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Abstract

Purpose

To assess the outcome of prostate cancer (PCa) patients diagvibtsealigometastati¢
disease at recurrence and treated with stereotactic body radiot(feBpy).

Methods

Non-castrate patients with up to 3 synchronous metastases (borme Bmaph nodes
diagnosed on positron emission tomography - computed tomography, followtigehiica
recurrence after local curative treatment, were treatéd (nepeated) SBRT to a dose of|50
Gy in 10 fractions or 30 Gy in 3 fractions. Androgen deprivation thefiagaysurvival (ADT-
FS) defined as the time interval between the first day &t1S8nd the initiation of ADT was
the primary endpoint. ADT was initiated if more than 3 metastasge detected during
follow-up even when patients were still asymptomatic. Secondadpoints were locdl
control, progression free survival (PFS) and toxicity. Toxicitg weored using the Commpn
Terminology Criteria for Adverse Events.

Results

With a median follow-up from time of SBRT of 2 years, we teda50 patients with 7|0
metastatic lesions with a local control rate of 100%. The pyinmasolved metastatic sites
were lymph nodes (54%), bone (44%), and viscera (2%). The median PHAS was (95%
Cl: 13-25 mo) with 75% of recurring patients havitfRymetastases. A"2and & course of
SBRT was delivered in 19 and 6 patients respectively. This results idiam#&DT-FS of 25
months (20—30 mo). On univariate analysis, only a short PSA doubling time sigisificant
predictor for both PFS (HR: 0.90, 95%CI: 0.82 — 0.99) and ADT-FS (HR: 0.83; B®4CT
— 0.97). Ten patients (20%) developed toxicity following treatment, wheh classified as
grade lin 7 and grade Il in 3 patients.

Conclusion

Repeated SBRT for oligometastatic prostate cancer postponesyekhndrogen deprivatign
therapy with 2 years without grade Il toxicity.

Keywords

Oligometastases, Prostate cancer, Recurrence, Salvage therapya&iereody
radiotherapy



Background

The standard treatment options for non-castrated prostate can@r{d&@@nts diagnosed
with metastatic disease have remained unchanged over the pas{ljeavith continuous

androgen deprivation therapy (ADT) being the cornerstone of tegdt{]. The negative

impact of ADT on general health and quality of life has tesuin a search for alternatives
[3,4]. Both intermittent ADT and active surveillance are now beiogsiclered valuable

options in these patients [2].

Like in other solid tumors, there is increasing evidence thatngatdiagnosed with a limited
number of metastases3) — so called “oligometastases” - have a better prognosis cedhpar
to patients with extensive metastatic disease [5,6]. This rmytiyy that the oligometastatic
status represents a specific metastatic phenotype withsaatggessive behaviour. The
clinical implication might be that a localized form of cantieatment may be effective to
delay disease progression [7]. Stereotactic body radiother&®/T()Shas proven to be a safe
and effective treatment for oligometastases [8].

In the current study we assessed the outcome of PCa pateg®skd with oligometastatic
recurrence and treated with SBRT.

Methods

This study includes 50 patients diagnosed witB metachronous asymptomatic metastases
treated with SBRT at our institution between May 2005 and October PX#8.for these
patients were prospectively collected and analysed. All eases presented to and approved
by the multidisciplinary uro-oncology team and the local ethasmittee (EC2011/495).
Eligibility criteria included histologically proven diagnosis a®and a biochemical relapse
following local radical PCa treatment [9]. Exclusion critemaluded: serum testosterone
level <50 ng/ml at time of detection of metastases, neo-adjuvattnmomitant ADT > 1
month with SBRT or a PSA rise while on active treatment withuteinizing hormone
releasing hormone (LHRH)-(ant)agonist, anti-androgen or estrogens.

All patients were staged with [18 F]-fluorodeoxyglucose (FDG)=(r82) until 2011,
switching to [18 F]-choline positron emitting tomography (PET) ungkspnt (n = 18) with
co-registered computed tomography (CT) [10]. All scans werepiraied by the radiologist
and nuclear medicine physician in consensus reading with knowledbe olirtical history
of the patients and of the results of other diagnostic techniquesy Eveal tracer
accumulation deviating from the physiological distribution of theetravas regarded as
suggestive of disease. A biopsy of the suspected lesions was mo¢lsoperformed prior to
inclusion and treatment. In case of equivocal findings on PET-CT, atioadtlimagnetic
resonance imaging (MRI) of the suspected region was performedL{). Local recurrence
was excluded with digital rectal examination in all caseswaitidl multiparametric MRI in
patients treated with primary radiotherapy [11,12].

SBRT technique

All patients underwent a CT-based treatment planning with 2—3 mmthickness in supine
position with an ankle and knee fix (Sinmed, Cablon Medical, Leiden, Thigefnds).
Gross tumor volume (GTV) was delineated using all availabhaceli, iconographic and



metabolic information. A planning target volume (PTV) around the GANh margins
depending on the site irradiated (2 mm margins for bone metgs3asesn for nodes and 5
mm for other sites, except for the liver where a 1 cm mawgs used). Organs at risk were
delineated, depending on the site of the GTV.

Two radiation schedules were used. For patients treated betweenn200&aw 2012, a dose
of 50 Gy in 10 fractions of 5 Gy was prescribed to the PTV, combinidangingle injection
of a short acting (1 month depot) LHRH analogue [13]. For patissdted after this period a
median dose of 30 Gy in 3 fractions of 10 Gy was delivered without caotasarhHRH. A
switch from 10 fractions to 3 fractions was made for economic agistilo advantages. The
normalized total dose of both schedules as calculated with the-tjnadratic model is
comparable (87.5 Gy and 90 Gy for 10 x 5 Gy and 3 x 10 Gy, respgctoreana/p ratio of
2) [14]. Fractions were separated >40 h and <96 h. Treatmentesxsiped to the periphery
of the PTV (80% of the dose (=30 or 50 Gy), covering 90% of the)PThe dose was
reduced in case of violation of maximal tolerated dose of organskat [15]. Intensity
modulated radiotherapy with static beams or dynamic arcs elasered 3 times a week
using 6-18 MV photons from a linear accelerator equipped with a mukiddanator and
cone-beam CT (CBCT) (Varian CLINAC, Varian, Palo Alto, CAEbekta Synergy, Elekta,
Crawley, UK).

At each fraction, a CBCT was used for patients’ set-up and target &goificwith correction
of all shifts without minimal action level. Patients were répmsed in case of detection of
rotational errors of non-spherical target volumes exceeding eRgAutomatic matching
was done using bone or soft tissue window settings for respectivey drolymph node
metastases. For the patient diagnosed with liver metastasex areathing simulation-CT
was fused with PET-CT and MRI. No abdominal compression or fiduaiate used. In case
of multiple (1 to 3) synchronous lesions, all lesions were traatéte same session and the
positioning protocol was repeated per lesion.

Evaluation of response

The primary endpoint was ADT-free survival (ADT-FS), defined as the itmt@erval between
the first day of SBRT and the initiation of palliative ADT. ADvas initiated if more than 3
metastases were detected during follow-up even when patiergsstiteasymptomatic. The
type of ADT was left at the discretion of the treating ptigsi. Local progression (LP) was
defined as tumor progression within the irradiated PTV. Eachstasta was a target lesion
independently assessed for response with the RECIST criteriadditioa, metastases
(particularly osseous) with a metabolic complete response on bortelasdan were scored
as complete response in the absence of progression on CT sogresBion free-survival
(PFS) was defined as the absence of new metastases and/mesgimyg of untreated
metastases. During treatment, patients were clinicallyuated weekly and at 1 and 3
months thereafter. Follow-up visits with prostate specific ant{®SA) measurement were
scheduled 3-monthly during the first year and 6-monthly thereaftessBesments with bone
scan and PET/CT imaging was performed in case of 3 rising WVhdes after initial
response, in case of PSA rise above the pre-SBRT PSA thaowisned at least once or if
clinically indicated to rule out local or distant metastatic pgsgion. In case of an
oligometastatic recurrence outside the previous SBRT fieldfraatment with SBRT was
offered.



Toxicity was evaluated and graded according to the NationaleCamstitute (NCI) Common
Terminology Criteria for Adverse Events (CTCAE) v3.0 [16]. Late effeetre designated as
events occurring > 3 months following treatment or as an evemigasB8 months after
treatment.

Statistics

The Kaplan-Meier method was used to estimate rates of ADT-PSPFS and prostate
cancer specific survival (PCSS). Calculations were done fronstdre of SBRT. Potential
prognostic factors were examined using univariate proportional haregdsssion from
diagnosis of metastases to start of ADT. Variables exhib#ipgvalue< 0.15 in univariate
analysis were entered manually in Cox proportional hazards modaldoinvard stepwise
fashion. Variable retention was based on the likelihood ratio tektchange in estimated
hazard ratios for variables already present. Potential vasaldetion for univariate analysis
was based on previous papers on noncastrate metastases [5,6,16]. Theopattastatic
spread at time of metastasis was defined as minimal diseaase of involvement of nodes
or axial skeleton and as extensive disease as involvement of appandkeleton (with or
without axial skeleton) or viscera (lung or liver) as suggestedqudy [16]. Additionally,
the total number of metastases was calculated counting alétatetespots separately. The
premetastatic PSA doubling time (PSA DT) was calculateddsyming first-order kinetics
and based on all PSA measurements within 1 year (yr) priorvielagenent of noncastrate
metastatic disease with a minimum of three measurementxassp by a minimum of 4
weeks. All variables were entered continuously except for risk geolCa diagnosis: low
(T1-T2a and Gleasor6 and PSA <10 ng/ml), intermediate (T2b-T2c or Gleason = 7 or PSA
10-20 ng/ml), high (T3a or Gleason 8-10 or PSA > 20 ng/ml) and very higkefi8b-T4
NO or any T, N1, any Gleason) [9]. Risk groups were based onnthlephthological staging
in case of surgery. All statistical analyses were perfdroing SPSS version 21 (SPSS,
Chicago, IL) with p <0.05 considered significant.

Results

Patient characteristics

Fifty patients were included in the current study. Table 1 suimesapatient and disease
characteristics at time of PCa diagnosis and at time of[SBRe majority of patients was
treated with multimodality treatment at PCa diagnosis (TdBleA pelvic lymph node
dissection (PLND) was performed in 32 patients (64%), beingip®sit 5 patients (10%).
During PLND, a median number of 8 nodes was removed. The mediavairnfiem PCa
diagnosis to first metastatic event was 4.8 yr with a mmeldBA of 5.1 ng/ml and a PSA DT
of 3.8 months (mo) at time of metastases (Table 1). In totah&@static lesions were
treated: lymph nodes (54%), bone (44%), and viscera (2%). Thirteeh 2dpatients with a
pelvic recurrence had a PLND at initial treatment. The pattérmetastatic spread was
categorized as minimal in 70% and extensive in 30% of patieatsdueg to the criteria of
Yossepowitch et al. [17]. The different subsites of metastatic vewaént are depicted in
Table 1. The median PSA level at time of detection of metasiegease was 5.0 ng/ml
(range 0.2 — 45.4 ng/ml) compared to 5.1 ng/ml (0.6-116.7 ng/ml) for matergened with
FDG-PET-CT and choline PET-CT, respectively (p = 0.71).



Table 1 Patient characteristics

Characteristics

All patients (n = 50)

Age at diagnosis (yrs)
Median (IQR)
Follow-up from PCa diagnosis (yrs)
Median (IQR)
Primary therapy
Radical prostatectomy alone
Radical prostatectomy with postoperative RT
Radical prostatectomy with postoperative RT + ADT
Radiotherapy + ADT
Radiotherapy alone
PSA at initial diagnosis (ng/ml)
Mean (range)
Median (IQR)
Prognostic grouping
Low
Intermediate
High
Very high
Interval from diagnosis to metastases (yr)
Mean (range)
Median (IQR)
PSA level at first documented metastases (ng/ml)
Mean (range)
Median (IQR)
PSA DT at first documented metastases (mo)
Mean (range)
Median (IQR)
Number of lesions at diagnosis of metastases
1 metastasis
2 metastases
3 metastases
Primary site of metastases
Lymph nodes
Pelvic
Obturator
Internal iliac
External iliac
Presacral
Common iliac
Combination of nodal sites
Extrapelvic
Both
Bones
Axial
Appendicular
Both
Viscera
Liver
Treatment at time of metastases (%)
SBRT 10 x5 Gy + 1 mo ADT
SBRT 3 x 10 Gy

59 (55-62)
7.8 (5.3-10.5)

6 (12%)
22 (44%)

4 (28%)
6 (12%)
2 (4%)

16 (3.5-81)
10.4 (7-16.9)

1 (2%)

16 (32%)
19 (38%)
14 (28%)

5.3 (0.2 - 15)
4.8(2.9-7.3)

10.9 (0.2 — 117)
5.1 (2.0 - 8.6)

6.0 (1 - 30)
3.8 (3.0-6.9)

37 (74%)
8 (16%)
6 (12%)

24 (50%)
1 (2%)

6 (12%)
10 (20%)
2 (4%)

3 (6%)

2 (4%)

1 (2%)

2 (4%)

8 (16%)
11 (22%)
3 (6%)

1 (2%)

35 (70%)
15 (30%)

Abbreviations: yr year,mo months QR interquartile range.



Patterns of progression

Patterns of first progression following SBRT were recorded aedligplayed in Figure 1.

After a median follow-up of 2 years (interquartile range, I@R: 52 mo), 18 patients were
disease-free and 32 patients experienced distant metastaticsprogyeesulting in a median
PFS of 19 mo (95% CI: 13-25 mo) (Figure 2a). The 1-year and 2-yearaR#sSvere 64%

and 35% respectively. None of the patients had a local recurreisaéting in a 100% local

control rate. The median PSA at recurrence was 8.5 ng/mRl: @Q- 32 ng/ml) with a median
doubling time of 2.7 mo (IQR: 1.5 — 4.7 mo).

Figure 1 Schematic overview of relapse pattern of oligometastic prostate cancer
recurrence following stereotactic body radiotherapy.

Figure 2 Probability of progression-free survival (a) and androgen deprivation therag-
free survival (b).

For patients with initial pelvic lymph node metastases, 67% efatapses were located in
the pelvis or retroperitoneal nodes (Figure 3a) and 33% in the bonpatents with initial
bone metastases, the first site of recurrence following SB& located in the bone in 88%
of the cases (Figure 3b). Initial progression was again lirite<3 metastases in 75% of
recurrent patients (N = 24), of which 16 patients received a semmnde of SBRT and 3
patients received a salvage pelvic lymphadenectomy. The remahioligometastatic
patients and 8 polymetastatic patients received palliative ADThe former, the patients
refused a second course of SBRT.

Figure 3 Pattern of relapse of pelvic lymph node (a) and bone metastases (b).

At last follow-up, 4 out of 19 patients remain progression-free foligva second course of
SBRT or salvage surgery. In 6 patients, progression was dirtote3 metastases and in 9
patients it exceeded 3 metastases. Four out of 6 oligometgsatitnits received a third
course of SBRT, while the 2 other patients preferred ADT. Theinamgapatients received
palliative ADT.

One patient relapsed in the prostatic fossa followind @&urse of SBRT and one patient
relapsed with 3 metastatic lesions, while the other 2 remain progressaat-fest follow-up.
The patient with the local relapse received salvage radiotheéoathe prostate bed and is
currently progression-free. The other patient receivel eodrse of SBRT to the metastases
and is currently progression-free.

To summarize, 26 patients (52%) are progression-free at lé&stvfop, while 24 patients
started with palliative ADT. This results in a median ADT-¢iS25 mo (95% confidence
interval, Cl,: 20-30 mo) (Figure 2b), with a 1-year and 2-year fafeDd-FS of 82% and
60% respectively. On univariate analysis, only a short PSA Ddr po SBRT was a
significant predictor for both PFS (HR: 0.90, 95%CI: 0.82 — 0.99) and ADTHRS 0.83;
95%CI: 0.71 — 0.97) (Table 2). The median PFS survival was 12 mo fontgatigh a DT<

3 mo compared to 21 mo for patients with a longer DT (p = 0.016) (FH@)rer'he median
ADT-FS for patients with a PSA DI 3mo was 18 mo compared to 39 mo for patients with a
longer DT (p = 0.014) (Figure 4b). No multivariate analysis wakpaed as none of the
other variables in Table 2 had a p-vaiu@.15.



Table 2Univariate Cox proportional hazards model predicting androgen deprivation
therapy-free survival and progression-free survival

Covariate ADT-FS PFS
HR (95% CI) p-value HR (95% ClI) p-value

Prognostic group at diagnosis

Low-Intermediate 1 0.72 1 0.41

High 0.99 (0.36 — 2.74) 0.78 (0.33-1.88) 0.58

Very high 1.45(0.48 —4.4) 1.40 (0.56 — 3.53) 0.47
Interval from diagnosis to metastases (yr) 1(6-9901) 0.51 1(0.99 -1.01) 0.55
PSA level at time of metastases (ng/ml) 1 (0.970311 0.96 1(0.98 - 1.03) 0.67
PSA DT at time of metastases (mo) 0.83 (0.71 -)0.97 0.02 0.90 (0.82-0.99) 0.04
Number of lesions at diagnosis of metastases D56 2.22) 0.75 1.02 (0.53 - 1.94) 0.96
Pattern of metastatic spread

Minimal 1 0.37 1 0.27

Extensive 1.48 (0.63 — 3.49) 1.53(0.72-3.2)
Location of metastasis

Node 1 0.10 1 0.25

Bone 2.02 (0.87 - 4.72) 1.54 (0.74 - 3.22)

Abbreviation: HR hazard ratio,Cl confidence intervalyr year, mo month, ADT-FS androgen deprivation therapy-free
survival,PFS progression-free survival.

" The patient with liver metastasis was excludednftbe analysis of this variable. P-values in bagresent significant
values <0.05.

Figure 4 Probability of progression-free survival (a) and androgen deprivation therag-
free survival (b) stratified according to PSA doubling time< 3mo compared to > 3 mo.

Five patients died of prostate cancer, resulting in a 2-yeab-gedr PCSS of 96% and 90%
respectively. There were no non-prostate cancer related deaths.

Toxicity

Ten patients (20%) developed toxicity following treatment, whick @lassified as grade | in
7 and grade Il in 3 patients. In case of bone metastasis iroadidtpatients reported mild
grade | bone pain and 1 patient was diagnosed with an asymptoraaticdrof the ilium on
follow-up PET-CT without the necessity of treatment (gradénlcase of SBRT for nodal
metastases, 1 patient experienced grade | fatigue and 4 patipatgenced diarrhoea (grade
I: n = 2 and grade Il: n = 2). One patient experienced a worsenirgs gbost-radical
prostatectomy urinary incontinence (grade II) six months after SBRT d¥ia pede.

Discussion

Metastatic prostate cancer is clearly a heterogeneoussdiseith the number of metastases
at recurrence being recognized as an important prognostic f&d@hr However, two major
difficulties have complicated assessment of the benefit ofcakhdireatment for
oligometastases.

First, the identification of patients with truly oligometastatiisease is inherently
challenging. When using bone scintigraphy as a single re-gtagidality, the proportion of
patients diagnosed witk5 lesions is only 41% [18]. With the addition of computed
tomography (CT), 73% of patients is diagnosed wRhmetastases with a median PSA of 25
ng/ml [5]. With the introduction of more sensitive and specific imggnodalities such as
PET-CT and MRI [10,19], oligometastatic disease is detected eadier at median PSA



levels around 7 ng/ml or lower [6,10]. Consequently, both the time betwB&Aaise and
the detection of metastatic disease is reducing as welleasumber of metastases detected
[6]. In the current study, the majority of patients wergetiwith FDG-PET-CT and only a
minority with choline PET-CT. Thus, a proportion of patients mightehasen understaged
[10], potentially leading to underestimation of the effect of tatment. However, the
median PSA level at time of detection of metastatic diseasecomparable between both
FDG and choline in our population. A recent dual-tracer study concludédalithaugh
choline appears to be more sensitive than 18 F-FDG for the idatedftdisease in PSA
relapse, 18 F-FDG correlated better with more aggressivas@éid@0]. Unfortunately, both
FDG and choline PET-CT, still underestimate the extent of disdg. This is also clearly
reflected in our patients treated with SBRT for pelvic lynmaldes, with two out of three
patients relapsing in the nodes again. As an alternative taoa leased approach such as
SBRT, the inclusion of an elective nodal volume in the radiotherafd/iight reduce these
type of relapses. Other groups have started implementing this dfygeeatment with
promising results, however details on the pattern of relapse ekimda[22-24]. Newer
tracers, such as (68)Ga-labelled prostate-specific membramgerafPSMA), look very
promising with a higher yield of lesions with an improved tumor twkfound ratio [25],
but need further validation. Although currently not commercially alks]aultrasmall
superparamagnetic particles of iron oxide MRI remains one oty promising imaging
modalities for detecting of metastases of normal-sized lymphsnod®Ca [26]. Further
improvements in imaging will enable better patient selection for lesicedlibsrapies.

The second hurdle for delivering radical treatment to metadtgseseans of radiation was
the need for extended fractionation for the delivery of ablative dwséise lesion while
avoiding normal tissue toxicity. The development of new radiotherappnplg and
treatment technologies have enabled the safe delivery ofjlamakent or higher biological
effective doses in a reduced number of treatment sessions as ednpar standard 5-7
week course. Nevertheless, SBRT has only been recently implehfenteligometastatic
PCa as is demonstrated by the limited number of publications [21,23,2128]recent
systematic review including a mixture of primary solid tumoiirnsas concluded that SBRT
for oligometastatic disease is accompanied with low toxicity excellent local control [8].
About 20% of patients remain progression free at 2—3 years &tT $]. Our study is in
agreement with these findings, showing a 100% local control withode dghatoxicity. This
supports the 2 fractionation schedules used in our study delivering aitabldgse of
around 90 Gy. The 2-year progression-free survival of 35% is in lifrethat of other solid
tumors [8]. However, it is on the lower end compared to the other eep&®€a series
[23,28,29]. This might be partially explained by the fact that mastsseised concomitant
ADT for more than 6 months [23,28,29]. It should also be noted that the nombatients
treated is lower in other studies and that most of them only irgtlpdBents with a single
metastasis, which might influence outcome [5,6].

We identified PSA DT as the only variable influencing clihipeogression and ADT-FS
[5,6]. Initial patient stratification based on PSA DT might hedpselect the ideal candidates
for SBRT. We observed that the pattern of progression after SBRinost often
oligometastatic. Consequently, these patients were offeredtedp&BRT to postpone
progression to polymetastatic disease requiring systemiogaatin 50% of the patients we
were able to postpone palliative androgen deprivation therapy tbleast 2 years.
Additionally, this surrogate endpoint describes the proportion of patdmisno longer can
be ‘salvaged’ with repeat SBRT, as the majority of patiehisof 24 cases) were started on
ADT because of polymetastatic progression. Although promisingruleebenefit of SBRT



can only be assessed through randomization. A randomized phase dotnéring active

surveillance with eradication of oligometastatic disease bgnsie@f SBRT or surgery is
halfway recruiting (http://clinicaltrials.gov: NCT01558427). In theameghile, SBRT for

oligometastatic PCa should be considered investigational.

Despite being the largest series reporting on the outcome RT $@ oligometastatic PCa,
several limitations should be addressed. The median follow-up ihtwobte reliably report
endpoints such as PCSS. The rationale of the addition of single anjemftia 1-month
preparation of an LHRH-analogue with the initiation of SBRT was increase
radiosensitivity. However, this makes the interpretation of bioctemesponse increasingly
difficult, as all patients had an initial PSA decline. Consequentty,decided to stop the
combination therapy from May 2012 onwards to get a clear view dnugndenefit of SBRT
in this setting. However, the influence ADT on PFS and ADT-R3abably limited as the
duration of testosterone suppression by a 1-month depot of an LHRHhga@ak only
between 2 and 4 months depending on the definition of testosteroneryej@8je It might
be hypothesized from the excellent toxicity profile of SBRT tha quality of life in these
patients might be superior compared to patients receiving imraedl@T. Unfortunately,
these data were not registered in our study, but are currently being prospeciieeted.

Conclusions

Repeated SBRT for oligometastatic prostate cancer postponesyekhndrogen deprivation
therapy with 2 years without grade Il toxicity.
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