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A B S T R A C T   

Introduction: In the multidisciplinary management of oligometastatic, persistent, or recurrent (MPR) ovarian 
cancer, radiotherapy (RT) is becoming a more and more worthwhile treatment to potentially improve the 
chronicity of the disease. Particle beam RT has proved to be effective in several gynecological malignancies, but 
so far no data are available for ovarian cancer. 
Material and Methods: This is a real-world, retrospective, bi-institutional, single-arm study aimed to assess the 
effectiveness and the safety of carbon ion RT (CIRT) in this setting. The co-first endpoints are 1-year and 2-year 
actuarial local control (LC) rates and the objective response rate (ORR) defined on a “per lesion” basis. The 
secondary endpoint was toxicity. Actuarial outcomes were evaluated using the Kaplan-Meier method while 
potential predictors were explored using the Log-rank test. Bi-variable logistic regression was employed in the 
analysis of factors predicting the complete response on a per-lesion basis. 
Results: 26 patients accounting for a total of 36 lesions underwent CIRT with a total median dose of 52.8 Gy[RBE] 
(range: 39–64 Gy[RBE]). Five patients received CIRT for re-irradiation. No concomitant systemic therapies were 
administered during CIRT. Within 12 months after the treatment, 17 lesions (47 %) achieved complete response 
while 18 (50 %) obtained a partial response with an ORR of 97 %. The achievement of a complete response is 
related to the dose per fraction (>4.2 Gy[RBE], p = 0.04) and total dose (>52,8 Gy[RBE], p = 0.05). The 1-year 
LC was 92 % and the 2-year LC was 83 %, according to the achievement of a CR (p = 0.007) and GTV ≤ 14 cm3 
(p = 0.024). No grade > 3 toxicities were recorded both in naïve and re-irradiated patients. PARP-i and anti- 
VEGF seemed not to exacerbate the risk of severe toxicities. 
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Conclusions: CIRT was effective and safe in MPR ovarian cancers, even in the case of re-irradiation. Largest cohort 
studies and longer follow-up are needed to confirm these data.   

Introduction 

Ovarian and fallopian tube cancers are the 7th most frequent cancer 
diagnosed worldwide and the 5th cause of death in women due to cancer 
after lung, breast, colorectal, and pancreas tumors. Currently, ovarian 
cancer ranks as the 1st cause of death due to gynecological cancer [1]. 
Up to 80 % of ovarian and fallopian tube cancers are diagnosed in the 
advanced stage and, despite all the improvements in cytoreductive 
surgery and the introduction of Bevacizumab in front-line chemo-
therapy, more than 70 % of women experience a recurrence within 2 
years [2]. Traditionally, the management of recurrent and metastatic 
disease is systemic chemotherapy, selected according to patient per-
formance status, previous toxicities, platinum sensitivity, histotype, 
mutational status (BRCA genes or homologous recombination defi-
ciency), and type/site of recurrence [3]. However, the management of 
this setting would dramatically modify in the upcoming years due to the 
recent implementation of PARP- inhibitors (PARP-i) in the first and 
second line for BRCA mutated patients[3–7]. In this shifting context, 
radiotherapy (RT) is becoming a more and more intriguing radical 
locoregional treatment to be included in a multidisciplinary approach, 
in order to improve the free-drug interval to the patients[8]. The largest 
retrospective series focusing on the role of RT in oligometastatic, oli-
gorecurrent and oligopersistent (MPR) disease showed an encouraging 
rate of complete response (CR) with a durable local control (LC)[9]. 
However, to the best of our knowledge, in this setting there are no data 
yet about the use of particle RT [10,11], particularly carbon ion radio-
therapy (CIRT) which has proved to be effective in several gynaeco-
logical malignancies [10–12]. This bi-institutional pilot study has the 
aim of defining the efficacy and safety of CIRT in the first real-world data 
set of MPR ovarian and fallopian tube cancers. 

Material and methods  

a. Study design 

This is a pilot, real-world, retrospective, bi-institutional, single-arm 
study including patients treated with CIRT at the National Center for 
Oncological Hadrontherapy (CNAO) in Pavia (Italy) and at the National 
Institutes for Quantum Science and Technology (QST) in Chiba (Japan) 
for an oligo-MPR disease. The two institutional review boards approved 
the study (CNAO OSS 48 2022 on the date 09/06/2022 and QST-N23- 
006 on the date 20/06/2023). According to recent literature on MPR 
we considered as: i)“ oligometastatic” a disease in which there are ≤ 5 
synchronous lesions in any site; ii) “oligorecurrent” in case of less than 5 
new or enlarging metastases in otherwise well-controlled disease status; 
iii) “oligopersistent” in case of less than 5 persistent lesions after a 
locoregional or systemic treatment [9,13,14]. The inclusion criteria 
were: i) age >/= 18 years; ii) histological diagnosis of primary ovarian/ 
fallopian tube cancer (all histologies were allowed); iii) diagnosis of 
oligo-MPR disease; iv) patient candidates for a curative intent treatment 
in a multidisciplinary tumor board; iv) exclusion of eligibility for photon 
beam RT or other local approach and/or patient’s refusal; v) signed 
written informed consent for treatment and use of their clinical data for 
research purposes; vi) performance status according to Eastern Coop-
erative Oncology Group (ECOG) score = 0–1. The combination with 
other oncological systemic therapy, when indicated, was allowed. 

The coprimary endpoints, defined on a “per lesion” basis, were the 1- 
year and 2-years actuarial local control (LC) rates and the objective 
response rate (ORR). The LC was the time interval between the end of 
CIRT and the evidence of a progression of disease (PD) in the field of 

treatment. The ORR was considered as the sum of complete response 
(CR) and partial response (PR) evaluated by dedicated imaging modal-
ities: MRI (magnetic resonance imaging), computed tomography scan 
(CT), or positron emission tomography scan (PET). The acute (</= 6 
months from the end of CIRT) and late (>6 months) toxicities were 
scored using RTOG/EORTC[15] and CTCAE version 5.0 scales [16] ac-
cording to Center policy and represented the secondary endpoints.  

b. CIRT procedures and follow-up 

CIRT in the treatment of oligo-MPR ovarian/fallopian tube cancers 
commenced in 2006 at QST and in 2019 at CNAO. Facility-specific 
protocols for this type of treatment followed the same principles in 
terms of plan preparation and optimization. 

Tailor-made fixation cushions and thermoplastic shells were built for 
the immobilization of patients for acquiring a planning CT scan. For all 
lesions, the gross tumor volume (GTV) was defined on planning CT and 
rigidly fused with CT with contrast medium, and/or PET/CT and/or 
MRI. The clinical target volume (CTV) was obtained from the GTV with a 
margin set at 5 mm and, in the case of synchronous and really close GTV, 
a single CTV was obtained. According to the center policy: i) at QST the 
planning target volume (PTV) margins were considered based on the set- 
up margin, and personalized based on target and organ motion analysis 
(free breathing or four-dimensional respiratory-gated CT); ii) at CNAO 
positioning (±3 to 5 mm isocenter displacement) and range un-
certainties (±3.5 %) were directly incorporated in a robust plan opti-
mization to guarantee adequate CTV coverage; when respiratory motion 
was present, motion scenarios as depicted by four-dimensional respira-
tory-gated CTs were included in the optimization algorithm and opti-
mized dose distributions on each respiratory phase were eventually 
inspected to verify the plan quality. 

Concerning treatment plan preparation, CIRT beam treatments could 
be delivered with either a passive or an active irradiation technique. In 
the current study, passive irradiation used a broad radiation beam which 
was made uniform in 2-D by scatterers or wobbling magnets to cover the 
target volume, while the active method scans the tumor in 3-D using 
scanning magnets. 

At QST beam delivery used both passive and active systems (the 
latter from 2012), while pencil-beam scanning beam delivery was 
implemented at CNAO from the beginning of its clinical activity. The 
delivered biological CIRT dose, which is defined as the physical dose 
multiplied by the Relative Biological Effect (RBE) and expressed in Gy 
[RBE], was calculated using different radiobiological models at the two 
facilities. In particular, the Microdosimetric Kinetic Model (MKM) was 
used at QST while the Local Effect Model I (LEM I) was used at CNAO. At 
the beginning of clinical activity at CNAO, LEM-based CIRT prescription 
doses for various body sites were translated from the NIRS-based system 
minimizing differences in physical dose distributions between treatment 
plans[17]. 

Both centres optimized CIRT plans with multiple beam ports and 
specific settings to take into account inter- and intra-fraction variations. 
In particular, for abdominal targets intra-fraction motion mitigation 
consisted of the acquisition of a 4DCT for patient simulation, 4D-robust 
optimization of treatment plans and gated dose delivery, combined with 
rescanning and abdominal compression. Weekly re-evaluative 4DCTs 
were used to assess the quality of plans throughout delivery. Based on 
these results, decisions on plan re-optimization and treatment imple-
mentation were made and, if necessary a Cone Beam CT was also 
scanned during treatment [18–20]. 

During treatment, clinical evaluation was performed at least once per 
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week. After CIRT, patients were re-evaluated every 3–4 months either by 
a radiation oncologist or by a gynaecological oncologist with CT or/and 
MRI or/and PET/CT and tumor marker dosage; further radiological 
examinations were requested in case of suspicion progression. 

Data management and Statistical analysis 

Patients were pseudonymized and no personal identifiers were 
collected. Clinical data was transferred through a dedicated encrypted 
channel. A dedicated agreement was set up to manage data properly. All 
pseudonymized data were collected at CNAO into an electronic data-
base. The data processing was performed by A.B., G.F. and K.M. 
Continuous variables were reported as median and interquartile ranges 
while counts and percentages were used to describe categorical vari-
ables. Actuarial outcomes were evaluated using the Kaplan-Meier 
method, while potential predictors were explored using the Log-rank 
test. Due to the expected low rate of local failure events, a multivari-
able analysis was not deemed reasonable. Bi-variable logistic regression 
was employed in the analysis of factors predicting the CR on a per-lesion 
basis. Quantitative variables were stratified based on their median value 
and adjusted in the logistic regression analysis for the binary variable 
identifying the radiobiological model (as well as the institution and 
ethnicity). 1y-LC, 2y-LC and ORR rates were provided with their bino-
mial 95 % confidence intervals (95 % CI), and the two-sided type I error 
was set at 0.05. Statistical analyses were carried out using R version 
4.0.1. 

Results 

Patient and tumor hallmarks 

Twenty-six patients, accounting for a total of 36 lesions, underwent 
CIRT for oligo-MPR ovarian and fallopian tube cancers between 2006 
and 2021. There were 58 % Asian and 42 % Caucasian patients. The 
median age at CIRT was 59.5 years (range: 44–81 years). Twenty-one 
patients were RT naïve, while 5 received CIRT for re-irradiation. As 
shown in Table 1, the primary histology included high-grade serous cells 
(N = 11; 42.3 %), mucinous (N = 3; 11.5 %), endometrioid (N = 2; 7.7 
%), mixed mullerian (N = 5; 19.2 %), clear cells (N = 1; 3.8 %), un-
differentiated (N = 1; 3.8 %) cancers. Lymph node lesions accounted for 

42 % (N = 15), while parenchymal ones were 21 (abdominal = 14; 
pelvic = 5; brain = 2), for a total of 58 %. Data about genetic mutational 
status were available for 11 patients, 6 of them were wild type and the 
others carried the following mutation: BRCA2 (N = 1), BRCA1 (N = 2), 
FANCA (N = 1) and ERCC3 (N = 1). The volumes (GTVs) of lymph node 
lesions ranged between 1.2 and 157.69 cm3 while the parenchymal 
GTVs were between 1.02 and 256.83 cm3. The patient’s and tumour’s 
characteristics are shown in Table 1. 

Treatment characteristics 

All patients underwent at least 1 cytoreductive surgery and at least 1 
previous line of chemotherapy. No concomitant systemic therapies were 
administered during CIRT; PARP-I and anti-VEGF were stopped before 
CIRT and, overall, 4 patients received PARP-I (4 before and 2 also after) 
and 6 anti-VEGF before CIRT. Twenty-four women (92 %) received only 
one course of CIRT, whereas 2 (8 %) underwent a second course for an 
out-of-field recurrence. The median prescribed total dose was 52.8 Gy 
[RBE] (range:39–64 Gy[RBE]) in median 12 (range: 10–16) fractions. 
The median GTV was 14 cm3 (range:1.02–256.83), whereas the CTV was 
72.92 cm3 (range: 7.9–256.83). In 5 cases, the synchronous MPR led to 
different and close GTVs that were treated in a single CIRT course and 
included in a single CTV. 

Outcomes according to the endpoints 

Within 12 months after CIRT, 17 lesions (47 %, 95 % CI: 31 %-64 %) 
achieved CR while 18 (50 %, 95 % CI: 34 %-66 %) a PR and 1 (3 %, 95 % 
CI: 0 %-8%) a PD. Overall, the ORR was 97 % (95 % CI: 92 %-100 %). We 
observed that the dose per fraction > 4.2 Gy[RBE] as well as the total 
dose > 52.8 Gy[RBE] were significantly related to the higher chance to 
achieve a CR (odds-ratio = 4.5, 95 %CI: 1.12–21.05, p = 0.04; odds- 
ratio: 4.05CI: 1.04–17.75, p = 0.05, respectively) as shown in Fig. 1. 
Age (>/≤ 60 years), GTV (>/≤ 14 cm 3), tumor site (lymph nodes vs 
parenchymal), different radiobiological models (LEM-1 vs MKM) 
applied for CIRT planning in the two centers along with differences in 
ethnicity (Asian vs Caucasian) appeared unrelated to the CR. After a 
median follow-up of 13 months (6–193 months), the 1-year LC was 92 % 
(95 % CI: 82 %- 100 %), and the 2-year LC was 83 % (95 % CI: 65 %-100 
%). The high chance of achieving LC was unrelated to age (p = 0.92), 
dose per fraction (p = 0.14), total dose (p = 0.71), the radiobiological 
model used (p = 0.32), and tumor site (p = 0.62). However, the 
achievement of a CR (p = 0.007) as well as the GTV ≤ 14 cm3 (p =
0.024) resulted significantly associated with a better LC rate (Fig. 2). 

With regards to toxicity, the treatment showed a high profile of 
safety, indeed CIRT was well tolerated and no interruption was needed. 
Only one case of grade 3 EORTC/RTOG enterocolitis in the late phase 
was observed and no grade ≥ 3 toxicities were recorded in re-irradiated 
patients (Table 2). PARP-i and anti-VEGF administered in 4 and 6 pa-
tients, respectively, seemed not to exacerbate the risk of severe toxic-
ities. Patients with a BRCA mutation did not experience a grade ≥ 2 
toxicity. 

Discussion 

In the last years, RT has taken on a pivotal role in the treatment of 
MPR ovarian and fallopian tube cancers showing a high safety profile, 
achieving a favourable LC and a promising rate of CR [9,14,21]. Even if 
several clinical trials investigated so far the role of CIRT in gynaeco-
logical tumors [12], there are no data concerning oligo-MPR ovarian/ 
fallopian tube cancers. However, considering the radiobiological fea-
tures of ovarian cancers[22] as well as the peculiar ballistic and radio-
biological properties of carbon ions, resulting in an enhanced anti-tumor 
effect, especially in radioresistant histologies or tumors located in crit-
ical anatomical areas and surrounding high radiosensitive organs[23], 
CIRT might be theoretically advantageous in this setting. 

Table 1 
Tumor and treatment characteristics.  

Characteristics N(%) 

Histotype   
• High grade serous cell 11 (42.3)  
• Mucinous 3 (11.5)  
• Endometrioid 2 (7.7)  
• Clear Cells 1 (3.8)  
• Mixed mullerian 5 (19.2)  
• Undifferentiated 1 (3.8)  
• Other 3 (11.5) 
Type of lesions   
• Lymph node 15(41.7)  
• Parenchyma 21(58.3)   

○ Abdominal   ○ 14   

○ Pelvic   ○ 5   

○ Brain   ○ 2  

Median (range) 

GTV volume   
• Lymph node 13.64 cm3 (1.2 -157.69 cm3)  
• Parenchyma 14.34 cm3 (1.02-256.83 cm3) 
Doses  
Total dose 52.8 Gy[RBE] (39-64 Gy[RBE]) 
Number of fractions 12 (10-16)  
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To test this hypothesis, we evaluated for the first time the role of 
CIRT in MPR ovarian and fallopian tube cancers demonstrating the 
effectiveness and safety of this approach. Despite the small cohort and 
the short follow-up, CIRT provided in this real-world study a slightly 

better ORR compared to the largest photon beam data (97 % vs 89 % 
respectively)[9]. Within 12 months, 47 % of the lesions (95 % CI: 31 
%-64 %) achieved CR that, among all clinical and RT parameters eval-
uated, seemed to be related only with the dose per fraction (>4.2 Gy 

Fig. 1. Boxplot of the total dose and dose per fraction (Gy[RBE]) distributions, based on the achievement of complete response (CR).  

Fig. 2. Kaplan-Meier local progression-free survival curves, with respect to the complete response (CR) achievement and GTV ≤/> 14 cc.  
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[RBE]; odds-ratio = 4.5, 95 %CI: 1.12–21.05) and total dose (>52,8 Gy 
[RBE]; odds-ratio: 4.05 CI: 1.04–17.75). Moreover, the achievement of a 
CR emerged as a predictive factor for the LC (p = 0.007). 

In oligometastatic settings, the achievement of high ORR has proved 
to be a pivotal goal of any locoregional treatment, including RT [24], 
allowing in the case of ovarian cancer to raise a “drug-free holiday”, 
crucial in the chronicization of the disease. In this “PARP-I era”, all ef-
forts should be made to avoid a rechallenge with cytotoxic platinum- 
based chemotherapy, considering that platinum-sensitive MPR ovarian 
cancers are eligible for PARP-I [25]. This issue is crucial, knowing that, 
in the OReO/ENGOT Ov-38 trial the maintenance with olaparib 
rechallenge was effective in overall progression-free survival regardless 
of BRCA status [26]. Moreover, both research and real-life data sug-
gested that response rates to chemotherapy for progression after PARP-I 
appear to be lower than those expected according to platinum-free in-
terval, highlighting the need for new therapeutic options for this 
growing population[27,28]. In this challenging scenario also entered 
our pilot study in which CIRT demonstrated a clinical benefit (defined in 
SBRT studies as the sum of ORR and SD after RT) of 97 %, as well as a 
high rate of LC (92 % and 83 % at 1 and 2 years, respectively) that well 
matched with the historical SBRT cohort [9,14]. Differently from the 
SBRT series on gynaecological tumors [29], we experienced no acute nor 
late haematological toxicities and no grade > 3 adverse events. 

Considering the availabilities of CIRT facilities worldwide and the 
encouraging SBRT data, the question is whether CIRT might play a role 
in MPR ovarian cancers and, if yes, how to accurately select patients to 
enrol for CIRT. 

The selection of patients to treat with CIRT is the most important 
question considering its high cost compared to photons and the systemic 
characteristics of ovarian and fallopian tubes at the diagnosis. In our bi- 
institutional experience, indeed, only patients considered candidates for 
a locoregional approach by a multidisciplinary team, but for whom the 
other less expensive strategies (such as photon beam RT, and other 
regional approaches) were excluded or strongly refused by the patients, 
were evaluated for CIRT. For the natural story of the disease, it is not 
uncommon that a patient receives several courses of RT and, in these 
cases, the challenge is to deliver high doses to the GTVs but, at the same 
time, to spare the already radiotreated surrounding tissues. Moreover, 
BRCA mutation increases the risk of a high rate of toxicity after RT and, 
in this era of precision RT, all efforts should be made to reduce the 
morbidity of these treatments [30]. The physical hallmarks of particle 
radiotherapy, such as CIRT and protons, could guarantee an increased 
dose to the target minimizing the side effects on the surrounding organs, 
as well as in case of re-irradiation [31]. 

Moreover, MPR patients arrived from several systemic treatments 
and it appears crucial to reduce the risk of haematological toxicities to 
allow the maintenance treatment after CIRT. Besides, lymphopenia can 
be also a negative prognostic factor for cancer patients [32] and sparing 
the bone marrow and the circulating lymphocytes can be pivotal in the 

management of oligorecurrent and oligometastatic disease. Published 
data showed fewer chromosomal aberrations in peripheral blood lym-
phocytes in CIRT compared to photon RT patients, due to the volume of 
normal tissue exposed [33]; indeed CIRT reduces the risk of bone 
marrow morbidity and increases the possibility of triggering a signifi-
cant immune response. The latter was essential in case of combination 
with immunotherapy, also for metastatic immune-cold tumors, such as 
ovarian cancers, in which RT seems to be able to reprogramme the 
tumor microenvironment inducing a systemic control of the disease 
when combined with immunotherapy[34]. 

In addition, the main rationale for using CIRT in ovarian cancers 
(and consequently for understanding how to better select patients to 
treat with heavy ions) could be found in the peculiar biology of this 
tumour and its response to different radiations [22]. In fact, after RT, the 
DNA double-strand breaks (DSBs) damage is mainly repaired by non- 
homologous end joining (NHEJ) and homologous recombination (HR) 
pathways. However, the cluster DNA DSBs produced by CIRT might 
activate also alternative and error-prone repair pathways [23,35], one of 
which is based on microhomology-mediated recombination that follows 
the DNA damages [36]. It has been described that NHEJ is the choice 
pathway after photons, but HR significantly increased after CIRT [37] 
compared to photons in repair-deficient cell lines [38,39]. In this 
context, Grosse et al [39] described a more radiosensitive effect of 
protons compared to photons in proliferating Chinese hamster ovary 
cells lacking HR proteins [39]. Moreover, Gerelchuluun et al [37] tested 
the response to gamma rays, proton, and carbon ions of hamster cell 
lines ovary AA8, lung fibroblast V79 and different sublines such as V3 
and XR1 (lacking the NHEJ pathway), and irs1 and irs1SF cells (lacking 
the HR pathway). In this experiment, the authors demonstrated that 
wild-type cells were most radioresistant, followed by the HR-deficient 
irs1, NHEJ-deficient XR1, HR-deficient irs1SF, and NHEJ-deficient V3 
cells to all radiation types examined. In particular, the response to 
gamma rays and protons was similar in all the cells, but the wild-type 
and HR-deficient cell lines were more strongly sensitized to CIRT than 
the NHEJ-deficient cell lines. Taken together, these data can be clinically 
significant for the stratification of MPR ovarian cancers carrying muta-
tions in DNA, to treat with photons vs CIRT. 

Another issue is whether particle therapy has additional benefit, and 
a better safety profile, compared to photons when combined with PARP- 
I. Bi et al. compared the radiosensitizing activity on BRCA1-proficient 
and BRCA1-deficient high-grade serous ovarian carcinoma cell lines, 
reporting a worse response to RT alone in BRCA1-proficient cells 
accompanied also by a lesser PARP-I radiosensitization effect, but a 
higher growth inhibition with Olaparib and RT in BRCA1-deficient tu-
mors [40]. In the combined strategy with PARP-I and RT, the main 
concern is the risk of worsening RT-related toxicity [41] particularly in 
the case of rapidly proliferation tissues [42]. To note that currently there 
is no consensus about the PARP-I reduction or the optimal time to sus-
pend PARP-I before and after RT in MPR ovarian cancers. In our clinical 
practice, PARP-I were stopped before the treatment and, similarly to the 
SBRT published data, [25] this approach seemed not to increase toxicity. 

The retrospective nature, the small cohort, the absence of a com-
parison group and the short follow-up are undeniable limitations of the 
current study. Moreover, the small number of treated lesions and the 
missing data on the molecular status prevent an appropriate multivari-
able analysis in predictors evaluation. We have to acknowledge that the 
physician-reported toxicity score could have been biased and longer 
follow-up is needed to reduce the risk of underestimating the rate of late 
toxicities. 

However, the homogeneity of the treatment, the methodology used 
in the analysis and the fact that this is, to the best of our knowledge, the 
first real-world assessment of the role of CIRT in this challenging setting, 
are the main strengths of the present bi-institutional analysis. The 
radiobiological data concerning the radioresistance/radiosensitivity of 
ovarian cancers according to their mutational status, the advantages of 
CIRT in radioresistant cells along with its efficacy and safety provided in 

Table 2 
Toxicity.  

Toxiticy Acute Toxicity Late Toxicity 
N (%) N (%) 

All 7 (26.9%) 8 (30.8%) 
Skin   
G1 1 (3.8%) 1 (3.8%) 
Upper gastrointestinal disorders   
G1 2 (7.69%) - 
Lower gastrointestinal disorder   
G2 - 1 (3.8%) 
G3 - 1 (3.8%) 
Neuropathy   
G1 1(3.8%) 2(7.7%) 
G2 3(11.53%) 2(7.7%) 
Lung   
G1 - 1(3.8%)  
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the current study, might be the basis for future trials aimed to find a 
tailored RT strategy (SBRT vs CIRT) stratifying MPR ovarian cancers 
according to BRCA and HR status. 

Conclusion 

Herein it was described the efficacy of CIRT, accompanied by mild 
toxicity, in oligo-MPR ovarian and fallopian tube cancers. Further 
studies are needed to find the optimal selection criteria of patients to 
treat with CIRT and to guarantee the best-tumour-tailored personalized 
RT strategy. A strong collaboration between radiation oncologists, ex-
perts of SBRT and CIRT, medical oncologists and gynaecologists is 
warranted to guarantee the best RT option for ovarian cancer patients, 
according to the biology of the disease. Further collaborative studies 
might be worthwhile in the better comprehension of the underlying 
mechanisms of radioresistance and radiosensitivity in order to explore 
new treatment approaches. 
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