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Abstract

Background: Early salvage radiation therapy (eSRT) represents a treatment option for
patients who experience a prostate-specific antigen (PSA) rise after radical prostatec-
tomy (RP); however, the optimal PSA level for eSRT administration is still unclear.
Objective: To test the impact of PSA level on cancer control after eSRT according to
pathologic tumour characteristics.
Design, setting, and participants: The study included 716 node-negative patients with
undetectable postoperative PSA who experienced a PSA rise after RP. All patients
received eSRT, defined as local radiation to the prostate and seminal vesicle bed,
delivered at PSA !0.5 ng/ml. Biochemical recurrence (BCR) after eSRT was defined as
two consecutive PSA values "0.2 ng/ml.
Outcome measurements and statistical analysis: Multivariable Cox regression analysis
tested the association between pre-eSRT PSA level and BCR after eSRT. Covariates
consisted of pathologic stage (pT2 vs pT3a vs pT3b or higher), pathologic Gleason score
(!6, 7, or "8), and surgical margin status (negative vs positive). We tested an interaction
with PSA level and baseline pathologic risk for the hypothesis that BCR-free survival
differed by pre-eSRT PSA level. Three pathologic risk factors were identified: pathologic
stage pT3b or higher, pathologic Gleason score "8, and negative surgical margins.
Results and limitations: Median follow-up among patients who did not experience BCR
after eSRT was 57 mo (interquartile range: 27–105). At 5 yr after eSRT, BCR-free survival
rate was 82% (95% confidence interval [CI], 78–85). At multivariable Cox regression
analysis, pre-eSRT PSA level was significantly associated with BCR after eSRT (hazard
ratio: 4.89; 95% CI, 1.40–22.9; p < 0.0001). When patients were stratified according to
the number of risk factors at final pathology, patients with at least two pathologic risk
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Abstract

Context: Multimodal treatment for men with locally advanced prostate cancer (PCa)
using neoadjuvant/adjuvant systemic therapy, surgery, and radiation therapy is being
increasingly explored. There is also interest in the oncologic benefit of treating the
primary tumor in the setting of metastatic PCa (mPCa).
Objective: To perform a review of the literature regarding the treatment of the primary
tumor in the setting of mPCa.
Evidence acquisition: Medline, PubMed, and Scopus electronic databases were queried
for English language articles from January 1990 to September 2014. Prospective and
retrospective studies were included.
Evidence synthesis: There is no published randomized [90_TD$DIFF]controlled trial (RCT) comparing
local therapy and systemic therapy to systemic therapy alone in the treatment of mPCa.
Prospective studies of menwith locally advanced PCa and retrospective studies of occult
node-positive PCa have consistently shown [91_TD$DIFF]the addition of local therapy to amultimodal
treatment regimen improves outcomes. Molecular and genomic evidence further sug-
gests[11_TD$DIFF] the primary tumor may have an active role in mPCa.
Conclusions: Treatment of the primary tumor in mPCa is being increasingly explored.
While preclinical, translational, and retrospective evidence supports local therapy in
advanced disease, further prospective studies are underway to evaluate thismultimodal
approach and identify the patients most likely to benefit from the inclusion of local
therapy in the setting of metastatic disease.
Patient summary: In this review we explored preclinical and clinical evidence for
treatment of the primary tumor in metastatic prostate cancer (mPCa). We found
evidence to support [12_TD$DIFF] clinical [92_TD$DIFF]trials investigating mPCa therapy that includes local
treatment of the primary tumor. Currently, treating the primary tumor in mPCa is
controversial and lacks high-level evidence sufficient for routine recommendation.
# 2015 European Association of Urology. Published by Elsevier B.V. All rights reserved.
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a  b  s  t  r  a  c  t

Patients  with  metastatic  prostate  cancer  (PC)  represent  a heterogeneous  group  with  survival  rates  varying
between  13  and 75 months.  The  current  standard  treatment  in  this  setting  is  hormonal  therapy,  with  or
without  docetaxel-based  chemotherapy.  In  the  era  of individualized  medicine,  however,  maximizing
treatment  options,  especially  in  long-term  surviving  patients  with  limited  disease  burden,  is  of  capital
importance.  Emerging  data,  mainly  from  retrospective  surgical  series,  show  survival  benefits  in  men
diagnosed  with  metastatic  PC following  definitive  therapy  for the  prostate.  Whether  the  irradiation  of
primary  tumor  in  a metastatic  disease  might  improve  the  therapeutic  ratio  in association  with  systemic
treatments  remains  investigational.  In  this  scenario,  modern  radiation  therapy  (RT)  can  play  a significant
role  owing  to its intrinsic  capability  to act  as  a more  general  immune  response  modifier,  as well  as
to  the  potentially  better  toxicity  profile  compared  to  surgery.  Preclinical  data,  clinical  experience,  and
challenges  in  local  treatment  in  de  novo  metastatic  PC  are  reviewed  and  discussed.

© 2015  Elsevier  Ireland  Ltd.  All  rights  reserved.

1. Introduction

Local control of the primary tumor in the presence of metastatic
disease has been associated with improved outcome in several
malignancies (Flanigan et al., 2001; Mickisch et al., 2001; Temple
et al., 2004). Metastatic renal cell carcinoma could be considered a
paradigm in this field: indeed, two phase III trials clearly demon-
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strated better overall survival (OS) rates in patients treated with
radical nephrectomy and interferon-alpha compared to patients
receiving systemic treatment alone (Flanigan et al., 2001; Mickisch
et al., 2001).

In prostate cancer (PC), evidence from three large prospective
randomized phase III trials suggest that, in patients with locally
advanced tumors at high risk of occult micrometastatic disease,
adding radiotherapy (RT) to androgen deprivation therapy (ADT)
significantly improves 10-year outcome (D’Angelillo et al., 2015;
Mottet et al., 2012; Warde et al., 2011; Widmark et al., 2009). Reduc-
tion in the cancer-specific and overall mortality rates (Warde et al.,
2011; Widmark et al., 2009), as well as improvements in loco-
regional control and distant metastases-free progression (Mottet

http://dx.doi.org/10.1016/j.critrevonc.2015.08.023
1040-8428/© 2015 Elsevier Ireland Ltd. All rights reserved.
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treatments  remains  investigational.  In this  scenario,  modern  radiation  therapy  (RT)  can  play  a significant
role  owing  to its intrinsic  capability  to  act  as  a more  general  immune  response  modifier,  as well  as
to  the  potentially  better  toxicity  profile  compared  to  surgery.  Preclinical  data,  clinical  experience,  and
challenges  in  local  treatment  in  de novo  metastatic  PC  are  reviewed  and  discussed.

© 2015  Elsevier  Ireland  Ltd.  All rights  reserved.

1. Introduction

Local control of the primary tumor in the presence of metastatic
disease has been associated with improved outcome in several
malignancies (Flanigan et al., 2001; Mickisch et al., 2001; Temple
et al., 2004). Metastatic renal cell carcinoma could be considered a
paradigm in this field: indeed, two phase III trials clearly demon-
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strated better overall survival (OS) rates in patients treated with
radical nephrectomy and interferon-alpha compared to patients
receiving systemic treatment alone (Flanigan et al., 2001; Mickisch
et al., 2001).

In prostate cancer (PC), evidence from three large prospective
randomized phase III trials suggest that, in patients with locally
advanced tumors at high risk of occult micrometastatic disease,
adding radiotherapy (RT) to androgen deprivation therapy (ADT)
significantly improves 10-year outcome (D’Angelillo et al., 2015;
Mottet et al., 2012; Warde et al., 2011; Widmark et al., 2009). Reduc-
tion in the cancer-specific and overall mortality rates (Warde et al.,
2011; Widmark et al., 2009), as well as improvements in loco-
regional control and distant metastases-free progression (Mottet

http://dx.doi.org/10.1016/j.critrevonc.2015.08.023
1040-8428/© 2015 Elsevier Ireland Ltd. All rights reserved.
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 CURRENTOPINION Rationale for local treatment in the management of
metastatic prostate cancer
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Marco Moschinia,b, Vito Cucchiarad, Nazareno Suardia,b,
Alexandre Mottriec, Vincenzo Mironed, Francesco Montorsia,b,
and Alberto Brigantia,b

Purpose of review
To evaluate the rationale supporting the role of local treatment in the management of patients with
metastatic prostate cancer (PCa).

Recent findings
Not all patients with metastatic PCa share the same prognosis, in which selected individuals with
oligometastatic PCa might benefit from local therapies. These men would harbor a biologically different
disease as compared with their counterparts with widespread metastases. Local treatment would eliminate
the source of tumor-promoting factors, destroy the origin of metastatic cells, and stop the self-seeding
process. Moreover, decreasing tumor burden would eventually allow for an improved response to systemic
therapies. Recent clinical studies support an oncologic role of surgery or radiotherapy in metastatic PCa.
However, their retrospective nature limits the relevance of these findings. Results of ongoing trials assessing
the impact of local treatment in metastatic patients are needed to comprehensively address its role.

Summary
Preclinical observations provide a rationale for treatment of the primary tumor in selected patients with
metastatic PCa. However, available clinical evidence comes from retrospective investigations, and only
results of ongoing randomized trials would clarify the role of local treatment in the metastatic setting.

Keywords
local treatment, metastatic, prostate cancer, radical prostatectomy, radiotherapy

INTRODUCTION
Radical prostatectomy and radiotherapy represent
the most commonly adopted therapeutic options
for the management of patients with nonmetastatic
prostate cancer (PCa) [1]. Historically, these modal-
ities were restricted to men with localized disease
[2], and only in recent years, radical prostatectomy
and radiotherapy have been shown to provide
sustained oncologic benefits in locally advanced
PCa [3–11]. More recently, a role for local therapies
has been hypothesized even in the metastatic
scenario. Indeed, the evidence that not all men with
PCa metastases would share the same invariably
poor prognosis led several authors to propose a
potential role for local and targeted treatments in
this setting [3,12–18]. Although randomized trials
support the role of removal of the primary tumor in
renal-cell carcinoma, ovarian, and digestive cancers
[19–22], such a level of evidence is still lacking
in PCa patients. Preclinical and observational

studies provided a biological rationale for tumor
debulking in well selected men with metastatic
PCa [3,12,23&,24&,25–27,28&&,29&&]. However, the
absence of data from randomized trials still pre-
cludes physicians to consider local therapies as a
treatment option in the management of metastatic
PCa [30]. The aim of our study was to analyze the
rationale for the removal of the primary tumor in
metastatic PCa. Moreover, we sought to review
available evidence supporting the role of radical
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Diagnostic Challenges of Clonal
Heterogeneity in Prostate Cancer

Case Report
A healthy 64-year-old man underwent a prostate biopsy in 1996

that was triggered by a prostate-specific antigen (PSA) measurement
of 7.1 ng/mL, and was found on transrectal ultrasound to have a
prostate volume of 63 mL and two small foci of Gleason score 5
adenocarcinoma from the left gland (biopsies from the right were
negative). Digital rectal examination (DRE) was normal except for

prostatic enlargement (stage T1c). The patient chose to enter an active
surveillance program as an alternative to curative intervention, and
underwent observation with serial PSA measurements and surveil-
lance prostate biopsies (Fig 1A). His first surveillance biopsy per-
formed 1 year after the diagnostic biopsy revealed a prostate volume of
75 mL and one core of Gleason score 6 adenocarcinoma from the same
region as the diagnostic biopsy. In 2007, at age 75 years, after a total of
12 surveillance biopsies failed to demonstrate any high-grade compo-
nents (Gleason grade 4 or 5), serial biopsies were discontinued and he
continued to undergo follow-up with DRE and PSA measurements at
6-month intervals (Fig 1A; PIN, prostatic intraepithelial neoplasia;
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Cytoreductive nephrectomy improves survival in 

metastatic renal cancer   
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Locoregional treatment versus no treatment of the primary 
tumour in metastatic breast cancer: an open-label 
randomised controlled trial
Rajendra Badwe, Rohini Hawaldar, Nita Nair, Rucha Kaushik, Vani Parmar, Shabina Siddique, Ashwini Budrukkar, Indraneel Mittra, Sudeep Gupta

Summary
Background The role of locoregional treatment in women with metastatic breast cancer at fi rst presentation is unclear. 
Preclinical evidence suggests that such treatment might help the growth of metastatic disease, whereas many 
retrospective analyses in clinical cohorts have suggested a favourable eff ect of locoregional treatment in these patients. 
We aimed to compare the eff ect of locoregional treatment with no treatment on outcome in women with metastatic 
breast cancer at initial presentation.

Methods In this open-label, randomised controlled trial, we recruited previously untreated patients (≤65 years of age 
with an estimated remaining life expectancy of at least 1 year) presenting with de-novo metastatic breast cancer from 
Tata Memorial Centre, Mumbai, India. Patients were randomly assigned (1:1) to receive locoregional treatment 
directed at their primary breast tumour and axillary lymph nodes, or no locoregional treatment, by a computer-
generated block randomisation sequence (block size of four). Randomisation was stratifi ed by site of distant 
metastases, number of metastatic lesions, and hormone receptor status. Patients with resectable primary tumour in 
the breast that could be treated with endocrine therapy were randomly assigned upfront, whereas those with an 
unresectable primary tumour were planned for chemotherapy before randomisation. Of the patients who had 
chemotherapy before randomisation, we randomly assigned patients who had an objective tumour response after six 
to eight cycles of chemotherapy. The primary endpoint was overall survival analysed by intention to treat. This study 
is registered with ClinicalTrials.gov, NCT00193778.

Findings Between Feb 7, 2005, and Jan 18, 2013, of the 716 women presenting with de-novo metastatic breast cancer, 
we randomly assigned 350 patients: 173 to locoregional treatment and 177 to no locoregional treatment. At data cut-off  
of Nov 1, 2013, median follow-up was 23 months (IQR 12·2–38·7) with 235 deaths (locoregional treatment n=118, no 
locoregional treatment n=117). Median overall survival was 19·2 months (95% CI 15·98–22·46) in the locoregional 
treatment group and 20·5 months (16·96–23·98) in the no-locoregional treatment group (HR 1·04, 95% CI 0·81–1·34; 
p=0·79), and the corresponding 2-year overall survival was 41·9% (95% CI 33·9–49·7) in the locoregional treatment 
group and 43·0% (35·2–50·8) in the no locoregional treatment group. The only adverse event noted was wound 
infection related to surgery in one patient in the locoregional treatment group.

Interpretation There is no evidence to suggest that locoregional treatment of the primary tumour aff ects overall 
survival in patients with metastatic breast cancer at initial presentation who have responded to front-line chemotherapy, 
and this procedure should not be part of routine practice.

Funding Department of Atomic Energy, Government of India.

Introduction
Metastatic breast cancer is deemed an incurable disease 
with the main goals of treatment being prolongation of 
survival and palliation of symptoms. About 3–8% of 
patients with newly diagnosed disease have distant 
metastases at initial presentation.1 The mainstay of 
treatment is systemic therapy, which includes chemo-
therapy, endocrine therapy, and targeted drugs. 
Traditionally, locoregional treatment (surgery or 
radiation) has been used only for control of fungation 
and bleeding.

Data from experiments in animal models of diff erent 
cancers have suggested that surgical removal of the 
primary tumour could potentially increase metastatic 
spread.2–5 By contrast, removal of the primary tumour 

was shown to improve survival in patients with metastatic 
renal cell carcinoma.6,7 Removal of the primary tumour 

could potentially improve the outcome in breast cancer 
by removing drug resistant clones of cancer cells. Our 
trial was motivated by several retrospective analyses8–20 
that reported an overall survival benefi t of locoregional 
treatment in patients with metastatic breast cancer. 
However, these studies are disparate in terms of patient 
numbers, indications for surgery, timing of surgery, and 
type of surgical intervention. Therefore, their results 
were probably aff ected by selection bias and a limited 
ability to control for potential confounding factors. Other 
retrospective analyses that have attempted to control for 
these biases have not shown any survival advantage after 
locoregional treatment.21–25 A recent meta-analysis of 
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Summary
Background The role of locoregional treatment in women with metastatic breast cancer at fi rst presentation is unclear. 
Preclinical evidence suggests that such treatment might help the growth of metastatic disease, whereas many 
retrospective analyses in clinical cohorts have suggested a favourable eff ect of locoregional treatment in these patients. 
We aimed to compare the eff ect of locoregional treatment with no treatment on outcome in women with metastatic 
breast cancer at initial presentation.

Methods In this open-label, randomised controlled trial, we recruited previously untreated patients (≤65 years of age 
with an estimated remaining life expectancy of at least 1 year) presenting with de-novo metastatic breast cancer from 
Tata Memorial Centre, Mumbai, India. Patients were randomly assigned (1:1) to receive locoregional treatment 
directed at their primary breast tumour and axillary lymph nodes, or no locoregional treatment, by a computer-
generated block randomisation sequence (block size of four). Randomisation was stratifi ed by site of distant 
metastases, number of metastatic lesions, and hormone receptor status. Patients with resectable primary tumour in 
the breast that could be treated with endocrine therapy were randomly assigned upfront, whereas those with an 
unresectable primary tumour were planned for chemotherapy before randomisation. Of the patients who had 
chemotherapy before randomisation, we randomly assigned patients who had an objective tumour response after six 
to eight cycles of chemotherapy. The primary endpoint was overall survival analysed by intention to treat. This study 
is registered with ClinicalTrials.gov, NCT00193778.

Findings Between Feb 7, 2005, and Jan 18, 2013, of the 716 women presenting with de-novo metastatic breast cancer, 
we randomly assigned 350 patients: 173 to locoregional treatment and 177 to no locoregional treatment. At data cut-off  
of Nov 1, 2013, median follow-up was 23 months (IQR 12·2–38·7) with 235 deaths (locoregional treatment n=118, no 
locoregional treatment n=117). Median overall survival was 19·2 months (95% CI 15·98–22·46) in the locoregional 
treatment group and 20·5 months (16·96–23·98) in the no-locoregional treatment group (HR 1·04, 95% CI 0·81–1·34; 
p=0·79), and the corresponding 2-year overall survival was 41·9% (95% CI 33·9–49·7) in the locoregional treatment 
group and 43·0% (35·2–50·8) in the no locoregional treatment group. The only adverse event noted was wound 
infection related to surgery in one patient in the locoregional treatment group.

Interpretation There is no evidence to suggest that locoregional treatment of the primary tumour aff ects overall 
survival in patients with metastatic breast cancer at initial presentation who have responded to front-line chemotherapy, 
and this procedure should not be part of routine practice.

Funding Department of Atomic Energy, Government of India.

Introduction
Metastatic breast cancer is deemed an incurable disease 
with the main goals of treatment being prolongation of 
survival and palliation of symptoms. About 3–8% of 
patients with newly diagnosed disease have distant 
metastases at initial presentation.1 The mainstay of 
treatment is systemic therapy, which includes chemo-
therapy, endocrine therapy, and targeted drugs. 
Traditionally, locoregional treatment (surgery or 
radiation) has been used only for control of fungation 
and bleeding.

Data from experiments in animal models of diff erent 
cancers have suggested that surgical removal of the 
primary tumour could potentially increase metastatic 
spread.2–5 By contrast, removal of the primary tumour 

was shown to improve survival in patients with metastatic 
renal cell carcinoma.6,7 Removal of the primary tumour 

could potentially improve the outcome in breast cancer 
by removing drug resistant clones of cancer cells. Our 
trial was motivated by several retrospective analyses8–20 
that reported an overall survival benefi t of locoregional 
treatment in patients with metastatic breast cancer. 
However, these studies are disparate in terms of patient 
numbers, indications for surgery, timing of surgery, and 
type of surgical intervention. Therefore, their results 
were probably aff ected by selection bias and a limited 
ability to control for potential confounding factors. Other 
retrospective analyses that have attempted to control for 
these biases have not shown any survival advantage after 
locoregional treatment.21–25 A recent meta-analysis of 
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Might men diagnosed with metastatic prostate cancer 

benefit from definitive treatment of the primary tumour? 
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Identifying Optimal Candidates for Local Treatment of the
Primary Tumor Among Patients Diagnosed with Metastatic
Prostate Cancer: A SEER-based Study

Nicola Fossati a,b, Quoc-Dien Trinh c, Jesse Sammon d, Akshay Sood d, Alessandro Larcher b,e,
Maxine Sun e, Pierre Karakiewicz e, Giorgio Guazzoni b, Francesco Montorsi b, Alberto Briganti b,
Mani Menon d, Firas Abdollah d,*
aDepartment of Epidemiology and Biostatistics, Memorial Sloan-Kettering Cancer Center, New York, NY, USA; bDivision of Oncology/Unit of Urology, URI,

IRCCS Ospedale San Raffaele, Milan, Italy; cDana-Farber Cancer Institute, Brigham and Women’s Hospital, Harvard Medical School, Boston, MA, USA;
dVattikuti Urology Institute and VUI Center for Outcomes Research Analytics and Evaluation, Henry Ford Hospital, Detroit, MI, USA; eCancer Prognostics and

Health Outcomes Unit, University of Montreal Health Center, Montreal, Quebec, Canada

In patients with metastatic prostate cancer (mPCa) at
diagnosis, treatment options are rather limited and life
expectancy is greatly compromised. In these patients, local
treatment of the primary tumor (LT) is not usually taken

into account, whereas androgen deprivation therapy (ADT)
represents the initial management of choice [1]. A recent,
large, population-based study suggested that LT confers a
survival benefit in mPCa patients [2]. This is in line with
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Abstract

A recent study observed a survival benefit in men diagnosed with metastatic prostate
cancer (mPCa) and managed with local treatment of the primary tumor (LT; either radical
prostatectomy plus pelvic lymph node dissection or radiation therapy). We tested the
hypothesis that only specific mPCa patients would benefit from LT and that the potential
benefit would vary based on primary tumor characteristics. A total of 8197 mPCa patients
at diagnosis (M1a, M1b, and M1c) were identified using the Surveillance Epidemiology and
End Results database (2004–2011) and were divided according to treatment type: LT
versus nonlocal treatment of the primary tumor (NLT; either androgen deprivation
therapy or observation). Multivariable Cox regression analysis was used to predict
cancer-specific mortality (CSM) in patients that received NLT. To assess whether the
benefit of LT was different by baseline risk, we tested an interaction with CSM risk and LT.
At multivariable analysis, all predictors were significantly associated with CSM, and the
interaction test was statistically significant ( p < 0.0001). Local treatment of the primary
tumor, compared with NLT, conferred a higher CSM-free survival rate in patients with a
predicted CSM risk <40%. The number needed to treat according to the predicted CSM risk
at 3 yr after diagnosis remained substantially constant from 10% to 30%, whereas it
exponentially increased for predicted CSM risk >40%. These results should serve as a
foundation for future prospective trials.
Patient summary: Among metastatic prostate cancer patients, the potential benefit of
local treatment to the primary tumor depends greatly on tumor characteristics, and
patient selection is essential to avoid either over- or undertreatment.
# 2014 European Association of Urology. Published by Elsevier B.V. All rights reserved.
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Assessing the Optimal Timing for Early Salvage Radiation Therapy
in Patients with Prostate-specific Antigen Rise After Radical
Prostatectomy
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Abstract

Background: Early salvage radiation therapy (eSRT) represents a treatment option for
patients who experience a prostate-specific antigen (PSA) rise after radical prostatec-
tomy (RP); however, the optimal PSA level for eSRT administration is still unclear.
Objective: To test the impact of PSA level on cancer control after eSRT according to
pathologic tumour characteristics.
Design, setting, and participants: The study included 716 node-negative patients with
undetectable postoperative PSA who experienced a PSA rise after RP. All patients
received eSRT, defined as local radiation to the prostate and seminal vesicle bed,
delivered at PSA !0.5 ng/ml. Biochemical recurrence (BCR) after eSRT was defined as
two consecutive PSA values "0.2 ng/ml.
Outcome measurements and statistical analysis: Multivariable Cox regression analysis
tested the association between pre-eSRT PSA level and BCR after eSRT. Covariates
consisted of pathologic stage (pT2 vs pT3a vs pT3b or higher), pathologic Gleason score
(!6, 7, or "8), and surgical margin status (negative vs positive). We tested an interaction
with PSA level and baseline pathologic risk for the hypothesis that BCR-free survival
differed by pre-eSRT PSA level. Three pathologic risk factors were identified: pathologic
stage pT3b or higher, pathologic Gleason score "8, and negative surgical margins.
Results and limitations: Median follow-up among patients who did not experience BCR
after eSRT was 57 mo (interquartile range: 27–105). At 5 yr after eSRT, BCR-free survival
rate was 82% (95% confidence interval [CI], 78–85). At multivariable Cox regression
analysis, pre-eSRT PSA level was significantly associated with BCR after eSRT (hazard
ratio: 4.89; 95% CI, 1.40–22.9; p < 0.0001). When patients were stratified according to
the number of risk factors at final pathology, patients with at least two pathologic risk
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more contemporary cohort. Given the scarcity of treatment
options for patients with mPCa and the very limited efficacy
of these treatments, the survival benefit obtained by LT is
considered very encouraging. Second, different from the
aforementioned study, we aimed to identify optimal
candidates for LT of the primary tumor. Accordingly, we
developed a predictive model for mPCa patients based on
tumor characteristics, and we evaluated the impact of LT on
survival according to the predicted CSM risk. Interestingly,
we found that LT conferred a survival benefit at 3 yr after
diagnosis only in patients with a CSM risk !40%. Third,
these results were confirmed when we evaluated the
variations of the NNT according to the predicted CSM risk at
3 yr. Specifically, the NNT remained substantially constant
from 10% to 30%, whereas it exponentially increased for
predicted CSM risk >40%.

To the best of our knowledge, this study is the first to aim
at identifying potential candidates for LT among patients
with mPCa. Currently, in these patients, ADT is the standard
of care, but patients invariably progress to castration-
resistant disease [1], which represents the lethal form of the
disease. Despite the introduction of novel agents [7,8], the
prognosis of castration-resistant mPCa remains invariably
poor [1]. From this perspective, our study may help improve
cancer control in mPCa patients and serve as a foundation
for future prospective trials. It is noteworthy that LT, in
patients with predicted CSM risk <30%, was associated with
a roughly 20% increase in survival at 3 yr, which is
significantly higher than the survival benefit offered by any
of the novel agents recently developed and approved to
treat castration-resistant mPCa [7,8].

Our study is not devoid of limitations. First, the SEER
database does not contain information on comorbidities
that may represent a selection bias for treatment choice.
Second, the SEER database does not provide information
regarding disease extent and number of metastatic sites,
which have been shown to be predictors of survival in

previous reports [9]. These variables warrant investigation
in future studies. Third, data regarding systemic therapies
were also unavailable. The lack of information regarding
hormonal therapies represents a major limitation of the
current study. However, SEER is the only comprehensive
population-based database in the United States and
represents an ideal approach to study the survival of
patients diagnosed with mPCa, especially in recent time
periods [2]. Fourth, salvage treatment data were not
available in the SEER database. However, it could be argued
that salvage treatments for tumor progression could
account just for a limited proportion of our findings. Fifth,
median follow-up was significantly longer for survivors
treated with LT compared with NLT. However, that
difference consisted of few months (36 vs. 31 mo,
respectively; p < 0.0001), and it is unlikely to modify our
findings. Finally, the SEER database does not provide
information regarding complications after treatment. Most
probably, the complication rate in these patients is similar
to what has been thoroughly reported in the literature
regarding the complication rate of treating patients with
locally advanced, nonmetastatic disease; however, this
point warrants further investigation.

In conclusion, the potential and beneficial impact of local
treatment of the primary tumor greatly depends on tumor
characteristics, and patient selection is essential to avoid
over- or undertreatment. If validated in future studies, our
novel model can be of great help in selecting the optimal
candidates for local treatment among mPCa patients.
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Appendix A. Supplementary data

Supplementary data associated with this article can be
found, in the online version, at http://dx.doi.org/10.1016/
j.eururo.2014.08.056. The risk calculator and the formula
to predict CSM-risk at 3 years are available at http://
www.urotecnologie.it/it/research.
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Fig. 1 – Cancer-specific mortality (CSM)–free survival rate plotted against
predicted probability of CSM at 3 yr after diagnosis. Dashed green line
indicates local treatment of the primary tumor. Solid orange line
indicates no local treatment of the primary tumor.
CSM = cancer-specific mortality.

E U R O P E A N U R O L O G Y X X X ( 2 0 1 4 ) X X X – X X X 3

EURURO-5816; No. of Pages 4

Please cite this article in press as: Fossati N, et al. Identifying Optimal Candidates for Local Treatment of the Primary Tumor
Among Patients Diagnosed with Metastatic Prostate Cancer: A SEER-Based Study. Eur Urol (2014), http://dx.doi.org/10.1016/
j.eururo.2014.08.056

20%	  increase	  in	  OS	  at	  3	  yr	  	  

8197 men 

RT to the prostate in the presence of oligometastatic disease: evidence in PCa 



2016 2016 

Therapeutic Options that improve survival 
RT to the prostate in the presence of oligometastatic disease: evidence in PCa 

14,9	  

32,4	  

34,7	  

18,9	  

3,6	  

2,2	  

4,4	  

2,4	  

RADIUM-‐223	  

ENZALUTAMIDE	  

ABIRATERONE	  

DOCETAXEL	  

SURVIVAL	  GAIN	   OVERALL	  SURVIVAL	  

Months 
1Tannock  et al. N Engl J Med. 2004 

2Kantoff  et al.N Engl J Med. 2010 
3Ryan C et al. Lancet Oncology 2015 

4Beer et al.  N Engl J Med 2014 
5Parker  et al.N Engl J Med. 2013 



2016 2016 

!"#$%&%'(%)

!"#$$%&'"()"*+%$'&%,-($%&"./0-1-$/2"#&&"+-34,'"+/'/+5/02 !""#$%&"'(#)*+#6789:;<8=>?6@ABBB2%,CD(E+$%&2(+3

Editorial

Radiation therapy to the primary tumor in locally advanced prostate 
cancer is not “closing the barn door after the horse has bolted”
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Editorial
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level (p = 0.016) were significant predictors for overall
mortality in multiple adjusted analysis.

4. Discussion

In the SPCG-7 trial with 90% of 875 patients being high-risk
patients, RAD added to ET reduced the absolute risk of PCa-
specific mortality by 10.2% and 16.9% at 10 yr and 15 yr,
respectively. The combined treatment prolonged the
median overall survival by 2.4 yr, and six patients had to
undergo ET + RAD to prevent one PCa-death at 15 yr. The
beneficial effect of the combined treatment on PCa-specific
mortality remained highly significant in the Cox regression
analysis (HR = 0.42) with age, WHO-grade, and diagnostic
PSA level representing significant prognostic factors. The
observed mortality from other causes than PCa was higher
in the combined treatment group (33.2% vs 26.5% at 15 yr);
however, this difference was not statistically significant
(p = 0.075). Of importance, the combined treatment signifi-
cantly reduced the overall absolute risk of death by 10% at
15 yr follow-up (p < 0.001).

Our results must be discussed in the context of the
differences between our and the two other phase 3 studies
comparing survival in patients with high-risk PCa receiving
ET alone or ET + RAD [4,5]. Differences in treatment, patient
case mix, and outcomes must be considered. In all studies,
lifelong ADT was used. In SPCG-7, we used antiandrogen
monotherapy based on the preliminary observations in
1996 pointing to the effectiveness of this treatment in
locally advanced PCa with fewer side effects than long-term
castration [13]. Therefore, this hormone manipulation was
chosen in the SPCG-7 trial. This choice seems justified by the
recent report on improved long-term survival in patients
with T3-tumors who received bicalutamide monotherapy
in the SPCG-6 trial [2]. The long-term survival results of
SPCG-7 do not, in our view, indicate that the combined
treatment with antiandrogens decreased the efficacy of the
ET + RAD strategy as our mortality results compare well to
Mason et al’s [4] 10-yr PCa-specific survival results. Lifelong
ADT is associated with considerable side effects [14], and a

Table 3 – Cumulative incidence of the main end points and corresponding hazard ratiosa

Variable Endocrine only
(n = 439)

Endocrine plus radiotherapy
(n = 436)

Absolute risk reduction
(95% CI)

p value

Disease-specific mortality

Total no. of events 140 65

Median follow-up (yr) 11.7 12.6

7 yr of follow-up, % (95% CI) 10.7 (7.8–13.6) 5.7 (3.6–7.9) 5.0 (1.3–8.6) 0.008

10 yr of follow-up, % (95% CI) 19.1 (15.5–22.8) 8.9 (6.3–11.6) 10.2 (5.6–14.8) <0.001

15 yr of follow-up, % (95% CI) 34.3 (29.2–39.4) 17.4 (13.2–21.7) 16.9 (10.2–23.5) <0.001

Overall mortality

Total no. of events 252 201

Mean follow-up (yr) 11.7 12.6

7 yr of follow-up, % (95% CI) 20.5 (16.7–24.3) 17.0 (13.4–20.5) 3.5 (–1.6 to 8.7) 0.18

10 yr of follow-up, % (95% CI) 36.2 (31.7–40.7) 26.6 (22.5–30.8) 9.6 (3.5 to 15.7) 0.003

15 yr of follow-up, % (95% CI) 60.8 (55.3–66.4) 50.6 (44.9–56.4) 10.2 (2.2–18.2) <0.001

CI = confidence interval.
a The analysis of cumulative incidence was performed with the cmprsk package developed by Gray [9,10] and hazard ratios were derived from Cox proportional-

hazard models. The absolute risk reduction and relative risk are for combination of curative radiotherapy and antiandrogen treatment compared with

antiandrogen treatment alone. Gray’s test was used to determine p values.
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Fig. 1 – Cumulative incidence of (A) death from prostate cancer and
(B) death from any cause.
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Adapted from: Widmark A et al. Lancet 2009; 373(9660): 301-8 
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Toxicity was measured using the NCIC Clinical Trials Group Expanded
Common Toxicity Criteria. Information on quality of life is presented by
Brundage et al.8a

RESULTS

Between 1995 and 2005, 1,205 patients were randomly assigned (Fig
1). Trial participants were well matched in terms of their baseline
characteristics (Table 1). Their median age was 70 years. Eighty-seven
percent of patients had locally advanced (T3-4) disease, 63% of pa-
tients had a PSA of more than 20 !g/L, and 18% had a Gleason score
of more than 8. The database contained data up to and including
December 31, 2010, and included 465 reported deaths. The median
follow-up time was 8 years (range, 0 to 15.2 years). Ninety-four per-
cent of patients included in the analysis had data available in the 2 years
preceding the clinical cutoff date.

Of the 603 patients randomly assigned to ADT!RT, 586 (97%)
received RT, and 13 did not receive RT; in four patients, it was un-
known whether or not RT was received. Of the 586 patients known to
have received RT, 43 received doses less than 65 Gy, and 10 received
doses greater than 69 Gy. Thus, 88% of the patients allocated to the
ADT!RT arm received doses between 65 and 69 Gy. Nine (1%) of 602
patients randomly assigned to ADT alone received RT, as defined by
irradiation to the pelvis of more than 50 Gy within 1 year of random
assignment and without evidence of disease progression. LHRH ago-
nists were used in 1,105 patients (92%), and bilateral orchiectomy was
performed in 93 patients (8%), with no evidence of differences in
proportions between the two arms.

OS
There were 260 deaths reported in patients treated with ADT

alone and 205 deaths in patients treated with ADT!RT. The addition
of RT led to a 30% reduction in the risk of death (HR, 0.70, based on
Cox model 1; 95% CI, 0.57 to 0.85; P " .001; Fig 2). The median OS
time was 9.7 years (95% CI, 8.8 to 10.5 years) for patients on the
ADT-alone arm, whereas it was 10.9 years (95% CI, 10.0 to 12.8 years)
for patients on the ADT!RT arm. The 10-year OS rate was 49% (95%

CI, 44% to 54%) for patients on the ADT arm, whereas it was 55%
(95% CI, 49% to 60%) for patients on the ADT!RT arm. A multi-
variable Cox model confirmed the effect of treatment, independent
from other variables, with a P # .0011 in favor of the ADT!RT arm.
The adjusted HR of ADT!RT versus ADT alone was 0.74 (95% CI,
0.61 to 0.87, based on Cox model 2). Both PSA level ($ 50 v " 20
!g/L) and Gleason score (8 to 10 v " 8) were significant prognostic
factors for OS.

DSS
Analysis of DSS indicated an excess of deaths caused by prostate

cancer in patients treated with ADT alone (Table 2). A competing risks
analysis indicated a significant reduction in the risk of death from
prostate cancer in patients treated with ADT!RT (HR, 0.46; 95% CI,
0.34 to 0.61; P " .001; Fig 3). There was no evidence of any differences
in deaths from other causes (P # .58; Table 2). Sensitivity analyses
were performed to test the impact of potential inaccuracy in investi-
gator assignment of cause of death. In each case, the reduction in risks
of death from prostate cancer in RT-treated patients was confirmed,
with P " .001

Nonfatal End Points
Disease progression. Using the prespecified definition of bio-

chemical progression, the 10-year disease progression–free rate was

HR, 0.70 (95% CI, 0.57 to 0.85); P < .001
10-year OS, 55% (ADT + RT) and 49% (ADT)

ADT
ADT + RTO

ve
ra

ll 
S

ur
vi

va
l

(p
ro

po
rt

io
n)

Time (years)
No. at risk
ADT 602 571 498 353 185 77 28
ADT + RT 603 558 505 381 208 85 32

121086420

1.0

0.8

0.6

0.4

0.2

Fig 2. Overall survival (OS). ADT, androgen-deprivation therapy; HR, hazard
ratio; RT, radiotherapy.

Table 2. Causes of Death

Cause of
Death

ADT
(n # 260)

ADT!RT
(n # 205)

Total
(n # 465)

No. of
Patients %

No. of
Patients %

No. of
Patients %

Prostate cancer 134 52 65 32 199 43
Cardiac/stroke 37 14 33 16 70 15
Other cancer 31 12 44 17 75 16
Pneumonia 11 4 11 9 22 5
Other 31 12 34 21 65 14
Unknown 16 6 18 5 34 7
Alive 342 398 740

Abbreviations: ADT, androgen-deprivation therapy; RT, radiotherapy.
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radiotherapy.
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A B S T R A C T

Purpose
There is growing interest in the roleof local therapies, includingexternal beamradiotherapy (RT), formenwith
metastatic prostate cancer (mPCa). We used the National Cancer Database (NCDB) to evaluate the overall
survival (OS) of men with mPCa treated with androgen deprivation (ADT) with and without prostate RT.

Methods
The NCDB was queried for men with newly diagnosed mPCa, all treated with ADT, with complete
datasets for RT, surgery, prostate-specific antigen (PSA) level, Gleason score, and Charlson-Deyo
comorbidity score. OS was analyzed using the Kaplan-Meier method, log-rank test, Cox proportional
hazards models, and propensity score-matched analyses.

Results
From 2004 to 2012, 6,382menwithmPCawere identified, including 538 (8.4%) receiving prostate RT.
At a median follow-up of 5.1 years, the addition of prostate RT to ADT was associated with improved
OS on univariate (P , .001) and multivariate analysis (hazard ratio, 0.624; 95% CI, 0.551 to 0.706;
P, .001) adjusted for age, year, race, comorbidity score, PSA level, Gleason score, T stage, N stage,
chemotherapy administration, treating facility, and insurance status. Propensity score analysis with
matched baseline characteristics demonstrated superiormedian (55 v 37months) and 5-year OS (49%
v 33%) with prostate RT plus ADT comparedwith ADT alone (P, .001). Landmark analyses limited to
long-term survivors of $1, $3, and $5 years demonstrated improved OS with prostate RT in all
subsets (all P , .05). Secondary analyses comparing the survival outcomes for patients treated with
therapeutic dose RT plus ADT versus prostatectomy plus ADT during the same time interval dem-
onstrated no significant differences in OS, whereas both therapies were superior to ADT alone.

Conclusion
In this large contemporary analysis,menwithmPCa receiving prostateRT andADT lived substantially longer
than men treated with ADT alone. Prospective trials evaluating local therapies for mPCa are warranted.

J Clin Oncol 34:2835-2842. © 2016 by American Society of Clinical Oncology

INTRODUCTION

As advances in systemic therapy for metastatic
prostate cancer (mPCa) have improved overall
survival (OS) and the control of metastatic dis-
ease, a greater interest has emerged in therapies to
promote local control of the primary prostatic tu-
mor.1 A growing number of retrospective analyses
have reported improved survival among patients
with mPCa treated with prostatectomy.2-5 However,
relatively limited data exist regarding the role of
external beam radiotherapy (RT).6

Prostate RT represents an attractive local
treatment strategy for patients with mPCa, given
its noninvasive administration and broad pa-
tient candidacy, advancements in delivery allowing
for an increasingly favorable toxicity profile,7 the
established role of RT in the management of locally
advanced nonmetastatic PCa,8-10 and recent as-
sociations between RT and improved survival for
men with lymph node-positive PCa.11-13 In this
analysis, we used the National Cancer Database
(NCDB) to evaluate the OS of men with mPCa
treated with androgen deprivation therapy (ADT)
with and without prostate RT in a modern cohort.
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lower-dose RT (, 65 Gy; median, 40 Gy; range, 20-64.8 Gy; IQR,
30-50.4 Gy). Survival analyses demonstrated improved OS with
higher-dose RT in both univariate (P , .001) and multivariate
models (HR, 0.430; 95% CI, 0.326 to 0.566; P , .001) when
compared with lower-dose RT.

The survival outcomes for patients treated with ADT alone
were then compared with those receiving lower-dose prostate RT,
higher-dose prostate RT, and patients treated with prostatectomy
during the same time interval. From 2004 to 2012, a total of 69
patients with mPCa treated with prostatectomy plus ADT were
identified. Patient characteristics are displayed in Appendix Table
A5. On univariate and multivariate analyses, both higher-dose RT
($ 65 Gy) and prostatectomy were superior to ADTalone, whereas
the OS was similar between lower-dose RT (, 65 Gy) and ADT
alone (Fig 4; Appendix Table A6). No differences were observed
between higher-dose RTand prostatectomy (multivariate P = .453).

DISCUSSION

Management paradigms for mPCa are evolving. For decades, first-
line therapy with ADT alone has represented the gold standard for
men with newly diagnosed mPCa. Recently, two multicenter,
randomized trials have redefined first-line medical therapy, with
the demonstration of improved OS with the addition of docetaxel
chemotherapy to ADT.20,21 In addition, a wealth of survival-
prolonging therapies have been added to the arsenal for meta-
static castrate-resistant disease, including docetaxel, abirater-
one, enzalutamide, cabazitaxel, sipuleucel-T, and radium-223.22

In general, as advances in systemic therapy improve the con-
trol of distant metastases and prolong survival, interventions that
promote local control of the primary tumor become more
important—a principal that may be particularly relevant in
metastatic cancers with relatively long natural histories.23 Con-
sequently, gains in systemic therapy for mPCa are now being
coupled with a growing interest in the role of local therapies to
address the primary prostatic tumor.1 At least three European
randomized clinical trials and one North American randomized

clinical trial are ongoing to evaluate the survival impact of prostate
RT in addition to ADT (NCT 00268476; NCT01957436; ISRCTN
06890529) or local therapy (RT or surgery) in addition to best
systemic therapy (NCT01751438) for men with mPCa. However,
no prospective results from these trials are currently available to
inform clinical practice.

In this study, we report the outcomes formore than 6,000men
with newly diagnosed mPCa from 2004 to 2012, all of whom were
treated with first-line ADT and managed either with or without
prostate RT. On propensity score analysis matched for baseline
characteristics, prostate RT was associated with an 18-month im-
provement in median OS, a 16% improvement in 5-year OS, and
a 33% reduction in the hazard of mortality (HR, 0.67). In context,
these retrospective outcomes appear comparable to the OS benefits
observed with the addition of docetaxel to ADT in the phase III
Chemohormonal Therapy versus Androgen Ablation Randomized
Trial for Extensive Disease (CHAARTED; 14-month median OS
improvement, approximate 20% 5-year OS improvement; HR,
0.61) and greater than those observed in the phase III Systemic
Therapy in Advancing or Metastatic Prostate Cancer: Evaluation
of Drug Efficacy (STAMPEDE) trial (10-month median OS im-
provement in the standard-of-care plus docetaxel arm; 8% 5-year
OS improvement; HR, 0.78).20,21 Among long-term survivors,
sequential landmark analyses also demonstrated a consistent OS
advantage with prostate RT among patients surviving $ 1, $ 3,
and$ 5 years from diagnosis. Similar OS outcomes were observed
among patients receiving either therapeutic doses of prostate RTor
prostatectomy, and both therapies were associated with longer OS
when compared with ADTalone—a finding that suggests a positive
association between local therapy and survival in the setting of
mPCa, irrespective of therapeutic modality.

To our knowledge, this analysis represents the largest reported
cohort of men with mPCa treated with external beam RT, as well
as the largest mPCa cohort managed with local therapy (RT or
surgery) overall. Cho et al.6 reported a single-institution retro-
spective of 140 men with mPCa at diagnosis in which 97% received
ADTand an additional 38 (27%) received external beam RT to the
prostate. Improved OS was observed with prostate RT in their
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intact prostate tumor,28 implicating the primary tumor’s role in
influencing the homing of metastatic cells and the promotion of
a receptive environment in secondary organs, referred to as the pre-
metastatic niche.29 In a prospective clinical trial evaluating three cycles
of docetaxel and 1 year of ADT followed by prostatectomy for locally
advanced and node-positive PCa, Tzelepi et al.30 reported an upre-
gulation in molecular pathways associated with castrate resistance
and disease progression in the prostatic tumor specimens following
systemic therapy. In a secondary analysis of a large randomized trial
evaluating ADT approaches for mPCa, Thompson et al.31 reported
improved survival among men who had undergone prostatectomy
prior to the diagnosis of mPCa. Paradoxically inferior survival was
observed in the setting of prior prostate RT—a finding that might be
explained by potential systemic effects from persistent local disease
after failure of upfront RT. Moreover, in a study of nearly 15,000
patients treated with RT for localized PCa, Coen et al.32 observed that
persistent local disease in the prostate was associated with a significant
wave of late metastatic progression. Overall, these analyses and other
similar reports33,34 lend support to the hypothesis that the primary
prostatic tumor may play a fundamental role in metastatic expansion
and that effective local therapy might disrupt the complex dynamics
between primary tumor, the microenvironment of secondary organs,
and metastatic disease.

The importance of randomized trials in the evaluation of local
therapy for patients with metastatic disease is highlighted by two
disease-specific examples. In the setting of metastatic renal cell car-
cinoma (RCC), two landmark trials demonstrated improved OS with
nephrectomy plus interferon versus interferon therapy alone,35,36

establishing the role of cytoreductive nephrectomy for metastatic
RCC.37 On the other hand, although retrospective analyses of met-
astatic breast cancer have reported improved OS with local therapy,38

two randomized trials have reported either no improvements in OS
with local therapy39 or that the potential benefits may be limited to
subgroups with solitary bone or bone-only metastases.40 These
outcomes underscore the importance of ongoing randomized trials to
evaluate theOS advantages with local therapy observed in this analyses
and previous retrospectives of mPCa.2-6

This analysis has several limitations. Given the retrospective
design, all analyses are subject to selection biases and imbalances in
unquantified variables. Of particular importance, performance status
and extent of metastatic disease burden could not be controlled for
beyond patient- and disease-status surrogates (eg, age, comor-
bidities, PSA level, Gleason score, T stage, and N stage). Sites of
metastatic spread (ie, M1a, M1b, or M1c) were unavailable. No
data were available regarding specific systemic therapy agents,
duration of systemic therapy, salvage therapies, and disease pro-
gression endpoints. We undertook several analytic approaches,
including multivariate adjustment, propensity score matching,
recursive partitioning, and landmark analyses, in attempt to ad-
dress possible confounding in a setting where prospective trial data
do not currently exist. The attenuation of the survival advantage
observed with prostate RT from the overall cohort to the propensity
score-matched analysis underscores the importance of controlling for
disparities in baseline characteristics. The recursive partitioning
and landmark analyses specifically addressed potential un-
measured confounding, including extent of metastatic disease and
baseline prognoses. The fact that all analytic approaches provided
generally consistent results strengthens our conclusion of an as-
sociation between prostate RTand overall survival in this analysis.

In conclusion, in this large contemporary analysis, men re-
ceiving prostate RT plus ADT lived substantially longer than men
treated with ADT alone. Randomized trials to evaluate of the
impact of local therapy for men with mPCa appear warranted
and several trials are ongoing. Results from this analysis provide
a clinical correlation to numerous preclinical studies, suggesting that
treatment of the primary prostatic tumormay impact distant disease
and potentially improve survival for men with mPCa.
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A B S T R A C T

Purpose
There is growing interest in the roleof local therapies, includingexternal beamradiotherapy (RT), formenwith
metastatic prostate cancer (mPCa). We used the National Cancer Database (NCDB) to evaluate the overall
survival (OS) of men with mPCa treated with androgen deprivation (ADT) with and without prostate RT.

Methods
The NCDB was queried for men with newly diagnosed mPCa, all treated with ADT, with complete
datasets for RT, surgery, prostate-specific antigen (PSA) level, Gleason score, and Charlson-Deyo
comorbidity score. OS was analyzed using the Kaplan-Meier method, log-rank test, Cox proportional
hazards models, and propensity score-matched analyses.

Results
From 2004 to 2012, 6,382menwithmPCawere identified, including 538 (8.4%) receiving prostate RT.
At a median follow-up of 5.1 years, the addition of prostate RT to ADT was associated with improved
OS on univariate (P , .001) and multivariate analysis (hazard ratio, 0.624; 95% CI, 0.551 to 0.706;
P, .001) adjusted for age, year, race, comorbidity score, PSA level, Gleason score, T stage, N stage,
chemotherapy administration, treating facility, and insurance status. Propensity score analysis with
matched baseline characteristics demonstrated superiormedian (55 v 37months) and 5-year OS (49%
v 33%) with prostate RT plus ADT comparedwith ADT alone (P, .001). Landmark analyses limited to
long-term survivors of $1, $3, and $5 years demonstrated improved OS with prostate RT in all
subsets (all P , .05). Secondary analyses comparing the survival outcomes for patients treated with
therapeutic dose RT plus ADT versus prostatectomy plus ADT during the same time interval dem-
onstrated no significant differences in OS, whereas both therapies were superior to ADT alone.

Conclusion
In this large contemporary analysis,menwithmPCa receiving prostateRT andADT lived substantially longer
than men treated with ADT alone. Prospective trials evaluating local therapies for mPCa are warranted.

J Clin Oncol 34:2835-2842. © 2016 by American Society of Clinical Oncology

INTRODUCTION

As advances in systemic therapy for metastatic
prostate cancer (mPCa) have improved overall
survival (OS) and the control of metastatic dis-
ease, a greater interest has emerged in therapies to
promote local control of the primary prostatic tu-
mor.1 A growing number of retrospective analyses
have reported improved survival among patients
with mPCa treated with prostatectomy.2-5 However,
relatively limited data exist regarding the role of
external beam radiotherapy (RT).6

Prostate RT represents an attractive local
treatment strategy for patients with mPCa, given
its noninvasive administration and broad pa-
tient candidacy, advancements in delivery allowing
for an increasingly favorable toxicity profile,7 the
established role of RT in the management of locally
advanced nonmetastatic PCa,8-10 and recent as-
sociations between RT and improved survival for
men with lymph node-positive PCa.11-13 In this
analysis, we used the National Cancer Database
(NCDB) to evaluate the OS of men with mPCa
treated with androgen deprivation therapy (ADT)
with and without prostate RT in a modern cohort.
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Prostate RT  
(added to ADT) 

18-month improvement in median OS 

16% improvement in 5-year OS  

33% reduction in the hazard of mortality (HR, 0.67)  

CHARTEED 

14-month median OS improvement 

20% 5-year OS improvement  

39% reduction in the hazard of mortality (HR, 0.61)  

STAMPEDE 

10-month median OS improvement 

8% 5-year OS improvement  

22% reduction in the hazard of mortality (HR, 0.78)  
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to randomize men with oligometastatic disease to RP plus
treatment as usual versus treatment as usual alone, andwill
investigate 5-yr OS as its endpoint (P. Sooriakumaran,
personal communication). It is premised on data from
CHAARTED supporting different prognoses in oligo- versus
poly-metastatic disease, and thus the ‘‘control’’ exerted by
the primary tumor in metastatic disease may be greater for
lower-burden disease.

A[16_TD$DIFF]multicenter, randomized phase 3 trial of best systemic
therapy or best systemic therapy plus definitive local
therapy (radiation or surgery) of the primary tumor inmPCa
(ClinicalTrials.gov NCT01751438) is under way[106_TD$DIFF] in North
America to evaluate whether treatment with systemic
therapy in combination with local therapy in distant
metastatic disease (M1) is more effective than systemic
therapy alone [76].

While systemic therapy in mPCa is the current standard
of care for castrate-sensitive PCa [4,5], recent findings
suggest that a combination of chemotherapy and ADT may
improve survival in select patients [6]. However, both

TRoMbone and the [107_TD$DIFF]North [108_TD$DIFF]American trial are designed to
allow for changes in standard systemic treatments over
time to prevent them from becoming obsolete as standards
evolve. In the North American trial, best systemic therapy
allows for initiation of therapy as seen fit by the treating
physician. Randomization will correct for any discrepancy
in systemic treatments. The primary endpoint of this trial is
PFS, defined as the time from the start of systemic therapy
to the date of disease progression or death, whichever
occurs first. Progression is defined according to Prostate
Cancer Working Group 2 [77]. Early progressors (within
6mo) are not randomized to the treatment armbut undergo
end-of-study evaluation to gather data on this poor-
prognosis group (Fig. 3). The trial is not limited to
oligometastatic disease and is also open to patients with
all volumes of mPCa without evidence of progression at
6mo. Data from this trial should provide further insight into
which patientsmay benefit from local therapy in addition to
systemic treatment [20_TD$DIFF] and should provide for a better-
informed phase 3 trial evaluating this treatment paradigm.
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Fig. 2 – Study design for the HORRAD trial. Source: European Urological Association. HORRAD study facts and figures. http://www.uroweb.org/fileadmin/
documents/2014_FactsHORRAD_Facts___Figure_update_06-Sep-2014.pdf. LHRH = luteinizing hormone–releasing hormone.
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ADT arm (HR 0.49, 95% CI 0.37–0.65; p < 0.0001) [6]. The
difference inmenwith high-volumediseasewas 49.2 versus
32.2 mo, respectively (HR 0.60, 95% CI 0.45–0.81;
p < 0.0006) [6]. Although median OS was not reached in
men with low-volume disease, findings from the study
suggest an improved benefit for combination treatment in
patients with high-volume disease. Further results are
pending; however, mPCa patients were further stratified for
these data, which may prove crucial in selecting patients to
undergo neoadjuvant chemotherapy before considering RP.
With improved systemic therapies and an ever-changing
standard of therapy, the design of a clinical trial evaluating
local therapy should allow for changes in systemic therapy
as advances are made.

Clinical features characteristic of small-cell prostate
carcinoma are the anaplastic features that portend an
ominous prognosis whether or not small-cell morphology is
present, and these often emerge during PCa progression.
Anaplastic criteria have been developed to identify which
patients may benefit most from chemotherapy, including
exclusive visceral or predominantly lytic bone metastases,
bulky tumor masses, low PSA levels relative to tumor
burden, and/or short response to ADT [69]. Of the seven
anaplastic criteria, Aparicio et al [69] found that bulky
tumor mass was significantly associated with poor out-
come, whereas neuroendocrine markers did not predict
outcome or response to therapy. Much research is under
way to characterize and identify the patients most likely to
respond to chemotherapy and multimodal treatments.

Resectability is often a consideration when discussing
local therapy in mPCa and deserves further mention.
Oncologic and functional outcomes suggest the utility of
RP in high-risk patients [70–72]. Moreover, these studies
also address the concern regarding resectability and
appropriate patient selection, which is[27_TD$DIFF] imperative when
selecting mPCa patients who might benefit from local
therapy. As mentioned, a recent study found a survival
benefit in mPCa patients who underwent local therapy;
however, the study failed to identify which mPCa patients

may portend to improved survival benefit [60]. In an
attempt to discern which mPCa patients might benefit the
most from local therapy, Fossati et al [61] analyzed SEER-
Medicare data for 8197 mPCa patients (M1a–c) during
2004–2011. The patients were categorized according to
treatment type: local therapy versus nonlocal treatment
(either ADT or observation) of the primary tumor. When
compared with nonlocal therapy, local therapy of the
primary tumor led to a higher CSM-free survival rate in
patients with a predicted CSM risk <40%. Among mPCa
patients, the potential benefit of local treatment of the
primary tumor probably depends greatly on tumor char-
acteristics, and proper patient selection will be essential.

3.5. Clinical trials evaluating local therapy in distant mPCa

The Systemic Therapy in Advancing or Metastatic Prostate
Cancer (STAMPEDE) trial has been established to further
evaluate multimodal therapy in the treatment of mPCa
[73,74]. One arm of the trial will investigate RT treatment in
patients with mPCa. As with all the existing arms in the
STAMPEDE trial, these patients will be compared to the
control arm receiving ADT alone (Fig. 1). A relative
improvement of 25% in OS is the target. Accounting for
co-recruitment to the other trial comparisons,!1200 mPCa
patients will be included in this comparison, with 600 of
them allocated to the RT arm. Moreover, with a total of nine
arms in the STAMPEDE trial, including the use of
abiraterone, prednisone, and ADT, as well as another arm
combining enzalutamide, abiraterone, and prednisone with
ADT, optimal treatment options are likely to be further
elucidated. A similarly designed prospective multicenter
study in the Netherlands (HORRAD) randomizing patients
with mPCa to hormonal therapy or hormonal therapy and
RT has finished accrual (Fig. 2) [75].

While these studies have incorporated local therapy in
the form of RT, several studies are now evaluating
integration of surgery in the multimodal approach to mPCa.
A UK-based trial, TRoMbone, is being established and aims
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Fig. 1 – Study design for the STAMPEDE trial (protocol version 12.0 with inclusion of enzalutamide + abiraterone comparison). Source: STAMPEDE trial.
Protocol version 12.0. http://www.stampedetrial.org/PDF/STAMPEDE_Protocol_v12.0_clean.pdf
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2 All suitable patients with newly diagnosed, locally advanced disease should also have RT to the prostate.
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to randomize men with oligometastatic disease to RP plus
treatment as usual versus treatment as usual alone, andwill
investigate 5-yr OS as its endpoint (P. Sooriakumaran,
personal communication). It is premised on data from
CHAARTED supporting different prognoses in oligo- versus
poly-metastatic disease, and thus the ‘‘control’’ exerted by
the primary tumor in metastatic disease may be greater for
lower-burden disease.

A[16_TD$DIFF]multicenter, randomized phase 3 trial of best systemic
therapy or best systemic therapy plus definitive local
therapy (radiation or surgery) of the primary tumor inmPCa
(ClinicalTrials.gov NCT01751438) is under way[106_TD$DIFF] in North
America to evaluate whether treatment with systemic
therapy in combination with local therapy in distant
metastatic disease (M1) is more effective than systemic
therapy alone [76].

While systemic therapy in mPCa is the current standard
of care for castrate-sensitive PCa [4,5], recent findings
suggest that a combination of chemotherapy and ADT may
improve survival in select patients [6]. However, both

TRoMbone and the [107_TD$DIFF]North [108_TD$DIFF]American trial are designed to
allow for changes in standard systemic treatments over
time to prevent them from becoming obsolete as standards
evolve. In the North American trial, best systemic therapy
allows for initiation of therapy as seen fit by the treating
physician. Randomization will correct for any discrepancy
in systemic treatments. The primary endpoint of this trial is
PFS, defined as the time from the start of systemic therapy
to the date of disease progression or death, whichever
occurs first. Progression is defined according to Prostate
Cancer Working Group 2 [77]. Early progressors (within
6mo) are not randomized to the treatment armbut undergo
end-of-study evaluation to gather data on this poor-
prognosis group (Fig. 3). The trial is not limited to
oligometastatic disease and is also open to patients with
all volumes of mPCa without evidence of progression at
6mo. Data from this trial should provide further insight into
which patientsmay benefit from local therapy in addition to
systemic treatment [20_TD$DIFF] and should provide for a better-
informed phase 3 trial evaluating this treatment paradigm.
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Fig. 2 – Study design for the HORRAD trial. Source: European Urological Association. HORRAD study facts and figures. http://www.uroweb.org/fileadmin/
documents/2014_FactsHORRAD_Facts___Figure_update_06-Sep-2014.pdf. LHRH = luteinizing hormone–releasing hormone.
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therapy in combination with local therapy in distant
metastatic disease (M1) is more effective than systemic
therapy alone [76].

While systemic therapy in mPCa is the current standard
of care for castrate-sensitive PCa [4,5], recent findings
suggest that a combination of chemotherapy and ADT may
improve survival in select patients [6]. However, both

TRoMbone and the [107_TD$DIFF]North [108_TD$DIFF]American trial are designed to
allow for changes in standard systemic treatments over
time to prevent them from becoming obsolete as standards
evolve. In the North American trial, best systemic therapy
allows for initiation of therapy as seen fit by the treating
physician. Randomization will correct for any discrepancy
in systemic treatments. The primary endpoint of this trial is
PFS, defined as the time from the start of systemic therapy
to the date of disease progression or death, whichever
occurs first. Progression is defined according to Prostate
Cancer Working Group 2 [77]. Early progressors (within
6mo) are not randomized to the treatment armbut undergo
end-of-study evaluation to gather data on this poor-
prognosis group (Fig. 3). The trial is not limited to
oligometastatic disease and is also open to patients with
all volumes of mPCa without evidence of progression at
6mo. Data from this trial should provide further insight into
which patientsmay benefit from local therapy in addition to
systemic treatment [20_TD$DIFF] and should provide for a better-
informed phase 3 trial evaluating this treatment paradigm.
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RT to the prostate in the presence of oligometastatic disease: evidence in PCa 
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Surveillance or metastasis-directed Therapy for
OligoMetastatic Prostate cancer recurrence
(STOMP): study protocol for a randomized
phase II trial
Karel Decaestecker1, Gert De Meerleer2, Filip Ameye3, Valerie Fonteyne2, Bieke Lambert4, Steven Joniau5,
Louke Delrue6, Ignace Billiet7, Wim Duthoy8, Sarah Junius9, Wouter Huysse6, Nicolaas Lumen1 and Piet Ost2*

Abstract

Background: Metastases-directed therapy (MDT) with surgery or stereotactic body radiotherapy (SBRT) is emerging as
a new treatment option for prostate cancer (PCa) patients with a limited number of metastases (≤3) at recurrence – so
called “oligometastases”. One of the goals of this approach is to delay the start of palliative androgen deprivation
therapy (ADT), with its negative impact on quality of life. However, the lack of a control group, selection bias and the
use of adjuvant androgen deprivation therapy prevent strong conclusions from published studies.
The aim of this multicenter randomized phase II trial is to assess the impact of MTD on the start of palliative ADT
compared to patients undergoing active surveillance.

Methods/Design: Patients with an oligometastatic recurrence, diagnosed on choline PET/CT after local treatment with
curative intent, will be randomised in a 1:1 ratio between arm A: active surveillance only and arm B: MTD followed by
active surveillance. Patients will be stratified according to the location of metastasis (node vs. bone metastases) and PSA
doubling time (≤3 vs. > 3 months). Both surgery and SBRT are allowed as MDT. Active surveillance means 3-monthly PSA
testing and re-imaging at PSA progression. The primary endpoint is ADT-free survival. ADT will be started in both arms at
time of polymetastatic disease (>3 metastatic lesions), local progression or symptoms. The secondary endpoints include
progression-free survival, quality of life, toxicity and prostate-cancer specific survival.

Discussion: This is the first randomized phase 2 trial assessing the possibility of deferring palliative ADT with MDT in
oligometastatic PCa recurrence.

Trial registration: Clinicaltrials.gov identifier: NCT01558427

Keywords: Oligometastases, Prostate cancer, Salvage treatment, Stereotactic body radiotherapy, Salvage lymph node
dissection, Active surveillance, Androgen deprivation therapy, Quality of life, Survival

Background
Prostate cancer (PCa) is the most frequent tumour in
males and PCa death is attributed to metastatic disease
in the majority of patients [1]. The first line treatment of
metastatic PCa is lifelong androgen deprivation therapy
(ADT) by means of surgical or medical castration [1].
Although this strategy delays PCa progression, it is asso-
ciated with numerous side effects impacting quality-of-

life and general health [2,3]. There is no proven overall
survival benefit of immediate ADT over deferred ADT
in metastatic patients [1]. It is therefore an option in the
EAU guidelines to suggest an active surveillance proto-
col for well-informed asymptomatic patients with PCA
metastases [1].
In analogy with other solid tumours, eradication of these

oligometastases by means of metastases directed therapy
(MDT) with stereotactic body radiotherapy (SBRT) or sur-
gery is a promising and emerging way to delay disease pro-
gression and postpone systemic treatment without major
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Abstract

Background: Early salvage radiation therapy (eSRT) represents a treatment option for
patients who experience a prostate-specific antigen (PSA) rise after radical prostatec-
tomy (RP); however, the optimal PSA level for eSRT administration is still unclear.
Objective: To test the impact of PSA level on cancer control after eSRT according to
pathologic tumour characteristics.
Design, setting, and participants: The study included 716 node-negative patients with
undetectable postoperative PSA who experienced a PSA rise after RP. All patients
received eSRT, defined as local radiation to the prostate and seminal vesicle bed,
delivered at PSA !0.5 ng/ml. Biochemical recurrence (BCR) after eSRT was defined as
two consecutive PSA values "0.2 ng/ml.
Outcome measurements and statistical analysis: Multivariable Cox regression analysis
tested the association between pre-eSRT PSA level and BCR after eSRT. Covariates
consisted of pathologic stage (pT2 vs pT3a vs pT3b or higher), pathologic Gleason score
(!6, 7, or "8), and surgical margin status (negative vs positive). We tested an interaction
with PSA level and baseline pathologic risk for the hypothesis that BCR-free survival
differed by pre-eSRT PSA level. Three pathologic risk factors were identified: pathologic
stage pT3b or higher, pathologic Gleason score "8, and negative surgical margins.
Results and limitations: Median follow-up among patients who did not experience BCR
after eSRT was 57 mo (interquartile range: 27–105). At 5 yr after eSRT, BCR-free survival
rate was 82% (95% confidence interval [CI], 78–85). At multivariable Cox regression
analysis, pre-eSRT PSA level was significantly associated with BCR after eSRT (hazard
ratio: 4.89; 95% CI, 1.40–22.9; p < 0.0001). When patients were stratified according to
the number of risk factors at final pathology, patients with at least two pathologic risk
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2.3. Data extraction

The following information was abstracted from all primary
reports: primary author, reference, year of publication,
number of patients, patient population, age, study design,
treatment of metastases, treatment of primary PCa, type of
surgery, dose and fractionation of RT, T and N stage of the
primary PCa, median follow-up, oncologic outcomes (PFS,
cancer-specific survival, overall survival), local control (for
RT articles), prognostic factors (univariate and multivari-
ate), and toxicity.

Methodological quality was assessed using an 18-item
validated quality appraisal tool for case series [22]. Quality
appraisal judgments for each item were binary determina-
tions of various facets of the study including study
objectives, population, interventions and co-interventions,
outcome measures, statistical analysis, results and conclu-
sions, and competing interests. The number of yes responses
was counted for a study and divided by 18. A study with
!14 yes responses was considered of acceptable quality
[22].

3. Evidence synthesis

The study selection process is outlined in the PRISMA
diagram (Fig. 1). Fifteen case-series studies (12 retrospective,
3 prospective) met the inclusion criteria [23–37] (Table 1).
All studies were single-arm case series. No comparative or
randomised controlled trials were identified. Eight studies
included patients treated with high-dose RT; seven studies
included patients treated with surgery. All studies were

published between2008 and the present. Seven studieswere
considered of acceptable quality (Table 2).

3.1. Patient and tumour characteristics

In total, 450 patients received MDT for oligometastatic
recurrence after primary treatment for PCa. Most of the
studies reported median age at time of oligometastatic
treatment (overall median: 65 yr; median range: 63–68 yr).
The overall median PSA level was 2.4 ng/ml (range: 1.5
ng/ml–8.8 ng/ml) at the time of MDT.

3.2. Diagnostic assessments and site of metastases

Oligometastatic disease was diagnosed with positron
emission tomography with coregistered computed tomog-
raphy (PET/CT) in 98% of patients, using either choline (91%)
or fluorodeoxyglucose (7%) as a tracer (Table 1). A total of
353 patients (78%) were treated for nodal metastases,
93 patients (21%) for bone metastases, and 4 patients (1%)
for visceral metastases (lung: 2; liver: 2).

3.3. Type of treatment

The type of treatment was either high-dose RT
(n = 299 [66%]) or surgery (n = 151 [34%]).

3.3.1. Radiotherapy

The RT series included nodal (n = 202), bone metastases
(n = 93), and visceral metastases (n = 4). The irradiated
volume for nodal metastases included a prophylactic pelvic
region in most patients (n = 128); the others received RT
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schedules varied and no comparative studies were avail-
able, the findings indicate that approximately half of the
patients were progression free 1–3 yr after MDT (Fig. 2).
However, these results should be interpreted with caution
in view of the nonstandardised use of adjuvant treatments
after MDT. In summary, adjuvant prophylactic nodal
RT was given in 49% of patients (n = 172) with nodal
metastases, and adjuvant ADT was given in 61% of patients
(n = 275). The benefit of MDT only without adjuvant ADT
can be deducted from the articles of Casamassima et al. and
Decaestecker et al. [23,29], showing amedian PFS of 24 and
19 mo, respectively. In the paper of Jilg et al. [34], patients
with a biochemical response (after salvage LND PSA
<0.2 ng/ml) following salvage LNDdid not receive adjuvant
ADT. This subset of patients had a median PFS of 4 yr.

3.4.1. Radiotherapy

Local control was reported in all but one of the RT series,
witha total of4 local relapsesof the114patients treated (4%).
All patients with bonemetastaseswere treatedwith RT. Two
studies observed a trend for a worse outcome for these
patients compared with patients with lymph node metasta-
ses [28,29].

Although the two largest RT studies reporting PFS rates
included comparable patients, the study by Decaestecker
et al. [29] reported a 2-yr PFS of 35% compared with a
3-yr PFS of 59% in the study by Schick et al. [28]. Two
major differences are the use of adjuvant ADT and
prophylactic nodal irradiation. In the study by Decaes-
tecker et al. [29], 70% of patients received a single
injection of a 1-mo luteinising hormone-releasing hor-
mone depot compared with 98% of patients receiving

adjuvant ADT for a median duration of 1 yr in the study
by Schick et al. [28]. Most of the patients (61%) with nodal
recurrence in the study by Schick et al. [28] received
prophylactic nodal RT, compared with none of the
patients in the study by Decaestecker et al. [29]. Interest-
ingly, the pattern of first progression was oligometastatic
in 75% in the series of Decaestecker et al. [29] compared
with only 10% in the series of Schick et al. [28]. A short
PSA doubling time before SBRT predicted worse PFS in the
study by Decaestecker et al. [29].

3.4.2. Surgery

The results of salvage LND are mainly based on the two
largest series by Suardi et al. (n = 59) [36] and Jilg et al.
(n = 47) [34] including 70% of all patients. The study by
Suardi et al. [36] is the only series with a follow-up >5 yr,
reporting a 5- and 8-yr PFS of 52% and 38%, respectively.
Both groups examined several variables predicting PFS.
Suardi et al. [36] found that patients with a lower PSA at the
time of salvage LND had a better clinical outcome compared
with those with higher PSA levels (HR: 1.08; 95% CI,
1.00–1.15; p = 0.03). Similarly, Jilg et al. [34] observed a
comparable trend (p = 0.077). The difference in the median
PSA between the two series (2.0 ng/ml in the study by
Suardi et al. vs 5.2 ng/ml in that by Jilg et al.) may partially
explain the discrepancy in PFS rates between the two
studies (3-yr PFS rates of 64.2% vs 42.6%, respectively).
Patients with a Gleason score <8 at radical prostatectomy
also seemed to be better candidates for salvage LND
(HR: 3.5; 95% CI, 1.07–11.7) [34]. This association was
not confirmed in the study by Suardi et al. [36]. In addition,
nonresponse after salvage LND and the presence of
retroperitoneal lymph nodes at the time of surgery were
found to be independent risk factors for clinical progression
by both groups [34,36]. Interestingly, the first site of clinical
recurrence after salvage LND was again nodal in most
patients (47–59%) in both studies. However, it is not
mentioned whether the recurrence was inside or outside
the surgical template.

3.5. Toxicity and complications

All but one RT study reported toxicity data using either the
Common Terminology Criteria for Adverse Events or
Radiation Therapy Oncology Group toxicity grading system
[38,39]. Six studies reported late complications (n = 141)
with only four studies reporting them in detail (Table 4).
Grade 2 toxicity, mainly gastrointestinal, was observed
in 12 cases (8.5%), with one case of grade 3 toxicity
(macroscopic haematuria).

Three of seven surgical series reported toxicity using the
Clavien-Dindo classification, and two studies described the
observed complications [40]. Table 4 provides a detailed
overview. The most common complications were lymphor-
rhoea (13%), fever (17%), ileus (10%), and a lymphocele
requiring drainage (8%). Grade 3a complications were
observed in 11% of the patients. Only one case of grade 3b
complication (lymphocele requiring surgical drainage) was
reported.
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Fig. 2 – Progression-free survival in patients with oligometastatic
prostate cancer recurrence at 1–3 yr of follow-up for studies with
>15 patients. Dotted line represents mean proportion of patients who
were progression free at the reported time point, weighted for the total
number of patients.
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Abstract

Context: The introduction of novel imaging modalities has increased the detection of oligo-
metastatic prostate cancer (PCa) recurrence, potentially justifying the use of a metastasis-
directed therapy (MDT) with surgery or radiotherapy (RT) rather than a systemic approach.
Objective: To perform a systematic review of MDT for oligometastatic PCa recurrence.
Evidence acquisition: This systematic reviewwas performed according to Preferred Reporting
Items for Systematic Reviews and Meta-analysis guidelines. We searched the Medline and
Embase databases from 1946 to February 2014 for studies reporting on biochemical or clinical
progression and/or toxicity or complications of MDT (RT or surgery). Reports were excluded if
these end points could not be ascertained or separately analysed, or if insufficient details were
provided. Methodological quality was assessed using an 18-item validated quality appraisal
tool for case series.
Evidence synthesis: Fifteen single-arm case series reporting on a total of 450 patients met the
inclusion criteria. Seven studies were considered of acceptable quality. Oligometastatic PCa
recurrence was diagnosed with positron emission tomography with coregistered computed
tomography in most of the patients (98%). Nodal, bone, and visceral metastases were treated
in 78%, 21%, and 1%, respectively. Patients were treated with either RT (66%) or lymph node
dissection (LND) (34%). Adjuvant androgen deprivation was given in 61% of patients (n = 275).
In the case of nodal metastases, prophylactic nodal irradiation was administered in 49% of
patients (n = 172). Overall, 51% of patients were progression free 1–3 yr after salvage MDT,
withmost of them receiving adjuvant treatment. For RT, grade 2 toxicity was observed in 8.5%
of patients, with one case of grade 3 toxicity. In the case of LND, 11% and 12% of grade 2 and
grade 3 complications, respectively, were reported.
Conclusions: MDT is a promising approach for oligometastatic PCa recurrence, but the low level
of evidence generated by small case series does not allow extrapolation to a standard of care.
Patient summary: Weperformed a systematic review to assess complications and outcomes of
treatingoligometastatic prostate cancer recurrencewith surgeryor radiotherapy.Weconcluded
that although this approach is promising, it requires validation in randomised controlled trials.

# 2014 European Association of Urology. Published by Elsevier B.V. All rights reserved.

* Corresponding author. Department of Radiation Oncology and Experimental Cancer Research,
Ghent University Hospital, De Pintelaan 185, B-9000 Ghent, Belgium. Tel. +32 93322411;
Fax: +32 93323040.
E-mail address: piet.ost@ugent.be (P. Ost).
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2. Oligometastatic castration-naïve prostate cancer 

As in other tumour types there is growing evidence that prostate cancer patients 

diagnosed with a limited number of metastases (oligometastatic) may have a better 

prognosis compared to those with extensive metastatic recurrence [39]. A recent 

meta-analysis of 15 single-arm case series in patients with oligometastatic disease 

concluded that local treatment of metastases in this setting may be promising but that 

the low level of evidence does not allow its recommendation as standard of care [40]. 

There was cons
metastases (bone and/or lymph nodes) is the most meaningful definition of 
oligometastatic prostate cancer.  

The panel addressed whether local treatment of both the primary and all evident 
metastases was appropriate in patients with oligometastatic disease. Sixty-two 
percent of the panel did not recommend using this approach instead of systemic 
treatment (ADT) in the majority of patients, and 38% recommended it only in a 
minority of selected patients. When this local therapy was considered in the context 
of additional short term ADT, 62% of the panel recommended this treatment in a 
minority of selected patients and 27% of the panel recommended this treatment in 
the majority of patients. 

Similarly, in the case of relapse with oligometastatic disease after radical local 
treatment, 58% of the panel did not recommend local treatment of all metastases 
instead of systemic treatment (ADT), but 39% of the panel would consider it in a 
minority of selected patients. In the context of additional short term ADT, 27% of the 
panel did not recommend local treatment of all metastases, 46% of the panel 
recommended it in a minority of selected patients, and 27% of the panel 
recommended this treatment in the majority of patients. 

The panel recognised that the use of bone scintigraphy and CT, compared to newer 

MRI and PET/CT imaging modalities, may result in an underestimation of lesion 

number. This in turn makes recommendations for a specific therapeutic approach of 

the oligometastatic state even more difficult [41-43]. 
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most panel members did not identify indications for SBRT for either de novo 

oligometastatic, or oligorecurrent castration naïve prostate cancer 
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Abstract

The prognosis of men with metastatic, castration-sensitive prostate cancer (CSPC) depends on both the distribution and extent of
metastases, among other things. Patients with low-volume or oligometastatic disease have improved survival compared with those with high-
volume metastases. While chemohormonal therapy is the new standard of care for men with high-volume metastatic CSPC, stereotactic
ablative radiotherapy (SABR) is emerging as a promising treatment option with low toxicity for the management of oligometastatic CSPC.
Our review summarizes the current evidence on the role of SABR in oligometastatic prostate cancer. SABR shows control rates of
metastases ranging from 88% to 100% at 6 months to 3 years, and progression-free survival commonly reported as 450% for the first 12
months. In addition, SABR may allow androgen-deprivation therapy to be delayed by more than 2 years in selected patients, minimizing the
chronic side effects associated with such therapy. However, much still needs to be learned before SABR can be implemented as standard
treatment for oligometastatic prostate cancer. r 2016 Elsevier Inc. All rights reserved.

Keywords: Prostate cancer; Castration-sensitive prostate cancer; Oligometastasis; Androgen-deprivation therapy; Docetaxel chemotherapy; Stereotactic
ablative radiotherapy

Introduction—New developments and challenges in the
treatment of metastatic prostate cancer

Prostate cancer is the second most common cancer in
men and the fifth leading cause of cancer deaths worldwide
[1]. Although localized prostate cancer is highly curable
with a 5-year survival rate reaching 100%, the presence of
metastases typically indicates an incurable disease state. In
fact, the contemporary median survival of patients with
metastatic prostate cancer presenting with distant metastases
is approximately 4 to 5 years [2–5]. Both the distribution
(nodal vs. bone vs. visceral metastases, with worsening

prognosis according to this order) and extent of metastases
have an effect on survival [2,3,5,6].

Androgen-deprivation therapy (ADT) induces responses
in most patients with metastatic, castration-sensitive pros-
tate cancer (CSPC) and hence is the current first-line
standard of care for this stage of disease [7,8]. Furthermore,
recent evidence points to a significant survival benefit when
ADT is combined with upfront docetaxel chemotherapy as
chemohormonal therapy, particularly in patients presenting
with high-volume disease (Table 1) [2,4,5]. This high-
volume disease state is defined as the presence of visceral
metastases or Z4 bone metastases, of which Z1 needs to
be beyond the pelvis and the vertebral column [5].

Notwithstanding the remarkable benefits of ADT and
docetaxel chemotherapy, there remain a number of

http://dx.doi.org/10.1016/j.urolonc.2016.02.016
1078-1439/r 2016 Elsevier Inc. All rights reserved.
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high-volume criteria excel with their ease of clinical
applicability. Although the role of docetaxel chemotherapy
is less well defined in low-volume CSPC, reanalysis of the
CHAARTED and STAMPEDE trial results after longer
follow-up will be instrumental to determine the role of
chemohormonal therapy in this subgroup of patients [4,5].

Patients both with high-volume or low-volume CSPC
may be classified as oligometastatic (Fig. 2). Yet, before
SABR might be adopted as a treatment option for such
patients, a number of challenges need to be addressed. First,
a universally accepted definition of the maximal number of
metastases that characterize the oligometastatic state on
imaging would need to be established, accounting for the
various imaging methods used and the importance of the
anatomic distribution vs. the tumor biology [42,43]. Second,
there is a lack of uniformity regarding the SABR regimens
applied to enable cross-study comparisons. Third, more
studies are needed to identify biomarkers that predict
patients presenting with oligometastases at high-risk of
developing rapidly widespread metastases [20,21]. Although
those patients may still benefit from SABR of oligometa-
stases, they are expected to do poorly with SABR alone.
Aside from combining SABR with ADT, such patients may
also be considered ideal to study the integration of novel
immunotherapeutics into the management of prostate cancer
by making use of SABR-induced abscopal responses [44].

Finally, the use of more aggressive treatment strategies
targeted at de novo (oligo) metastases raises the question of
whether there is a role for definite therapy of the primary
tumor in such patients. Although cytoreductive nephrectomy
has been shown to improve survival in 2 randomized trials of
patients presenting with metastatic renal cancer, there is a
lack of similar data in prostate cancer [45]. On the other
hand, in a retrospective analysis of 263 patients with prostate

cancer, prior prostatectomy or external beam radiation
therapy compared with no definite local therapy significantly
reduced the risk of local complications in those patients
eventually developing CRPC [46]. Moreover, database
analyses suggest a survival benefit conferred by local therapy
in patients with metastatic prostate cancer [47,48].
While awaiting the results of clinical trials studying the role
of local therapy in men with de novo metastatic or oligor-
ecurrent prostate cancer (e.g., NCT00268476, NCT01751438,
NCT01957436, and NCT02138721), such therapy may only
be considered in very selected patients [29].
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Fig. 2. Depiction of how metastatic volume and distribution can be used
for treatment decisions of metastatic castration-sensitive prostate cancer
(CSPC). Patients both with high-volume (i.e., presence of visceral
metastases or Z4 bone metastases, of which Z1 needs to be beyond the
pelvis and the vertebral column), or low-volume disease may be present
with oligometastases (maximally 3–5 metastatic lesions). Such patients
could be considered for stereotactic ablative radiotherapy (SABR) of all
oligometastases, either alone or in combination with systemic therapies
such as androgen deprivation, and preferentially within clinical trials.
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BACKGROUND
Androgen-deprivation therapy (ADT) has been the backbone of treatment for 
metastatic prostate cancer since the 1940s. We assessed whether concomitant 
treatment with ADT plus docetaxel would result in longer overall survival than that 
with ADT alone.

METHODS
We assigned men with metastatic, hormone-sensitive prostate cancer to receive 
either ADT plus docetaxel (at a dose of 75 mg per square meter of body-surface 
area every 3 weeks for six cycles) or ADT alone. The primary objective was to test 
the hypothesis that the median overall survival would be 33.3% longer among 
patients receiving docetaxel added to ADT early during therapy than among pa-
tients receiving ADT alone.

RESULTS
A total of 790 patients (median age, 63 years) underwent randomization. After a 
median follow-up of 28.9 months, the median overall survival was 13.6 months 
longer with ADT plus docetaxel (combination therapy) than with ADT alone (57.6 
months vs. 44.0 months; hazard ratio for death in the combination group, 0.61; 
95% confidence interval [CI], 0.47 to 0.80; P<0.001). The median time to bio-
chemical, symptomatic, or radiographic progression was 20.2 months in the com-
bination group, as compared with 11.7 months in the ADT-alone group (hazard 
ratio, 0.61; 95% CI, 0.51 to 0.72; P<0.001). The rate of a prostate-specific antigen 
level of less than 0.2 ng per milliliter at 12 months was 27.7% in the combination 
group versus 16.8% in the ADT-alone group (P<0.001). In the combination group, 
the rate of grade 3 or 4 febrile neutropenia was 6.2%, the rate of grade 3 or 4 
infection with neutropenia was 2.3%, and the rate of grade 3 sensory neuropathy 
and of grade 3 motor neuropathy was 0.5%.

CONCLUSIONS
Six cycles of docetaxel at the beginning of ADT for metastatic prostate cancer re-
sulted in significantly longer overall survival than that with ADT alone. (Funded by 
the National Cancer Institute and others; ClinicalTrials.gov number, NCT00309985.)
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A B S T R A C T

Purpose
Reports have suggested that metastatic site is an important predictor of overall survival (OS) in men
with metastatic castration-resistant prostate cancer (mCRPC), but these were based on a limited
number of patients.We investigate the impact of site ofmetastases onOS of a substantial sample of
men with mCRPC who received docetaxel chemotherapy in nine phase III trials.

Patients and Methods
Individual patient data from 8,820 men with mCRPC enrolled onto nine phase III trials were
combined. Site of metastases was categorized as lymph node (LN) only, bone with or without LN
(with no visceral metastases), any lung metastases (but no liver), and any liver metastases.

Results
Most patients had bone with or without LN metastases (72.8%), followed by visceral disease (20.8%)
and LN-only disease (6.4%). Men with liver metastases had the worst median OS (13.5 months).
Althoughmenwith lungmetastases had better median OS (19.4months) comparedwithmenwith liver
metastases, they had significantly worse median survival duration than men with nonvisceral bone
metastases (21.3 months). Men with LN-only disease had a median OS of 31.6 months. The pooled
hazard ratios for death in men with lung metastases compared with men with bone with or without LN
metastases and in men with any liver metastases compared with men with lung metastases were 1.14
(95% CI, 1.04 to 1.25; P = .007) and 1.52 (95% CI, 1.35 to 1.73; P , .0001), respectively.

Conclusion
Specific sites of metastases in men with mCRPC are associated with differential OS, with suc-
cessive increased lethality for lung and liver metastases compared with bone and nonvisceral
involvement. These data may help in treatment decisions, the design of future clinical trials, and
understanding the variation in biology of different sites of metastases in men with mCRPC.

J Clin Oncol 34:1652-1659. © 2016 by American Society of Clinical Oncology

INTRODUCTION

Several studies have identified the presence of
visceral disease as an important adverse prog-
nostic factor of overall survival (OS) in men with
metastatic castration-resistant prostate cancer
(mCRPC).1-9 More recent analyses have dem-
onstrated that the presence of liver metastases
seems to be an important adverse predictor of OS
in men with mCRPC.4-9 However, because liver
and lung metastases have traditionally been

relatively rare events in patients with mCRPC,
these observations are based on analyses of rel-
atively small numbers of patients with visceral
metastases; thus, estimated hazard ratios (HRs)
may be unstable. Amore accurate characterization of
the impact of site of metastases on OS has the
potential to influence therapeutic approaches, trial
stratification, and patient counseling.

Therefore, a meta-analysis of phase III trials
of men with mCRPC was undertaken, with the
expectation that such an approach would lead

1652 © 2016 by American Society of Clinical Oncology
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Fig 2. (A) Kaplan-Meier overall survival (OS) curves by site ofmetastases. (B) Forest plot comparingmenwith lungmetastases tomenwith bonemetastaseswith or without
nodal involvement (reference group = bone with or without nodal involvement; Q = 8.42, df = 8, P = .393; I2 = 0.05). (*) Adjusted on age, performance status, and prostate-
specific antigen (with the exception of the summary hazard ratio). (C) Forest plotwith hazard ratios comparingmenwith livermetastases tomenwith lungmetastases (reference
group= lung;Q=7.93, df= 8,P= .441; I2 = 0.00). (*)Adjusted on age, performance status, andprostate-specific antigen (with the exceptionof thesummary hazard ratio). CALGB,
Cancer and Leukemia Group B; ENTHUSE, Endothelin A Use; LN, lymph node; NR, not reached.
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Fig 2. (A) Kaplan-Meier overall survival (OS) curves by site ofmetastases. (B) Forest plot comparingmenwith lungmetastases tomenwith bonemetastaseswith or without
nodal involvement (reference group = bone with or without nodal involvement; Q = 8.42, df = 8, P = .393; I2 = 0.05). (*) Adjusted on age, performance status, and prostate-
specific antigen (with the exception of the summary hazard ratio). (C) Forest plotwith hazard ratios comparingmenwith livermetastases tomenwith lungmetastases (reference
group= lung;Q=7.93, df= 8,P= .441; I2 = 0.00). (*)Adjusted on age, performance status, andprostate-specific antigen (with the exceptionof thesummary hazard ratio). CALGB,
Cancer and Leukemia Group B; ENTHUSE, Endothelin A Use; LN, lymph node; NR, not reached.
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the total variation in the study estimates that was a result of heterogeneity.
In the event that the Q (and I2) statistic was significant (ie, P , .05), the
random effect approach became the primary analysis.

An intent-to-treat analysis was applied within each clinical trial,
with the analysis population based on all randomly assigned patients.
In addition, the proportional hazards model was used within
each trial to estimate the HR adjusting for the following baseline
prognostic variables that were common in the nine trials: age, per-
formance status, and PSA. Furthermore, the Kaplan-Meier product-
limit approach was used to estimate the OS distribution by the
metastatic site.

Because we were testing two hypotheses, the Bonferroni correction
was used to adjust for the type I error rate. P , .025 was considered
statistically significant, and all P values were based on two-sided tests. We
summarized the results by means of forest plots, and individual and pooled
HR estimates were presented with 95% CIs.

RESULTS

Trials Identified
Figure 1 presents the PRISMA diagram of how the trials were

identified and screened. Ten trials met the inclusion criteria. These
were SWOG 9916,10 TAX 327,11 Androgen-Independent Prostate
Cancer Study of Calcitriol Enhancing Taxotere (ASCENT),12

Cancer and Leukemia Group B (CALGB) 90401,13 Endothelin A
Use (ENTHUSE) 33,14 SWOG 0421,15 VENICE,16 READY,17

MAINSAIL,18 and SYNERGY.19 Of these 10 trials, nine sponsors
were willing to share the data; the tenth sponsor became financially
insolvent and was unable to provide the trial data.12

Table 2 lists the trials that were included in this meta-analysis.
A total of 8,820 men with mCRPC who were treated with docetaxel
or a docetaxel-containing regimen were enrolled from October
1999 to November 2012. Themedian age was 68 years, the majority

of men were white, and 94% of them had a performance status
of 0 or 1 (Table 2). The median hemoglobin, PSA, and alkaline
phosphatase levels were 12.9 g/dL, 97 ng/mL, and 138 U/L,
respectively. The median follow-up time among surviving
patients was 21.8 months (range, 0 to 91.2 months), with a
total of 5,470 deaths.

Distribution of Metastatic Site
Most patients were in the bone metastases group (n = 6,356;

72.8%); 42.9% of the entire cohort had bone disease only, and
29.8% had bone disease with LN involvement. Visceral disease
was present in 1,815 men (20.8%), and 565 men (6.4%) had LN-
only disease. Among patients with visceral disease, 791 (9.1%)
had lung metastases and 752 (8.6%) had liver metastases (173
patients had both liver and lung disease and were grouped in the
liver group). A small proportion of patients (3%) had adrenal,
brain, kidney, or other unspecified visceral metastases (in the
absence of liver metastases) and were excluded from the
hypothesis testing because of the small sample size. The fre-
quency of the site of metastases was comparable across studies,
perhaps reflecting similar inclusion criteria (Appendix Fig A1A,
online only). In addition, 19 patients with no metastases and 65
patients with missing site of metastases were excluded from the
analysis. The final number of patients included in the meta-
analysis was 8,736.

Table 3 lists the baseline characteristics of patients by site of
metastases. There were some differences in baseline variables by the
site of metastases (Table 2). Not surprisingly, men who were in the
LN-only group had the lowest median PSA and median alkaline
phosphatase values and had higher median hemoglobin levels
compared with the other groups. By comparison, patients with
liver metastases had the highest median alkaline phosphatase and

Identification
No. of records identified 

through PubMed screening 
(n = 31)

No. of records identified 
through other sources

(n = 9)

ScreeningNo. of records screened
(n = 40)

No. of records
excluded
(n = 30)

No. of full-text articles 
assessed for eligibility

(n = 10)
Eligibility

No. excluded (n = 1)
sponsor became

financially insolvent 

No. of studies included 
in qualitative synthesis

(n = 9)

No. of studies included in
quantitative synthesis

(n = 9)

Included

Fig 1. PRISMA diagram.
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Abstract

Background: Early salvage radiation therapy (eSRT) represents a treatment option for
patients who experience a prostate-specific antigen (PSA) rise after radical prostatec-
tomy (RP); however, the optimal PSA level for eSRT administration is still unclear.
Objective: To test the impact of PSA level on cancer control after eSRT according to
pathologic tumour characteristics.
Design, setting, and participants: The study included 716 node-negative patients with
undetectable postoperative PSA who experienced a PSA rise after RP. All patients
received eSRT, defined as local radiation to the prostate and seminal vesicle bed,
delivered at PSA !0.5 ng/ml. Biochemical recurrence (BCR) after eSRT was defined as
two consecutive PSA values "0.2 ng/ml.
Outcome measurements and statistical analysis: Multivariable Cox regression analysis
tested the association between pre-eSRT PSA level and BCR after eSRT. Covariates
consisted of pathologic stage (pT2 vs pT3a vs pT3b or higher), pathologic Gleason score
(!6, 7, or "8), and surgical margin status (negative vs positive). We tested an interaction
with PSA level and baseline pathologic risk for the hypothesis that BCR-free survival
differed by pre-eSRT PSA level. Three pathologic risk factors were identified: pathologic
stage pT3b or higher, pathologic Gleason score "8, and negative surgical margins.
Results and limitations: Median follow-up among patients who did not experience BCR
after eSRT was 57 mo (interquartile range: 27–105). At 5 yr after eSRT, BCR-free survival
rate was 82% (95% confidence interval [CI], 78–85). At multivariable Cox regression
analysis, pre-eSRT PSA level was significantly associated with BCR after eSRT (hazard
ratio: 4.89; 95% CI, 1.40–22.9; p < 0.0001). When patients were stratified according to
the number of risk factors at final pathology, patients with at least two pathologic risk
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Abstract

Background: Limited data exist on the impact of the site of metastases on survival in
patients with stage IV prostate cancer (PCa).
Objective: To investigate the role of metastatic phenotype at presentation on mortality
in stage IV PCa.
Design, setting, and participants: Overall, 3857 patients presenting with metastatic PCa
between 1991 and 2009, included in the Surveillance Epidemiology and End Results–
Medicare database were evaluated.
Outcome measurements and statistic analyses: Overall and cancer-specific survival
rates were estimated in the overall population and after stratifying patients according
to the metastatic site (lymph node [LN] alone, bone, visceral, or bone plus visceral).
Multivariable Cox regression analyses tested the relationship between the site of
metastases and survival. All analyses were repeated in a subcohort of patients with a
single metastatic site involved.
Results and limitations: Respectively, 2.8%, 80.2%, 6.1%, and 10.9% of patients presented
with LN, bone, visceral, and bone plus visceral metastases at diagnosis. Respective
median overall survival and cancer-specific survival were 43 mo and 61 mo for
LN metastases, 24 mo and 32 mo for bone metastases, 16 mo and 26 mo for visceral
metastases, and 14 mo and 19 mo for bone plus visceral metastases ( p < 0.001). In
multivariable analyses, patients with visceral metastases had a significantly higher risk
of overall and cancer-specific mortality versus those with exclusively LN metastases
(p < 0.001). The unfavorable impact of visceral metastases persisted in the oligometa-
static subgroup. Our study is limited by its retrospective design.
Conclusions: Visceral involvement represents a negative prognostic factor and should
be considered as a proxy of more aggressive disease in patients presenting with
metastatic PCa. This parametermight indicate the need for additional systemic therapies
in these individuals.
Patient summary: Patients with visceralmetastases should be considered as affected by
more aggressive disease andmight benefit from the inclusion in clinical trials evaluating
novel molecules.
# 2014 European Association of Urology. Published by Elsevier B.V. All rights reserved.
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Fig. 3 – Kaplan-Meier curves depicting time to (a) overall mortality and (b) cancer-specific mortality, after stratifying patients according to the site of
metastases.
CI = confidence interval; CSM = cancer-specific mortality.
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shorter survival in these patients. In this light, molecular
data supporting this hypothesis are scarce [4,9,23], and
further well-designed studies investigating the biologic
mechanisms of metastatic spread are urgently needed [4].
The reason of such unfavorable impact of visceral metasta-
ses on overall survival might also merely reflect the role of
disease burden. In this context, our findings show that any
additional metastatic site involved increased by approxi-
mately 20% the subsequent risk of mortality. Nevertheless,
we should underline that the negative impact of visceral
metastases on mortality held true even when focusing
solely on patients with one metastatic site involved.
Consequently, we can speculate that although skeletal-
related events significantly increase the risk of mortality

[24], clinical manifestations related to liver, lung, or brain
involvement might be associated with worse outcomes. In
addition, patients with LN metastases represented individ-
uals with a better prognosis compared with their counter-
parts with bone or visceral involvement. Although several
studies reported better oncologic outcomes in node-
positive patients [25], they included highly selected
individuals treated with radical prostatectomy and pelvic
LN dissection. Conversely, our observations originate from a
cohort of stage IV PCa patients at diagnosis. Thus, those
individuals did not receive any definitive therapy aimed at
the primary tumor. This fact removes a potentially
important favorable bias thatmay have undermined studies
where definitive therapieswere used. In addition, due to the
low sensitivity of imaging modalities such as computed
tomography and magnetic resonance imaging in the
detection of micrometastatic nodal involvement [26], we
can hypothesize that patients with LN metastases included
in our study might have high nodal burden. In this regard, it
is noteworthy that they had better oncologic outcomes
comparedwithmenwith bone and/or visceral involvement.
The reason for these observations might reside in the tumor
biology. Evidence coming from preclinical studies suggests
that tumor cells metastasizing only to LNs might have
specific epigenetic modifications that predispose to the
invasion of LNs instead of visceral organs [25,27]. These
cells might acquire the ability to spread into vascular
circulation and to invade specific metastatic sites only after
subsequent neoplastic transformations [28]. Consequently,
PCa cells invading the LNs might harbor a less aggressive
phenotype compared with those invading other sites,
resulting in a better prognosis [16].

The current study has several clinical implications. First,
the identification of the site of metastases and the number
of metastatic sites as prognostic factors might be critical to
properly counsel patients and their families about the
oncologic outcomes. Second, our observations might help
physicians better understand the biology and natural
history of the disease, thus allowing the development of
novel therapeutic approaches [29]. Indeed, individuals with
visceral involvement represent patients with poorer prog-
nosis. Thus, they are less likely to respond to conventional
treatment modalities and they might warrant more
aggressive approaches. Third, our findings allow improving
the risk stratification of stage IV patients. Although recent
randomized phase 3 trials showed the efficacy of novel
molecules in patients with castration-resistant PCa [30–32],
the optimal candidates to receive these cytotoxic agents
and their appropriate sequencing still represent matters of
debate [11]. It is also noteworthy that several clinical trials
evaluating novel molecules did not include patients with
visceral metastases [30,31]. Thus, our findings might be
used in the design and analysis of prospective studies
evaluating the effectiveness of novel treatments in meta-
static patients. On the opposite side, our observations show
that relatively good cancer control might be achieved in
patients with LN involvement. Since previous studies
showed that the survival is not invariably poor in patients
with node-positive disease [16], even after primary

[(Fig._4)TD$FIG]

Fig. 4 – Kaplan-Meier curves depicting time to (a) overall mortality and
(b) cancer-specific mortality, after stratifying patients according to the
number of metastatic sites.
CI = confidence interval; CSM = cancer-specific mortality.
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Abstract

Background: Early salvage radiation therapy (eSRT) represents a treatment option for
patients who experience a prostate-specific antigen (PSA) rise after radical prostatec-
tomy (RP); however, the optimal PSA level for eSRT administration is still unclear.
Objective: To test the impact of PSA level on cancer control after eSRT according to
pathologic tumour characteristics.
Design, setting, and participants: The study included 716 node-negative patients with
undetectable postoperative PSA who experienced a PSA rise after RP. All patients
received eSRT, defined as local radiation to the prostate and seminal vesicle bed,
delivered at PSA !0.5 ng/ml. Biochemical recurrence (BCR) after eSRT was defined as
two consecutive PSA values "0.2 ng/ml.
Outcome measurements and statistical analysis: Multivariable Cox regression analysis
tested the association between pre-eSRT PSA level and BCR after eSRT. Covariates
consisted of pathologic stage (pT2 vs pT3a vs pT3b or higher), pathologic Gleason score
(!6, 7, or "8), and surgical margin status (negative vs positive). We tested an interaction
with PSA level and baseline pathologic risk for the hypothesis that BCR-free survival
differed by pre-eSRT PSA level. Three pathologic risk factors were identified: pathologic
stage pT3b or higher, pathologic Gleason score "8, and negative surgical margins.
Results and limitations: Median follow-up among patients who did not experience BCR
after eSRT was 57 mo (interquartile range: 27–105). At 5 yr after eSRT, BCR-free survival
rate was 82% (95% confidence interval [CI], 78–85). At multivariable Cox regression
analysis, pre-eSRT PSA level was significantly associated with BCR after eSRT (hazard
ratio: 4.89; 95% CI, 1.40–22.9; p < 0.0001). When patients were stratified according to
the number of risk factors at final pathology, patients with at least two pathologic risk
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Metastasis-directed therapy is a lesion-targeted approach
reserved for a subset of patients with a limited number of
metastases (typically three or fewer or five or fewer), so-
calledoligometastases, and it aims to control an intermediate

state of cancer spreadwhile avoiding or delaying the toxicity
associated with the use of systemic therapies [1]. A few
small studies using stereotactic body radiotherapy (SBRT) for
oligometastatic prostate cancer (PCa) recurrences have been
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Abstract

The literature on metastasis-directed therapy for oligometastatic prostate cancer (PCa)
recurrence consists of small heterogeneous studies. This study aimed to reduce the
heterogeneity by pooling individual patient data from different institutions treating
oligometastatic PCa recurrencewith stereotactic body radiotherapy (SBRT).We focussed
on patients who were treatment naive, with the aim of determining if SBRT could delay
disease progression. We included patients with three or fewer metastases. The Kaplan-
Meier method was used to estimate distant progression-free survival (DPFS) and local
progression-free survival (LPFS). Toxicity was scored using the Common Terminology
Criteria for Adverse Events. In total, 163 metastases were treated in 119 patients. The
medianDPFSwas 21mo (95% confidence interval, 15–26mo). A lower radiotherapy dose
predicted a higher local recurrence rate with a 3-yr LPFS of 79% for patients treated with
a biologically effective dose !100 Gy versus 99% for patients treated with >100 Gy
(p = 0.01). Seventeen patients (14%) developed toxicity classified as grade 1, and three
patients (3%) developed grade 2 toxicity. No grade "3 toxicity occurred. These results
should serve as a benchmark for future prospective trials.
Patient summary: This multi-institutional study pools all of the available data on the
use of stereotactic body radiotherapy for limited prostate cancer metastases. We
concluded that this approach is safe and associated with a prolonged treatment
progression-free survival.

# 2015 Published by Elsevier B.V. on behalf of European Association of Urology.
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as events occurring >3 mo following treatment or as an
event lasting >3 mo after treatment.

A total of 119 patients were treated for 163 metastatic
lesions: lymph nodes (N1 in 53, M1a in 19), bone (M1b in
43), or viscera (M1c in 4) (Table 1). The median follow-up
for the entire cohort was 3 yr (interquartile range: 1.75–4).
At last follow-up, 73 patients experienced distant progres-
sion. The median DPFS was 21 mo (95% confidence interval
[CI], 15–27) with 70% of patients having three or fewer
metastases at the time of progression (Fig. 1). The 3- and
5-yr DPFS was 31% and 15%, respectively. None of the
variables were significant on univariate analysis (Supple-
mentary Table 1). Although not significant (p = 0.09), the
median DPFS of SBRT versus SBRT and adjuvant ADT was
18 mo (95% CI, 17.1–18.8) compared with 25 mo (range:
18.3–31.6). The 3-yr- and 5-yr LPFS was 93% and 92%,
respectively. A lower radiotherapy dose predicted for a
higher local recurrence rate with a 3-yr LPFS of 79% for
patients treatedwith a BED!100 Gy versus 99% for patients
treated with >100 Gy (p = 0.01) (Supplementary Figure 1).

The treatment at time of first progression was palliative
ADT (n = 33), a new course of SBRT (n = 35), salvage pelvic
nodal dissection (n = 2), or chemotherapy (n = 3). The
median time from first SBRT to the start of palliative
ADT was 28 mo (95% CI, 16.2–69.7). Reasons for starting
palliative ADT were biochemical progression (n = 2), oligo-
metastatic progression (n = 18), or polymetastatic progres-
sion (n = 37).

Seven patients died from PCa, and one patient died from
pancreatic cancer. The 3- and 5-yr OS was 95% and 88%,
respectively. Late grade 1 and 2 toxicity was observed in
14% (n = 17) and 3% of patients (n = 3), respectively. The
reported grade 2 toxicity was due to gastrointestinal
complaints in patients treated for nodal metastases. No
toxicity of grade "3 was observed.

The 3-yr DPFS of 31% is comparable with series reporting
on oligometastatic recurrences of other primary tumours
and to salvage lymph node dissection series for oligorecur-
rentPCa [2,3,16].Weacknowledge the inherent limitationsof
a retrospective analysis. Furthermore, the ADT-free survival
outcome is exploratory because institutions had differing
indications for commencing palliative ADT. However, this
study represents the largest and only multi-institutional
series to date reporting the safety and efficacy of SBRT for
metastatic recurrences from PCa.

In conclusion, SBRT for oligometastatic PCa recurrence is
safe and associated with a prolonged progression-free
interval. This is likely to result in a clinically meaningful
period without ADT in patients with metastatic disease,
particularly if they are retreated with SBRT on development
of further oligometastatic disease. This provides a strong
justification for the evaluation of SBRT in prospective
clinical studies.
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Fig. 1 – Kaplan-Meier analysis depicting time to distant progression.
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Abstract

Purpose: To assess the outcome of prostate cancer (PCa) patients diagnosed with oligometastatic disease at
recurrence and treated with stereotactic body radiotherapy (SBRT).

Methods: Non-castrate patients with up to 3 synchronous metastases (bone and/or lymph nodes) diagnosed
on positron emission tomography - computed tomography, following biochemical recurrence after local curative
treatment, were treated with (repeated) SBRT to a dose of 50 Gy in 10 fractions or 30 Gy in 3 fractions. Androgen
deprivation therapy-free survival (ADT-FS) defined as the time interval between the first day of SBRT and the initiation
of ADT was the primary endpoint. ADT was initiated if more than 3 metastases were detected during follow-up even
when patients were still asymptomatic. Secondary endpoints were local control, progression free survival (PFS) and
toxicity. Toxicity was scored using the Common Terminology Criteria for Adverse Events.

Results: With a median follow-up from time of SBRT of 2 years, we treated 50 patients with 70 metastatic lesions with
a local control rate of 100%. The primary involved metastatic sites were lymph nodes (54%), bone (44%), and viscera
(2%). The median PFS was 19 mo (95% CI: 13–25 mo) with 75% of recurring patients having ≤3 metastases. A 2nd

and 3rd course of SBRT was delivered in 19 and 6 patients respectively. This results in a median ADT-FS of 25 months
(20–30 mo). On univariate analysis, only a short PSA doubling time was a significant predictor for both PFS (HR: 0.90,
95% CI: 0.82 – 0.99) and ADT-FS (HR: 0.83; 95% CI: 0.71 – 0.97). Ten patients (20%) developed toxicity following
treatment, which was classified as grade I in 7 and grade II in 3 patients.

Conclusion: Repeated SBRT for oligometastatic prostate cancer postpones palliative androgen deprivation
therapy with 2 years without grade III toxicity.

Keywords: Oligometastases, Prostate cancer, Recurrence, Salvage therapy, Stereotactic body radiotherapy

Background
The standard treatment options for non-castrated prostate
cancer (PCa) patients diagnosed with metastatic disease
have remained unchanged over the past years [1], with
continuous androgen deprivation therapy (ADT) being
the cornerstone of treatment [2]. The negative impact of
ADT on general health and quality of life has resulted in a
search for alternatives [3,4]. Both intermittent ADT and
active surveillance are now being considered valuable
options in these patients [2].

Like in other solid tumors, there is increasing evidence
that patients diagnosed with a limited number of metas-
tases (≤3) – so called “oligometastases” - have a better
prognosis compared to patients with extensive metastatic
disease [5,6]. This might imply that the oligometastatic
status represents a specific metastatic phenotype with a
less aggressive behaviour. The clinical implication might
be that a localized form of cancer treatment may be effect-
ive to delay disease progression [7]. Stereotactic body
radiotherapy (SBRT) has proven to be a safe and effective
treatment for oligometastases [8].
In the current study we assessed the outcome of PCa

patients diagnosed with oligometastatic recurrence and
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and choline PET-CT, still underestimate the extent of
disease [21]. This is also clearly reflected in our patients
treated with SBRT for pelvic lymph nodes, with two out
of three patients relapsing in the nodes again. As an
alternative to a lesion based approach such as SBRT,

the inclusion of an elective nodal volume in the radio-
therapy field might reduce these type of relapses. Other
groups have started implementing this type of treatment
with promising results, however details on the pattern of
relapse are lacking [22-24]. Newer tracers, such as (68)Ga-

Figure 2 Probability of progression-free survival (a) and androgen deprivation therapy-free survival (b).
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of three patients relapsing in the nodes again. As an
alternative to a lesion based approach such as SBRT,

the inclusion of an elective nodal volume in the radio-
therapy field might reduce these type of relapses. Other
groups have started implementing this type of treatment
with promising results, however details on the pattern of
relapse are lacking [22-24]. Newer tracers, such as (68)Ga-
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scintigraphy as a single re-staging modality, the proportion
of patients diagnosed with ≤5 lesions is only 41% [18].
With the addition of computed tomography (CT), 73% of
patients is diagnosed with ≤3 metastases with a median
PSA of 25 ng/ml [5]. With the introduction of more sensi-
tive and specific imaging modalities such as PET-CT
and MRI [10,19], oligometastatic disease is detected even
earlier at median PSA levels around 7 ng/ml or lower
[6,10]. Consequently, both the time between a PSA rise
and the detection of metastatic disease is reducing as well
as the number of metastases detected [6]. In the current

study, the majority of patients were staged with FDG-
PET-CT and only a minority with choline PET-CT. Thus,
a proportion of patients might have been understaged
[10], potentially leading to underestimation of the effect of
the treatment. However, the median PSA level at time of
detection of metastatic disease was comparable between
both FDG and choline in our population. A recent dual-
tracer study concluded that although choline appears to
be more sensitive than 18 F-FDG for the detection of
disease in PSA relapse, 18 F-FDG correlated better with
more aggressive disease [20]. Unfortunately, both FDG

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

Aims: To report the relapse pattern of stereotactic body radiotherapy (SBRT) for oligorecurrent nodal prostate cancer (PCa).
Materials and methods: PCa patients with !3 lymph nodes (N1/M1a) at the time of recurrence were treated with SBRT. SBRT was defined as a radiotherapy dose
of at least 5 Gy per fraction to a biological effective dose of at least 80 Gy to all metastatic sites. Distant progression-free survival was defined as the time interval
between the first day of SBRT and appearance of new metastatic lesions, outside the high-dose region. Relapses after SBRT were recorded and compared with
the initially treated site. Secondary end points were local control, time to palliative androgen deprivation therapy and toxicity scored using the Common
Terminology Criteria for Adverse Events v4.0.
Results: Overall, 89 metastases were treated in 72 patients. The median distant progression-free survival was 21 months (95% confidence interval 16e25
months) with 88% of patients having !3 metastases at the time of progression. The median time from first SBRT to the start of palliative androgen deprivation
therapy was 44 months (95% confidence interval 17e70 months). Most relapses (68%) occurred in nodal regions. Relapses after pelvic nodal SBRT (n ¼ 36) were
located in the pelvis (n ¼ 14), retroperitoneum (n ¼ 1), pelvis and retroperitoneum (n ¼ 8) or in non-nodal regions (n ¼ 13). Relapses after SBRT for extrapelvic
nodes (n ¼ 5) were located in the pelvis (n ¼ 1) or the pelvis and retroperitoneum (n ¼ 4). Late grade 1 and 2 toxicity was observed in 17% (n ¼ 12) and 4% of
patients (n ¼ 3).
Conclusion: SBRT for oligometastatic PCa nodal recurrences is safe. Most subsequent relapses are again nodal and oligometastatic.
! 2016 The Royal College of Radiologists. Published by Elsevier Ltd. All rights reserved.

Key words: Neoplasm metastasis; neoplasm recurrence; oligometastasis; prostatic neoplasms; radiosurgery; SBRT

Introduction

The optimal management of pelvic or retroperitoneal
nodal prostate cancer (PCa) recurrences after primary
treatment remains largely undefined. These patients are
usually treated in the same way as those with distant me-
tastases by means of androgen deprivation therapy (ADT).
The detrimental effect of ADT on general health and quality
of life [1,2] has resulted in the exploration of alternative

options for these patients [3,4]. Stereotactic body radio-
therapy (SBRT) has been suggested as an alternative, lesion-
directed treatment for a subset of patients with a limited
number of nodal recurrences (typically !3 or !5), often
called oligometastases. However, this lesion-directed
approach might be insufficient, as recent data suggest that
current imaging modalities underestimate the disease
extent on a lesion-based level [5]. However, the small
number of patients and heterogeneous use of treatment
modalities in the reported SBRT studies limits the strength
of conclusions that can be drawn from these reports [3,4].
The present study was a subset analysis of a previously
published cohort [6] and pooled the available data of pa-
tients treatedwith SBRT for nodal PCa recurrences, allowing
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Introduction

The optimal management of pelvic or retroperitoneal
nodal prostate cancer (PCa) recurrences after primary
treatment remains largely undefined. These patients are
usually treated in the same way as those with distant me-
tastases by means of androgen deprivation therapy (ADT).
The detrimental effect of ADT on general health and quality
of life [1,2] has resulted in the exploration of alternative

options for these patients [3,4]. Stereotactic body radio-
therapy (SBRT) has been suggested as an alternative, lesion-
directed treatment for a subset of patients with a limited
number of nodal recurrences (typically !3 or !5), often
called oligometastases. However, this lesion-directed
approach might be insufficient, as recent data suggest that
current imaging modalities underestimate the disease
extent on a lesion-based level [5]. However, the small
number of patients and heterogeneous use of treatment
modalities in the reported SBRT studies limits the strength
of conclusions that can be drawn from these reports [3,4].
The present study was a subset analysis of a previously
published cohort [6] and pooled the available data of pa-
tients treatedwith SBRT for nodal PCa recurrences, allowing
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recurrence [25,26], postponing the start of palliative ADT
might be an interesting end point in view of the preserva-
tion of quality of life in these patients. In the current setting,
SBRT was used to postpone progression with very low
toxicity and might present an interesting alternative to
immediate ADT. Currently, one randomised phase II trial is
comparing metastasis-directed therapy with deferred ADT
in the oligometastatic PCa setting with time to palliative
ADT as the primary end point (NCT01558427). The UK-led
CORE trial will randomise patients with oligometastatic
prostate, breast or non-small cell lung cancer to standard
therapy with or without SBRT to all lesions. It is anticipated
that this trial will open to recruitment in 2016.

Although the current study tried to limit potential bias
with pre-specified inclusion and exclusion criteria, there
were several limitations that should bementioned. This was
a retrospective analysis of data from different centres with
differing radiotherapy schedules. The absence of a
comparative arm and a relatively short median follow-up
makes it difficult to estimate the true impact of SBRT.

Although the follow-up schedule post-SBRT and toxicity
scoring were not standardised for this study, all centres
used the same scoring system. However, this study repre-
sents the largest and only multi-institutional series to date
reporting the safety and efficacy of SBRT for nodal PCa re-
currences. As such, it provides interesting benchmark re-
sults to help inform future trials.

Conclusion

SBRT for oligometastatic PCa nodal recurrences is safe
without grade 3 toxicity. Most subsequent relapses are
nodal and oligometastatic.
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Fig 2. (a) Schematical overview of the distribution of nodal (pelvic, retroperitoneal or a combination of both) recurrences treated with ste-
reotactic body radiotherapy (SBRT). (b) Schematical overview of the distribution of relapses following SBRT. The numbers in the coloured circles
correspond to unique patients in our total database as published previously [6], allowing the relationship between initial metastatic localisation
(a) and recurrent metastatic location (b) to be followed. The pie chart distributions show the overall distribution of metastases.
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(n ¼ 36) were located in the pelvis (n ¼ 14), retro-
peritoneum (n¼ 1), pelvis and retroperitoneum (n¼ 8) or in
non-nodal regions (n ¼ 13). Relapses after SBRT for
extrapelvic nodes (n ¼ 5) were located in the pelvis (n ¼ 1)
or the pelvis and retroperitoneum (n ¼ 4). The treatment at
the time of first distant progression was palliative ADT
(n ¼ 13), a new course of SBRT (n ¼ 25) or salvage pelvic
nodal dissection (n ¼ 2). At the time of the current analysis,
30 patients had started with palliative ADT, resulting in a
median time from first SBRT to the start of palliative ADT of
44 months (95% confidence interval 17e70). Reasons for
starting palliative ADT were biochemical progression
(n ¼ 1), oligometastatic progression (n ¼ 12) or poly-
metastatic progression (n ¼ 17).

The 3 and 5 year local progression-free survival was 94%
and 94%, respectively. Four patients died from PCa and one
patient from pancreatic cancer. The 3 and 5 year overall
survival and prostate cancer-specific survival were both 96%
and 96%, respectively.

Toxicity

Late grade 1 and 2 toxicity was observed in 17% (n ¼ 12)
and 4% of patients (n ¼ 3), respectively. Two patients
experienced grade 1 fatigue and six patients experienced
gastrointestinal complaints (grade 1: n ¼ 3; grade 2: n ¼ 3).
In one patient a grade 1 rectal haemorrhage was observed
and managed conservatively. One patient experienced
sciatic nerve pain grade 1. In five patients grade 1 urinary
toxicity was observed. No grade 3 toxicity was observed.

Table 1
Patient characteristics

Characteristics All patients (n ¼ 72)

Age at PCa diagnosis (years)
Median (IQR) 60 (56e65)

Follow-up from PCa
diagnosis (years)
Median (IQR) 8.5 (5.8e9.9)

Primary therapy
Radical prostatectomy alone 10 (13.9%)
Radical prostatectomy with
postoperative radiotherapy

23 (33.0%)

Radical prostatectomy with
postoperative radiotherapy þ ADT

19 (26.4%)

Radiotherapy þ ADT 14 (19.4%)
Radiotherapy alone 6 (8.3%)

PSA at initial diagnosis (ng/ml)
Mean (range) 19.4 (1.3e180)
Median (IQR) 9.3 (6.8e20.6)
Unknown 4

EAU prognostic grouping
at initial diagnosis
Intermediate 25 (35%)
High 33 (46%)
Very high 14 (19%)

Interval from diagnosis
to metastases (year)
Mean (range) 5.2 (1.8e20.8)
Median (IQR) 3.7 (3.0e7.4)

PSA level at first documented
metastases (ng/ml)
Mean (range) 10.7 (0.3e116.7)
Median (IQR) 3.4 (1.6e7.7)

PSA-DT at first documented
metastases (months)
Mean (range) 6.0 (1.0e30.0)
Median (IQR) (2.9e6.9)
Unknown 27

Number of lesions at diagnosis
of oligorecurrence
1 metastasis 51 (76%)
2 metastases 10 (15%)
3 metastases 6 (9%)

Treated sites with SBRT
Pelvic 53 (73%)
Obturator 12 (10%)
Internal iliac 9 (8%)
External iliac 17 (14%)
Presacral 2 (2%)
Common iliac 6 (5%)
Combination of nodal sites 7 (6%)
Extrapelvic 12 (10%)
Both 7 (6%)

Imaging modality prior to SBRT
Choline PET-CT 54 (75%)
FDG PET-CT 17 (24%)
MRI 1 (1%)

Adjuvant ADT
No 41 (57%)
Yes 31 (43%)
Median duration of ADT 1 month (1e6 months)

IQR, interquartile range; ADT, androgen deprivation therapy; EAU,
European Association of Urology; PCa, prostate cancer; PSA-DT,

Fig 1. KaplaneMeier analysis depicting time to distant progression.

prostate-specific antigen doubling time; MRI, magnetic resonance
imaging; PET-CT, positron emitting tomography; FDG, fluo-
rodeoxyglucose; SBRT, stereotactic body radiotherapy.
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Salvage Stereotactic Body Radiotherapy for
Patients With Prostate Cancer With Isolated
Lymph Node Metastasis: A Single-Center

Experience
Elisabetta Ponti, Gianluca Ingrosso, Alessandra Carosi, Luana Di Murro,

Andrea Lancia, Franca Pietrasanta, Riccardo Santoni

Abstract
We analyzed salvage stereotactic body radiation therapy as a treatment modality in 16 patients with oligo-
metastatic prostate cancer with an isolated lymph node metastasis; this therapy seems to be safe, effective,
and minimally invasive with a local disease control of 94%. The mean time of deferment of palliative androgen
deprivation therapy was 23.7 months (range, 2.5-51 months).
Objective: The study objective was to evaluate the efficacy of salvage stereotactic body radiation therapy (SBRT) as a
treatment modality in patients with oligometastatic prostate cancer. Methods: A total of 16 patients with 18 isolated
lymph nodes with recurrent prostate cancer were treated between 2008 and 2013. All patients underwent [11C]
choline-positron emission tomography/computed tomography before SBRT. Two patients were treated in different
sessions for metachronous metastases. Ten patients received androgen deprivation therapy concomitant to SBRT
(total dose range, 12-35 Gy, delivered in 1-5 daily fractions). Results: The mean and median follow-up periods were
29.35 and 29.38 months, respectively (range, 6.3-68.8 months). Local disease control and a decrease in serum
prostate-specific antigen were obtained in 15 of 16 patients (94%); only 1 patient had an in-field progression. In the 6
patients without androgen deprivation therapy at the time of SBRT, the mean time of deferment of palliative androgen
deprivation therapy was 23.7 months (range, 2.5-51 months). At last follow-up, 8 patients had active prostate cancer
disease; biochemical progression was observed after a mean time of 7.9 months from the completion of SBRT. One
patient died of disease. Overall survival was 94%. The 2-year biochemical relapse-free survival was 44%. Late toxicity
(gastrointestinal) was observed in 1 patient who had a G3 toxicity. Conclusions: SBRT seems to be safe, effective,
and minimally invasive in the eradication of limited nodal recurrence from oligometastatic prostate cancer. SBRT is
well tolerated by patients with low toxicity and yielded a local control of the disease.

Clinical Genitourinary Cancer, Vol. 13, No. 4, e279-84 ª 2015 Elsevier Inc. All rights reserved.
Keywords: Lymph node metastasis, Oligometastatic state, Prostate cancer, Stereotactic radiotherapy

Introduction
Oligometastatic is the state of cancer in which the patient shows

distant relapse in only a limited number of regions, no more than
5 metastases.1 In the natural history of the disease, it represents an

intermediate condition between local regionally confined and
evidently metastatic cancer. Prostate cancer represents the second
leading cause of cancer death in men; most of the patients destined
to die as a result of this tumor initially presented with unfavorable
intermediate- or high-risk disease.2 Androgen deprivation therapy
(ADT) is the current standard clinical approach in patients
diagnosed with metastatic prostate cancer; the aim of this thera-
peutic strategy is to defer the progression of disease in asymptomatic
patients or to palliate symptoms in symptomatic patients. However,
important side effects and a deterioration in quality of life have been
reported during ADT.3 The use of positron emission tomography
(PET)/computed tomography (CT) scan could help to identify
patients with limited metastatic lymph node disease who are suitable
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Radiation Therapy Oncology Group/European Organization for
Research and Treatment of Cancer criteria.12

Statistical analysis was carried out using SPSS Version 9.0 (SPSS
Inc, Chicago, Ill). The survival analysis was performed with the
KaplaneMeier method. The correlation between the time actuarial
incidence and the clinical parameters was studied. For continuous
parameters, the median values were considered as cutoff levels, and
patients were categorized into groups above and below the cutoff.
The KaplaneMeier method of log-rank test was applied; a P
value < .05 was considered significant.

Results
All patients completed the prescribed radiation treatment with no

interruption. One patient reported G2 acute gastrointestinal (GI)
toxicity (diarrhea). Late toxicity was observed in only 1 patient who
had G3 GI toxicity (dyspepsia); he developed a retroperitoneal
fibrosis with bowel obstruction that required surgery.

Mean and median follow-up periods were 29.35 and 29.38
months, respectively (range, 6.3-68.8 months). Mean and median
serum PSA values 3 months after SBRT were 2.85 and 2.60,
respectively (range, 0.01-8.9 ng/mL). Six months after the end of
SBRT, of the 6 patients treated with only radiotherapy, 4 had a
median 63% PSA reduction in comparison with pretreatment value
(median PSA value before SBRT: 7.81 ng/mL, range, 2.12-9.8
ng/mL; median PSA value 6 months after SBRT: 2.91 ng/mL,
range, 0.04-4.5 ng/mL); 1 patient had lymphatic disease progres-
sion, and 1 patient had an in-field progression. OS and LC were
94%; at the last follow-up, of the 16 patients, 7 had no evidence
disease, 8 had active prostate cancer, and 1 died of disease. In the
6 patients who were not receiving hormone therapy at the time of
SBRT, the mean time of deferment of palliative ADT was
23.7 months (range, 2.5-51 months).

The pattern of recurrence was as follows: Four patients had only
lymph node recurrence outside the irradiated area; 2 patients had
lymphatic spread, 1 of these with an in-field progression after
SBRT, and developed bone metastases; 2 patients manifested only
bone involvement; the patient who died of the disease presented a
systemic spread to bone and liver. The 2-year biochemical relapse-
free survival (b-RFS) was 45% (Figure 2), and the mean time of
biochemical progression was 7.9 months from the completion of
SBRT. The local disease control and the decrease in serum PSA
were obtained in 15 of 16 patients (94%); the patient with the in-
field progression had a PSA value increase 2 months after SBRT
confirmed by a pathologic uptake highlighted with [11C]choline
PET/CT. Table 3 summarizes the correlation analysis between time
actuarial incidence of b-RFS and clinical parameters; no significance
was found.

Discussion
In our series, SBRT in patients with oligometastatic prostate

cancer yielded good local disease control. Oligometastatic patients
often have a long survival time; therefore, noninvasive low-toxicity
approaches could be of great value to this large patient popula-
tion.13 Prostate cancer is usually a slowly growing tumor, and the
life expectancy is high even in the presence of an oligometastatic
disease. The administration of ADT, which is the standard of care in
the presence of metastatic prostate cancer, begins to be debated in

case of oligometastatic disease, considering its side effects. There-
fore, the possibility of delaying pharmacologic approaches could
intrinsically help to maintain an acceptable quality of life, leaving
ADT for potential future recurrences.14 In the literature, there are
few reports on surgery for a solitary prostate cancer metastasis
leading to a durable disease control.15,16 If lymph node involvement
is not associated with an important concomitant metastatic spread,
it is reasonable to offer a chance of cure with radical intent,17 but it
is advisable to maintain an acceptable toxicity profile. SBRT is a
therapy modality that could offer an excellent LC, without signifi-
cant quality of life impairment18; in particular, hypofractionation
has the advantage of giving a large dose—more effective for tumor
cell killing—and at the same time has the radiobiological features of
fractionation.19

In the literature, different experiences with SBRT for lymph node
metastases in oligometastatic patients are reported. Jereczek-Fossa
et al20 treated 16 patients affected by single lymph node prostate
cancer metastases with CyberKnife-based stereotactic radiotherapy
(Accuray, Sunnyvale, Calif) (total delivered dose 33 Gy; 11 Gy per
fraction), achieving a complete response in 62.5% of cases with a
median follow-up of 21.9 months. Casamassima et al21 reported 71
patients with recurrent prostate cancer who underwent [11C]choline
PET/CT. Of these, 25 patients had metastatic disease limited to
lymph nodes; 18 received SBRT (30 Gy in 3 consecutive fractions),
and 7 were treated in the whole pelvic area (50 Gy in 25 fractions þ
24 Gy as a boost in the positive lymph node area). After 3 years of
follow-up, OS, b-RFS, and LC were 92%, 17%, and 90%,
respectively. In the series by Bonomo et al,22 26 patients with 32
abdominal lymph node metastases (from primitive prostate, female
genital tract, urinary system, colon, and lung cancer) were treated
with SBRT, delivering a total dose of 24 to 36 Gy in 1 to 5 frac-
tions; they obtained an excellent LC rate (90.9%) in patients with
prostate cancer (13 lymph nodes).

Our results are in accordance with previous reported data. At a
mean follow-up time of 29.35 months, we found an OS and LC of
94%, with a b-RFS of 45%. Despite the smaller number of patients,
if compared with other studies in literature, our population is more

Figure 2 The 2-Year b-RFS

Radiotherapy in Oligometastatic Patients
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from 12 to 35 Gy in 1 to 5 daily fractions (Table 2), corresponding to
a range from 46.3 to 86.9 Gy (equivalent dose fraction 2 Gy,
a/b ¼ 1.5) or 36 to 70.4 Gy (equivalent dose fraction 2 Gy, a/b ¼
3).6,7 All plans were normalized to ensure that 95% of the PTV
received 95% of the prescribed dose. The quality of treatment plans

was measured through the PTV dose coverage and conformity
indices,8,9 as shown in Table 2. Daily dose fractions were delivered
with multiple coplanar and noncoplanar treatment fields (15 MV)
using the micro-multi-leaf collimator (m-MLC Beam Modulator;
Elekta Oncology Systems, Crawley, UK; 4-mm leaf width at the
isocenter) of an Elekta Synergy linear accelerator (Elekta Synergy S;
Elekta Oncology Systems, Crawley, UK) equipped with a kilovolt
(kV) imaging system capable of acquiring 3-dimensional (3D) x-ray
volume images based on kV cone-beam CT.10 All the images were
stored and processed on a control work station (XVI). Daily cone-
beam CT scans were acquired for every patient before the treat-
ment session. Planning CT images were matched online with the
daily cone-beam CT images using bone-matching algorithm for 3D
image registration.11 An alignment clip-box for volumes matching
was defined by the physicians. The registration was checked by a
physician using a “cut” display modality. Translational set-up errors
were calculated after 3D registration by the XVI software, and online
corrections were performed for set-up errors exceeding 3 mm.

Follow-up visits with PSA measurement were scheduled every 3
months during the first year and every 6 months thereafter. A CT
(8/16 patients) or a [11C]choline PET/CT (8/16 patients) was
obtained 3 to 6 months after the completion of SBRT to assess LC
defined as a 25% volume reduction of the irradiated node, whereas a
25% increase was considered as local progression. Biochemical
control after SBRT was defined as follows: response for a PSA level
reduction or stability and progression for a PSA value increase
(> 20% of pre-SBRT value). Toxicity was registered according to

Figure 1 Image Fusion Registration of CT Scan and [11C]Choline PET/CT in Axial (A), Coronal (B), and Sagittal (C) Projection. The
Orange and Red Volumes Represent the GTV and PTV, Respectively

Table 2 Treatment Plan Characteristics (18 Lesions)

N %
N" Fractions

1 1 5.6

4 2 11.1

5 15 83.2

Total Dose (Gy)

12 (1 # 12 Gy) 1 5.6

30 (4 # 7.5 Gy) 1 5.6

32 (4 # 8 Gy) 1 5.6

35 (5 # 7 Gy) 15 83.2

CVF (Dose Coverage Index)

Mean 0.99

Median 1.00

CN (Dose Conformity Index)

Mean 0.66

Median 0.63

Abbreviations: CN ¼ conformation number; CVF ¼ coverage factor.
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Introduction

Oligometastatic disease is considered an intermediate state 
between localized and widespread cancer, with a unique 
biological profile [1]. There is an increasing evidence that 
patients with a limited number of metastases have a bet-
ter prognosis compared to those with extensive metastatic 
disease [2, 3]. Therefore, in oligometastatic cancer patients, 
a local treatment such as stereotactic body radiotherapy 
(SBRT) might be effective in delaying disease progression 
[4, 5]. Being prostate cancer a slowly growing tumor with 
a high life expectancy, patients with oligometastases from 
prostate cancer can represent an ideal target for SBRT. 
Moreover, SBRT may defer androgen deprivation therapy 
(ADT), which is the current standard of care but can have a 
detrimental effect on patient quality of life [6].

This retrospective study aimed to analyze overall sur-
vival (OS), local control (LC), biochemical progression-
free survival (b-PFS), and toxicity in 40 patients affected 
by isolated prostate cancer lymph node metastases. Andro-
gen deprivation therapy-free survival (ADT-FS) was also 
evaluated in the subset of patients who underwent SBRT 
without ADT.

Materials and methods

From September 2008 to December 2014, 40 patients with 
47 isolated lymph nodes of recurrent prostate cancer were 
treated with SBRT in two Italian Centers (“Tor Vergata” 

Abstract 
Objective Stereotactic body radiotherapy (SBRT) is 
emerging as a treatment option in oligometastatic cancer 
patients. This retrospective study aimed to analyze local 
control, biochemical progression-free survival (b-PFS), 
and toxicity in patients affected by isolated prostate can-
cer lymph node metastases. Finally, we evaluated androgen 
deprivation therapy-free survival (ADT-FS).
Methods  Forty patients with 47 isolated lymph nodes of recur-
rent prostate cancer were treated with SBRT. Mostly, two differ-
ent fractionation schemes were used: 5 × 7 Gy in 23 (48.9 %) 
lesions and 5 × 8 Gy in 13 (27.7 %) lesions. Response to treat-
ment was assessed with periodical PSA evaluation. Toxicity 
was registered according to RTOG/EORTC criteria.
Results  With a mean follow-up of 30.18 months, local con-
trol was achieved in 98 % of the cases, with a median b-PFS 
of 24 months. We obtained a 2-year b-PFS of 44 % with 
40 % of the patients ADT-free at last follow-up (mean value 
26.18 months; range 3.96–59.46), whereas 12.5 % had a mean 
ADT-FS of 13.58 months (range 2.06–37.13). Late toxicity 
was observed in one (2.5 %) patient who manifested a grade 
3 gastrointestinal toxicity 11.76 months after the end of SBRT.
Conclusion  Our study demonstrates that SBRT is safe, 
effective, and minimally invasive in the eradication of lim-
ited nodal metastases, yielding an important delay in pre-
scribing ADT.
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One (2.5 %) patient reported a grade 2 acute gastroin-
testinal (GI) toxicity (diarrhea). Late toxicity was observed 
in only one (2.5 %) patient who had a grade 3 GI toxicity 
(dyspepsia) 11.76 months after the end of SBRT for a para-
aortic metastatic node, and developed a retroperitoneal 
fibrosis with bowel obstruction that required surgery.

Mean and median follow-up periods were 30.18 and 
23.8 months, respectively (range 3.73–79.8). Mean 
and median serum PSA values at 3 months after SBRT 
were 2.42 and 0.95 ng/ml, respectively (range 0.01–20). 
Response to treatment was carried out with PSA evalua-
tion, and 23 (58 %) patients underwent also a [11C]cho-
line PET/CT, 3–6 months after SBRT. In particular, 7 
patients were “no responders” having a mean 1.5 ng/ml 
PSA increase with respect to the pre-SBRT PSA value, 
whereas the 16 “responders” had a mean decrease of 
2.86 ng/ml. The PSA decrease was associated with a com-
plete metabolic response. At last follow-up, OS was 95 %, 
and in particular, 20 (50 %) patients were free of disease, 
18 (45 %) patients had active prostate cancer, and 2 (5 %) 
patients died of disease. The local disease control was 
obtained in 46 (98 %) of the irradiated lesions, whereas in 
the remaining 1 (2 %), there was a persistence of disease 
after SBRT. The mean time of biochemical progression 
from the end of SBRT was 15.54 months (range 1.16–
48.86), and the 2-years b-PFS was 44 % (Fig. 1). Median 
b-PFS was 24 months. Sixteen (40 %) of the patients 
experienced no disease recurrence. In the remaining 24 

(60 %) patients, the pattern of recurrence was as follows: 
16 (40 %) had only lymph node recurrence outside the 
irradiated area; 3 (7.5 %) manifested only bone involve-
ment; 2 (5 %) had bone and lymphatic spread, one of 
these with an infield progression; 2 (5 %) developed a 
recurrence in the prostatic bed; and 1 (2.5 %) presented a 
systemic spread to bone and liver.

Twenty-one (52.5 %) patients received only SBRT as 
first treatment, 6 (15 %) of whom underwent a second 
cycle of SBRT for metachronous lymph node metastases. 
In these cases, hormonal therapy was used only when a 
systemic progression was diagnosed. Of these 21 patients 
not receiving hormone therapy at the time of SBRT, 16 
(40 %) were free from ADT at last follow-up (mean value 
26.18 months; range 3.96–59.46), whereas remaining 5 
(12.5 %) had a mean deferment time of ADT administra-
tion of 13.58 months (range 2.06–37.13).

Table 3 summarizes the correlation analysis between 
time actuarial incidence of b-PFS and clinical parameters: 
Gleason score >7 is correlated with a worse biochemical 

Table 2  Site of lymph node metastasis and fractionation of radio-
therapy

N %

Total 47 100

Site of lymph node metastasis

Supraclavicular 1 2.1

Lumbo-aortic 6 12.7

Common iliac 10 21.3

External iliac 15 31.9

Internal iliac 3 6.4

Obturator 7 15

Presacral 5 10.6

Total dose (Gy)

12 (1 × 12 Gy) 1 2.1

25 (5 × 5 Gy) 1 2.1

30 (4 × 7.5 Gy) 1 2.1

30 (5 × 6 Gy) 6 12.7

32 (4 × 8 Gy) 1 2.1

35 (5 × 7 Gy) 23 48.9

40 (5 × 8 Gy) 13 27.7

50 (5 × 10 Gy) 1 2.1

Fig. 1  Biochemical progression-free survival (b-PFS) for the 40 
patients

Table 3  Time actuarial incidences of b-PFS related to clinical vari-
ables (Kaplan–Meier method of log-rank test)

* Significant, y yes, n no, m mean value, M median

Parameters Cutoff Type 24 months  % actuarial rate

Below(n) Above(y) p value

PSA before SBRT 5.6 ng/ml m 52 50 0.95

Age 74 years m 60 49 0.44

Gleason score 7 M 35 75 0.02*

Adjuvant hormones y/n 54 60 0.70

“High-risk” class y/n 53 57 0.48

World J Urol 

1 3

One (2.5 %) patient reported a grade 2 acute gastroin-
testinal (GI) toxicity (diarrhea). Late toxicity was observed 
in only one (2.5 %) patient who had a grade 3 GI toxicity 
(dyspepsia) 11.76 months after the end of SBRT for a para-
aortic metastatic node, and developed a retroperitoneal 
fibrosis with bowel obstruction that required surgery.

Mean and median follow-up periods were 30.18 and 
23.8 months, respectively (range 3.73–79.8). Mean 
and median serum PSA values at 3 months after SBRT 
were 2.42 and 0.95 ng/ml, respectively (range 0.01–20). 
Response to treatment was carried out with PSA evalua-
tion, and 23 (58 %) patients underwent also a [11C]cho-
line PET/CT, 3–6 months after SBRT. In particular, 7 
patients were “no responders” having a mean 1.5 ng/ml 
PSA increase with respect to the pre-SBRT PSA value, 
whereas the 16 “responders” had a mean decrease of 
2.86 ng/ml. The PSA decrease was associated with a com-
plete metabolic response. At last follow-up, OS was 95 %, 
and in particular, 20 (50 %) patients were free of disease, 
18 (45 %) patients had active prostate cancer, and 2 (5 %) 
patients died of disease. The local disease control was 
obtained in 46 (98 %) of the irradiated lesions, whereas in 
the remaining 1 (2 %), there was a persistence of disease 
after SBRT. The mean time of biochemical progression 
from the end of SBRT was 15.54 months (range 1.16–
48.86), and the 2-years b-PFS was 44 % (Fig. 1). Median 
b-PFS was 24 months. Sixteen (40 %) of the patients 
experienced no disease recurrence. In the remaining 24 

(60 %) patients, the pattern of recurrence was as follows: 
16 (40 %) had only lymph node recurrence outside the 
irradiated area; 3 (7.5 %) manifested only bone involve-
ment; 2 (5 %) had bone and lymphatic spread, one of 
these with an infield progression; 2 (5 %) developed a 
recurrence in the prostatic bed; and 1 (2.5 %) presented a 
systemic spread to bone and liver.

Twenty-one (52.5 %) patients received only SBRT as 
first treatment, 6 (15 %) of whom underwent a second 
cycle of SBRT for metachronous lymph node metastases. 
In these cases, hormonal therapy was used only when a 
systemic progression was diagnosed. Of these 21 patients 
not receiving hormone therapy at the time of SBRT, 16 
(40 %) were free from ADT at last follow-up (mean value 
26.18 months; range 3.96–59.46), whereas remaining 5 
(12.5 %) had a mean deferment time of ADT administra-
tion of 13.58 months (range 2.06–37.13).

Table 3 summarizes the correlation analysis between 
time actuarial incidence of b-PFS and clinical parameters: 
Gleason score >7 is correlated with a worse biochemical 

Table 2  Site of lymph node metastasis and fractionation of radio-
therapy

N %

Total 47 100

Site of lymph node metastasis

Supraclavicular 1 2.1

Lumbo-aortic 6 12.7

Common iliac 10 21.3

External iliac 15 31.9

Internal iliac 3 6.4

Obturator 7 15

Presacral 5 10.6

Total dose (Gy)

12 (1 × 12 Gy) 1 2.1

25 (5 × 5 Gy) 1 2.1

30 (4 × 7.5 Gy) 1 2.1

30 (5 × 6 Gy) 6 12.7

32 (4 × 8 Gy) 1 2.1

35 (5 × 7 Gy) 23 48.9

40 (5 × 8 Gy) 13 27.7

50 (5 × 10 Gy) 1 2.1

Fig. 1  Biochemical progression-free survival (b-PFS) for the 40 
patients

Table 3  Time actuarial incidences of b-PFS related to clinical vari-
ables (Kaplan–Meier method of log-rank test)

* Significant, y yes, n no, m mean value, M median

Parameters Cutoff Type 24 months  % actuarial rate

Below(n) Above(y) p value

PSA before SBRT 5.6 ng/ml m 52 50 0.95

Age 74 years m 60 49 0.44

Gleason score 7 M 35 75 0.02*

Adjuvant hormones y/n 54 60 0.70

“High-risk” class y/n 53 57 0.48

2	  yr	  b-‐PFS	  44%	  

SBRT for oligometastases 



2016 

2016 

RESEARCH Open Access

[18F]Choline PET/CT and stereotactic body
radiotherapy on treatment decision making
of oligometastatic prostate cancer patients:
preliminary results
Francesco Pasqualetti1,9*, Marco Panichi1, Aldo Sainato1, Fabrizio Matteucci1, Luca Galli2, Paola Cocuzza1,
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Abstract

Background: A new entity of patients with recurrent prostate cancer limited to a small number of active metastatic
lesions is having growing interest: the oligometastatic patients. Patients with oligometastatic disease could
eventually be managed by treating all the active lesions with local therapy, i.e. either surgery or ablative stereotactic
body radiotherapy. This study aims to assess the impact of [18F]Choline ([18F]FMCH) PET/CT and the use stereotactic
body radiotherapy (SBRT) in patients (pts) with oligometastatic prostate cancer (PCa).

Methods: Twenty-nine pts with oligometastatic PCa (≤3 synchronous active lesions detected with [18F]FMCHPET/
CT) were treated with repeated salvage SBRT until disease progression (development of > three active synchronous
metastases). Primary endpoint was systemic therapy-free survival measured from the baseline [18F]FMCHPET/CT.

Results: A total of 45 lesions were treated with SBRT. After a median follow-up of 11.5 months (range 3–40
months), 20 pts were still in the study and did not receive any systemic therapy. Nine pts started systemic therapy,
and the median time of the primary endpoint was 39.7 months (CI 12.20–62.14 months). No grade 3 or 4 toxicity
was recorded.

Conclusions: Repeated salvage [18F]FMCHPET/CT-guided SBRT is well tolerated and could defer the beginning of
systemic therapy in selected patients with oligometastatic PCa.

Keywords: Choline PET/CT, Stereotactic body radiotherapy, Oligometastatic patients, Recurrent prostate cancer

Background
Prostate cancer (PCa) is the most common malignant
tumour in men in Western countries. Considering the
progressive aging of the population, the clinical ap-
proach to this cancer needs to be redressed considering
the presence of comorbidities and on-going medical
treatments [1–3]. When the first-line curative strategies
fail and the PSA value increases, the critical issue in
asymptomatic PCa patients is the decision of whether to

initiate systemic therapy, including androgen deprivation
therapy (ADT) or chemotherapy [4, 5]. In recent years,
improvements and availability of functional imaging
modalities (e.g. radiolabeled choline PET/CT) have
increased the detection of active metastatic lesions, even
at low PSA level [6–8]. Therefore, by the increasing
availability of radiolabeled choline PET/CT, a new entity
of patients that present a limited number of active
metastatic lesions is having growing interest: the oligo-
metastatic patients [9–11]. Patients with oligometastatic
disease could eventually be managed by treating all the
active lesions with local therapy, i.e. either surgery or
ablative stereotactic body radiotherapy (SBRT) [12–16].
Evidence on the safety and response rate of SBRT for the
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Discussion
A critical issue of cancer treatment, and maybe a surro-
gate outcome to be investigated, might be the postpon-
ing of disease progression and therefore the beginning of
subsequent therapy that can cause therapy-related symp-
toms [19, 20]. In recurrent PCa, PSA raise could be used
to define disease progression without evidence of active
lesions and it may be sufficient to declare the beginning
of systemic therapy, either hormonal therapy or chemo-
therapy [23, 24]. In a prospective study, we decide to
evaluate as a surrogate endpoint the delay of systemic
therapy delivery in patients with hormone naïve and
Castration resistance oligometastatic PCa.
The present paper reported the clinical outcomes of

29 patients with oligometastatic PCa treated with
[18F]FMCHPET/CT-guided SBRT within a prospective
single-institution clinical study. [18F]FMCH PET/CT was

used for both patients and target lesions selection. We
considered eligible for SBRT patients presenting high
[18F]FMCH uptake in up to three lesions at PET/CT (oligo-
metastatic disease). Even if the oligomestastatic state has
been firstly described in 1995 by Hellamn S. et al. [9], few
studies are available on the biochemical response related to
the number of active lesions revealed by [18F]FMCH-PET/
CT. On this basis, we choose to treat only patients with
three active lesions in order to improve the chances to ob-
serve a clinical response. In our series, by treating all the
active sites of disease with SBRT (delivering either 24 Gy in
a single fraction or 27 Gy in three fractions), there was a
significantly impact on patient treatment management. In
particular, we obtained disease control, as shown by PSA
levels, in 20 patients, thus avoiding the use of systemic
therapy. In the remaining nine patients, we delayed the
initiation of systemic therapy by 36 months.

Table 2 Cox regression analysis of the main covariates of the time to systemic therapy form study entry for all analysed patients
B SE Wald df Sig. HR HR 95,0 % CI

Lower Upper

Age 0,11 0,06 3,56 1,00 0,06 1,12 1,00 1,25

Delta_PSA 0,00 0,00 4,50 1,00 0,03* 1,00 1,00 1,01

Castration Resistant 0,37 0,67 0,31 1,00 0,58 1,45 0,39 5,45

Gleason Score 0,83 0,51 2,65 1,00 0,10 0,44 0,16 1,19

Metastasis (lynph node, bone, both) 0,47 0,64 0,54 1,00 0,46 0,63 0,18 2,18

Doubling time (months) 0,00 0,02 0,01 1,00 0,91 1,00 0,96 1,05

Clinical target volume (CTV) 0.16 0.01 0.27 1,00 0.1 1,18 0,97 1,42

Cirs com 1,12 0,70 2,57 1,00 0,11 0,33 0,08 1,28

Cirs sev 3,20 2,67 1,44 1,00 0,23 0,04 0,00 7,66

*Delta PSA value resulted significant in the univariate analysis while it did not after adjusting for the age

Fig. 2 Cumulative survival from study entry to Follow up (event is the primary endpoint, start of systemic therapy)
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treatment of metastatic disease is growing, including the
application in oligometastatic PCa [17, 18]. Despite the
clinical and radiological response rate being described in
more than 80 % of lesions treated with SBRT, target
lesions to be treated and the most suitable population
that would benefit from local treatment have yet to
be established [19, 20]. However, the impact of radi-
olabeled choline PET/CT in selecting patients and
validating the target lesions for subsequent SBRT has
yet to be investigated.
The main and final outcome of this prospective study is

the overall survival in patients with oligometastatic pros-
tate cancer treated with [18F] Fluoro-Methyl Choline
([18F]FMCH) PET/CT-guided SBRT. Surrogate endpoints
are the quality of life measured with EORTCT QLQ-C30,
toxicity and the time to subsequent treatment after PSA
recurrence detection [21]. The present manuscript reports
the preliminary of this study.

Methods
Study design and population
The study design is illustrated in Fig. 1.
Twenty-nine patients (median age of 71.2 years, range

50–79) with biochemical recurrence of prostate cancer

and oligometastatic disease, defined as up to three
synchronous (two or more lesions simultaneously re-
vealed by the same PET/CT) active metastatic lesions as
shown by [18F]FMCH uptake at PET/CT, were enrolled
in the study and were treated with SBRT (Table 1). The
study was approved by the local Institutional Review
Board. Patient characteristics are reported in Table 1.
Biochemical relapse was defined as two consecutive PSA
values > 0.2 ng/ml in the case of patients treated with
radical prostatectomy, or three consecutive increases in
PSA following PSA nadir after primary External Beam
Radiotherapy (EBRT), or three successive values demon-
strating therapy failure in the case of castration-resistant
PCa (CRPC) [4]. To exclude local relapse, all patients
underwent endorectal Magnetic Resonance Imaging
(MRI). The median time from PCa diagnosis to study
enrolment was 11.5 months (95 % CI 6.05–17.0 months).
A multidisciplinary team discussed and approved all the
cases included in this study.
After SBRT, patients were followed-up by total PSA

determination at 6-week and then every 3 months.
Patients underwent clinical examination and comorbidi-
ties were recorded after each [18F]FMCHPET/CT scan,
and every 3 months in the first 2 years of the study, and

Fig. 1 Study design
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Our results concerning the Systemic Therapy Free
Survival are in line with evidence from the literature. In
fact, in two studies with oligometaststic ADT-naïve PCa
patients treated with SBRT, the use of functional
imaging resulted in a deferral of systemic therapy by 38
and 25 months respectively, with a very high rate of
disease control. In the present analysis, we measured a
Systemic Therapy Free Survival of 39.7 months. This
time was measured since the first choline PET/CT while
in the other reported studies the ADT free survival was
calculated since the first day of SBRT. However, in these
studies PCa patients were selected by using [18F]FDG
PET/CT and [18F]FMCHPET/CT was limited to few
treated patients [12, 14].
We considered oligometastatic and therefore suitable

for local treatment, patients with less than 4 active
lesions revealed by [18F]FMCHPET/CT. PSA value was
not taken into account to prescribe a systemic therapy
for patients enrolled without the evidence of more than
three lesions. The patients enrolled into the studies con-
ducted by Berkovic et al. and Decaestecker et al. started
ADT if more than 3 active lesions were detected or in
case PSA > 50 ng/mL (only for Berkovic et al. series) [12,
14]. In our series of PCa patients, CTV volume showed
only a trend of recurrence prediction. None of the other
covariates showed any predictive significance. Such find-
ings underline the importance of a more accurate charac-
terisation of the clinical and biochemical features of the

“oligometastatic patients” that can benefit from local treat-
ment on active sites of disease.
SBRT was able to achieve disease control independ-

ently from the site of disease relapse, with the response
rates being virtually identical in cases of nodal disease
and bone metastasis. In patients with nodal disease
relapsed after SBRT and still presenting with an oligome-
tastatic pattern of disease, the failure always occurred in
nodes in close proximity to the previously treated lymph
nodes, similar to that observed by Decaester et al. [14].
We suppose that such finding is of interest because it
could be used to modify the SBRT approach in patients
with nodal disease, providing a lower fractionated radi-
ation dose on the lymph nodes of the involved chain.
Micrometastatic disease is rarely detected by imaging
modalities, thus leading to underestimation of disease
burden in the closest lymph nodes [25]. According to
the previous report [Decaester et al.], we found a con-
sistent trend in the disease relapse pattern: patients with
bone lesions tend to relapse in the bone tissues, while
lymph node metastatic patients have proximity node re-
currences. Understanding the clinical and biochemical
features of this subgroup of patients could lead to the
identification of the patients that are most likely to have
disease progression throughout the lymphatic pathway
and eventually eligible for prophylactic radiotherapy
to the nodes closer to the site of [18F]FMCHPET/CT
positive nodal recurrences.

Fig. 3 [18F]FMCH PET/CT and bone metastasis in a patient with wide spread disease
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Abstract

Background: Early salvage radiation therapy (eSRT) represents a treatment option for
patients who experience a prostate-specific antigen (PSA) rise after radical prostatec-
tomy (RP); however, the optimal PSA level for eSRT administration is still unclear.
Objective: To test the impact of PSA level on cancer control after eSRT according to
pathologic tumour characteristics.
Design, setting, and participants: The study included 716 node-negative patients with
undetectable postoperative PSA who experienced a PSA rise after RP. All patients
received eSRT, defined as local radiation to the prostate and seminal vesicle bed,
delivered at PSA !0.5 ng/ml. Biochemical recurrence (BCR) after eSRT was defined as
two consecutive PSA values "0.2 ng/ml.
Outcome measurements and statistical analysis: Multivariable Cox regression analysis
tested the association between pre-eSRT PSA level and BCR after eSRT. Covariates
consisted of pathologic stage (pT2 vs pT3a vs pT3b or higher), pathologic Gleason score
(!6, 7, or "8), and surgical margin status (negative vs positive). We tested an interaction
with PSA level and baseline pathologic risk for the hypothesis that BCR-free survival
differed by pre-eSRT PSA level. Three pathologic risk factors were identified: pathologic
stage pT3b or higher, pathologic Gleason score "8, and negative surgical margins.
Results and limitations: Median follow-up among patients who did not experience BCR
after eSRT was 57 mo (interquartile range: 27–105). At 5 yr after eSRT, BCR-free survival
rate was 82% (95% confidence interval [CI], 78–85). At multivariable Cox regression
analysis, pre-eSRT PSA level was significantly associated with BCR after eSRT (hazard
ratio: 4.89; 95% CI, 1.40–22.9; p < 0.0001). When patients were stratified according to
the number of risk factors at final pathology, patients with at least two pathologic risk
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Seeing and Not Believing: Oligometastases and the Future
of Metastatic Prostate Cancer

Eric A. Klein *

Glickman Urological and Kidney Institute, Cleveland Clinic, Cleveland, OH, USA

In this month’s issue of European Urology, Ost and
colleagues [1] review existing data on the treatment of
low-volume metastases in patients with recurrent pros-
tate cancer. The debate over this issue is reminiscent of
older debates on the management of renal cell carcinoma,
for which similar data exist suggesting that patients who
undergo resection of a solitary metastasis have long
disease-free intervals. Although it is tempting to believe
that such interventions help, for most patients the reality
is that metastatic disease burden is more likely just a
surrogate for the state of evolution of disease biology, so
that lower disease burdens represent less aggressive
cancer, or at least cancer that grows more slowly. It is
well to remember that in the absence of an untreated
control arm or alternative intervention as a comparator, it
is only possible to judge the tolerability and toxicity of
surgery or radiation in these patients, and not their
therapeutic efficacy. In this context, and based on the
limitations of the evidence cited by Ost et al, I agree with
the authors that metastasis-directed therapy as currently
practiced is of no proven benefit (whether measured by
delaying the ‘‘need’’ for androgen deprivation or prolong-
ing survival) and we must not confuse our ability to treat
such disease safely with an actual benefit in doing so.
Furthermore, I believe that the paradigm of treating
oligometastatic disease is limited by the inherent limita-
tions of current imaging modalities. For example, imaging
agents that are optimal for revealing bone lesions may
underestimate the presence and extent of visceral
metastases, which rapid autopsy series have suggested
occur far more frequently than previously thought [2]. It is
also unlikely that any imaging agent is capable of seeing

all metastatic deposits, and therefore equally unlikely that
treating only visible lesions with an exptirpative approach
such as radiation or surgery will have a meaningful impact
on overall disease progression. Having said that, I do
believe that the field is on the threshold of a revolution in
the treatment of metastatic disease on the basis of an
emerging understanding of the genomic events that drive
prostate cancer to castrate resistance, and the develop-
ment of targeted therapies. A comprehensive, integrated
model of the genetic events that underlie the genesis and
progression of prostate cancer from germline susceptibil-
ity to castrate-resistant disease is now emerging [3]. It is
already possible to have a tumor biopsy from any site
analyzed in real time for identification of potential driver
mutations and potential targeted agents that act systemi-
cally against all tumor deposits, whether or not they can
be imaged, and there are anecdotal reports of patients
with advanced disease who have achieved significant
disease-free intervals and perhaps cure using this ap-
proach [4]. Recent data also suggest an ability to perform
serial biologic monitoring in patients with progressive
prostate cancer, allowing a switch to other active agents
when new driver mutations emerge [5]. The development
of agents such as abiraterone and enzalutamide, and other
new androgen receptor–directed therapies [6], combined
with an understanding of the molecular mechanisms that
underlie resistance to these agents, holds promise for the
development of a precision medicine approach to manag-
ing metastatic disease that is likely to supplant our urge to
treat only what we can see.
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on overall disease progression. Having said that, I do
believe that the field is on the threshold of a revolution in
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when new driver mutations emerge [5]. The development
of agents such as abiraterone and enzalutamide, and other
new androgen receptor–directed therapies [6], combined
with an understanding of the molecular mechanisms that
underlie resistance to these agents, holds promise for the
development of a precision medicine approach to manag-
ing metastatic disease that is likely to supplant our urge to
treat only what we can see.
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Fig. 2 Patient 12 (a, b) and
patient 18 (c, d). Red arrows point
to a nodular pelvic wall metastasis
(a, b, histologically confirmed)
and to small lymph nodes (c, d)
which present with clearly
pathological tracer uptake in 68Ga-
PSMA PET/CT (b and d) only.
Yellow arrows point to both
catheterized ureters (c, d). Patient
12 presented with a minimal PSA
value (0.01 ng/ml) despite visible
tumour lesions. The PSMA ligand
is therefore able to detect low
differentiated PC. a + c Fusion of
18F-fluoromethylcholine PET and
CT, b + d fusion of 68Ga-PSMA
PET and CT. Colour scales as
automatically produced by the
PET/CT machine

Fig. 3 Patient 13 (a, b) and
patient 18 (c, d). Red arrow in
b points to a liver metastasis
(histologically confirmed, lesion
16 in Fig. 1) visible only in 68Ga-
PSMA PET/CT due to relatively
low background activity
when compared to 18F-
fluoromethylcholine PET. In d, red
arrow points to a lymph node
which presents with clearly
pathological tracer uptake in 68Ga-
PSMA PET/CT despite a beam
hardening artefact (lesion 28 in
Fig. 1). In 18F-fluoromethylcholine
PET/CT, however, there is no
pathological uptake (c). a + c
Fusion of 18F-fluoromethylcholine
PETand CT, b + d fusion of 68Ga-
PSMA PET and CT. Colour scales
as automatically produced by the
PET/CT machine
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Oligometastases: the new 
paradigm and options 
for radiotherapy
A critical review

A new paradigm is increasingly deter-
mining clinical practice: the oligometa-
static state. Radiotherapy plays an impor-
tant role here, as one of the main thera-
peutic oncological methods in establish-
ing the new strategic approach for patients 
with limited metastatic cancer. 

Traditionally, patients with cancer 
are assigned either treatment with a cu-
rative intent, in cases where the tumour 
is localised and there is no indication for 
metastatic manifestation, or they receive 
palliative therapy because of lesions that 
have spread beyond the primary tumour. 
The general understanding of metastat-
ic disease and especially the mechanisms 
of the so-called “invasion-metastasis cas-
cade” is currently undergoing fundamen-
tal revision [1]. In this context, the percep-
tion of metastatic cancer is seen in a more 
differentiating way with focus on the de-
tails of disease manifestations with regard 
to the number and sites of the lesions. In 
the future, metastatic cancer is going to be 
viewed more as a dynamic spectrum than 
merely as a definite status [2].

For a long time in the previous century, 
Halsted’s doctrine of cancer as a localised 
and orderly process, which might at some 
stage start a contiguous spreading in-
to adjacent structures, was predominant. 
It was challenged by the “systemic theo-
ry”, assuming a primary systemic state, in 
most cases involving a complex spectrum 
of host–tumour interactions, and claim-
ing that local treatment is unlikely to ef-
fect the survival of patients [3].

In 1994 Samuel Hellmann [2] stated 
that cancer is “a heterogeneous disease 
that can be thought of as a spectrum of 
proclivities extending from a disease that 
remains local…” and that “persistent dis-
ease, locally or regionally, may give rise to 
distant metastases and therefore, in con-
trast to the systemic theory, locoregion-
al therapy is important”. In 1995, referring 
to this a priori idea, he proposed the ex-
istence of a “clinically significant state of 
oligometastases” as an interim stage in the 
natural history of most solid malignancies 
[4]. Cancer is understood to be an evolu-
tionary process of genesis and especially 
of progression, which is based on the spe-
cific metastatic capacity of each individu-
al tumour. However, basic research results 
on the biology of metastases need to be 
linked to clinical data, in order to legiti-
mate current practices. In this review, re-
sults from molecular, developmental and 
cellular biology of metastases are integrat-
ed to provide an up-to-date understand-
ing of metastatic capacity of tumours and 
consequently, to interlace these facts with 
the clinical discourses of oligometasta-
ses. The discussion will start with some 
questions essential to the understanding 
of metastases. In a further step, we show 
relevant clinical implications of the oligo-
metastatic state and corresponding clini-
cal data for lung, liver, bone and brain le-
sions, limited in number and site, with 
special respect to radiotherapeutic pro-
cedures.

Biology of metastases

Metastases are regarded as the end stage 
of the patient’s life. More than 90% of can-
cer patients die because of dissemination 
of lesions in different organs. That is, me-
tastases were found after the treatment 
of the primary tumour with curative in-
tent; thus, it is a metachronous scenario. 
They might be synchronously present at 
initial diagnosis of the primary tumour or 
in some cases, they are detected previous-
ly, without any primary tumour.

Metastasising is a multistep process: 
a primary tumour that is infiltrating the 
site of its origin (invasion) locally will, at 
some stage, enter the vasculature of lym-
phatic and blood systems (intravasation). 
The physical translocation involves the 
following aspects: circulating tumour 
cells in blood have to survive many dif-
ferent stress factors, and after finding af-
finities to a specific tissues (homing), they 
have to exit the bloodstream and enter the 
parenchyma of the host organ (extravasa-
tion). The next step is colonisation: at the 
new site, the tumour cells invade the mi-
croenvironment, thereby evading the in-
nate immune system, and then they must 
adapt to the new host and initiate prolif-
eration [1, 5].

An intratumoural genetic instability is 
seen as the basic “condition of possibili-
ty” for invasion and metastasising. Some 
clonal subgroups within a genetically het-
erogeneous tumour might have a high 
tendency to metastasise. A higher mu-
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There is a broad spectrum of techniques 
and concepts available, including whole 
brain radiotherapy (WBRT) alone, whole 
brain plus stereotactic radiosurgery (SRS) 
boost and stereotactic radiosurgery alone. 
Survival advantages of SRS have been re-
ported by randomised trials [43]. In a 
group of 132 patients with 1–4 brain me-
tastases, randomly assigned to receive 
WBRT plus SRS or SRS alone, Aoyama et 
al. [44] reported no significant difference 
in survival (8 months versus 7.5 months) 
and 1-year local control (72.5% versus 
88.7%). Although SRS alone was associat-
ed with increased intracranial progression 
as compared with WBRT plus SRS, no dif-
ferences in the frequency of neurological 
deaths and preservation of neurological 
function were observed. Similarly, the re-
cent EORTC 22952-26001 study on the 
adjuvant WBRT versus observation after 
SRS or surgical resection of 1–3 cerebral 
metastases showed that adjuvant WBRT 
was able to reduce the frequency of intra-
cranial progression but failed to improve 
the median survival [45].

Spinal metastases

Stereotactic radiotherapy is a clinically 
proven option as primary and postopera-
tive treatment, and as retreatment for pre-
viously irradiated patients, with good re-
sults on pain control, neurological symp-
tom release and quality of life, although 
lack of prospective data, especially ran-
domised data, makes it difficult to reach 
conclusions. The heterogeneity of clinical 
scenarios is frequently the cause for dif-
ferences in therapeutic concepts using RT 
with or without systemic drugs [46]. A se-
lection of papers on spinal lesions SBRT is 
shown in . Tab. 3.

Nguyen et al. [47] recently reported on 
results of SBRT in 48 cases. Patients re-
ceived either 24 Gy in a single fraction, 
27 Gy in 3 fractions, or 30 Gy delivered in 
5 fractions. After a median follow-up time 
of 13.1 months (range 3.3–54.5 months), 
the actuarial 1-year spine tumour pro-
gression-free survival was 82.1%. At the 
pretreatment baseline, 23% patients were 
pain free; at 1 month and 12 months post-
SBRT, 44 and 52% patients were pain free, 
respectively. No grade 3–4 neurological 
toxicity was observed. Gerszten et al. [48] 
published results on a cohort of 500 pa-
tients with spinal metastases who under-
went radiosurgery. The prescribed dose 
ranged from 12.5–25 Gy (mean 20 Gy). 
Tumour volume ranged from 0.20–
264 ml (mean 46 ml). Long-term pain im-
provement was achieved in 290 of 336 cas-
es (86%). Long-term tumour control was 
demonstrated in 90% of lesions treated 
with radiosurgery as a primary treatment 
model and in 88% of lesions treated for ra-
diographic tumour progression. Twenty-
seven of 32 cases (84%) with a progressive 
neurological deficit before treatment ex-
perienced at least some clinical improve-
ment.

Local radiotherapeutic treatment is ev-
idently effective and can be safely applied 
for spinal lesions.

Bone metastases

Oligometastases of bone have been re-
ported in prostate and breast cancer. 
Overall high-dose radiotherapy provides 
long-term relief of pain and can even im-
prove overall survival. In 2009 Milano et 
al. [32] reported on 85 metastatic lesions 
in 40 breast cancer patients treated with 
SBRT, achieving a 2-year overall survival 

rate of 76% and a 4-year overall survival 
of 59%. Among these, the most favourable 
prognostic factor for breast oligometastat-
ic patients was metastases only involving 
bone. This indicated high-dose radiother-
apy using SBRT for bone metastases could 
contribute to patient survival.

Conclusion

The role of radiation therapy for the treat-
ment of metastatic cancer has evolved 
enormously in the last decade. Thanks to 
emerging technologies, especially stereo-
tactic radiosurgery, image-guided RT or 
variations of intensity-modulated RT, ra-
diation oncology is gaining popularity as 
an effective and safe model in all stages 
of cancer. Thus, the oligometastatic state 
that is assumed to be a different phase in 
the evolution of neoplastic disease, be-
ing limited in terms of number and site of 
metastatic lesions, seems to be an appro-
priate application field for emerging RT 
technologies to prove the principle. While 
some crucial issues are still under discus-
sion—selection of patients, timing, dose 
regimen, radiobiological consideration 
and prognosis—more clinicoconceptual 
questions need to be asked:
F  What is the difference in biologic be-

haviour between synchronous and 
metachronous lesions?

F  How to use available imaging technol-
ogies for definition of the oligometas-
tatic state?

F  What would be the effective and safe 
combination with systemic therapeu-
tics like biologicals or conventional 
chemotherapy?

F  Where is the frontier line between pal-
liative and “semicurative” intention 
and goals in this context?

These unanswered questions need to be 
analysed by prospective and more fo-
cused and targeted study designs in or-
der to locate and position radiation ther-
apy as a leading method of treatment of 
oligometastases.

Tab. 3 Selected prospective analysis of patients with spin oligometastases treated with 
radiotherapy
Study Number, design Local control Survival Dose prescription
Nguyen et al. [47] 48, prospective 12 months: 

82.1%
– 24 Gy in 1 fraction, 27 Gy 

in 3 fractions, 30 Gy in 5 
fractions

Tsai et al. [57] 69, prospective 10 months: 
96.8%

– 15.5 Gy in 2 fractions

Yamada et al. [58] 93, prospective 15 months: 90% – 24 Gy in 1 fraction
Gibbs et al. [59] 76, prospective 84% (clinical 

data)
– 16–25 Gy in 1–5 fractions

Ryu et al. [60] 49, prospective 78%  8 Gy in 1 fraction as boost
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Ryu et al. [60] 49, prospective 78%  8 Gy in 1 fraction as boost
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Abstract

Background: Cancer staging and treatment presumes a division into localized or metastatic disease. We proposed an
intermediate state defined by #5 cumulative metastasis(es), termed oligometastases. In contrast to widespread
polymetastases, oligometastatic patients may benefit from metastasis-directed local treatments. However, many patients
who initially present with oligometastases progress to polymetastases. Predictors of progression could improve patient
selection for metastasis-directed therapy.

Methods: Here, we identified patterns of microRNA expression of tumor samples from oligometastatic patients treated with
high-dose radiotherapy.

Results: Patients who failed to develop polymetastases are characterized by unique prioritized features of a microRNA
classifier that includes the microRNA-200 family. We created an oligometastatic-polymetastatic xenograft model in which
the patient-derived microRNAs discriminated between the two metastatic outcomes. MicroRNA-200c enhancement in an
oligometastatic cell line resulted in polymetastatic progression.

Conclusions: These results demonstrate a biological basis for oligometastases and a potential for using microRNA
expression to identify patients most likely to remain oligometastatic after metastasis-directed treatment.
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Introduction

Metastases are the leading cause of cancer death. Standard
therapies for most metastatic cancers are systemic chemotherapy,
hormonal manipulation or newer targeted therapies. However,
these agents are rarely curative. We proposed that during the
evolution of some tumors, an intermediate metastatic state exists
called oligometastasis(es). We hypothesized that these patients,
exhibiting a less aggressive biology with limited [1,2,3] cumulative
metastasis(es) in less than 4 months from time of first metastatic
progression, could potentially benefit from metastasis-directed
therapy [1,3]. This hypothesis was based on long-term survival
following surgical resection of limited lung [2], liver [4,5], or
adrenal metastases[6] from a variety of primary sites. An
oligometastatic state is a common clinical presentation although

it has only recently received attention as a defined subset of
metastasis [1,7,8]. Employing radiotherapy improvements, termed
hypofractionated image-guided radiotherapy (HIGRT) or stereo-
tactic body radiotherapy (SBRT), we [9] and others [8] treated
metastatic lesions using a few high-doses of radiotherapy in
inoperable patients with #5 metastasis(es). Initial reports demon-
strated long-term disease free survival in some treated patients
[8,9,10,11]. However, many oligometastatic patients developed
widespread cancer progression and were subsequently classified as
polymetastatic (.5 new metastatic sites, see methods). We
hypothesized that molecular markers could be developed for
identifying patients who would fail to become polymetastatic. We
analyzed microRNA expression derived from paraffin blocks of
patients who were oligometastatic at time of treatment with
curative intent radiotherapy. We report unique prioritized features
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In vivo assessment of the effect of microRNA-200c
miRIDIAN mimics treatment on metastatic progression in
two mouse models
40% confluent L1-R2-435-GFP cells or B16F1 cells were

transfected with 100 nM Control mimics (Cat#110CN-001000-
01), or species-specific miR-200c miRIDIAN mimics (L1-R2-435-
GFP: #C-300646-05-0010; B16F1: # MIMAT0000039) (Dhar-
macon, Lafeyette, CO, USA) using Oligofectamine (Invitrogen,
Carlsbad, CA, USA) as we previously described [22]. Transfection
efficiency was optimized and estimated to be .90%. In vivo tail-
vein injection of control or specific mimics-treated L1-R2-GFP
(26106 cells/mouse) or B16F1 cells (16105 cells/mouse) was
performed at 48 h after transfection.
For the L1-R2-435-GFP model, tumor-cell inoculated mice

were monitored and scored for tumor metastasis development and
progression as described above. For the B16F1 mouse melanoma
model, 4–6 weeks C57BL/6 female mice were obtained from
Harlan labs (Indianapolis, IN, USA). The care and treatment of
experimental animals was in accordance with institutional
guidelines at the University of Chicago. Mice were sacrificed 14
days after tail vein injections. The thoracic cavity of each mouse
was opened and lungs were removed in their entirety and surface
lung metastasis(es) were scored using methods previously described
[23].
After being excised from each mouse, the lung tissue was fixed

in 10% formalin, embedded in paraffin, cut into 5 micrometers
sections, stained with hematoxylin and eosin and examined for
macro- or micrometastases. 5 mice were examined from each
group.

TaqMan quantification of putative microRNA-200c gene
targets expression
L1-R2-435-GFP cells were treated with equal amount of

control-mimics or microRNA-200c mimics for 48 hours as
described above. Thereafter, one fifth of the transfected cells were
used for total RNA extraction and the rest were used for tail-vein
injection. The expression of Zeb1 (Hs00232783_m1), Zeb2
(Hs00207691_m1), NEDD4 (Hs00406454_m1) and FGD1
(Hs00171676_m1) was determined by TaqMan RT-PCR assay
according to manufacturer’s instructions. GAPDH (4326317E)
expression was used as normalization control.

Results

To identify molecular changes associated with oligo or
polymetastatic progression we extracted RNA from 42 paraffin
embedded samples of primary and metastatic tumors of patients
treated with stereotactic radiotherapy (see Tables S1, S2 for
patient characteristics) and profiled the resultant microRNAs using
TaqMan Human MicroRNA Array A card v2.0 (see Methods).
Among the 42 tumor samples included in the study, five patients
had paired metastatic and primary tumor samples, while the
remaining samples were from distinct patients with either primary
or metastatic tumor tissue analyzed. In addition, 2 patients
contributed samples from two distinct metastatic sites (Tables S1,
S2). No differences were observed in pre-radiotherapy clinical
variables (Tables S3a–b) or histopathology between patients who
remained oligometastatic and those who progressed to a
polymetastatic state (logit regression, data not shown). Median

Figure 1. Unsupervised hierarchical clustering of: (a) metastatic
tumors microRNA expression showing clustering of oligo- vs polymeta-
static samples. Red, black and green represent TaqMan qPCR Ct values
above, at or below mean level, respectively, across all samples and 335
microRNAs. As shown, all seven polymetastatic samples are clustered
together, while eight out of ten oligometastatic samples cluster
together. This suggests that the oligo vs polymetastatic phenotype is
overriding other predictable groupings such as histology of primary
tumor and metastatic site. However, in the primary samples, the
primary site was the dominant signal of the unsupervised hierarchical
clustering (Fig. S1). (b) MicroRNA expression of five patients with
paired primary and metastatic samples showing clustering of (i) primary

(Pr) and metastasis(es) sample sites of the same patient and (ii) oligo
(Ol-) vs polymetastatic (Pol-) progression phenotype across patients.
doi:10.1371/journal.pone.0028650.g001
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points of the unbiased Pr-miRs and M-miR-derived classifiers, the
combinations of sensitivities and specificities reflect their ability to
discriminate between the oligo- vs polymetastatic tissue samples
thus are plotted as receiver operating characteristic (ROC) curves
in Fig. 2. The resulting prioritized microRNAs from primary
samples, Pr-miRs, demonstrate good discrimination between
remaining oligometastatic and developing widespread polymetas-
tases in the metastatic sample set (Fig. 2a, AUC=0.85; empirical
P= 0.015 by permutation resampling). Similarly, M-miRs applied
to the group of primary tumors discriminated between the two
phenotypes in primary tumors (Fig. 2b; AUC=0.74, empirical
P= 0.055).
Since differentially expressed microRNA profiles were generat-

ed from a relatively small patient cohort, we developed a stable
human tumor (MDA-MB-435-GFP) xenograft model of oligome-
tastatic and polymetastatic progression by conducting three
consecutive rounds of experimental lung colonization assays (see
Methods). In the first round, we generated paired oligometas-
tases-like lung derivative L1-R1-435-GFP (L1-R1) or polymetas-
tases-like L1Mic-R1-435-GFP (L1Mic-R1) cell lines. When tested
in vivo, these cells stably recapitulated human oligometastatic (#5
total metastasis(es) in mouse) and polymetastatic (.5 metastases in
mouse) states at week 12 in subsequent testing (Fig. 3a–e, Fig.
S2, see Methods). For example, in the second round (fifteen mice
for each cell line), L1Mic-R1 cells produced widespread
polymetastases in the lung and other organs at a higher incidence
and had significantly faster time kinetics of metastatic dissemina-
tion than the oligo-like L1-R1 cell line (odds ratio of poly = 10 at
week 12: P = 0.0092, two-tailed Fisher’s exact test; time kinetics at
week 9: P= 561025, two-tailed FET; Fig. 3e). We subsequently
generated three oligometastatic L1-R2-435-GFP (L1-R2) lung cell
lines as well as four polymetastatic L1Mic-R2-435-GFP (L1Mic-
R2) lung cell lines from seven distinct animals of the second in vivo
passage for further biological characterization and for microRNA
expression analysis (see Methods, Fig. 3e, Fig. S2). PCA using
the first component shows that the prioritized Pr-miRs and M-
miRs (Table 1a–b) accurately split the MDA-MB-435 lung
derivative cell lines into oligometastatic L1-R2 and polymetastatic
L1Mic-R2 groups. These observations have provided further
evidence that distinct microRNA expression patterns derived from
patients underlie the molecular differences between the stable
oligometastatic phenotype and that of polymetastatic progression
(Fig. 4a–b).
Next, we investigated whether specific microRNAs differentially

expressed between oligometastatic and polymetastatic patients
were associated with phenotypic change from oligo- to poly-
metastases. Since metastatic development is a multi-step process
and all patients by definition had 1–5 metastasis(es) at time of
radiation treatment, we hypothesized that late events in the
metastatic process were likely to account for differences in the
oligo- and polymetastastic phenotypes. Primary tumors are likely
more heterogeneous with respect to cells with metastatic potential
[24], thus we focused on the prioritized microRNAs derived from
the metastatic tissue samples. We rank ordered the 29 prioritized
microRNAs obtained from metastatic tissue according to fold
change. As shown in Table 1b, the two microRNAs with highest
fold changes, miR-654-3p and miR-654-5p, are produced in the
cells by two-complementary/opposite strands of the same
precursor microRNAs. Their joint expression suggests a common
transcriptional event likely unrelated to their specific function.

Figure 2. Validation of microRNA expression signatures in
human datasets: prediction of oligometastatic progression by
microRNA expression signatures. The Receiver Operating Charac-
teristic (ROC) curves describe how accurately the prioritized microRNAs
can discriminate between oligo- vs poly- metastasis(es) samples by
plotting the possible combinations of sensitivity and specificity
obtained at different cutoff points of the prioritized microRNA classifier.
(a) Pr-miRs, 17 prioritized microRNAs from the primary tumors sample
(Table 1b), were used to predict oligometastasis(es) progression in the
16 metastatic tumor samples using permutation controlled ROC curves
of the first PCA component (See Methods). (b) Similarly, M-miRs, 29
prioritized microRNAs from the metastatic tumor samples (Table 1a),
were used to predict oligometastasis(es) progression in the 26 primary

samples. Empirical P values of the AUC were calculated from empirical
permutation resampling (see Methods S1).
doi:10.1371/journal.pone.0028650.g002
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