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STEREOTACTIC BODY RADIOTHERAPY FOR OLIGOMETASTATIC OVARIAN

CANCER: A STEP TOWARDSA DRUG HOLIDAY

SUMMARY

This study including 82 patients showed that staxctc radiotherapy for oligometastatic ovarian
cancer is feasible, well tolerated and offers Hagtal control. At 1 year, 1 out of 3 patients iedr

of progression and new treatments.

ABSTRACT

Purpose: To evaluate stereotactic body radiotherapy (SBRT)metachronous oligometastatic
ovarian cancer patients in terms of local contlelay of systemic treatment, survival outcomes and

toxicity.

Materials and Methods: Retrospective data collection from a single m&n. Inclusion criteria
were: (1) oligorecurrent/oligoprogressive diseasevarian cancer patients after/during systemic
therapy; (2) surgery/other local therapies not ifdas (3) relative contraindication to systemic
therapy, no more chemotherapy lines available @used of the patient. Tumor response and
toxicity were evaluated using the Response Evandiriteria in Solid Tumors and the Common
Terminology Criteria for Adverse Events (CTCAE) 03, A new systemic therapy regimen was
started after SBRT treatment course in 57/109 cés28%).respectively. Local progression free
survival (LPFS), progression free survival (PFSY averall survival (OS) were calculated via
Kaplan-Meier method. Systemic treatment free irderfSFI) was calculated in cases without

concomitant systemic therapy.

Results: Between May 2012 and December 2016, 82 patieridédons underwent SBRT with a
median dose of 24 Gy/3 fractions. Median followwas 17.4 months. Patients received a median

of 3 systemic therapy regimens prior to SBRT. Comtant systemic therapy was performed for 29
1



lesions (18.6%). Complete radiologic response,iglaresponse, stabilization and progressive
disease were observed in 91 (60%), 26 (17%), 2%)ld&hd 11 (7%) lesions, respectively, out of
152 evaluable lesions. No G3-G4 acute or late tbescwere observed. Median SFI after SBRT
was 7.4 months and 1 out 3 patients was diseasafrt year after SBRT. Actuarial 2-year LPFS,
PFS and OS rates were 68%, 18% and 71%, respgctiRegtern of failure was predominantly out-

field.

Conclusions: SBRT for oligometastatic ovarian cancer showeddglmzal control and toxicity
profile. It might be an appealing alternative tdeast invasive local therapies in order to delay

systemic therapy in case of chemorefractory diseag#olerance to systemic agents.



INTRODUCTION

Ovarian cancer is the most lethal gynecologicalcean The role of radiotherapy (RT) remains
controversial [1]. While whole abdominal irradiati¢WWART) is no longer considered a suitable
adjuvant treatment due to unproven efficacy andvegit toxicity, indication to RT is mainly
limited to the palliative setting. [2]. Recentlelsctive approaches with volume-directed involved-
field radiotherapy (IFRT) showed promising resuftcase of limited recurrent disease [3-9]. The
availability of more sophisticated imaging and teBnement of RT technology has allowed for the
delivery of progressively higher doses to compuaedyi smaller target volumes with ablative-intent
stereotactic body radiotherapy (SBRT). Oligometasttate (up to 3-5 detectable metastases) is a
transitional state between localized and widespatemic disease in which local control may
yield improved systemic control [10]. So far, SBRipplications have been incorporated in
treatment algorithms for multiple disease sites. (ung, prostate, breast) with local control sate
ranging between 80 and 90% and excellent toxiqibfile [11-16]. To the best of our knowledge,
no dedicated report on SBRT for ovarian cancer lesn published, the only available data
deriving from oligometastatic patient series inghgdall gynecological malignancies [17-22]. In
this report we retrospectively reviewed our expereeof SBRT for oligometastatic ovarian cancer
patients in order to evaluate tumor outcome inclgdiost-SBRT systemic treatment free interval

and toxicity.

METHODSAND MATERIALS

Study Protocol and Patient selection

This is a retrospective analysis of a series ajanlietastatic ovarian cancer patients treated with
SBRT at the Radiation Oncology Department of theXXXXXX. The study was part of a wider
SBRT and image-guided RT research notified to thi@cBl Committee of the XXXXXXXX

(notifications 93/11 and 86/11).



Indication to SBRT was given following multiscipéiny discussion during the institutional tumor
board for gynecologic malignancies, according ® fibllowing criteria: (1) histologically-proven
primary ovarian cancer; (2) oligorecurrent/oligogmessive disease (< 5 new or enlarging
metastases in an otherwise well-controlled disstete); (3) oligopersistent disease (< 5 persistent
lesions after systemic therapy); (4) salvage syrgtrer local therapies not feasible; (5) relative
contraindication to further systemic therapy duedcous comorbidities, previous severe toxicity,
no more chemotherapy lines available or refusahef patient; (6) written informed consent for
treatment and (7) for the use of the anonymized @&t research or educational purpose. Patients

with either bone or brain metastases were excluded

The diagnosis was based on clinical examinationiarading studies. Total body staging included
computer tomography (CT) or [18F] fluoro-deoxy-gise positron emission tomography/CT scan
(PET/CT). According to TNM classification [23], @ase localization was divided in 2 categories:

regional lymph node (LN) or distant metastasis (M).

All patients underwent debulking surgery at firsaghosis, and all except one had received
systemic therapy prior to RT (chemotherapy, biatabiagents, target therapy or endocrine
therapy). Additional surgical instances, thermoatasessions or RT courses for other lesions

were allowed and did not constitute exclusion gatéor the current study.

SBRT procedures

SBRT was performed using VERO™ and Cyberknife™esyst All patients underwent supine CT
simulation using suitable immobilization devicexa@cling to the site of the lesion. A iodinated
contrast medium was administered prior to the Cihuation scan, patients with clinical
contraindication to contrast medium as defined &s qur institutional protocol underwent non
contrast-CT examination. Additionally, wheneverdigte, fusion PET/CT was performed with the

same immobilization system used for CT simulatisncase of lung metastases, CT simulation
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required a 4D acquisition for real time monitorio§ the respiration signal. For all patients,

simulation and SBRT were performed under free bregt

For Cyberknife™ SBRT, the Multiplan treatment plaogn system (version 2.0.5, Accuray,

Sunnyvale, CA) was employed. Xsight® Spine (Accur@ynnyvale, CA) detecting system was
used. All patients were immobilized during CT siatidn and SBRT bya customized external
vacuum-type cast. The gross tumor volume (GTV) wastoured on the CT scan and a 2-mm
margin was added to the GTV to obtain the plantémget volume (PTV). The dose was prescribed

to the 75-80% isodose using a nonisocentric andapanar technique with 6 MV photons.

For VERO™ SBRT planning, Iplannet (version 4.5.8aiBLab, Munich, Germany) was used. All

patients were immobilized during CT simulation &BRT using the Combifix (CIVCO Medical

Solutions, Kalona, lowa, Unites States of Ameridayice with 7 infrared markers on the chest or
abdomen wall. The GTV was contoured on the CT sr@ha 3-mm margin was added to the GTV
to compensate for the geometrical penumbra of yisees. Treatment plans consisted of one or
more noncoplanar 6MV photons dynamic arcs or meltipodulated fixed beams obtained with the
micro-multileaf collimator (BrainLAB, Munich, Germg). Cone-beam CT (CBCT) was performed
before every treatment session;, ExacTrac (BrainMmich, Germany) system was used during

beam delivery to monitor the position of patienttbe basis of the infrared markers.

Dose volume histograms (DVHSs) were calculated fo¥ Rnd organs at risk (OARs). The OARs
constraints for SBRT published by Timmerman et atevapplied in all treatment plans [24]. For
patients who had received prior RT courses, thgiral treatment plans were retrieved in every

case of suspected overlap with previous RT fie®BRT was usually given every other day.

After SBRT, patients were seen every 2-4 monthiBeeiby a Radiation Oncologist or by a

Gynecologic Oncologist, performing routine periodéeevaluation with CT or PET/CT and tumor



markers dosage. Additional radiologic or PET/CTewaluation was requested in case of

biochemical progression/clinical suspicion of desegarogression.

Evaluation of outcomes and statistical methodology

Radiological response after SBRT was evaluatechbysame imaging modality used for treatment
planning (CT scan or PET/CT scan) and classifiezbiating to Response Evaluation Criteria in
Solid Tumors (RECIST) v1.1 or PET/CT Response @aten Solid Tumors (PERCIST) [25,26].

Local disease relapse within the SBRT PTV was eefias in-field progression; distant disease
relapse or relapse in proximity but outside the $BRIV was scored as out-field progression.
Conversely, out-field LN relapses were dichotomizedeither regional (i.e.: pelvic relapse after
pelvic lymphnode treatment or paraortic relapseerafparaortic lymphnode treatment) or

extraregional (if relapse was outside the regieated with SBRT).

Patient characteristics were represented as fretpgeand percentages for categorical variables and
medians and ranges for continuous variables. @ihgth of follow-up was calculated from the last
SBRT day to the last follow-up visit. Progressiaref survival (PFS) was defined as the time
interval between the last day of SBRT and the filiagnosis of progressive disease (any type of
progression) or the last follow-up visit, in case signs of progression were found. In-field
progression free interval (local progression freevisal: LPFS) and overall survival (OS) were

calculated.

Systemic treatment free interval (SFI) was deteeahin patients without concomitant systemic
therapy. It was the time between the last SBRT @&y the date of initiation of new systemic
therapy or the last follow-up visit, if no systentiterapy was started after SBRT. Treatment
toxicity was evaluated using Common Terminologyt€ia for Adverse Events (CTCAE) v4.03

[27].



Univariate and multivariate analyses were performeeguantify the impact of patient-, tumor-, and
treatment-related factors on clinical outcomes. d&igied out Log-rank tests and multivariate Cox-
regression models, taking into account time-depend®riables. Several patients and tumor
characteristics, recognized prognostic factorsyiptes treatments modality and RT parameters (i.e.
Karnofsky Performance Status; treatment site; GBlume in cni; biologically effective dose,
BED) were evaluated in association with clinicatamme. Survival curves were estimated using the
Kaplan-Meier method. AlP-values were set at 0.05. Statistical analyses wermrmed with the

SAS statistical software (version 9.2; SAS Insétlric, Cary, NC).

RESULTS

Patients and disease char acteristics

Between 5/2012 and 12/2016, 82 consecutive pat{@b&lesions) were treated. Median age at the
time of SBRT was 60.4 year@ab. 1). Primary histologies included high grade serouk ce
carcinoma, low serous cell, endometrioid, granulselhand other in 67%, 7.3%, 8.5%, 8.5% and
8.5% of cases, respectively. Information about $treancer genes mutation status was available for
33 patients (40%). Patients received a mediansys8&mic therapy regimens prior to SBRT (range

0-9).

Treatment

Fifty-eight patients (70.7%) underwent a single 3B&burse; of these, 41 (72%) had a single
lesion, while in 16 (28%) more than 1 lesion (2)-wkre treated concomitantly (synchronous
SBRT) (Tab. 1). Twenty-four patients (29.3%) received metachren8BRT: in 21 (25.6%) and 3

(3.7%) patients, 2 and 3 SBRT were performed &tmdint timing, respectively. In 77 (70.6%) and
32 (29.4%) SBRT courses, treatment was deliverdggbreion a single lesion or synchronously on

more than 1 lesion, respectively. For the wholeocbbf patients, we evaluated overall 109 SBRT



courses/156 treated lesions. Median dose presumiptas 24 Gy (14 - 45 Gy) given in 3 fractions
(range 1 - 5); median Biologically Effective Dos@aww43.2 Gy (range 28-112.5 Gy). Mean GTV

was 6.77 cri(range 0.19— 90.5 cin(Tab. 2).

Follow-up

No patient was lost at follow-up. Median follow-w@as 17.4 months (range 2.2— 51.4 months). At
the time of the analysis, 28 (34.1%) patients wadiee with no evidence of disease, 40 (48.8%)

were alive with clinically evident disease, and(14.1%) patients had died of disease.

Treatment Outcome

Response

First radiological evaluation was available in 158 (94.4%) lesions. PET/CT was performed in
101/152 lesions (66%) As far as concerned resporiassified as progression or stable disease,
these were confirmed by PET in 17/35 lesions (49@sponse could not be assessed for three
lesions since the patient had died before re-sgagivhile the remainder lesion could not be
properly evaluated because of confounding uptakieamearby bowel at the first PET/CT scan (but
evaluable at subsequent follow-up). Complete ragickl response, partial response, stabilization
and progressive disease were observed in 91 (59Z8417.1%), 24 (15.8%), 11 (7.2%) evaluable
lesions, respectively. Median time to any progm@ssvas 5.6 months (95% Confidence Interval
(CI) 3.5—- 10.6)Fig. 1). Actuarial 1 year- and 3 year-PFS were 34% andr@%fectively. Pattern

of failure was mainly out-fieldTab. 3). At last follow-up, in-field control was observed115 out

of 153 evaluable lesions (75.2%). Actuarial 1-yaad 3-year LPFS rates were 82% and 55%,
respectively(Fig. 2). 3-year OS rate was 71fpig. 3). Loco-regional control was assessed for all

the 78 treated LN lesions. At last follow-up, lo@gional control was maintained in 47/68 lesions



(60%); while disease progressions were distribagetbllows: 7/31 cases were regional progression

only (22%) and 24 were re-staged as both regiam&keatra-regional progressions (78%).

In multivariate analysis, PFS was significantlytbein cases of absence of residual tumor at first
surgery (p=0.03, Hazard Ratio (HR) 0.54, 95% CDG-3).99). while progression was significantly

associated with the number of pre-SBRT systemiathelines.

Stage at primary diagnosis, number of SBRT-tredsibns, stage of SBRT-treated lesion (LN vs
M), and time from last systemic therapy regimenobefSBRT were associated with LPFS at
univariate and multivariate analysis. In-field psa risk was significantly associated with higher
stage at diagnosis (llI-1V versus I-1l, p=0.0008RH.49, 95% CI 2.32 — 24.16), number of treated
lesions (p=0.0002, HR 2.02, 95% CI 1.39 — 2.92) stapje of SBRT-treated lesion, with M
including non-locoregional LN versus regional LN=Qp0008, HR 3.37, 95% CI 1.66— 6.84)ab.

4). Time interval from the last chemotherapy of mthran 7 months was associated with a better

local control (p=0.02), also in a multivariate timependent Cox regression model (p=0.02).

Deferral of systemic treatment:

A new systemic therapy regimen was started aftéR SBeatment course in 57/109 cases (52.3%).
For the SBRT with no concomitant systemic therapgdian SFI was 7.4 months (range 2.1— 49.3).
In 26 cases (33.3%)/23 patients (28%), systemicapye was deferred by at least 1 year.
Considering the 22 patients who received concormggatemic therapy (either hormonotherapy,
chemotherapy or maintenance biological agent)catdn to a new treatment regimen was given in
12 cases (55%), while 9 could maintain the ongoegimen (41%). Of these, systemic treatment
was interrupted in 3/9 cases (at 12 months aft&®ISB 2 patients and after 6 months in 1): all of
them were disease-free at last follow-up. Inforovaion further systemic therapy was not available

for 1/22 patient (4%).



Toxicity

SBRT was well tolerated. In 57 patients (69.5%)anate or late toxicities were observed. No G3-
G4 acute or late events were observed. Acute tgxatdserved in 22 patients included G1-G2
gastrointestinal events (17 patients) and G1 fati@ucases). Late toxicity (23 cases) included G1-

G2 gastrointestinal events (16 patients), G1 ganiary (4 events), other G1 events in 3 cases.

DISCUSSION

To the best of our knowledge, this is the largesies on oligometastatic ovarian cancer patients
treated with SBRT. Our data show that SBRT may igegood local control, with more than one-
third of patients being disease-free at 1 year.ddweer, we could achieve an interestingly durable
systemic therapy free interval, which was especialevant for heavily pre-treated patients or for
those who had shown poor tolerance to chemotheraggitionally, not only toxicity rates were
extremely low, but SBRT re-treatment may be prodose case of further oligometastatic

progression.

After it was first proposed in 1995 by Hellman aWeichselbaum [28], the concept of
oligometastatic disease has been progressivelwiigated. The recognition of a continuous rather
than a bimodal metastatic state (loco-regionallywidely disseminated disease), with a distinct
biological pattern and clinical outcome, has opethears to the application of focal therapies irs thi
subset of patients. In this context, SBRT has cémnattention as a non-invasive alternative to
surgery in the management of oligometastases, ardeamt multi-national survey has endorsed its
use with a strong level of recommendation [29] ase&s with up to five metastases (range 2-5,
limiting to three the number of lesions within agle organ). The potential role of SBRT in
deferring systemic therapy has already been iryagstil in other oligometastatic tumors, with the
concept of “drug holiday” or “androgen deprivatitinerapy (ADT)-free survival” [14,30-32].

Conversely, gynecological malignancies remain gelgrunexplored field for SBRT applications in
10



the oligometastatic/oligorecurrent setting. Manylmhed series include multiple subsites, and in
only two SBRT studies ovarian cancer represergadt!|50% of the selected population [20,22]. In
our series of ovarian cancer patients, median S& w/.4 months. The longest SFI was 49.3
months with freedom from systemic therapy at 1 yeamost 30.5% of cases. Median SFI raised
up to 13 months (range 6.3— 49.3 months) with a&dr-geferral of systemic treatment in almost
58% of cases when SBRT was followed by other ldbakapies (including additional SBRT

courses). This approach could also give a latesibitisy of rechallenge with cytotoxic systemic

agents, enhancing therapeutic chances in thesenfatin the current SBRT study, we chose to
apply the linear quadratic (LQ) model. Although dicect data have been published on ovarian
cancer series, the existing literature seems tpatiphe validity of the LQ model for doses up to

18 Gyl/fraction [33].

Our results permit to overcome the paradigm of @ékelusive palliative role of RT in recurrent
ovarian cancer, adding strength to the conceptjqusly introduced with IFRT, of RT as an active
and definitive treatment option, to be integrated a multidisciplinary strategy in order to
maximally improve patients’ clinical outcomes. Hoas IFRT studies for limited recurrent ovarian
cancer considered a variety of RT techniques analarad median doses of 45-60 Gy with either
conventional fractionation or moderate hypofractitbon. Albuquerque et al. [4] demonstrated that
5 years after IFRT high rates of local control HR70%) with a disease free survival (DFS) 33%.
As already discussed by Chundury et al. [5], threselts can be influenced by the fact that a high
proportion of patients had previous optimal delndkof treated lesions or complete response to
chemotherapy. The same authors have recently igaest the use of intensity modulated
radiotherapy (IMRT) showing 2- and 3-year DFS d¥iland 8%, respectively, which are similar to
our corresponding PFS rates (18% and 8%), whiléesed a comparatively higher 3-year LPS
(72% vs 55% in our series) [5]. Yahara et al.fggind after external RT or brachytherapy a 3 year-

LPFS of 96% and a 3 year- PFS of 39%, includinghigir analysis only patients with up to 2
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lesions after< 3 chemotherapy regimens. Interestingly, our amalgenfirmed the significant
association between these parameters and bette3 BR& PFS. With the important limitation of
making a comparison between such different teclesigdoses and fractionations, we can assume
that SBRT could be a reasonable alternative to |RRTh the additional advantage of a very short

overall treatment time.

Kunos et al. [20] in their phase Il study demortstiaa 100% local control rate and a median DFS
of 7.8 months, using a dose prescription of 24 16§ fractions. Mesko et al. [22] found a median
DFS of 10.8 months and a local control rate of 88%ting median prescription doses between 32.5
Gy in 5 fractions and 50 Gy in 4 fractions. Ourdbcontrol rate (75%) and median PFS (5.64
months) were slightly lower when compared to b&RT series and to Kunos’ and Mesko’s SBRT
studies. Firstly, this might be at least partiaplained by median dose of 24 Gy in 3 fractions
which is lower than that prescribed by Mesko andtiver IFRT series. This may underline the need
of dose escalation [34-36], especially for the tirent of distant metastases (which were 50% of
targets in our series, treated with the same mathbae of 24 Gy in 3 fractions as loco-regional LN,
but reaching lower local control rate of 70% vs¥81Corbin et al. reported that doses of either 50
Gy in 5 or 10 fractions or 36—48 Gy in 3 fractionslded superior local control rates than 24-30
Gy in 3 fractions [34]. In our study, all distantetastasis treated with 36—45 Gy kept in field-
control until last follow-up, while those treatedthvless than 36 Gy only in 65% of cases.
Definitely, low toxicity and in-field progressionbserved in some patients open space for dose
escalation. Differences in patient selection cao alxplain the difference between our findings and
Kunos’ results, Indeed, the majority of Kunos sepatients had no prior systemic therapy (56%),
were treated or 2 lesions (70%) and on loco-regional LN (66%). Téiger feature in our study
correlated with significantly better outcome: lagggt of patients with a PFS of at least 1 yearewer

treated on a single lesion (90%), underwent Z2ss pre-SBRT systemic therapy regimens (63%)

12



and were treated on LN (74%), which were loco-regidLN (53%) and distant LN (21%). An

overview of the currently available literature,pasviously discussed, is provided in Table 5.

Our patients were widely heterogeneous (histoldgiohtype, prior treatments, number of lesions).
In several cases, they were referred to SBRT #itefailure of multiple lines of systemic agents or
when limited disease persisted after a previougnpelastatic state (negatively selected patients).
Therefore we can hypothesize that a subgroup aériat despite the low burden of disease at the
time of SBRT, may not have been in a truly oligomsédtic state and microscopic disease could
have already become disseminated. Our analysisremt better outcomes in those patients with
disease characteristics associated with limitedidurdisease (presentation stage I-1l, no residual
tumor at first surgery, fewer previous systemidmens performeds 2 lesions treated, only loco-
regional LN involvement, time from last chemotherayycle > 7 months), thus strengthening the
need for accurate patient selection and diseagagtarior to the beginning of SBRT. We are well
aware of the limitations of our study, which areimhainherent to its retrospective nature (i.e.
patient selection, potential under-reporting oficdies). Additionally, as the proportion of patien
who were re-staged with PET/CT was relatively hi¢6%), we acknowledge a possible
underestimation of disease progression rates tgetihaving PET-negative disease. Nevertheless,
we could demonstrate that SBRT can be consideredeasible and potentially effective treatment
in the setting of oligometastic/oligorecurrent aaarcancer. The identification of common patient
selection criteria, together with the definition fofictionation and adequate treatment timing, are
warranted in the upcoming future. Arguably, theomporation of such parameters in structured
prospective studies should contribute to improwelével of evidence of SBRT for ovarian cancer
patients, and to break the paradigm of RT as dysphliative treatment modality in this clinical

scenario.

CONCLUSION

13



SBRT in oligometastatic/oligoprogressive ovariamae is safe and feasible and provides good
local control at extremely low toxicity. In a gopdoportion of patients SBRT can allow for lasting
treatment and toxicity free interval. Further presjpre studies are warranted to identify which
subgroup of patients may most benefit from thistireent. We believe that this experience could
constitute a benchmark for SBRT application in @l@current/oligoprogressive ovarian cancer and
serve as well as an hypothesis-generating studyfudher clinical efforts. Specifically, the
development of a prospective institutional triabrederway in order to help enhance the therapeutic
index of SBRT (i.e. through the use of patient-rggub-outcome tools) in a population of comorbid,

heavily pretreated patients.
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Table 1. Patient, tumor and treatment characteristics (N=82 patients, n= 156 lesions, n=109 SBRT

courses)

Patient, tumor and treatment characteristics

n (%)

Age (range)
Median (range)

60.4 (37.5-84.13)

Karnofsky Performance Status

60 - 80 5 (6)
90 18 (22)
100 59 (72)
Primary histology

Serous-high grade 55 (67.1)
Serous-low grade 6(7.3)
Endometrioid 7 (8.5)
Granulosa cell tumor 7 (8.5)
Other 7 (8.5)
Grade

1 2(2.4)
2 11 (13.4)
3 60 (73.2)
4 1(1.2)
Unknown 8(9.8)
FIGO stage at diagnosis

I 6(7.3)
Il 11 (13.4)
I 52 (63.4)
\Y 12 (14.6)
Unknown 1(1.2)
BRCA status

Negative 18 (22)
BRCA1 positive 8(9.8)
BRCA2 positive 7 (8.5)
Unknown 49 (59.6)
Baseline Platinum Sensitivity

Sensitive (PFI > 12 months): 48 (58.5)
Partially sensitive (PFI: 6 — 12 months): 24 (29.3)
Resistant/Refractory (PFI: <6 months): 10(12.2)
Number of SBRT treatment courses per patient during time

1 58 (70.7)
2 21 (25.6)
3 3(3.7)
Number of treated lesions per treatment course

1 77 (70.6)
2 22 (20.2)
3 5(4.6)
4 5(4.6)
Number of treated lesions (per patient)

1 40 (49)
2 23 (28)
3 11 (13.4)
>4 8(9.6)




Interval between diagnosis of primary tumor and SBRT
Mean (range) in years

6.31(0.48-22.3)

Median 5.21
Treatment characteristics prior to SBRT n (%)
Previous treatments:

Surgery 82 (100)
Chemotherapy/biological agents 81 (98.8)
Endocrine therapy 20 (42.4)
Thermoablation 4 (4.9)
RT for ovarian cancer 19 (23.2)
RT only for previous breast cancer 5(6.1)
Number of previous systemic therapy regimens
(median; range) 3(0-9)
Platinum-based chemotherapy regimens
(median; range) 2(0-6)
Number of surgical instances
(median; range) 1(1-7)
Pre-SBRT Platinum Sensitivity
Sensitive (PFI > 12 months) 36 (33)
Partially sensitive (PFI 6 — 12 months) 36 (33)
Resistant/Refractory (PFl < 6 months) 37 (34)

Abbreviations: BRCA: Breast Cancer Gene; FIGO, International Federation of Gynecologists and
Obstetrics; PFI, platinum free interval; RT, Radiotherapy; SBRT, Stereotactic Body Radiotherapy




Table 2. SBRT Treatment characteristics by lesions (n=156)

Characteristics n (%)
Classification of SBRT-treated lesion
Oligorecurrent 78 (50)
Oligoprogressive 47 (30)
Oligopersistent 31(20)
SBRT treatment
VERO system (Mitsubishi-Brainlab) 126 (80.8)
CyberKnife (Accuray) 30(19.2)
SBRT treatment group/per lesion
Abdomen Pelvis 123 (79)
Regional lymph node 78
Distant lymph node 15
Visceral metastases 30
Abdominal cavity: 14 lesions
Liver: 14 lesions
Other: 2 lesions
Thorax 26 (17)
Distant lymph node 12
Visceral metastasis: 14
Lung: 6 lesions
Pleura: 8 lesions
Head and Neck 7 (4)
Previous radiotherapy in the site of treated lesion
Yes 5(3.2)
No 151 (96.8)
Concomitant systemic therapy/per lesion
No 127 (81.4)
Yes 29 (18.6)
Chemotherapy 9 (5.8)
Endocrine therapy 20 (12.8)
Number of fractions
Median, range 3(1-5)
Total dose and fractionation/per lesion
24 Gy (8 Gy x 3 fr) 89 (57)
25 Gy (5 Gy x 5 fr) 35(22.4)
30 Gy (10 Gy x 3 fr) 10 (6.4)
Other regimens 22 (14.1)
BED in Gy (a/B=10 Gy)
Median 43.2
Range 28—-112.5
GTV volume (cm’)
Mean 6.77
Median 3.15
Range 0.19-90.5

Abbreviations: BED, Biologically Effective Dose; GTV, Gross Tumor Volume; LN, regional lymph nodes; M,
distant metastases; SBRT, Stereotactic Body Radiotherapy




Table 3. SBRT Treatment outcome (n= 82 patients, n=156 lesions)

Outcome

n (%)

Follow-up duration, months
Median (range)

17.4 (2.2-51.4)

Status at the last observation (December 2016, n=82 patients)

NED 28 (34.1)
AWD 40 (48.8)
Died of disease 14 (17.1)
Radiological and/or FDG-PET/CT response to SBRT at first assessment (n=156 lesions,
152 evaluable):
CR 91 (59.9)
PR 26 (17.1)
SD 24 (15.8)
PD 11(7.2)
Radiological and/or FDG-PET/CT response in the lesions treated with SBRT only with no
concomitant systemic therapy (n=127 lesions, 123 evaluable)
CR 76 (61.8)
PR 17 (13.8)
SD 19 (15.5)
PD 11 (8.9)
Disease progression after first SBRT course (n=82, 81 evaluable)
Yes 60 (74.1)
No 21 (25.9)
Site of first progression (n=60)
In-field only 2 (3.5)
Out-field only 54 (90)
In-field+ Out-field 4 (5.5)
In field progression (at any time)/per lesion (n=153)
Yes 38 (24.8)
No 115 (75.2)
Local control at last follow-up (n= 153)
Yes 115 (75.2)
No 38 (24.8)
Local control at last follow-up in the lesions treated with SBRT only with no concomitant
systemic therapy (n=127, 124 evaluable):
Yes 90 (72.6)
No 34 (27.4)
Systemic treatment free-interval (months) after SBRT courses with no concomitant
systemic therapy:
Mean, Median 10.5,7.4
Range 2.1-49.3
Systemic treatment free-interval (months) after single SBRT courses not followed by
intermediate SBRT/other local therapies before new systemic regimen or last follow-up:
Mean, Median 9,6
Range 2.1-334
Systemic treatment free-interval (months) after SBRT courses followed by intermediate
SBRT/other local therapies (on different disease sites) before new systemic regimen or
last follow-up:
Mean, Median 15.8, 13




Range 6.3-49.3

Abbreviations: AWD, Alive With Disease; CR, Complete Response; FDG-PET/CT, [18F]—fluoro-deoxy-glucose
positron emission tomography/computer tomography scan; NED, Non Evidence of Disease; PD, Progression
of Disease; PR, Partial Response; SD, Stable Disease; SBRT, Stereotactic Body Radiotherapy.



Table 4. Multivariate regression Cox models for progression

Analyses Variables included in the model HR Low 95%ClI Up 95%ClI P-values
Per patients  Residual tumor at first surgery 0.54 0.30 0.99 0.05
Per lesions Rtage llI-1V vs I-II 7.49 2.32 24.15 0.0008
N. of treated lesions 2.02 1.39 2.9 0.0002
M vs LN 3.37 1.66 6.84 0.0008
Time from the last chemotherapy
>7months 2.39 1.18 4.84 0.016

Abbreviations: Cl: Confidence Interval; HR: Hazard Ratio; LN, regional lymph nodes; M, distant metastases;



TABLE 5. Published clinical series including patients treated with radiotherapy for oligorecurrent/oligoprogressive ovarian cancer

Author, year of | Ref n Primitive Site of Pre-RT Site of RT modality Total Dose Median PFS LRFS oS
publication Disease chemotherapy recurrence (median) follow-up
courses, median (range)
(range)
Brown et al, 2013 3 102 Ovary: 100% 3(0-9) Nodal: 49% pts IFRT Definitive IFRT: 37 (1-123) | 5-year: 24%, 5-year: 71% 5-year:
Extranodal: 51% 59.2 Gy (73 pts) | months 38% pts 40%
without ED at
Post-operative: after a median
54.5 Gy (16 pts) f-up of 38
months
Post-induction (range:7-122)
CT (13 pts)
Albuquerque et 4 27 Ovary: 100% 10 Extraperitoneal EBRT only: 50.4 (40-60) Gy | 2.5years 5-year 5-year 5-year
al, 2016 local recurrences | 18 pts (67%) (actuarial): 33% | (actuarial):70% | (actuarial):
Post- RO/R1 30%
EBRT+BRT: surgery: 17 pts;
7 pt (26%) Salvage/Post
R2 surgery: 10
BRT only: 2 pts)
pts (7%)
Chundury et al, 5 33 pts, Ovary: 100% 3(1-12) Abdomen/pelvis: IMRT 50.4 (45-70) Gy | 23.7 (1.0- 2-year 2-year 2-year
2016 49 34 pts (69.4%) 105.8) (actuarial): 11% | (actuarial): (actuarial):
lesions months 82% 63%
Thorax: 3 pts
(6.1%)
Other sites: 12
pts (24.5%)
Yahara et al, 6 27 pts Ovary: 100% Not stated Abdomen/pelvis EBRT only 60.0 (50.0-61.2) | 25 (3-95) 2-year: 39% 2-year: 96% 2-year:
2013 (3D-CRT): 25 | Gy months 56%
pts (93%) (surviving
pts)
EBRT+BRT:
1 pt (4%)
BRT only: 1
pt (4%)
Kunos et al, 2012 | 20 | 50 pts Ovary: 50% Not stated Abdomen/pelvis: SBRT, 24 Gy, 8 15 (1-31) 7.8 months 15-months: 20.2
Uterus: 28% 44 pts (88%) Cyberknife Gylfraction months (95% C.1.) 100% months
Uterine Cervix: (mainly to the (95% C.1.)
18% Thorax: 6 pts 70% isodose
Vulva: 4% (12%) line)
Mesko et al, 22 | 28 pts, Ovary: 15 pts 2 (0-9) Abdomen/pelvis: SBRT 40 (16-54) Gy 12.8 10.8 months Not stated Not stated
2017 47 Endometrium: 8 53% months
lesions | pts
Cervix: 2 pts Thorax: 21%
Vagina: 2 pts

Carcinosarcoma:

Unspecified: 26%




1 pt

Current study, 82 pts, Ovary: 100% 3(0-9) Abdomen/pelvis: SBRT 24 Gy, 8 17.4 2-year 2-year 2-year
Lazzari&Ronchi 156 123 pts (79%) Gylfraction months (actuarial): 18% | (actuarial): (actuarial):
et al, 2018 lesions 68% 71%

Thorax: 26 pts
(17%)

Head and Neck:
7 pts (4%)

Abbreviations: BRT: Brachytherapy, EBRT: External Beam Radiotherapy, IFRT:

Involved-Field Radiotherapy, LRFS. Local Recurrence Free Survival, OS: Overall Survival, PFS: Progression Free
Survival, Pts: Patient, Ref: Reference, RT: Radiotherapy SBRT: Stereotactic Body Radiotherapy




Fig. 1: Kaplan—Meier curve for progression-free survival (PFS) of the 82 patients over time (full line).
Confidence interval (C.l.)= 95% (dashed line).
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Fig. 2: Kaplan—Meier curve for local progression free survival (LPFS) of the 153 treated lesions over time
(full line). Confidence interval (C.l.)= 95% (dashed line).
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Fig. 3: Kaplan—Meier curve for overall survival (OS) of the 82 patients over time (full line). Confidence
interval (C.l1.)= 95% (dashed line).
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