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Abstract

Ovarian cancer (OC) accounts for 3% of all cancer in women and for 5% of all cancer-related deaths. Epithelial Ovarian
Cancer (EOC) is a radiosensitive malignancy with a poor prognosis. In the pre-chemotherapy era, radiation therapy (RT)
delivered to the abdominopelvic region (whole abdominal irradiation, WAI) has historically played a role in the adjuvant
and consolidation setting. Specific cluster of patients with early-stage disease and definite histologies may take advantage
of RT. Platinum-based chemotherapy (CT) has replaced RT and plays a major role in most of the clinical settings. Radiation
Therapy for palliation is recommended in patients with localized symptoms. Nevertheless, modern RT represents a reliable
treatment option, with a mild toxicity profile, particularly effective for oligo-recurrent or progressive disease. The present
literature review aims to highlight the historical role of RT in EOC, the actual lines of evidence, and the future perspectives.
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Introduction

Ovarian cancer (OC) accounts for 3% of all cancers diag-
nosed in women and for 5% of all cancer-related deaths.
Approximately, 295.414 new cases per year are estimated
worldwide for OC, corresponding to more than 184.000
deaths every year [1]. Ovarian cancer is rare in women
before the age of 40, with a median age at diagnosis of
63 years. The histological classification comprises epithe-
lial (EOC, approximately 90% of all OC), sex cord, stromal,
and germ cell tumors. Epithelial ovarian cancer accounts for
25% of all gynecological malignancies, including high- and
low-grade serous tumors (respectively, 70% and 5% of all
EOC), endometrioid (10%), mucinous (3%), and clear cell
(10%) histology. The pathogenetic mechanism underlying
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the carcinogenesis of ovarian cancer is still unclear. Hor-
monal (e.g., reproductive history), patient’s specific (e.g.,
endometriosis, diabetes mellitus, obesity, dietary habits,
sedentary behavior, smoking status, high alcohol intake),
genetic (e.g., BRCA genes), environmental (e.g., exogenous
hormone use, exposure to ionizing radiation) risk factors
have been identified [2]. Recurrent ovulation, with repeated
breakdown and repair of the ovarian surface epithelium (or
recurrent exposure to hormone), may increase the likelihood
of DNA damage and neoplastic transformation [3]. There-
fore, more ovulations a woman experiences in her lifetime
and higher the risk of developing EOC. Moreover, high hor-
monal levels stimulate proliferation of the epithelium within
cortical inclusion cysts (probably fallopian tube epithelium
invaginations into the stroma) resulting in greater potential
for neoplastic transformation [4]. The mechanisms of EOC
spread includes direct contiguous infiltration of adjacent
organs, lymphatic, transcoelomic dissemination in the peri-
toneal cavity, and hematogenous spread (infrequent). Ovar-
ian cancer is staged surgically according to the International
Federation of Gynecology and Obstetrics (FIGO) staging
system based on the patterns of spread [5]. In almost all
cases, an exploration of the abdomen and pelvis to determi-
nate the stage is needed, because the extent of disease drives
subsequent treatments [5]. More than 75% of EOC are diag-
nosed when disease has spread throughout the abdominal
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cavity and pelvis (advanced-stage disease). Five-year overall
survival (OS) is approximately 45% in patients with EOC
overall. The survival rate is significantly better in localized
disease, with 5-year OS of 93%. Conversely, for advanced-
stage disease, 5-years OS is 25%. Age is a prognostic factor,
since women aged below 65 have higher 5-year OS (65.8%)
compared to those > 65 (32.9%) [6, 7]. Surgery is the pri-
mary approach. Generally, surgery for early-stage disease
consists of total extrafascial hysterectomy with bilateral
salpingo-oophorectomy and pelvic and para-aortic lymph
node dissection together with omentectomy. Patients with
early-stage disease (except in case of low-grade EOC) ben-
efit from adjuvant combination taxane and platinum-based
chemotherapy (CT). For patients with advanced stage, the
standard approach comprises combined modality treatment
including cytoreductive surgery and post-operative taxane
and platinum-based CT [8]. Up to 70% of advanced ovarian
cancer patients experience recurrence during the course of
disease, most frequently with peritoneal carcinomatosis and/
or distant metastases [9, 10]. Nevertheless, a small but not
negligible proportion of patients do experience exclusive
locoregional recurrence [10, 11]. Another possible clini-
cal presentation is ‘oligometastatic disease,” a transitional
condition characterized by 1-5 detectable metastases, with
an intermediate prognosis between localized and widely
disseminated cancer, in which local control may lead to
improved survival [12].

Epithelial ovarian cancer is a radiosensitive tumor and
in the past radiotherapy (RT) main role was in the adjuvant
setting. However, this role has evolved during the years.
Nowadays, due to the contradictory clinical results and the
consistent toxicity in the adjuvant clinical setting, RT has
been replaced by highly effective taxane and platinum-based
CT [10]. Nevertheless, modern RT can still play a role in
specific clinical scenarios, especially in the oligometastatic
and oligo-recurrent setting.

Moreover, there is a renewed interest in whole abdominal
RT, taking advantage of modern RT delivery techniques,
such as IMRT [13]. Given the paucity of data available
in the literature regarding this clinical setting, the present
study was structured as a narrative review on the topic. The
workflow included a literature review of all indexed reports
written in English. The search was based on the following
keywords: ovary AND (Radiotherapy[MeSH Terms]) AND
(Ovarian Cancer[MeSH Terms]) AND (Radiation[MeSH
Terms]). The last search date was April 1, 2019.

The present review aims at highlighting the historical role
of RT in EOC, the actual lines of clinical evidence, and the
future perspectives.

@ Springer

Historical role of whole abdominal irradiation (WAI)
Early-stage and adjuvant RT

Patients affected with localized EOC (stage I and II local-
ized to the ovaries and pelvis according to the 2014 update
of the FIGO classification) are one-third of cases. The
treatment of early-stage EOC is predominantly surgical,
since surgical staging and debulking is a crucial step in the
treatment of this disease. Adjuvant CT is more beneficial
than observation in patients with early-stage EOC [14, 15].

The role of adjuvant RT in this clinical setting has
changed during the years since RT has been replaced by
highly effective taxane and platinum-based CT.

Both whole-abdominopelvic irradiation (WAI) and
intraperitoneal installation of radiocolloids (radioactive
chromic phosphate suspension) were used [16, 17].

Radiation therapy was historically used to manage
early-stage patients with low residual volumes of disease
in all histological subtypes.

In particular, WAI was usually employed in the post-
operative setting in case of either macroscopically radical
resection or residual pelvic disease smaller than 20 mm
[18]. When compared to radiocolloids, WAI has the advan-
tage to deliver a homogeneous dose to the target. The limit
is represented by the toxicity profile which includes hema-
tologic and gastrointestinal events. In the late seventies, a
randomized trial by Dembo et al. compared WAI + pelvic
RT to pelvic RT with or without chlorambucil and showed
that chlorambucil added to pelvic irradiation delayed the
time to treatment failure without reducing the absolute
number of treatment failures [18].

While no survival difference was found by Smith et al.
[19] between post-operative whole abdominal/pelvic RT
and melphalan in early-stage patients, a trial by Hreshchy-
shyn et al. [20] showed a survival benefit for Melphalan.
Women with Stage I EOC were initially treated surgically
and subsequently randomized to either no further treat-
ment, RT, or CT. The lowest incidence of recurrences was
observed in the CT arm (6%), while the highest rate was
observed for patients in the RT arm (30%) [20].

As a consequence, during the 80 s, WAI was almost
abandoned, given the recognized achievements of systemic
treatments.

However, certain histologic subtypes seem to have a
particular benefit from the use of RT. Clear cell carcino-
mas are generally resistant to CT, and may consequently
take advantage of adjuvant RT in terms of locoregional
control [21]. In a prospective study by Dinniwell et al.
[22], combined modality treatment (cytoreductive surgery,
CT, and sequential consolidative WAI) provided consist-
ent clinical outcome among women affected with clear
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cell carcinoma and endometrioid histologies compared to
patients having serous subtype histology.

Thus, histological type is able to predict the curative
potential of RT [23]. Clear cell, endometrioid, and muci-
nous histotypes, with a very frequent presentation of con-
fined pelvic disease, may be cured with limited surgery and
can benefit from the sterilization of microscopic disease with
adjuvant regimens, including RT.

Particularly, clear cell cancers are usually confined to the
pelvis and improved locoregional control within the pelvis,
provided by the use of RT, can translate into a lower rate
of relapse in this patient population and is worth further
investigation [24].

On the other hand, serous disease is usually disseminated
at diagnosis and hence does not take advantage of local treat-
ments [23].

For details of the main studies regarding Early-Stage and
Adjuvant RT, see Table 1.

Advanced-stage and consolidation RT

The standard management for advanced EOC is staging
laparotomy with resection of gross disease, followed by
first-line adjuvant CT.

The role of “consolidation” RT as a sequential approach
to surgery and CT has always been controversial. The best
option for patients with EOC with no or minimal residual
disease at second-look laparotomy after surgery and consoli-
dation CT has been investigated. In this setting, a compara-
tive evaluation between CT and RT was evaluated within a
randomized trial by Bruzzone et al. [25], closed early con-
sidering the higher survival rate for patients treated with
three additional cycles of platinum-based CT compared
to WAI (total dose: 43.2 Gy/24 fractions to the pelvis and
30.2 Gy to the upper abdomen).

Lambert et al. investigated whether consolidation therapy
with WAI after CT could improve outcomes compared to
continued CT. Women with advanced EOC (stages IIB to
IV) were treated with 5 monthly courses of carboplatin.
Patients with <2 cm residual disease at second-look lapa-
rotomy or laparoscopy were then randomized to receive
consolidation therapy, including either five further courses
of carboplatin at the same dosage or WAI (24 Gy). No statis-
tical difference was found in terms of DFS and OS between
consolidation WAI and continuation of the same CT regi-
men even in the presence of macroscopic residual disease at
second-look surgery [26].

In 1993, a review from Thomas et al. including 28 studies
and a large number of patients (713 considering all series),
showed how controversial is the role of sequential CMT in
advanced EOC. Disappointingly, considering the remarkable
amount of studies and patients analyzed, no definitive con-
clusion or final evidence was drawn on such a therapeutical

strategy. Overall, this review showed no benefits from WAI
in the setting of consolidation or salvage therapy in advanced
EOC. [27].

However, encouraging results were shown in two subse-
quent randomized trials [28, 29].

In 1999, Pickel et al. published a randomized study evalu-
ating the effect of additional WAI in patients with no evi-
dence of clinical disease after surgical staging (stage IC-IV)
and platinum-based CT. The 5-year DFS and OS were sig-
nificantly higher in the RT arm, particularly in case of stage
1T [28].

In 2003, a Scandinavian prospective trial randomized
patients with EOC stage III disease after primary cytore-
ductive surgery and CT followed by second-look surgery.
Patients with microscopic disease were randomized to CT
or WAI, and no beneficial differences were found. Women
with no microscopic disease were randomized to CT, WAI,
or observation. A PFS benefit was observed for the RT arm.
Treatment-related side effects were most frequent in the RT
arm, with severe intestinal late toxicity reported in 10% of
patients [29].

Historically, also intraperitoneal installation of radio-
colloids was used, but this treatment did not decrease the
risk of relapse or improve survival after surgery and CT in
advanced-stage ovarian cancer [30].

For details of the main studies investigating Advanced-
Stage and Consolidation RT, see Table 2.

WAI: toxicities, techniques, and perspectives

Historically, the use of large fields during WAI (open-field
plan, AP-PA technique) in the management of OC has shown
a consistent rate of toxicity, including acute events such as
diarrhea, fatigue, nausea, and hematologic effects and even
more long-term toxicity. Generally, treatment volumes dur-
ing WAI delivered with external beam radiation comprised
all peritoneal surfaces. Long-term toxicities included pneu-
monitis in up to 20% of patients, liver damage, and bowel
toxicity (10-15% of patients) [31].

Dembo et al. [18] highlighted the importance of ensuring
adequate margins to the diaphragm to take into account of
all phases of normal respiration.

More recently, the possibility of better organs—at-risk
(OARs) sparing and dose-distribution homogeneity given
by modern RT delivery techniques, such as IMRT, renewed
the interest for this treatment modality.

Interestingly, Rochet et al. [32] published in 2015 the
results at 4-year of 16 women with optimally resected FIGO
stage III OC, treated with consolidation WALI (total dose
30 Gy, 1.5 Gy per fraction), delivered with IMRT technique
(step and shoot and helical tomotherapy), following adjuvant
carboplatin/taxane-based CT. No grade 4 toxicities occurred
during IMRT-WALI and no toxicity-related treatment break
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Table 1 (continued)

&

Toxicity Outcomes

volumes/radiation

shielding

Radiation therapy =~ Radiation therapy

dose

Popula-
tion

Reported stage Trial design

Years

Type of study

Author and year

Springer

Not assessed Stage IA/IB:5-year

No liver shielding.

22.5 Gy to pelvis

241

Surgery +

1984-2008 Stage I-II clear

Hoskins et al. [24] Retrospective

DFS: 84%; 10-year

in 10 fr over 2

Adjuvant CT patients

cell carcinoma

study

DFS:70%; Stage IC:

weeks followed
by 22.5 Gy to

(3 cycles of

5-year DFS: 67%;
10-year DFS: 57%
Stage II: 5-year DFS

carboplatin and
paclitaxel) +

whole abdomen
and pelvis in

Abdominopelvic

RT

49%; 10-year:
DFS:44%

22 fr over 4.5
weeks.

RT radiation therapy; CT chemotherapy; post-OP post-operative; WAI whole abdominal irradiation; fr fractions; OS overall survival; DFS disease-free survival; G grade

was necessary. Given the promising toxicity profile and
the encouraging median recurrence-free survival (RFS) of
27.6 months, consolidation IMRT-WAI was further evalu-
ated in a subsequent trial, with promising toxicity and tol-
erability preliminary results [32, 33]. Other clinical series
evaluated modern irradiations techniques in this setting [9,
34, 35].

Recurrent ovarian cancer

Abdominopelvic relapse is the predominant pattern of treat-
ment failure in EOC patients treated with definitive and
adjuvant therapy. Intra-abdominal recurrences are usually
symptomatic.

The prognosis of failures after first-line therapy is rather
dismal, particularly for those who relapse less than 6 months
from the completion of treatment (so called platinum-resist-
ant disease). Symptom palliation is the main goal of treat-
ment in this setting.

Salvage WAI as well (30-35 Gy, followed by a pelvic
boost) has been employed in this subgroup of patients [36].

Of interest, selective approaches with volume-directed
involved field radiotherapy (IFRT) were used in case of
limited recurrent disease, with no disease dissemination.
In a series by Albuquerque et al., patients who received
tumor volume-directed IFRT for localized extraperitoneal
recurrences (either as a consolidation approach after cytore-
ductive surgery (CRS) or as attempted salvage in case of
unresectable disease) achieved 10-year DFS, OS, and local
recurrence-free survival rates of 20, 19, and 60%, respec-
tively [8].

In a series by Brown et al. [10], at the MD Anderson
Cancer Center, patients were treated mostly with conven-
tional fractionation up to a median dose of 59.2 Gy (range:
45-68.2 QGy), directed to localized nodal or extranodal
recurrences.

When the recurrence is localized in the pelvic wall or
para-aortic/pelvic lymph nodes, excellent results were
observed with intra-operative radiotherapy (IORT), as
shown in series from both the Mayo Clinic Rochester [37]
and Stanford University [38].

For details of the main studies reporting on Recurrent
Ovarian Cancer and Oligometastatic Disease, see Table 3.

Oligometastatic disease

Another scenario in which RT has been employed is the
oligometastatic state, a transitional condition character-
ized by 1-5 detectable metastases, with an intermediate
prognosis between localized and widely disseminated
disease, in which local control may lead to improved
survival [12]. Stereotactic ablative radiotherapy (SABR)
allows for the delivery of a high-dose per fraction with



Page7of 15 64

Medical Oncology (2019) 36:64

B1'E
uonoNINsSqo [emog
BS'LE
1$)[BAIq JUSWIRAL],

%01 >

ISQLIAS ¢ UJ "9[qerIeA

uonoNISqo [mog

%L1

:(OHA) uononnsqo
[omog - wire 1y

%S (OHM)

Ky1o1X0)010AW ¢
opein) - wire [y

%T (OHM) $Hu2Ad
A/N ¥ °pelD - Wie 19

% 6 :uononNsqo
[omog - wre 1y

%T L

:(OHA) eruadoynay
€ opeIn - WIe 13

%TY1

((OHM) S1uaAd A/N
€ 9peIn - WIe 13

%S 01

:(OHA) eruadoyna
€ opeIn - wire 1D

%6°9¢

{(OHM) S1uaAd A/N
€ opeIn - wire 1D

%¢E SO Tedk-g
%6S :SO Teak-G

%L1 -S4 ww

G< 9seasIp [enpIsay
%6 1S4 ww

G> 9seasIp [enpIsay
%9L :SAa

- 9SEBASIP [BNPISAT ON

%ST :SO Texk-g
%0€ SO Texk-¢

%St SO Tedk-¢
%S8 ‘SO Teak-¢

uo13a1 onoeered
0} KD 7T JO 1s00q
pue s1ajod ayy 03
£D 9°17 Jo 1500q
[eUONIPPY “(oam
12d syuouneon g/AD

S'D LD 0€ TVM
sopou
onJoe-ered oy 0)
1500q & pokordurd
os[e [e1A9S 'AD) ()G
10 Gt 01 9sop Suriq
01 1500q STA[od :so1
-pms Auew uf A0
0€ PUB (7 U29m)2q
paLIEA 9S0p

IV pauuerd oy,
KD Of Jo 9sop ®
03 dn 3s00q (A1931ns
-[00[ PuOdIs Je)
9SBASIp [eNpISl
o1ATd Jo 9sed
U] "paId)sIunupe
A[ounnoi ou 3s00q
OTA[R{ "Soom G IOf
Joom & ow} INOJ

‘SuondeIy (O Ul AD ¢

uawopqe

12ddn oy 03 A

T°0¢ pue stafad oy
0 Y $Z WL AD T'eY

ULe UONBAIISqQ
uLre [YA 0} uon
-BZIWIOpURI pue 1)
poeseq-wnuryed juea
-nfpe pue (Iseasip
[enpisar ou) A1931ng

1D pue A1931ns
[enuanbas 10y
IVA\ 23ejeA[es 10
UONEBPI[OSUOD JO I[0Y
we [VA (LD
-poseq unedoqre)
JO 95109 [RUONIPPR
QAY) wire D) :0)
UuoNEeZIWOpULI pUL
LO-poseq unerd
-0qIe)) QUI[-JUOIL}
I9)Je A1931nSs JoOo[
-pu0d3s B ISBISIP
[enpIsar wog >

wre [vm (LD
QUI[-JUOIJ uIes ay)

JO 95105 [RUONIPPR
1Y) wre 1) :0)
uonezZIWopuel
pue LD paseq
-wnunerd sur-juoy
19)Je Awojorede|
JOO[-pu0d9s I8
JSBASIP [ENpISAI
[ewIuIW IO ON

syuoned ¢¢
syuaned z¢
syuaned 4,9

syuoned g1/

syuaned ¢
syuaned 66
syjuaned /11

syuaned g
syuoned 17
syuaned 14

(aSBASIp [BOTUI[O

ou) AT-D1 931§ 76615861 [BLI) PIZIIOpUBY

[8¢] T8 10 [o¥01d

(aseasip
[enpISaI 9[qeLIeA)

a8e)s PROUBAPY  T661-SLGT  SIIPNIS §T JO MIARY

[£2] 'Te 1o sewoy L,

[92] “Apmg dnoi

AI-€I19321S  6361-5861 [e1n paziwopuey  AIeAQ SSWeYL YION

(oseasip
[enpIsal [ewurur)
AI-TII 93815 8861-6861

e pazrwopuey  [Sz] '€ 10 uozznig

Kyorxoy,

sawodnQ)

asop
Kdeloyy uonerpey

uS1sop Ter],

uonerndog

93eys payrodoy SIBQX Apms Jo odA7, Ieak pue Joyny

Ade1oylo1pe1 uonepI[OSUOd PUB JIJUBD UBLIBAO 95B)S POOUBAPY € d|qel

pringer

a's



Medical Oncology (2019) 36:64

64 Page8of15

pUB BISNBU A/N OPRIS O {[BAIAINS 93IJ-SBISIP §./(J ‘[BAIAINS 921j-uoIssaIZoid .74 ‘[BAIAINS [[BIAO SO ‘suonoelj . ‘Aderoyjowayo 7)) ‘UOTIRIPRLII [RUTWIOPE d[oyMm [y ‘AdeIoy) uonerper zy

%07 ‘UOTONISqO
[eunsaur ¢ apein
:dnoi3 Aderoyorper
SJUOAD OPIS 91e] %t

ISJUIAQ [9MOQ ¢ dpeID)
%Yy K
-0IX0)O[oAW ¢ dpeIn)
:dnoi3 Aderoyjorper

SJU0AD OpIS A[Ieg

% S0 :SO Tedk-¢
1%€°6T *Sdd 1edk-g
%7€ SO k-
1%L°91 :Sdd Teak-¢
%S9 :SO T1edh-g
19G°GE 1Sd Tedk-G

%1°LS :SO Teak-g

{9%9¢ :Sdd 1edk-¢
%8°89 :SO Te3k-G
1%€°96 :Sdd 1eak-¢

(suonoej 71 ‘uon
-oery1od D) £°1)
£D 0z Jo 1500q

orafed + (uonoery

0T “Joom e skep ¢

£D 1) £D 0T TVM

(suon

-0elIJ 7] ‘uonoeiy
Td A9 11) 4D
$°0C JO 9sop 1500q
o1A[ed-ourwopqe +
(I3 0T “Yoom e shep
$“ko 1) LD 0T JO

950p 1 [eUIOPqY

LD
)M UOTJBPI[OSUOD)
(Ivm) L9 ynm
UOINBPI[OSUO)) 0}
uonezrwopuey ‘1.0
uononpur 19)je K193
-INS JOO[-PU0dIS Je
9SBOSIP JO UOISSIUWIAT
o13o1oyyed j0U INq
[eo131ns ayerdwo)
uoneaIdsqO
(s9s102 9) 1D
)M UOTJEPI[OSUOD)
(Ivm) L9 ynm
UOIBPI[OSUO)) 0}
uonezrwopuey "'1.D
uononpur 19)je K193
-INS JOO[-PUOIIS Je
9SBASIP JO UOISSTUIT
o13ojoyred pue
[eo131ns 9391dwo)

syuaned 4/
syuoned g6
syjuoned 7/ 1

Kyorxoy,

sawodInQ

asop
Kdeoyy uonerpey

uSisop ey,  uonendog

[6¢] “dnorp Apmg
IQOUER)) URLIBAQ
ueISOMION-USIPOMS

I 93e1S  €661-8861 -puer 2Anoadsoid

pringer

93eys payrodoy Ieak pue JoyIny

Qs

(ponunuoo) zsjqey



Medical Oncology (2019) 36:64

Page90of 15 64

Table 3 Recurrent ovarian cancer and oligometatastic disease —the role of radiotherapy

Author and Setting Type of study Population Tumor site Treatment Radiation Toxicity Outcomes
year therapy dose
Brown et al. Recurrent Retrospective 102 Nodal or Involved field > 45 Gy G3-G4 5-year LC: 71%
[10] extranodal RT conventional  events: 0%  5-year PFS:
recurrence fractionation 24%
5-year OS: 40%
Albuquerque  Recurrent Retrospective 27 Nodal, pelvis  Involved field Median dose: > G3 late 5-year LRFS:
et al. [8] Retroperito- RT 50 Gy effects: 7.5%  70%
neal conventional 5-year DFS:
fractionation 33%
Yap et al. [38] Recurrent Retrospective 22 Pelvis, para- IORT/ orthov- 9-14 Gy G3 events: 5-year OS: 22%
aortic oltage (median, 12 41% median OS: 26
and paracaval ~ X-rays (200 Gy) months *
lymph node kVp) LRR 32%
beds, ingui-
nal
region, or
porta hepa-
titis
Lazzarietal.  Oligometa- Retrospective 82 Nodal or meta- SABR 24-30 Gy/3 fr  G3-G4 Systemic-treat-
[40] static static 25 Gy/5 fr events: 0% ment
sites free interval: 7.4
months
Kunos et al. Oligometa- Phase I1 50 Nodal or meta- SABR Median dose:  Fatigue G2 Median DFS:
[41] static Ovary:50%  static 24 Gy/3fr events: 16% 7.8 months
sites Nausea G2 Median OS:
events: 8% 20.2 months
Diarrhea G2
events: 4%

RT Radiotherapy; SABR Stereotactic ablative radiotherapy; /ORT Intra-operative radiotherapy; LC Local control; PFS Progression free survival;
OS Overall survival; LRF'S Local recurrence free survival; DFS Disease free survival; *median OS 26 months from the time of IORT

steep dose-gradient and ablative intent and is particularly
suitable as local treatment in oligometastatic disease [39].

Lazzari et al. reported on oligo-recurrent or oligo-
progressive ovarian cancer patients (during or after sys-
temic treatment) treated with SABR with a median dose
of 24 Gy in three fractions (82 patients and 156 lesions).
Up to 67% of the treated lesions were comprised within
lymph nodes. Objective response rate (including complete
and partial responses and stable disease) was 93% with
a complete response rate of 60%. No major toxicity was
observed. Median time to a new systemic treatment was
7.4 months and 1/3 of patients were free from disease at
1 year after treatment. Actuarial local PFS and OS were
68% and 71%, respectively, with a prevalent pattern of
failure out of the radiation field [40].

In order to deliver SBRT in oligometastatic women
affected with gynecological malignancies, Cyberknife
has been tested in a phase II study. Half of the population
enrolled was affected with an ovarian primary (68% with
nodal lesions). The dose, prescribed at the 70% isodose
line, was 24 Gy in 3 daily doses. Local control was 96%
at 6 months [41].

Further results of ongoing trials exploring the role of
SBRT in the recurrent setting are soon expected [42],
Table 4.

For details of the main studies exploring the clinical
scenario of Recurrent Ovarian Cancer and Oligometa-
static State, see Table 3.

Palliative radiation therapy

Palliative RT, although frequently neglected in this set-
ting, can have a major role in managing symptoms. Due
to its capacity to lead to remarkable shrinkage of abdomi-
nal masses, RT provides opportunities for symptom relief
[43].

High chances to control vaginal bleeding and pain were
reported by Gelblum et al [44]. In a series by Adelson
et al. [45], 42 patients received single or multiple 10 Gy
fractions (three at maximum) to the pelvis. Bleeding
decreased or stopped in 15/21 patients, and pain at least
decreased in 11/20.

@ Springer
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Discussion and future perspectives

The role of RT in the management of EOC patients has
changed during the years. In the past, RT was mainly used in
the adjuvant setting, but nowadays, due to the contradictory
clinical results and the consistent toxicity profile, it has been
replaced by highly effective taxane- and platinum-based CT.
Radiation therapy was used to manage early-stage patients
and low residual volumes in all histological subtypes. Dur-
ing the 80 s, WAI was abandoned, given the recognized
achievements of systemic treatments. Treatment-related
toxicity, mostly due to the large-field employed, particularly
with respect to small bowel, and the unfavorable effect on
bone marrow reserve, precluding maximal CT administra-
tion, contributed to this shift of treatment strategies [46].

More recently, the possibility of a better organs-at-
risk (OARs) sparing and dose distribution homogeneity
offered by modern RT delivery techniques, such as static
and dynamic IMRT, renewed the interest in this treatment
modality [13].

The use of IMRT to deliver WAI showed a feasible
and manageable toxicity profile with promising results in
terms of recurrence prevention [32]. Robust clinical data
are needed to eventually (re) establish RT indication in
this setting [33].

A “modern” clinical scenario in which radiation has
been employed is oligometastatic disease. In the oligo-
metastatic setting, modern RT represents a reliable and
effective treatment option with a mild toxicity profile for
ovarian cancer patients. Palliative RT, given its capacity to
lead to a remarkable shrinkage of abdominal masses, can
offer valid opportunities of symptom relief, with particular
regards to vaginal bleeding and pain control.

Novel therapies, such as PARP inhibitors and antiangio-
genic drugs, are promising and more encouraging results
are awaited [47]. For instance, PARP inhibitors repre-
sent an interesting category of radiosensitizers, that can
potentially enhance the effect of radiation. Tumor cells
can exploit avoidance of apoptosis caused by DNA dam-
aging agents via increased PARP. Thus, PARP inhibitors
may interrupt the catalytic effects of PARP. Moreover,
the DNA damage induced by radiation may destabilize
DNA repair systems within the cancer cell, allowing for
enhanced activity of PARP inhibition. Particularly in can-
cers with defects in homologous recombination, such as
ovarian cancers with BRCA mutations, PARP inhibitors
showed major activity [48-50].

The analysis of the molecular signature underlying this
tumor pathogenesis can lead to combine novel therapies and
eventually RT together in the treatment algorithm [51].

Ongoing studies are evaluating the safety and effective-
ness of immunotherapy drugs (single or double agents)

combined with RT in recurrent or metastatic gynecologic
cancer, including ovarian cancer [ [52], [53] ]; Table 4.

Thus, we believe that new lines of evidence are eagerly
awaited to redefine the role of RT in EOC, regarding both
WALI and modern irradiation techniques, to fully exploit all
the potentials of this locoregional treatment in such a clini-
cal setting.
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