melanomas



Gynecological Melanomas

Courtesy by Dr Charalampopoulou



Gynecological Melanomas

Charalampopoulou et al., IJPT 2024 



Study

Design
Monocentric, prospective phase II study

Patients Unresectable

Treatment 68.8 GyRBE in 16 fractions, 4 fractions per week

Endpoints

The primary endpoint of the study is to estimate 2-year PFS in patients diagnosed

with mucosal melanoma of the lower genital tract, treated with carbon ion radiation

therapy.

Secondary endpoints:

•Overall survival (OS)

•Toxicity according to Common Terminology Criteria for Adverse Events (CTCAE

version 5.0)

•Objective response rate (ORR) according to RECIST

•Evaluation of the association between the clinical-radiological response at 6 weeks

and the late response (> 6 months)

•Quality of life.
Preliminary data

• LC= 100% 

• Late Toxicity: no G≥ 3

ClinicalTrialGov NCT05478876

Gynecological Melanomas
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• 522 patients

Local Control:

✓ 1y= 74% (95% CI, 62- 75)

✓ 2y=49% (95% CI, 40- 58)

✓ 3y=48% (95% CI, 39 -58)

G3-G4 Toxicity Rate:

✓ BT: 26%

✓ SBRT + Chemo: 20%

✓ SBRT alone: <10%

Critelli, Pezzulla et al Gyn Oncol. 2023

Re-irradiation



Pollock et al Adv Radiat Oncol. 2023

• Retrospective series of 29 cases treated with PBT → 49.2

GyE (range, 30-61.6 GyE; IQR, 11 GyE)

• Unresectable recurrence at the edge of the previously

irradiated field

• With a median follow-up of 23 months, 1-year local control

was 83.5%

-

Re-irradiation



Shiba et al Anticancer Research 2017 

• Retrospective series of 16 cases

• Unresectable recurrence at the edge of the previously

irradiated field

• Median age 57 years (range=35-79 years)

• Median tumor size was 27 mm (range=14-80 mm)

• Total dose range: 48-57.6 GyE

Re-irradiation
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1y 92%

2y 55% 1y-2 y 100%
1y 95%

2y 73%

No G> 3 AEs

✓ Critelli, Pezzulla et al Gyn Oncol. 2023 → 1y= 74%; 2y=49%

✓ Pollock et al Adv Radiat Oncol. 2023 → 1y= 83,5%

✓ Shiba et al Anticancer Research 2017 → 1y= 94%

Radioresistant tumors

Higher volumes

PSW

Barcellini et al, presented @ESTRO 2025 and under review

Radiosensitive histotypes

Lymph Nodes

Re-irradiation
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Barcellini & Murata, CTRO 2024 

• 26 women (58% Asian and 42% Caucasian), for a total of 36 lesions, underwent CIRT for RR-OSC

• 21 patients were radiotherapy naïve, while 5 patients received CIRT for re-irradiation

• Median total dose of 52.8 GyE (range:39-64 GyE)

Oligoprogressive / Oligorecurrent
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After a median follow-up of 13 months (6-193 months)

Macchia G et al . Oncologist. 2020

2-y LC 81.9%

• 1- year LC:92% (95% CI: 82%- 100%)

• 2- year LC:83% (95% CI: 65%-100%) 

• 17 lesions (47%, 95% CI: 31%-64%) achieved CR within 1 year

• OR rate was 97% (95% CI: 92%-100%). 

Macchia G et al . Oncologist. 2020

OR rate: 89%

Barcellini & Murata, CTRO 2024 

Oligoprogressive / Oligorecurrent



Barcellini A. et al. –International Journal of Radiation Biology in press

• Clonogenic Survival

BRCA2 mutated Methilation BRCA1 BRCA1 mutated BRCA WT

OVSAHO                     OVCAR8 COV362 OVCAR3

Oligoprogressive / Oligorecurrent



Metastatic processes  1) invasion assay

BRCA2 mutated Methilation BRCA1 BRCA1 mutated BRCA WT

OVSAHO                     OVCAR8 COV362 OVCAR3

Oligoprogressive / Oligorecurrent

Barcellini A. et al. –International Journal of Radiation Biology in press



BRCA2 mutated Methilation BRCA1 BRCA1 mutated BRCA WT

Oligoprogressive / Oligorecurrent

Metastatic processes  1) migration assay

Barcellini A. et al. –International Journal of Radiation Biology in press



Study Design Monocentric, prospective phase II study

Patients
Oligo‐recurrent, persistent, progressive gynaecological tumours with the

exclusion of squamous/adenosquamous histologies

Treatment 48-52.8 GyRBE in 12 fractions, 4 fractions per week (LEM or MKM)

Endpoints

First endpoints

• achievement of complete response (CR) PER LESION BASIS!

Secondary endpoints:

• Objective response rate

• 12 and 24 months- actuarial LC, PFS and OS

• Toxicity (CTCAE version 5.0)

• Symptoms control and QoL

Inclusion Criteria
• Patients ≥ 18 years of age and Karnofsky Index ≥ 70

• Histological or radiological diagnosis of oligo‐recurrent, persistent,

progressive gynaecological tumours with the exclusion of

squamous/adenosquamous histologies

• oligo recurrent, oligometastatic and oligopersitent gynaecological in

an otherwise well‐controlled disease status (Up to five

synchronous lesions, any site of disease)

• Exclusion of salvage surgery or other local therapies in a

multidisciplinary tumour board

• Patients previously treated with photon beam RT or

hadrontherapy can be enrolled.

• Possibility to perform surgery to space the intestinal loops, in case

of close distance between the intestinal tract and tumour.

• If needed, spacer in biocompatible material (i.e. silicon, goretex ) or

anatomical material (i.e. omentum, muscle patch), non-absorbable.

• DICOM images of the previous treatment plan availability in case of

re-irradiation

• Written informed consent

• Patients ability to understand the characteristics and consequences

of the clinical trial

Oligoprogressive / Oligorecurrent
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Gynecological ACCs

Loap et al, Front Onc 2021



Bernhardt D, Cancer Manag Res 2018

Gynecological ACCs



Gynecological ACCs

Unpublished data



Gynecological ACCs

Unpublished data



Gynecological ACCs

Unpublished data



Agenda

Rationale

Gynecological Melanomas

Re-irradiation

Radioresistant
oligoprogression/persistance

Adenoid cysytic carcinomas

Cervical adenocarcinomas

Oncofertility



Cervical Adenocarcinomas

The specimens were collected at least 4 weeks before CIRT and 

after 12 GyE ( 4 fractions) 1 week after starting CIRT

Iijima et al. J Gynecol Oncol. 2020



Cervical Adenocarcinomas

Patients with positive post-12Gy-C PD-L1 expression had a longer PFS than those with negative PD-L1 

expression 

LC and OS between the 2 groups showed no significant difference

Iijima et al. J Gynecol Oncol. 2020



Cervical Adenocarcinomas

Murata et al Int J Radiat Oncol Biol Phys. 2025. 



Cervical Adenocarcinomas

Barcellini et al under review



Cervical Adenocarcinomas

Barcellini et al under review
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Oncofertility

Barcellini & Cassani et Tumori Journal. 2024. 



• Hadrontherapy appears to be a safe, effective and feasible treatment 

method, which has shown advantages over photon therapy

• Preclinical studies are crucial

• RCTs (maybe for ROC?) are unrealistic →the development of clinical 

registries might help to elucidate current uncertainties

• National and International multidisciplinary cooperation is of utmost 

importance to make a step forward

Conclusions



Thank you for your kind attention!

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

H. Ford 


