
Introduction

Ovarian cancer is the fourth most frequent fatal malig-
nancy in women and the leading cause of death from gy-
necological malignancies [1]. Although important advances
have been made during the last three decades in surgery
and chemotherapy, overall survival (OS) for patients with
ovarian cancer has not changed significantly. Furthermore,
although standard treatments including cytoreductive
surgery followed by systemic platinum–paclitaxel
chemotherapy showed that a high proportion of patients
(60-80%) with advanced ovarian epithelial cancer initially
respond to first line chemotherapy ultimately; majority of
these patients (about 70%) recur either in the abdomen or
pelvis. [2-4]. 

Cytoreductive surgery is accepted as a major treatment
of primary ovarian cancer but its role in recurrent ovarian
cancer (ROC) is controversial and remains a field of dis-
cussion [5]. Surgery is usually performed in women with a
recurrence in only a few anatomical sites, usually after a
long treatment-free interval and the best outcome has been
shown with a complete resection surgery [6-8].

Improved understanding of the molecular characteristics
of ovarian cancer has facilitated the development of various

targeted agents. Based on progression-free survival (PFS)
improvements in Europe, bevacizumab is approved by the
European Medicines Agency in combination with carbo-
platin and paclitaxel in newly diagnosed ovarian cancer,
with carboplatin and gemcitabine in platinum-sensitive re-
lapse ovarian cancer, and with chemotherapy in platinum-
resistant relapse ovarian cancer [8]. Even if in the last
decade chemotherapeutic regimens showed promising re-
sults, interest in the use of radiotherapy (RT) in ovarian can-
cers has resurged. However, the role of RT in the
management of ovarian cancers is still not clearly estab-
lished and despite its long history in the treatment of the
disease, its role in the present day continues to remain con-
troversial.

RT has been attempted in ovarian cancers in the literature
as a single curative modality, as part of a combined modal-
ity approach in early and advanced stage cancers, as adju-
vant and consolidating therapies, respectively, as salvage
therapy for patients with small volume persistent disease
after primary cytoreductive surgery and chemotherapy, and
as palliative therapy in metastatic settings. [9]. The use of
whole abdominal irradiation (WAI) as consolidation or sal-
vage therapy appear to be clinically effective, but this treat-
ment in ovarian cancer has profoundly decreased mainly

Revised manuscript accepted for publication February 21, 2018

EJGO European Journal of
Gynaecological Oncology

7847050 Canada Inc.
www.irog.net

Eur. J. Gynaecol. Oncol. - ISSN: 0392-2936
XL, n. 5, 2019
doi: 10.12892/ejgo4639.2019

Summary
Purpose of investigation: To evaluate the effectiveness and safety of radiotherapy (RT) for patients with recurrent ovarian cancer

(ROC). Materials and Methods: Twenty-one patients with localized ovarian cancer relapses were treated with simultaneous-integrated
boost  intensity-modulated radiation therapy and stereotactic body radiation therapy/volumetric modulated arc therapy. BRCA 1/2 mu-
tation was present in 13 patients (62%). Radiation therapy was directed to pelvic and nodal recurrences. Results: The median time to
progression after successive lines gradually decreased. Six months after RT all patients had a complete response assessed by 18F-FDG
PET/CT and CT scan; the overall response rate was 100%, including 21 complete remissions. Median progression-free survival (PFS)
was 13 (range, 4-36) months for all patients; specifically,  for patients with BRCA1/2 mutation was 13 (range, 11-19) months and for
wild type patients it was six (range, 4-36) months. Patients who had a BRCA1/2 mutation showed significantly longer PFS than those
who had not the mutation (median, 13 vs. 6 months) (p < 0.05). Acute and late gastrointestinal and genitourinary toxicity occurred in
seven (33%) patients. Conclusions: Due to the effect on delay of successive treatments with radiation therapy, there will be a risk to
chronicize ovarian disease. RT should be considered an alternative to secondary surgery in well-selected patients.
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due to high treatment-related toxicity. Therefore the im-
proved technologies allowed modern intensity-modulated
radiation therapy (IMRT), stereotactic body radiation ther-
apy (SBRT), and volumetric modulated arc therapy
(VMAT) which seem to show good tolerability [10]. Fur-
thermore the increased knowledge of biological character-
istics and type of recurrence have raised the interest in these
new technologies. 

The aim of this paper is to evaluate the feasibility and ef-
ficacy of these new techniques of RT performed in a real-
life setting of ROC patients.

Materials and Methods
Women aged 18 years or more, with confirmed ovarian can-

cer recurrence were consecutively treated at the Division of
Gynecological and Medical Oncology, Maternal and Child De-
partment and at the Division of Radiotherapy, Cannizzaro Hos-
pital, from July 2001 to November 2016. Histology, disease
stage, treatment response, toxicity and survival data, were ret-
rospectively evaluated. Patient, tumor, treatment, and follow-
up information were abstracted from the medical records after
Institutional Review Board approval.

Pre-treatment evaluation included history, physical exami-
nation, tumor biopsy, and complete blood analysis. Tumor ex-
tension was assessed clinically and by CA 125 biomarker,
abdominal CT scan or abdominal MRI and [18F]-fluo-
rodeoxyglucose-positron-emission tomography (18F-FDG-
PET) at baseline and during the follow-up.

Between 2011 and 2016 the authors treated 21 patients with lo-
calized ovarian cancer relapses. The median age was 54 (range,
45-67) years. Eleven patients (52.4%) showed at diagnosis, a bi-
lateral disease and four (19%) of them had breast or uterine cancer
in their anamnesis.

Tumors were classified accordingly: 18 (86%) serous carci-
noma, 2 (9.5%) endometrioid adenocarcinoma, and one (4.5%)
clear cell carcinoma. Cancer was staged according to the 2009 In-
ternational Federation of Gynecology and Obstetrics (FIGO) sys-
tem. FIGO Stage: 19 (90.5%) IIIC and two (9.5%) IV. 

Genetic BRCA1/2 test was offered to all patients and test results
were available for 19 patients; among these, 13 (62%) patients
had BRCA1/2 mutation and six (28.5%) patients had wild-type.
The mutational state of two (9.5%) patients remained unknown
(Table 1).

Patients were treated with a definitive RT dose of 60 Gy/25
fractions on BTV in SIB-IMRT and 35 Gy/5 fractions on BTV in
SBRT/VMAT. Tumor extension was re-evaluated clinically and
by abdominal MRI or abdominal CT scans, 18F-FDG-PET/CT,
and CA125 biomarker. Clinical objective tumor responses were
assessed according to the Response Evaluation Criteria in Solid
Tumors (RECIST) criteria [11].

The response to RT was classified as complete or partial disap-
pearance of the relapsed lesions. PFS were obtained to evaluate
the efficacy of RT for the examined population and specifically
for BRCA1/2 mutation carrier patients

Disease assessment was performed every three months for the
first year and every six months thereafter. Follow-up included ab-
domen MRI or CT scan, 18F-FDG-PET, and CA125 biomarker

The primary end point was clinical response rate according to
the RECIST criteria. Secondary endpoints included: PFS and tox-
icities (according to the common toxicity criteria (CTC) version
2.0 [12].

PFS was calculated from the date of diagnosis until the date of
progressive disease and it was estimated using the Kaplan-Meier
survival and Wilcoxon-Gehan test.

All patients underwent total laparotomic hysterectomy, bilateral
salpingo-oophorectomy, and omentectomy. Three cycles of plat-
inum and paclitaxel based neoadjuvant chemotherapy were ad-
ministered in three cases (14.3%). After primary surgery 14
(66.6%) patients were free of residual disease while six (28.6%)
patients showed a pelvic residual tumour larger than 2 cm and one
(4.8%) patient showed distant metastases. Six cycles of taxol- and
platinum-based adjuvant chemotherapy were administered to all
patients. At the evaluation after adjuvant chemotherapy, 16
(76.2%) patients were found to be free from disease, while five
(23.8%) patients showed persistent local disease with different
degrees of regression. No patient had distant metastases. 

Recurrences before RT were treated with a variety of
chemotherapy regimens and/or secondary cytoreduction. Specif-
ically, 13 patients underwent surgeries and 19 patients received
further lines of chemotherapy. Specifically, for patients with a
platinum free interval (PFI) > 6 months a carboplatin- and taxol-
based chemotherapy was newly administered. In other cases med-
ications used, either alone or in combination, were: liposomal
doxorubicin + trabectedin (yondelis), topotecan, and gemcitabine. 

A total of 34 lesions in 21 patients were treated. Four patients
received RT for pelvic recurrence; the other patients for recurrence
in lymph node sites. These last sites were mainly iliac and lom-
boaortic, but there were also thoracic lymph node treatments
(parasternal). About half of the treatments were treated for more
lesions at the same time, up to three. The median diameter of the
treated lesions, measured on simulation CT scan, was 2.5 cm (min
0.8 cm, max 6,2). All lesions were treated with the following RT
techniques: SIB (simultaneous integrated boost-)-IMRT and
SBRT/VMAT, specifically seven treatments were stereotactic
techniques and 14 in SIB-IMRT. 

All patients were scanned in the supine position, with a full
bladder and 3.75-mm CT slices, and immobilized with “knee-fix”
system positioning. Contouring was outlined according to the
ICRU83 guidelines [13], and dose-constraints of organs at risk
(OARs) were referred to Quantitative Analysis of Normal Tissue
Effects in the Clinic (QUANTEC)  table.

18F-FDG-PET/CT was performed to delineate biological target

Table1. — Clinical characteristics of 21 patients treated
with RT for ROC.  
Characteristics
Age, years, median (range)                                       54 (45-67)  
Time to RT, months, median (range)                         42 (22-180)  
Follow-up duration, months, median (range)            15 (3-31)  
Histology, n. (%)      
Serous carcinoma                                                      18 (86)  
Endometrioid adenocarcinoma                                 2 (9,5)  
Clear cell carcinoma                                                  1 (4,5)  
Stage at diagnosis, n. (%)     
IIIC                                                                            19 (90,5%)  
IV                                                                               2 (9,5)  
Grade, n. (%)      
G2                                                                              6 (28,6)  
G3                                                                              15 (71,4)  
BRCA1/2 mutation, n. (%)     
Wild-type                                                                   6 (28,5)  
Mutation carriers                                                       13 (62)  
Unknown                                                                   2 (9,5)  



Safety and efficacy of new techniques of radiotherapy in oligometastatic recurrent ovarian cancer patients with BRCA1/2 mutation 741

volume (BTV). MRI or CT scan were used to delineate the gross
target volume (GTV) that involved enlarged nodes, the CTV (clin-
ical target volume) that combined GTV and adjacent node chains
and the planning target volume (PTV) that included CTV with a
margin of 0.3-0.5 cm considering errors’ set-up.

The IMRT or VMAT techniques were chosen according to the
lesion site. Treatment planning system used was MONACO with
XVMC Montecarlo Algorithm for photons. LINAC Elekta Syn-
ergy 6 MV was used for treatment and Cone Beam CT was per-
formed daily in SBRT and weekly in IMRT. Total dose was 60
Gy/25 fractions on BTV in IMRT-SIB and 35 Gy/5 fractions on
BTV in SBRT/VMAT. 

Results

The median time from diagnosis to RT was 42 (range,
22-180) months, and the median follow-up after RT was 15
(range, 3-31) months. All patients underwent surgery and
received a median of two (range, 1-5) chemotherapy
courses before RT. Five patients of these had a secondary
cytoreductive surgery after disease progression. The me-
dian time to progression after first line chemotherapy was
22 (range, 2-60) months and the median time to progression
after successive lines gradually decreased: after second line
chemotherapy, it was 15 (range, 3-30) months, and after
third line chemotherapy, it was six (range, 1-14) months.
All patients received treatment without interruption; six
months after RT, CT and PET scans showed a complete re-
sponse in the treated sites for all patients. After a median
follow-up of 15 months, nine (43%) patients had no evi-
dence of disease, nine (43%) patients received new lines of
chemotherapy post-progression, and three (14%) patients
underwent RT for a second time. The disease-free interval
was an average of ten (range, 2-37) months, and 12 (57%)
patients relapsed. Only in one case after 13 months of treat-
ment, there was a recurrence in the site previously treated
with RT. The patients were monitored to evaluate the acute
and late toxicity, based on the CTCAE criteria (Common

Terminology Criteria for Adverse Event). Toxicities were
considered as acute toxicities when manifested during treat-
ment and up to three months after combination therapy, and
late toxicities over three months after the completion of
combination therapy. The treatments were generally well-
tolerated. The stereotactic treatments have not been accom-
panied by any toxicity. Gastrointestinal toxicity occurred
in three patients: two   (9.5%) patients suffered acute toxi-
city and one (4.8%) patient  suffered late toxicity; genitouri-
nary toxicity occurred in four patients: two (9.5%) patients
suffered acute toxicity and two (9.5%) patients suffered late
toxicity. No haematological toxicity was observed. The tox-
icity was correlated to the irradiated volumes and specifi-
cally it occurred in patients treated for larger volumes. After
treatment CA 125  marker level was measured. This al-
lowed the authors to monitor the effectiveness of RT treat-
ment earlier than other methods. 

The overall response rate was 100%, including 21 com-
plete remissions. Median PFS was 13 (range, 4-36) months
for all patients after RT; median PFS for patients with
BRCA mutation was 13 (range, 11-19) months, and median
PFS for wild type patients was six (4-36) months. Patients
who had a BRCA1/2 mutation showed significantly longer
PFS than those who had not the mutation (median, 13 vs. 6
months) (p < 0.05) (Figures 1 and 2).

Discussion

The present results showed the efficacy of RT in ROC
and highlight the importance of selecting patients that can
benefit most from RT. The major determinants of clinical
outcome are represented by both residual tumour at first
surgery and sensitivity to platinum-based chemotherapy de-
fined on the basis of the interval between completion of
first line chemotherapy and recurrence of disease [13]. Fer-
randina et al. showed whether the duration of PFI or pre-
sentation of recurrence as a discrete lesion versus diffuse

Figure 1. — PFS of 21 patients treated with RT. Figure 2. —  PFS of patients treated with RT. BRCA +, patients
with BRCA1/2 mutation; BRCA - , wild-type patients.
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abdominal carcinomatosis, or site/size of recurrence might
differently impact on patient clinical outcome. Pattern of
recurrence as carcinomatosis was shown to be associated
with unfavourable outcome even when stratified according
to PFI duration. With multivariate analysis, pattern of re-
currence and PFI duration retained an independent prog-
nostic role for post-relapse survival [6]. The DESKTOP I
and DESKTOP II trials showed that complete resection was
associated with significantly longer survival compared with
surgery leaving any postoperative residuals [median 45.2
vs. 19.7 months; hazard ratio (HR) 3.71; 95% confidence
interval (CI) 2.27-6.05; p < 0.0001) and developed a hypo-
thetical score for prediction of complete cytoreduction [7,
8]. 

Among histological types of ovarian cancer, there is a
different chemosensitivity and biological nature. Different
authors showed that prognosis of ROC patients is influ-
enced by histological type and mutation of BRCA genes
[14]. Approximately 5% to 10% of epithelial ovarian can-
cers are associated with BRCA1/2 mutations. Most studies
demonstrate a survival benefit for ovarian cancer patients
with BRCA mutations compared to their sporadic counter-
parts [15, 16]. Studies have established that the BRCA1
and BRCA2 genes are significantly involved in DNA dam-
age recognition and homologous repair (HR) [17-19].
Higher rate of cell proliferation and poor differentiation, in
conjunction with impaired HR due to mutated BRCA
genes, may contribute to an improved response to the
DNA-damaging effects of platinum-based chemotherapy
and probably a better prognosis [20-23] This effect is sim-
ilar to the setting of impaired HR induced by poly(ADP-ri-
bose) polymerase (PARP) inhibitors which enhance the
cytotoxic effect of DNA-damaging chemotherapy [24, 25].
Furthermore, as BRCA1 and BRCA2 are involved in the
repair of DNA double strand breaks which can be caused
by ionising radiation, it has been hypothesised that carriers
of BRCA1/2 mutations might have increased radiosensi-
tivity. It has been shown that cancer patients with a BRCA1
or 2 mutation were on average more radiosensitive than the
control group [26-28]. Therefore, adding RT for localized
disease after chemotherapy or after a complete remission
may help in improving the outcome in selected patients.
Brown et al. reviewed 102 patients who received involved-
field RT for recurrent nodal and extranodal ovarian cancers.
At a median follow up of 38 months, 35 patients had no ev-
idence of disease. Higher responses were seen in patients
sensitive to platinum chemotherapy and in eight patients
with clear cell histology [29]. In another study by Yahara
et al. the efficacy and toxicity of RT was analyzed in 27 pa-
tients with limited recurrences after complete remission
with first line chemotherapy. Twenty patients (74%) re-
ceived chemotherapy for recurrences followed by RT. Of
the 22 (82%) patients who had an objective response, com-
plete response was observed in 11 patients and 11 patients
had a partial response. No grade III toxicities were reported.

The two-year PFS was 39% and local control rates were
96% [30]. Thus, the above two studies clearly demonstrate
the benefit of RT in reducing the loco-regional recurrences
with limited toxicity and thus may help in improving sur-
vival in selected patients [29]. 

The present results are in agreement with literature data
and suggest that the RT can play an important role in man-
agement of ROC. In particular its use in localized and/or
oligometastatic disease should be considered a valid alter-
native to secondary surgery and may delay subsequent
chemotherapy courses. The results showed that the median
time to progression after first line chemotherapy was 22
months and the median time to progression after successive
lines gradually decreased. This is an interesting result be-
cause it allows to delay successive treatments and first of
all it leads to the chronicization of the disease. Furthermore,
selection of patients to treat become a key element; specif-
ically, biological characteristics such as BRCA1/2 mutation
and type of recurrence clearly could help to select patients
that most benefit from RT. 
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