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Abstract

Background: Patterns of postoperative radiotherapy (RT) use in prostate cancer (PCa)
after the publication of major randomized trials have not been well characterized.
Objective: To describe patterns of postoperative RT use after radical prostatectomy (RP)
in patients with adverse pathologic features in the United States.
Design, setting, and participants: Retrospective analysis of 97 270 patients with PCa
diagnosed between 2005 and 2011 whose presentation and outcomes were recorded in
the National Cancer Data Base.
Outcome measurements and statistical analysis: Temporal changes in receipt of
postoperative RT and factors associated with receipt of this treatment using the
Cochran–Armitage trend test and multiple logistic regression, respectively.
Results and limitations: Between 2005 and 2011, receipt of postoperative RT decreased
steadily from 9.1% to 7.3% (ptrend < 0.001). Use of RT with or without androgen depriva-
tion therapy monotonically decreased with advancing age from 8.5% in patients aged
18–59 yr to 6.8% in patients aged 70–79 yr (ptrend < 0.001). Receipt of RT was higher at
community cancer programs compared with teaching/research centers (14% vs 7.3%;
odds ratio [OR]: 2.16; p < 0.001), in those with pT3-4 disease and positive margins
compared with those with pT3-4 and negative margins (17% vs 5.9%; OR: 2.89;
p < 0.001), and in patients with a Gleason score of 8–10 compared with those with a
Gleason score of 2–6 (17% vs 4.2%; OR: 3.50; p < 0.001). Limitations include lack of
postprostatectomy prostate-specific antigen level.
Conclusions: Postoperative RT use for localized PCa in patients with adverse pathologic
features is declining in the United States.
Patient summary: In this report, we show that use of postoperative radiotherapy in
patients with prostate cancer with adverse pathologic features is declining. Patients
treated at community cancer programs, those with locally advanced disease and positive
margins, and those with a high Gleason score were more likely to receive postoperative
radiotherapy.
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Receipt of RT with or without ADT was higher in those
categorized as race NH other with 28% increased odds
compared with NH whites (OR: 1.28; 95% CI, 1.10–1.49;
p < 0.001). Patients treated at community cancer programs
had about a twofold increased odds of receiving postoper-
ative RT compared with patients treated at teaching/
research centers (OR: 2.16; 95% CI, 1.96–2.38; p < 0.001).
Patients with margin-positive PCa had higher use of
postoperative RT with or without ADT within 6 mo of
RP than patients with margin-negative disease (9.1% vs
5.8%). Patients with pT3-4 disease and a positive surgical
margin had nearly a threefold increased odds of receiving
postoperative RT compared with those with negative
surgical margins (OR: 2.89; 95% CI, 2.73–3.06; p < 0.001).
Gleason score was one of the strongest predictors for
receipt of postoperative RT, with those who had a Gleason
score 8–10 disease showing significantly higher odds of
receiving postoperative RT compared with those who had a
Gleason score of 2–6 (OR: 3.50; 95% CI, 3.23–3.80;
p < 0.001) (Tables 1 and 2; Fig. 2). A sensitivity analysis
of patients diagnosed in 2005 and 2006 showed that 2.1%
received RT within 6–60 mo after RP (Supplementary
Table 1). The patterns of receipt of RT within 6–60 mo after
RP were relatively similar to that of RT use within 6 mo
of RP.

4. Discussion

Despite strong level 1 evidence and recent American and
European consensus guidelines [11–13] in support of
considering adjuvant RT for adverse features following
RP, our study demonstrates declining use of postoperative
RT within 6 mo of surgery in the United States. Although
receipt of such therapy was higher in younger patients
and in those at highest risk for recurrence, overall rates of
use remain low, with <20% of patients receiving RT, even
in subgroups most likely to benefit from such therapy.
The declining trend in postoperative RT use calls for
the attention of clinicians to make appropriate referrals
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Fig. 1 – Unadjusted patterns of practice within 6 mo of radical
prostatectomy for patients with prostate cancer with adverse pathologic
features, by year.
ADT = androgen deprivation therapy; RP = radical prostatectomy;
RT = radiotherapy.

Table 2 – Adjusted odds ratios with 95% confidence intervals from
logistic regression analyses for receipt of radiotherapy with or
without androgen deprivation therapy within 6 mo after radical
prostatectomy *

Variable Receipt of RT ! ADT

OR (95% CI) p value

Age at diagnosis, yr
18–59 (ref) 1.00 <0.001
60–64 0.90 (0.84–0.95)
65–69 0.77 (0.71–0.84)
70–79 0.63 (0.56–0.69)

Diagnosis year
2005 (ref) 1.00 <0.001
2006 0.95 (0.86–1.04)
2007 0.85 (0.77–0.94)
2008 0.86 (0.78–0.94)
2009 0.92 (0.83–1.00)
2010 0.92 (0.84–1.01)
2011 0.81 (0.74–0.89)

Race/ethnicity
NH white (ref) 1.00 <0.001
NH black 1.08(1.00–1.17)
Hispanic 1.02(0.90–1.16)
NH other y 1.28 (1.10–1.49)
Missing/unknown 0.88 (0.81–0.96)

Primary payer
Private (ref) 1.00 <0.001
Uninsured 1.10 (0.92–1.32)
Medicaid 1.27 (1.08–1.49)
Medicare 0.98 (0.90–1.06)
Missing/other 1.44 (1.21–1.70)

Census region
Northeast (ref) 1.00 <0.001
Midwest 1.02 (0.95–1.09)
South 0.80 (0.75–0.86)
West 0.81 (0.75–0.88)

Facility type
Teaching/research (ref) 1.00 <0.001
Community cancer program 2.16 (1.96–2.38)
Comprehensive community

cancer program
1.40 (1.31–1.49)

NCI program/network 0.66 (0.61–0.72)
Other centers 0.93 (0.85–1.03)

Median income z, $

"46 000 (ref) 1.00 <0.001
<30 000 0.91 (0.84–0.99)
30 000–34 999 0.90 (0.83–0.97)
35 000–45 999 0.98 (0.92–1.04)
Missing/unknown 0.87 (0.77–0.99)

T stage, margin status
pT3/T4, negative (ref) 1.00 <0.001
pT3/T4, positive 2.89 (2.73–3.06)
pT2, positive 0.74 (0.69–0.79)

Comorbidity §

0 (ref) 1.00 <0.001
1 0.83(0.78–0.89)
"2 0.83(0.72–0.96)

PSA level, ng/ml
#10 (ref) 1.00 <0.001
>10 to #20 1.24 (1.16–1.33)
>20 1.52 (1.41–1.65)
Missing/unknown 0.47 (0.42–0.52)

Gleason score
2–6 (ref) 1.00 <0.001
7 1.50 (1.39–1.61)
8–10 3.50 (3.23–3.80)
Unknown 2.06 (1.79–2.38)

ADT = androgen deprivation therapy; CI = confidence interval; NCI = National
Cancer Institute; NH = non-Hispanic; OR = odds ratio; PSA = prostate-specific
antigen; Ref = reference; RT = radiotherapy.
* Adjusted for diagnosis age, diagnosis year, race, comorbidity, insurance status,
census region, median income quartile, facility type, pathologic T stage with
margin status, PSA level, and Gleason score.
y Asian/Pacific Islander/American Indian.
z Area-level median household income quartiles from the 2000 US census.
§ Categorized based on the sum of weighted Charlson–Deyo comorbidity score.
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Randomized Trials Adjuvant RT vs Observation 
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ASTRO/AUA joint guidelines 
• 3 guidelines regarding adjuvant RT: 

Valicenti͕�/:ZK�W�ϮϬϭϯ 

Statement Recommendation 

Clinical principle  Counsel men on possibility of recurrence after RP 

Clinical principle  Inform men that adjuvant RT can be beneficial 

Grade A evidence Offer men with negative features at RP adjuvant RT 

ASTRO/AUA Joint GUIDELINES 
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ϭ͘ “Observation” group did not routinely 

receive early salvage RT after failure 
 
 
 
 
 

– Original protocol specified salvage treatment at LF 
– If early salvage RT were routinely given, perhaps 

we would not detect a benefit with adjuvant RT 
Bolla͕�>ĂŶĐĞƚ�ϮϬϬϱ 

Æ DĞĚŝĂŶ�ƚŝŵĞ�Ϯ͘Ϯ�ǇĞĂƌƐ 

Concerns with Adjuvant RT 

“Observation”group did not routinely receive early salvage RT after failure  

“If early salvage RT were routinely given, perhaps we would not detect a 
benefit with adjuvant RT ” 

Bolla, Lancet 2005  
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Fig. 1. PSA b-RFS as a function of the delivered dose. Each symbol represents an
individual published series of postoperative RT. The data suggest that there is
approximately a 2.5% improvement in b-RFS for each additional Gy with postop-
erative RT.

ative RT within the 60–70-Gy range, with an approximately 2.5%
improvement in 5-year bRFS for each additional Gy delivered, thus
closely resembling the dose–response curve known for primary
prostate RT (Fig. 1).

2.3. Comparators

The control arm consisted inobservation with therapies
(including radiotherapy, androgen deprivation therapy, and other
therapies) held in reserve for salvage.

Although the three RCTs investigated the role of adjuvant RT,
they failed to solve the crucial dilemma of whether to defer treat-
ment only for solely recurring patients, simply because they were
not designed to address this question. Conversely, from a clini-
cal perspective, the implications are relevant because they help to
prevent overtreatment and, accordingly, the burden of care associ-
ated with potential treatment-related side effects. The comparison
arm in all the 3 RCTs trials was an uncontrolled observation arm,
where patients subsequently developing biochemical failure were
treated with several options, with up to half of them receiving
SRT at PSA consistently higher than 1 ng/mL, a level that nowadays
would be considered inappropriate. Indeed, retrospective studies
have shown that a significant proportion of patients who develop
biochemical failure can be subsequently cured (Pfister et al., 2014)
if salvage radiotherapy is administered on a timely basis (with pre-
RT PSA values <0.5 ng/mL). Despite the non-negligible difference in
terms of inclusion criteria among patients enrolled in the three tri-
als, interestingly the 5-year biochemical failure rates were nearly
equivalent: 28% (ARO 96–02); 23% (EORTC 22911); 30% (SWOG
8794), respectively. This was unexpected considering that roughly
one third of patients in the EORTC (Bolla et al., 2012) and SWOG
(Thompson et al., 2009) trials had a detectable PSA at enrollment,
thus identifying a patient subset with an extremely high risk of
developing recurrence, metastasis, and cancer-related death. It is
likely that, within a sharp range, postoperative RT can be success-
fully carried out whether PSA is undetectable or barely detectable,
indirectly confirming the data by Pfister et al. (2014). Along with
the evidence that almost half of the patients in the observation arm
of all three trials did not exhibit a PSA relapse at 5 years despite
having high-risk features (notably, as many as 2/3 had positive
margins), the question of whether to recommend ART or wait for a
detectable PSA before offering early SRT is even more problematic.
However, two published studies (Ost et al., 2011; Trabulsi et al.,
2008) using a matched-controlled design has attempted to com-

Fig. 2. Number needed to treat with adjuvant RT (ART).

Fig. 3. Number needed to treat with salvage RT (SRT).

pare ART vs. SRT. They all recorded a statistically significant benefit
of ART v. SRT in 5 year bRFS ranging from 75 to 84% v. 66–68%
respectively. As stated by King in his editorial, the limit of these
matched-controlled analyses is the difference in patient population
(King, 2012). In fact, when patients are treated with ART the studies
include patients with recurring disease alongside with those who
may  not. To simplify somehow, according to Ost et al. (2011) and
Trabulsi et al. (2008), out of 10 patients with adverse pathological
features after RP undergoing ART, 8 will not experience biochemi-
cal recurrence after a 5-year period, while 2 will (Fig. 2). Similarly,
out of 10 patients with adverse pathological features after RP who
avoid adjuvant RT, according to (Thompson et al., 2009; Bolla et al.,
2012; Wiegel et al., 2013), 5 will not experience recurrence while 5
will. But among the latter 5, two-thirds (3 patients) will eventually
be recovered by SRT (Fig. 3). This would achieve the same results
in fewer patients while reducing the incidence of side effects. A
propensity-matched analysis of 890 patients (Briganti et al., 2012)
suggests that the administration of early salvage RT (with pre-RT
PSA values <0.5 ng/mL) is comparable to adjuvant RT in improv-
ing BCR-free survival in the majority of pT3pN0 prostate cancer
patients. Ongoing randomized trials (TROG RAVES 0803, GETUG-17
and RADICALS) (Trans-Tasman Radiation Oncology Group, 2015;
Richaud et al., 2010; Parker et al., 2007) may  eventually address
whether to decide for ART for locally advanced prostate cancer or
reserve treatment for patients developing biochemical failure only.

2.4. Outcomes

The primary endpoints of interest were biochemical
progression-free survival (two trials) and metastasis-free survival
(one trial). Median patient follow-up is over 10 years.

Apart from postoperative PSA levels prior to study entry, one
further relevant limitation is represented by the difference in the
endpoints used to assess outcomes, which varied considerably
between the three studies. All of them reported data on biochem-
ical progression-free survival and detected statistically significant
reductions in biochemical failure with adjuvant radiotherapy com-
pared to observation. Meta-analysis of these data produced a
pooled HR of 0.47 (95% CI, 0.40 to 0.56; p < 0.00001) (Morgan
et al., 2008). However, the trials assessed, even if not as primary
end-points, more robust endpoints, such as overall survival (OS),
metastasis free survival (MFS) and prostate-cancer specific survival
(PCSS), unfortunately with different results. In the SWOG 8794 trial,
ART was  found to significantly improve overall survival compared
to observation (HR, 0.72; 95% CI, 0.55 to 0.96; p = 0.023), with a
10-year overall survival rate of 74% vs. 66%, although this might
be partially related to imbalanced risk factors due to competing
event risk stratification (Zakeri et al., 2013). In the EORTC 22911
trial, after a median follow up of 10.6 years, neither OS nor PCSS
differed significantly between treatment groups, leading to a 10
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a  b  s  t  r  a  c  t

Objective:  To perform  a critical  review  focusing  on  the  applicability  in  clinical  daily  practice  of  data  from
three  randomized  controlled  trials  (RCTs):  SWOG  8794,  EORTC  22911,  and  ARO/AUO  96-02.
Methods  and materials:  An  analytical  framework,  based  on  the  identified  population,  interventions,  com-
parators, and  outcomes  (PICO)  was used  to refine  the  search  of the  evidence  from  the  three  large
randomized  trials  regarding  the  use of  radiation  therapy  after  prostatectomy  as  adjuvant  therapy  (ART).
Results: With  regard  to the  inclusion  criteria:  (1)  Population:  in  the  time  since  they  were  designed,  in
two  among  three  trial (SWOG  8794  and  EORTC  22911)  patients  had  a  detectable  PSA  at  the  time  of
randomization,  thus  representing  de  facto  a substantial  proportion  of  patients  who  eventually  received
salvage  RT  (SRT)  at non-normalised  PSA  levels  rather  than  ART.  (2)  Interventions:  although  all  the  trials
showed  the benefit  of  postoperative  ART  compared  to  a wait-and-see  approach,  the  dose  herein  employed
would  be  now  considered  inadequate;  (3)  Comparators:  the  comparison  arm  in all  the  3  RCTs  was  an
uncontrolled  observation  arm,  where  patients  who  subsequently  developed  biochemical  failure  were
treated  in various  ways,  with  up  to  half  of  them  receiving  SRT  at PSA  well  above  1  ng/mL,  a  level  that
would  be  now  deemed  inappropriate;  (4)  Outcomes:  only  in  one  trial  (SWOG  8794)  ART  was  found  to
significantly  improve  overall  survival  compared  to observation,  with  a ten-year  overall  survival  rate  of
74% vs.  66%,  although  this  might  be  partly  the  result  of  imbalanced  risk  factors  due  to  competing  event
risk  stratification.
Conclusions:  ART  has  a high  level  of  evidence  due  to  three  RCTs  with  at least  10-year  follow-up  recording
a  benefit  in  biochemical  PFS,  but  its  penetrance  in  present  daily  clinics  should  be  reconsidered.  While
the  benefit  of ART  or  SRT  is  eagerly  expected  from  ongoing  randomized  trials,  a  dynamic  risk-stratified
approach  should  drive  the  decisions  making  process.
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Objective:  To perform  a critical  review  focusing  on  the  applicability  in  clinical  daily  practice  of  data  from
three  randomized  controlled  trials  (RCTs):  SWOG  8794,  EORTC  22911,  and  ARO/AUO  96-02.
Methods  and materials:  An  analytical  framework,  based  on  the identified  population,  interventions,  com-
parators,  and  outcomes  (PICO)  was used  to refine  the  search  of the  evidence  from  the  three  large
randomized  trials  regarding  the  use  of  radiation  therapy  after  prostatectomy  as  adjuvant  therapy  (ART).
Results: With  regard  to the  inclusion  criteria:  (1)  Population:  in  the  time  since  they  were designed,  in
two  among  three  trial (SWOG  8794  and  EORTC  22911)  patients  had  a detectable  PSA  at  the  time  of
randomization,  thus  representing  de  facto  a substantial  proportion  of patients  who  eventually  received
salvage  RT  (SRT)  at non-normalised  PSA  levels  rather  than  ART.  (2)  Interventions:  although  all  the trials
showed  the benefit  of  postoperative  ART  compared  to a wait-and-see  approach,  the  dose  herein  employed
would  be  now  considered  inadequate;  (3) Comparators:  the  comparison  arm  in all  the 3 RCTs  was  an
uncontrolled  observation  arm,  where  patients  who  subsequently  developed  biochemical  failure  were
treated  in various  ways,  with  up  to  half  of  them  receiving  SRT  at  PSA  well  above  1  ng/mL,  a level that
would  be  now  deemed  inappropriate;  (4) Outcomes:  only  in  one  trial  (SWOG  8794)  ART  was  found  to
significantly  improve  overall  survival  compared  to observation,  with  a ten-year  overall  survival  rate  of
74%  vs.  66%,  although  this  might  be  partly  the  result of  imbalanced  risk  factors  due  to  competing  event
risk  stratification.
Conclusions:  ART  has  a high  level  of  evidence  due  to  three  RCTs  with  at  least  10-year  follow-up  recording
a  benefit  in  biochemical  PFS,  but its  penetrance  in  present  daily  clinics  should  be  reconsidered.  While
the  benefit  of ART  or  SRT  is  eagerly  expected  from  ongoing  randomized  trials,  a  dynamic  risk-stratified
approach  should  drive  the  decisions  making  process.

© 2015  Elsevier  Ireland  Ltd.  All  rights  reserved.

∗ Corresponding author at: Radiation Oncology, San Camillo and Forlanini Hospital, Circonvallazione Gianicolense, 87–00152, Rome, Italy. Fax: +39 658704376.
E-mail address: stefano.arcangeli@yahoo.it (S. Arcangeli).

http://dx.doi.org/10.1016/j.critrevonc.2015.09.005
1040-8428/© 2015 Elsevier Ireland Ltd. All rights reserved.

Please cite this article in press as: Arcangeli, S., et al., A cast of shadow on adjuvant radiotherapy for prostate cancer: A critical review
based on a methodological perspective. Crit Rev Oncol/Hematol (2015), http://dx.doi.org/10.1016/j.critrevonc.2015.09.005

ARTICLE IN PRESSG Model
ONCH-2047; No. of Pages 6

S. Arcangeli et al. / Critical Reviews in Oncology/Hematology xxx (2015) xxx–xxx 3

Fig. 1. PSA b-RFS as a function of the delivered dose. Each symbol represents an
individual published series of postoperative RT. The data suggest that there is
approximately a 2.5% improvement in b-RFS for each additional Gy with postop-
erative RT.

ative RT within the 60–70-Gy range, with an approximately 2.5%
improvement in 5-year bRFS for each additional Gy delivered, thus
closely resembling the dose–response curve known for primary
prostate RT (Fig. 1).

2.3. Comparators

The control arm consisted inobservation with therapies
(including radiotherapy, androgen deprivation therapy, and other
therapies) held in reserve for salvage.

Although the three RCTs investigated the role of adjuvant RT,
they failed to solve the crucial dilemma of whether to defer treat-
ment only for solely recurring patients, simply because they were
not designed to address this question. Conversely, from a clini-
cal perspective, the implications are relevant because they help to
prevent overtreatment and, accordingly, the burden of care associ-
ated with potential treatment-related side effects. The comparison
arm in all the 3 RCTs trials was an uncontrolled observation arm,
where patients subsequently developing biochemical failure were
treated with several options, with up to half of them receiving
SRT at PSA consistently higher than 1 ng/mL, a level that nowadays
would be considered inappropriate. Indeed, retrospective studies
have shown that a significant proportion of patients who develop
biochemical failure can be subsequently cured (Pfister et al., 2014)
if salvage radiotherapy is administered on a timely basis (with pre-
RT PSA values <0.5 ng/mL). Despite the non-negligible difference in
terms of inclusion criteria among patients enrolled in the three tri-
als, interestingly the 5-year biochemical failure rates were nearly
equivalent: 28% (ARO 96–02); 23% (EORTC 22911); 30% (SWOG
8794), respectively. This was unexpected considering that roughly
one third of patients in the EORTC (Bolla et al., 2012) and SWOG
(Thompson et al., 2009) trials had a detectable PSA at enrollment,
thus identifying a patient subset with an extremely high risk of
developing recurrence, metastasis, and cancer-related death. It is
likely that, within a sharp range, postoperative RT can be success-
fully carried out whether PSA is undetectable or barely detectable,
indirectly confirming the data by Pfister et al. (2014). Along with
the evidence that almost half of the patients in the observation arm
of all three trials did not exhibit a PSA relapse at 5 years despite
having high-risk features (notably, as many as 2/3 had positive
margins), the question of whether to recommend ART or wait for a
detectable PSA before offering early SRT is even more problematic.
However, two published studies (Ost et al., 2011; Trabulsi et al.,
2008) using a matched-controlled design has attempted to com-

Fig. 2. Number needed to treat with adjuvant RT (ART).

Fig. 3. Number needed to treat with salvage RT (SRT).

pare ART vs. SRT. They all recorded a statistically significant benefit
of ART v. SRT in 5 year bRFS ranging from 75 to 84% v. 66–68%
respectively. As stated by King in his editorial, the limit of these
matched-controlled analyses is the difference in patient population
(King, 2012). In fact, when patients are treated with ART the studies
include patients with recurring disease alongside with those who
may  not. To simplify somehow, according to Ost et al. (2011) and
Trabulsi et al. (2008), out of 10 patients with adverse pathological
features after RP undergoing ART, 8 will not experience biochemi-
cal recurrence after a 5-year period, while 2 will (Fig. 2). Similarly,
out of 10 patients with adverse pathological features after RP who
avoid adjuvant RT, according to (Thompson et al., 2009; Bolla et al.,
2012; Wiegel et al., 2013), 5 will not experience recurrence while 5
will. But among the latter 5, two-thirds (3 patients) will eventually
be recovered by SRT (Fig. 3). This would achieve the same results
in fewer patients while reducing the incidence of side effects. A
propensity-matched analysis of 890 patients (Briganti et al., 2012)
suggests that the administration of early salvage RT (with pre-RT
PSA values <0.5 ng/mL) is comparable to adjuvant RT in improv-
ing BCR-free survival in the majority of pT3pN0 prostate cancer
patients. Ongoing randomized trials (TROG RAVES 0803, GETUG-17
and RADICALS) (Trans-Tasman Radiation Oncology Group, 2015;
Richaud et al., 2010; Parker et al., 2007) may  eventually address
whether to decide for ART for locally advanced prostate cancer or
reserve treatment for patients developing biochemical failure only.

2.4. Outcomes

The primary endpoints of interest were biochemical
progression-free survival (two trials) and metastasis-free survival
(one trial). Median patient follow-up is over 10 years.

Apart from postoperative PSA levels prior to study entry, one
further relevant limitation is represented by the difference in the
endpoints used to assess outcomes, which varied considerably
between the three studies. All of them reported data on biochem-
ical progression-free survival and detected statistically significant
reductions in biochemical failure with adjuvant radiotherapy com-
pared to observation. Meta-analysis of these data produced a
pooled HR of 0.47 (95% CI, 0.40 to 0.56; p < 0.00001) (Morgan
et al., 2008). However, the trials assessed, even if not as primary
end-points, more robust endpoints, such as overall survival (OS),
metastasis free survival (MFS) and prostate-cancer specific survival
(PCSS), unfortunately with different results. In the SWOG 8794 trial,
ART was  found to significantly improve overall survival compared
to observation (HR, 0.72; 95% CI, 0.55 to 0.96; p = 0.023), with a
10-year overall survival rate of 74% vs. 66%, although this might
be partially related to imbalanced risk factors due to competing
event risk stratification (Zakeri et al., 2013). In the EORTC 22911
trial, after a median follow up of 10.6 years, neither OS nor PCSS
differed significantly between treatment groups, leading to a 10



Adjuvant vs Salvage RT 

In the process of delivering ART to all patients with high-
risk pathology, we are overtreating many who are cancer-
free, leaving some with unnecessary toxicity, adding cost
without value to health care, and, most importantly, over-
looking the possibility that eSRT may indeed be as effective as
ART. One can debate the issues passionately for or against
ART, but ultimately a definitive answer will hopefully be
given by the 3 ongoing randomized clinical trials comparing
ART versus eSRT: RADICALS,6 GETUG-17,7 and RAVES.8

The patients in these trials will be randomized to either re-
ceive ART, or else observed and to receive eSRT if/when PSA
is !0.1. These trials are summarized in Table 3.

Technical Approaches to
Postop RT (Dose, Fields, ADT)
Dose Response
A dose–response for definitive prostate RT has been proven
by several randomized clinical trials, and dose-escalation to
75.6-80 Gy is now standard of care. The biological interpre-
tation is that prostate cancer cells are intrinsically somewhat
radio-resistant. It is commonly presumed, albeit unproven,
that because tumor burden in the postoperative setting is
microscopic, lower doses are necessary when compared with
what is needed in the definitive setting. However, the ques-
tion of the minimum dose required to eradicate microscopic
disease in the prostate bed (PB) rests on retrospective data. As
the span of doses used in nearly all SRT series is rather nar-
row, this limits the strength of any analysis of dose–response.
A recent systematic review and meta-analysis9 suggests that
there is a dose–response for postop RT within the 60-70-Gy
range that interestingly parallels the dose–response known
for primary prostate RT (Figure 2). With an approximately
2.5% improvement in 5-year bRFS for each additional Gy, a
substantial gain is expected in escalating the dose from the
conservative and conventional dose of 60 Gy to a dose !70
Gy. This means that the current recommended minimum
dose of 64 Gy for SRT by the ASTRO consensus,10 or the dose
used in the 3 ART trials (60-62 Gy), or the dose used in the
ongoing ART versus SRT trials (RADICALS, RAVES, and
GETUG), which are in the range of 64-66 Gy, are all too low.
With careful techniques that include measures to stabilize
rectal distension and constant bladder filling throughout the
course of therapy, such dose escalation should be safe.

The evidence presented here highlights the need for a ran-
domized controlled trial to establish the appropriate dose for
postop RT. Indeed, an analysis of the patterns of failure from
the EORTC and SWOG ART trials demonstrated that treat-
ment failure is predominantly local and that, therefore, an
improvement in local therapy (ie, higher dose) will result in
improved outcomes.3,5

PB Anatomy
Delineation of the PB is more challenging than contouring the
prostate gland, due in part to having deformable organs
within or surrounding the target, and has become critical, given
the increasing trend of using highly conformal intensity-
modulated radiotherapy techniques in the postop setting. The
known anatomical locations of potential recurrences, corre-
sponding to frequent locations of positive margins, are at the
urethral anastomosis near the apex and the posterior bladder
neck near the base. Conventional imaging offers little value,
given that the burden of disease is microscopic, and even

Table 3 Active Randomized Controlled Trials of Adjuvant Versus Early Salvage RT

Trial Name Eligibility Arms RT Dose ADT Endpoint

RADICALS: RT and ADT In Combo After
Local Surgery MRC-UK

No path criteria ART vs eSRT
PSA cutoff 0.1

66 Gy PB or WP ADT: none vs 6 mo vs 2 years
LHRH or bicalutamide,
150 mg

PCSS

RAVES: RT Adj. Vs Early Salvage Trans-
Tasman (TROG)

pT3 or M! ART vs eSRT
PSA cutoff 0.2

64 Gy No ADT bPFS

GETUG-17 French Urology Study Group pT3 or M! ART vs eSRT
PSA cutoff 0.2

64 Gy ADT 6 mo LHRH bPFS

Abbreviations: ADT, androgen deprivation therapy; ART, adjuvant RT; bPFS, biochemical progression-free survival; eSRT, early salvage RT;
LHRH, luteinizing hormone-releasing hormone; PB, prostate bed; PCSS, prostate cancer-specific survival; WP, whole pelvis; PSA,
prostate-specific antigen.
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Figure 2 PSA relapse-free survival as a function of salvage RT dose.
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There is an average 2% improvement in RFS for each additional Gy.
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Predicting the Outcome of Salvage Radiation Therapy for
Recurrent Prostate Cancer After Radical Prostatectomy
Andrew J. Stephenson, Peter T. Scardino, Michael W. Kattan, Thomas M. Pisansky, Kevin M. Slawin,
Eric A. Klein, Mitchell S. Anscher, Jeff M. Michalski, Howard M. Sandler, Daniel W. Lin, Jeffrey D. Forman,
Michael J. Zelefsky, Larry L. Kestin, Claus G. Roehrborn, Charles N. Catton, Theodore L. DeWeese,
Stanley L. Liauw, Richard K. Valicenti, Deborah A. Kuban, and Alan Pollack

A B S T R A C T

Purpose
An increasing serum prostate-specific antigen (PSA) level is the initial sign of recurrent prostate
cancer among patients treated with radical prostatectomy. Salvage radiation therapy (SRT) may
eradicate locally recurrent cancer, but studies to distinguish local from systemic recurrence lack
adequate sensitivity and specificity. We developed a nomogram to predict the probability of cancer
control at 6 years after SRT for PSA-defined recurrence.

Patients and Methods
Using multivariable Cox regression analysis, we constructed a model to predict the probability of
disease progression after SRT in a multi-institutional cohort of 1,540 patients.

Results
The 6-year progression-free probability was 32% (95% CI, 28% to 35%) overall. Forty-eight
percent (95% CI, 40% to 56%) of patients treated with SRT alone at PSA levels of 0.50 ng/mL or
lower were disease free at 6 years, including 41% (95% CI, 31% to 51%) who also had a PSA
doubling time of 10 months or less or poorly differentiated (Gleason grade 8 to 10) cancer.
Significant variables in the model were PSA level before SRT (P ! .001), prostatectomy Gleason
grade (P ! .001), PSA doubling time (P ! .001), surgical margins (P ! .001), androgen-deprivation
therapy before or during SRT (P ! .001), and lymph node metastasis (P " .019). The resultant
nomogram was internally validated and had a concordance index of 0.69.

Conclusion
Nearly half of patients with recurrent prostate cancer after radical prostatectomy have a long-term
PSA response to SRT when treatment is administered at the earliest sign of recurrence. The
nomogram we developed predicts the outcome of SRT and should prove valuable for medical
decision making for patients with a rising PSA level.

J Clin Oncol 25:2035-2041. © 2007 by American Society of Clinical Oncology

INTRODUCTION

An estimated 25% of patients treated with radical
prostatectomy (RP) for clinically localized prostate
cancer will suffer recurrence of their disease, mani-
fested initially as a rising serum prostate-specific an-
tigen (PSA) level with no radiographic evidence of
cancer.1 In the absence of salvage therapy, the me-
dian time from PSA recurrence to distant metastasis
is 8 years.2

A critical issue in the management of these pa-
tients is determining whether a rising PSA reflects
local or distant recurrence, as the former may poten-
tially be cured by salvage radiation therapy (SRT).
Androgen-deprivation therapy (ADT) appears only
to offer palliation for those patients with recurrent
prostate cancer. For the best chance of success, SRT

to the local tumor bed must be administered when
the cancer burden is lowest; that is, when the serum
PSA first reaches detectable levels.3-15 At these PSA
levels, neither imaging studies nor anastomotic bi-
opsy are sufficiently sensitive or specific enough to
distinguish those with local recurrence who are suit-
able for SRT from those with disseminated disease
who require systemic therapy.16-19 As a consequence,
the reported success rate of SRT after RP has been
poor, ranging from 10% to 40%.4,7,8,12,13,15,20,21

PSA recurrence associated with a rapidly rising
PSA (quantified by a short PSA doubling time
[PSADT]), poorly differentiated cancer (Gleason
grade 8 to 10), and a short disease-free interval after
RP identifies patients at the highest risk for progres-
sion to distant metastasis and cancer-specific mor-
tality who are in the greatest need of effective salvage
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Insurance Portability and Accountability Act guidelines and received institu-
tional review board approval from all participating institutions.

RESULTS

Overall, 866 patients experienced disease progression after SRT,
and the 6-year progression-free probability was 32% (95% CI, 28%
to 35%; Fig 1A). However, an estimated 48% (95% CI, 40% to 56%)
who received SRT alone without ADT when the PSA was 0.50 ng/mL
or less were disease free at 6 years compared with 40% (95% CI, 34% to
46%), 28% (95% CI, 20% to 35%), and 18% (95%, 14% to 22%) of
those treated at PSA levels of 0.51 to 1.00, 1.01 to 1.50, and greater than
1.50 ng/mL, respectively (Fig 1B). The 6-year response to SRT among
patients treated at PSA levels of 0.50 ng/mL or less appears to be
durable because only two progression events were observed after
6 years among 32 patients at risk at 6 years (median follow-up,
90 months).

Sufficient data to evaluate the PSA response to SRT was available
for 1,491 patients (97%). A PSA nadir after radiotherapy of 0.10
ng/mL or less was achieved in 905 patients (59%), including 726
(55%) of 1,326 patients who did not receive ADT.

We previously reported favorable 4-year response rates after SRT
alone in 356 patients with a short PSADT and Gleason grade 8 to 10
cancer.13 In this larger cohort with longer follow-up, the 4-year
progression-free probability estimates after SRT alone stratified by
PSA before SRT (cut point, 2.0 ng/mL), Gleason grade 7 or less surgi-
cal versus 8 to 10, surgical margins, and PSADT (cut point, 10 months)
were generally within 10% of those previously reported, validating the
favorable intermediate prognosis in select high-risk patients (Fig 2).
When SRT was administered at PSA levels of 0.50 ng/mL or less, an
estimated 41% (95% CI, 31% to 51%) of patients with a PSADT of 10
months or less or Gleason grade 8 to 10 cancer were disease free at 6
years, including 48% (95% CI, 35% to 62%) who also had positive
surgical margins.

A nomogram predicting the 6-year progression-free probability
after SRT was constructed from 11 parameters determined before
treatment (Fig 3A). Statistically significant variables in the model were
PSA level before SRT (P ! .001), prostatectomy Gleason grade
(P ! .001), PSADT (P ! .001), surgical margins (P ! .001), ADT
administered before or during SRT (P ! .001), and lymph node
metastasis (P " .019). Statistically insignificant variables were not
omitted from the model because of the resultant bias on the remaining
predictors and subsequent deleterious effect on predictive accuracy.
The predictive accuracy as measured by the c-index was 0.69 in inter-
nal validation. The nomogram was well calibrated, and there was good
correlation between predicted and observed outcome across the spec-
trum of predictions (Fig 3B).

The ability of the nomogram to discriminate among patients for
the outcome of SRT was compared with published models (based on
PSADT, disease-free interval, and/or Gleason grade) developed to
predict the probability of metastases2 and of cancer-specific mortali-
ty22,23 for patients with a rising PSA after RP (Table 2). The predictive
accuracy of these models was marginally better than that expected by
chance (c-index, 0.56 to 0.60) in our cohort, and substantially inferior
to the nomogram. The c-index of PSA before SRT as a single param-
eter was 0.61.

DISCUSSION

Patients with a rising PSA after RP have a 60% probability of develop-
ing distant metastasis and a 20% probability of dying as a result of
prostate cancer within 10 years.1,2 For those with poorly differentiated
cancer and a short PSADT, the median metastasis-free and cancer-
specific survival is 3 and 5 years, respectively.2,23 A critical issue in the
management of these patients is determining whether a rising PSA
results from local or distant recurrence, because the former may po-
tentially be cured with SRT. Up to 50% of patients with PSA recur-
rence may initially have local or regional disease, and thereby benefit
from SRT,28 but current diagnostic modalities have proven inade-
quate for selecting patients. To address this issue, we developed a
nomogram to predict the 6-year progression-free probability after
SRT. Nomograms predicting the outcome of definitive local therapy
for prostate cancer are the most widely used disease-specific pre-
diction tools in oncology.32-35 This nomogram is the first model to
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flip (0.5); previous prostate cancer nomograms for RP and external-
beam radiotherapy had c-indices near 0.75.32,33,42,43 As a retrospective,
multi-institutional cohort of patients whose disease was managed over
an 18-year time period, this may be attributable to variations among
institutions (and over time) in pathologic staging, clinical staging
before SRT, radiation therapy techniques and the use and duration of
ADT, and surveillance protocols regarding the frequency of PSA test-
ing. Despite this limitation, we believe that the nomogram performs
better than any other model or imaging modality for predicting the
outcome of SRT.

Another limitation of the model is the fact that it predicts the
probability of being free of recurrence at 6 years, and some patients
may still experience progressive disease more than 6 years after SRT.
The nomogram also does not provide information on the probability
of developing metastatic disease or dying as a result of prostate cancer
after SRT. The favorable 6-year biochemical disease-free rates ob-
served among patients with a short PSADT and/or poorly differenti-
ated cancer who received SRT at low PSA levels suggests it may delay
or prevent the emergence of metastatic disease, but we do not know
how these patients would have fared without local salvage treatment.
A randomized clinical trial is needed to determine whether SRT pre-
vents clinical progression or improves the survival of patients with a
rising PSA after RP. A randomized trial of adjuvant radiotherapy
versus observation after RP for pathologic stage T3 prostate cancer
showed a 25% relative risk reduction in the rate of distant metastasis at
10 years, but this result was not statistically significant.37

Recently, risk groups predicting the development of metastatic
disease and cancer-specific mortality have been developed for the
post-RP PSA recurrence population.2,22,23 These tools are most help-
ful to estimate the risk a rising PSA poses to a man’s longevity, but they
do not provide information about which treatment should be consid-
ered. Physicians may be influenced by these tools to select patients for
SRT despite the fact that they were not designed to identify local versus
distant disease or the characteristics of patients who will respond
favorably to SRT. The nomogram was substantially better at predict-
ing the outcome of SRT than were these models, which performed
marginally better than that expected by random chance.

A rising PSA alone is not justification for initiating salvage ther-
apy because patients with PSA recurrence are as likely to die as a result
of competing causes as they are of prostate cancer.1 To determine the
need for salvage therapy, we suggest using one of several existing tools
to estimate the probability of developing metastatic disease or cancer-
specific mortality.2,22,23 Patients at high risk of progression to these
clinically significant events and/or a long life expectancy should be
assessed for SRT using our nomogram. We have avoided specifying a
minimum prediction at which SRT should not be considered. We
believe this decision should be made after a discussion between the
patient and his physician focusing on the probabilities of treatment
success, toxicity, and the risk of clinical disease progression if observa-
tion is chosen. Therapeutic options for patients with a low probability
of a durable response to SRT include immediate or deferred ADT or
entry onto clinical trials.

In the setting of primary radiotherapy, dose escalation and com-
bined therapy with ADT have been proven to increase local control,
disease-free survival, and/or overall survival.44-46 No prospective
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Fig 3. (A) Pretreatment nomogram predicting 6-year progression-free probability
after salvage radiotherapy for prostate-specific antigen (PSA) recurrence after
radical prostatectomy. (B) Calibration of the nomogram. Dashed line indicates
reference line where an ideal nomogram would lie. Solid line indicates the
performance of the current nomogram. Dots are quartiles of our data set.
Instructions: Locate the patient’s Gleason score on the respective axis. Draw a
straight line up to the Points axis to determine how many points toward disease
recurrence that the patient receives for his or her Gleason score. Repeat this
process for the other 10 disease and treatment parameters. Sum the points and
locate this number on the Total Points axis. Draw a straight line down to find the
patient’s probability of remaining free of disease progression at 6 years after
salvage radiotherapy, provided the patient does not die of another cause first.

Table 2. Comparison of the Predictive Accuracy of Various Risk Stratification
Models for the Rising PSA State for the Outcome of Salvage Radiotherapy

Model End Point c-Index

Nomogram 6-year PFP after salvage radiotherapy 0.69!

PSA doubling time 0.60
Freedland et al 200523 10-year cancer-specific survival after PSAR 0.59
Pound et al 19992 7-year metastasis-free probability after PSAR 0.56

!Concordance index derived from bootstrap internal validation.
Abbreviations: PSA, prostate-specific antigen; c-index, concordance index;

PFP, progression-free probability; PSAR, postprostatectomy PSA recurrence.
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were to be initiated early (ie, at the earliest time of confirmed
biochemical failure). These 3 adjuvant trials are further dis-
cussed later in the text. While there are 3 open randomized
controlled trials examining the timing of SRT underway,
RADICALS (Radiotherapy and Androgen Deprivation in
Combination After Local Surgery),6 GETUG-17 (Groupe
d’Etude des Tumeurs Uro-Genital),7 and RAVES (Radiother-
apy Adjunct vs. Early Salvage),8 their results are many years
away.

Despite a multitude of retrospective studies and several
randomized clinical trials, there are still many critical ques-
tions that remain incompletely answered: (a) whether ART is
superior to early salvage radiotherapy (eSRT), (b) what the
optimal timing for SRT is, (c) whether there is benefit of
androgen deprivation therapy (ADT) with postop RT, and (d)
what the optimal treatment specifics are (dose and fields).
This review summarizes the evidence to arrive at a systematic
approach.

eSRT as an Optimized Strategy
Timing of Postop RT
Clearly, postop RT can potentially eradicate microscopic re-
sidual disease, and in the setting of ART, it is implied that this
microscopic disease burden is actually present but insuffi-
cient to produce a detectable PSA. Therefore, if one proposes
that ART is superior to SRT, it can only be because it is
preferable to deliver RT at a lower microscopic disease bur-
den. Although this fundamental premise of radiation biology
is certainly reasonable, the next logical question is how much
is actually at stake when this microscopic disease burden is
allowed to increase?

A recent systematic review and meta-analysis of SRT quan-
tified the answer to this question.9 Pooling together all 41
eligible published series spanning the past 2 decades, this
study showed that PSA level before SRT was independently
associated with PSA RFS (P ! 0.000 1), and that there was

"2.6% loss of RFS for each incremental PSA of 0.1 ng/mL
before SRT (Figure 1). A simple radiobiological model based
on Poisson statistics and the assumption that PSA is propor-
tional to disease burden fits the data well. At a PSA of 0.2 or
lower, SRT achieved a 64% rate of RFS at 5 years. Therefore,
when providing SRT, it is desirable to initiate it at the lowest
possible PSA level to achieve the best outcomes.

Thus, for example, the difference between ART (with an
undetectable ultrasensitive PSA !0.01) and eSRT with a
PSA # 0.1 ng/mL would only be "2.5% at best, in favor of
ART. It is evident that there are assumptions underlying these
arguments, and the most meaningful one being whether
high-risk pathology itself is actually more of an indicator of
systemic disease as opposed to local. If so, then examining
ART versus SRT for these high-risk patients becomes moot.
Nevertheless, even high-risk patients can sometimes be suc-
cessfully treated with local therapy. So, even in the best case
scenario, whether one considers these small ("2.5%) differ-
ences in RFS clinically meaningful or relevant is certainly
debatable, but whatever this small gain is needs to be placed
within the context of toxicities, costs, and, most importantly,
the actual likelihood of failure without treatment.

ART Versus eSRT
The principal dilemma after RP remains whether, in the ab-
sence of any measurable disease, ART can or should be safely
deferred until biochemical failure is confirmed.

Although there are 3 similar randomized clinical trials
evaluating ART, the EORTC 22911,3 ARO 9602,4 and SWOG
8794,5 summarized in Table 2, they were not designed to
answer this question because the comparison arm was an
uncontrolled observation arm. Patients in this uncontrolled
observation arm who subsequently demonstrated biochemi-
cal failure were treated in various ways, with up to half re-
ceiving SRT (and if so, at PSA levels that were reported to be

Figure 1 PSA relapse-free survival as a function of PSA level at time of
salvage RT. Each symbol represents an individual published series
of SRT. The dashed curve is a fit to the data with a simple radiobi-
ological model of Poisson statistics tumor control probability and
where PSA is proportional to disease burden, yielding the relation-
ship RFS " e- PSA. The data suggest that there is an average "2.6%
loss of RFS for each incremental 0.1 ng/mL PSA before SRT.

Table 1 Clinical and Pathologic Features Favoring Local Ver-
sus Systemic Disease

Localized Disease
Favored

Systemic Disease
Favored

Margins positive Margins negative
pT2 pT3 (ECE! or SV!)
pGS <7 pGS >8
PSADT >12 mo PSADT <6 mo
Undetectable PSA postop

achieved
Detectable first postop

PSA
No PNI/LVI PNI/LVI
PSA at salvage

RT <1 ng/mL
PSA at salvage

RT >1 ng/mL
Time to detectable PSA

>1 y
Time to detectable PSA

<6 mo

Abbreviations: ECE, extracapsular extension; LVI, lymphovascular
invasion; pGS, pathologic Gleason score; PNI, perineural inva-
sion; PSA, prostate-specific antigen; PSADT, PSA doubling time;
SV, seminal vesicle.
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Fig. 1. PSA b-RFS as a function of the delivered dose. Each symbol represents an
individual published series of postoperative RT. The data suggest that there is
approximately a 2.5% improvement in b-RFS for each additional Gy with postop-
erative RT.

ative RT within the 60–70-Gy range, with an approximately 2.5%
improvement in 5-year bRFS for each additional Gy delivered, thus
closely resembling the dose–response curve known for primary
prostate RT (Fig. 1).

2.3. Comparators

The control arm consisted inobservation with therapies
(including radiotherapy, androgen deprivation therapy, and other
therapies) held in reserve for salvage.

Although the three RCTs investigated the role of adjuvant RT,
they failed to solve the crucial dilemma of whether to defer treat-
ment only for solely recurring patients, simply because they were
not designed to address this question. Conversely, from a clini-
cal perspective, the implications are relevant because they help to
prevent overtreatment and, accordingly, the burden of care associ-
ated with potential treatment-related side effects. The comparison
arm in all the 3 RCTs trials was an uncontrolled observation arm,
where patients subsequently developing biochemical failure were
treated with several options, with up to half of them receiving
SRT at PSA consistently higher than 1 ng/mL, a level that nowadays
would be considered inappropriate. Indeed, retrospective studies
have shown that a significant proportion of patients who develop
biochemical failure can be subsequently cured (Pfister et al., 2014)
if salvage radiotherapy is administered on a timely basis (with pre-
RT PSA values <0.5 ng/mL). Despite the non-negligible difference in
terms of inclusion criteria among patients enrolled in the three tri-
als, interestingly the 5-year biochemical failure rates were nearly
equivalent: 28% (ARO 96–02); 23% (EORTC 22911); 30% (SWOG
8794), respectively. This was unexpected considering that roughly
one third of patients in the EORTC (Bolla et al., 2012) and SWOG
(Thompson et al., 2009) trials had a detectable PSA at enrollment,
thus identifying a patient subset with an extremely high risk of
developing recurrence, metastasis, and cancer-related death. It is
likely that, within a sharp range, postoperative RT can be success-
fully carried out whether PSA is undetectable or barely detectable,
indirectly confirming the data by Pfister et al. (2014). Along with
the evidence that almost half of the patients in the observation arm
of all three trials did not exhibit a PSA relapse at 5 years despite
having high-risk features (notably, as many as 2/3 had positive
margins), the question of whether to recommend ART or wait for a
detectable PSA before offering early SRT is even more problematic.
However, two published studies (Ost et al., 2011; Trabulsi et al.,
2008) using a matched-controlled design has attempted to com-

Fig. 2. Number needed to treat with adjuvant RT (ART).

Fig. 3. Number needed to treat with salvage RT (SRT).

pare ART vs. SRT. They all recorded a statistically significant benefit
of ART v. SRT in 5 year bRFS ranging from 75 to 84% v. 66–68%
respectively. As stated by King in his editorial, the limit of these
matched-controlled analyses is the difference in patient population
(King, 2012). In fact, when patients are treated with ART the studies
include patients with recurring disease alongside with those who
may  not. To simplify somehow, according to Ost et al. (2011) and
Trabulsi et al. (2008), out of 10 patients with adverse pathological
features after RP undergoing ART, 8 will not experience biochemi-
cal recurrence after a 5-year period, while 2 will (Fig. 2). Similarly,
out of 10 patients with adverse pathological features after RP who
avoid adjuvant RT, according to (Thompson et al., 2009; Bolla et al.,
2012; Wiegel et al., 2013), 5 will not experience recurrence while 5
will. But among the latter 5, two-thirds (3 patients) will eventually
be recovered by SRT (Fig. 3). This would achieve the same results
in fewer patients while reducing the incidence of side effects. A
propensity-matched analysis of 890 patients (Briganti et al., 2012)
suggests that the administration of early salvage RT (with pre-RT
PSA values <0.5 ng/mL) is comparable to adjuvant RT in improv-
ing BCR-free survival in the majority of pT3pN0 prostate cancer
patients. Ongoing randomized trials (TROG RAVES 0803, GETUG-17
and RADICALS) (Trans-Tasman Radiation Oncology Group, 2015;
Richaud et al., 2010; Parker et al., 2007) may  eventually address
whether to decide for ART for locally advanced prostate cancer or
reserve treatment for patients developing biochemical failure only.

2.4. Outcomes

The primary endpoints of interest were biochemical
progression-free survival (two trials) and metastasis-free survival
(one trial). Median patient follow-up is over 10 years.

Apart from postoperative PSA levels prior to study entry, one
further relevant limitation is represented by the difference in the
endpoints used to assess outcomes, which varied considerably
between the three studies. All of them reported data on biochem-
ical progression-free survival and detected statistically significant
reductions in biochemical failure with adjuvant radiotherapy com-
pared to observation. Meta-analysis of these data produced a
pooled HR of 0.47 (95% CI, 0.40 to 0.56; p < 0.00001) (Morgan
et al., 2008). However, the trials assessed, even if not as primary
end-points, more robust endpoints, such as overall survival (OS),
metastasis free survival (MFS) and prostate-cancer specific survival
(PCSS), unfortunately with different results. In the SWOG 8794 trial,
ART was  found to significantly improve overall survival compared
to observation (HR, 0.72; 95% CI, 0.55 to 0.96; p = 0.023), with a
10-year overall survival rate of 74% vs. 66%, although this might
be partially related to imbalanced risk factors due to competing
event risk stratification (Zakeri et al., 2013). In the EORTC 22911
trial, after a median follow up of 10.6 years, neither OS nor PCSS
differed significantly between treatment groups, leading to a 10
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NEED FOR HIGH RADIATION DOSE ($70 GY) IN EARLY POSTOPERATIVE
IRRADIATION AFTER RADICAL PROSTATECTOMY: A SINGLE-INSTITUTION

ANALYSIS OF 334 HIGH-RISK, NODE-NEGATIVE PATIENTS

CESARE COZZARINI, M.D.,* FRANCESCO MONTORSI, M.D.,y CLAUDIO FIORINO, PH.D.,z

FILIPPO ALONGI, M.D.,*x ANGELO BOLOGNESI, M.D.,* LUIGI FILIPPO DA POZZO, M.D.,y

GIORGIO GUAZZONI, M.D.,y MASSIMO FRESCHI, M.D.,k MARCO ROSCIGNO, M.D.,y

VINCENZO SCATTONI, M.D.,y PATRIZIO RIGATTI, M.D.,y AND NADIA DI MUZIO, M.D.*

Departments of *Radiotherapy, yUrology, zMedical Physics, and kPathology, Scientific Institute Hospital San Raffaele, Milan, Italy;
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Purpose: To determine the clinical benefit of high-dose early adjuvant radiotherapy (EART) in high-risk prostate
cancer (hrCaP) patients submitted to radical retropubic prostatectomy plus pelvic lymphadenectomy.
Patients and Methods: The clinical outcome of 334 hrCaP (pT3-4 and/or positive resection margins) node-negative
patients submitted to radical retropubic prostatectomy plus pelvic lymphadenectomy before 2004 was analyzed
according to the EART dose delivered to the prostatic bed, <70.2 Gy (lower dose, median 66.6 Gy, n = 153) or
$70.2 Gy (median 70.2 Gy, n = 181).
Results: The two groups were comparable except for a significant difference in terms of median follow-up (10 vs.
7 years, respectively) owing to the gradual increase of EART doses over time. Nevertheless, median time to pros-
tate-specific antigen (PSA) failure was almost identical, 38 and 36 months, respectively. At univariate analysis,
both 5-year biochemical relapse-free survival (bRFS) and disease-free survival (DFS) were significantly higher
(83% vs. 71% [p = 0.001] and 94% vs. 88% [p = 0.005], respectively) in the HD group. Multivariate analysis con-
firmed EART dose $70 Gy to be independently related to both bRFS (hazard ratio 2.5, p = 0.04) and DFS (haz-
ard ratio 3.6, p = 0.004). Similar results were obtained after the exclusion of patients receiving any androgen
deprivation. After grouping the hormone-naı̈ve patients by postoperative PSA level the statistically significant
impact of high-dose EART on both 5-year bRFS and DFS was maintained only for those with undetectable
values, possibly owing to micrometastatic disease outside the irradiated area in case of detectable postoperative
PSA values.
Conclusion: This series provides strong support for the use of EART doses $70 Gy after radical retropubic pros-
tatectomy in hrCaP patients with undetectable postoperative PSA levels. ! 2009 Elsevier Inc.

Prostatic neoplasms, Prostatectomy, Radiotherapy, Adjuvant, Dose.

INTRODUCTION

Several retrospective (1–7) and two large prospective studies
(8, 9) have clarified the role of early adjuvant radiotherapy
(EART) in reducing the risk of recurrence after radical retro-
pubic prostatectomy (RRP) in patients with high-risk carci-
noma of the prostate (hrCaP), as defined by the evidence of
extracapsular tumor extension, surgical margin infiltration,
or seminal vesicle involvement.

More recently it emerged that the risk of failure in hrCaP
patients not undergoing EART after RRP is predominantly
local, with a surprisingly low incidence of distant failures
(10). This awareness raises the important issue of the optimal
dose of EART, which remains to be clarified.

Assuming that the residual tumor burden after prostatec-

tomy would be many logarithms smaller than in the case of

radical irradiation for which, on the contrary, a clear dose–re-

sponse effect was demonstrated (11, 12), the dose of RT used

in the postoperative setting is generally 20–25% lower (ap-

proximately 60 Gy vs. 76–80 Gy) than that commonly used

in the case of radical irradiation.
Accordingly, the doses of irradiation adopted in the two

large randomized trials by the Southwest Oncology Group

(SWOG) and the European Organization for Research and

Treatment of Cancer (EORTC), investigating the role of

EART after RRP, ranged between 60 and 64 Gy. Only

a few retrospective, small-sized series have dealt with issue
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of hormone-naı̈ve patients with positive margins (n = 98;
5-year bRFS 96% vs. 81%, p = 0.04) but not in those with neg-
ative margins (n = 64; 5-year bRFS 86% vs. 82%, p = 0.32).

It could have been expected that RT technique would influ-
ence clinical outcome, either through a better individuation of
the tumor target (3D-CRT superior to the nonconformal ap-
proach) or, on the other hand, owing to the risk of geographic
miss produced by an excess of conformality (3D-CRT infe-
rior to nonconformal). Conversely, Kaplan-Meier analysis
did not demonstrate any significant difference in terms of
5-year bRFS (78% vs. 76%, p = 0.67) and DFS (92% vs.
91%, p = 0.48) between those receiving nonconformal RT
and 3D-CRT, respectively. Similarly, despite a time span
of 10 years, no correlation between year of treatment and
risk of biochemical or clinical failure emerged at univariate
(Table 2) or at multivariate analyses (data not shown).

Finally, despite a statistically significant difference in
terms of time to RT (from RRP to the beginning of EART,
3.6 vs. 2.6 months, p = 0.0006, for the HD and LD groups,
respectively), this variable did not emerge as a covariate
independently predictive of clinical outcome (Table 2).

The lack of correlation between RT technique, year of treat-
ment, time to irradiation, and clinical outcome was also con-
firmed in the subgroups of AAD-naı̈ve and hormone-naı̈ve
patients (Table 2).

Treatment toxicity
Treatment toxicities were scored according to the Radia-

tion Therapy Oncology Group radiation morbidity scoring
scales (21). The risk of acute Grade 2 genitourinary (GU) tox-
icity was comparable between the LD and HD groups (10.5%

vs. 11.5%), as was the crude incidence of acute Grade 3 GU
events (4% vs. 2%). Similarly, the gastrointestinal (GI) acute
toxicity profile was superimposable, with 17.5% and 14% of
patients in the LD and HD groups, respectively, complaining
of Grade 2 to 3 (mainly Grade 2) acute GI toxicity.

Comparably to acute toxicity, the risk of late GU sequelae
was also similar between the two groups, with an identical
(6%) crude incidence of Grade 2 sequelae, and only a slight,
and not statistically significant, increase (8.5% vs. 5.5%, p =
0.28, c2 test) of the risk of late Grade 3 sequelae recorded in
the LD group.

On the other hand, and apparently owing to the signifi-
cantly higher number of patients treated with a 3D-CRT ap-
proach, the risk of late Grade 2 to 3 GI sequelae was found to
be significantly reduced (3.5% vs. 14%, p = 0.0006, c2 test)
in the HD group, despite the higher radiation doses delivered.

DISCUSSION

To the best of our knowledge, this is the largest series of
node-negative hrCaP patients receiving overall HD (median
dose 70.2 Gy) EART after radical prostatectomy.

Very few retrospective and small-sized series have dealt
with the issue of the role of the dose of EART (13, 14, 22)
after RRP. Valicenti et al. (13) showed that EART doses
>61.2 Gy improved biochemical control when compared
with lower doses, but the follow-up and sample size were
limited.

A recent subset analysis of SWOG study 8794 demon-
strated that the pattern of failure in hrCaP patients not submit-
ted to EART after RRP is predominantly local (10);

Table 3. Multivariate analysis for bRFS and DFS in the whole group

Variable Comparison Hazard ratio 95% CI p

bRFS
Neoadjuvant AD (mo) Continuous variable 1.09 0.99–1.20 0.08
Initial PSA Continuous variable 1.00 0.99–1.01 0.60
Pathologic stage pT2 vs. pT3a vs. pT3b vs. pT4 1.30 0.92–1.83 0.13
Gleason score Continuous variable 1.48 1.20–1.82 0.0002*
Postoperative PSA Continuous variable 1.19 1.06–1.35 0.003*
Surgical margins status Negative vs. positive 1.17 0.67–2.05 0.57
EART dose $70 Gy vs. <70 Gy 2.51 1.54–4.88 0.04*
EART dose Continuous variable 0.93 0.88–0.98 0.002*
Adjuvant AD (months) Continuous variable 0.99 0.97–1.01 0.50
Adjuvant AD No vs. yes 0.76 0.38–1.52 0.44

DFS
Neoadjuvant AD (mo) Continuous variable 1.06 0.92–1.22 0.36
Initial PSA Continuous variable 1.00 0.99–1.02 0.39
Pathologic stage pT2 vs. pT3a vs. pT3b vs. pT4 1.16 0.72–1.88 0.52
Gleason score Continuous variable 1.63 1.24–2.15 0.0005*
Postoperative PSA Continuous variable 1.27 1.09–1.47 0.002*
Surgical margins status Negative vs. positive 0.54 0.25–1.14 0.11
EART dose $70 Gy vs. <70 Gy 3.56 1.49–8.46 0.004*
EART dose Continuous variable 0.91 0.85–0.98 0.02*
Adjuvant AD (months) Continuous variable 1.06 0.92–1.22 0.36
Adjuvant AD No vs. yes 0.59 0.20–1.74 0.34

Abbreviations: bRFS = biochemical relapse-free survival; DFS = disease-free survival; CI = confidence interval. Other abbreviations as in
Tables 1 and 2.

* p < 0.05.
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Summary

In this article, the authors
analyze the feasibility of
high-dose radiation therapy
up to 80 Gy in patients with
biochemical relapse after
radical prostatectomy. They
identify by dynamic 18F-
choline PET/CT a biological
volume as a boost volume up
to 80 Gy. This approach
seems tolerated, with a low
rate of toxicity, and at early
follow-up seems feasible in
this cohort.

Purpose: To retrospectively review data of a cohort of patients with biochemical pro-
gression after radical prostatectomy, treated according to a uniform institutional treat-
ment policy, to evaluate toxicity and feasibility of high-dose salvage radiation therapy
(80 Gy).
Methods and Materials: Data on 60 patients with biochemical progression after
radical prostatectomy between January 2009 and September 2011 were reviewed.
The median value of prostate-specific antigen before radiation therapy was 0.9 ng/mL.
All patients at time of diagnosis of biochemical recurrence underwent dynamic 18F-
choline positron emission tomography/computed tomography (PET/CT), which
revealed in all cases a local recurrence. High-dose salvage radiation therapy was deliv-
ered up to total dose of 80 Gy to 18F-choline PET/CT-positive area. Toxicity was re-
corded according to the Common Terminology Criteria for Adverse Events, version
3.0, scale.
Results: Treatment was generally well tolerated: 54 patients (90%) completed salvage
radiation therapy without any interruption. Gastrointestinal grade !2 acute toxicity
was recorded in 6 patients (10%), whereas no patient experienced a grade !2 genito-
urinary toxicity. No grade 4 acute toxicity events were recorded. Only 1 patient (1.7%)

Reprint requests to: Rolando M. D’Angelillo, MD, Radiation
Oncology, Campus Bio-Medico University, Via Álvaro del Portillo 21,
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Our experience in salvage RT

High dose RT driven by 
modern imaging
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only (30%); among them 11 patients received SRT with a
PSA value between 0.2 and 0.3 ng/mL.

Moreover, in 6 patients (10%) a single positive lymph
node was also observed (median PSA in this subgroup was
0.52 ng/mL). All patients received a boost dose to positive
node up to 76-80 Gy with IMRT or stereotactic treatment.
In these highly selected patients, nodal disease was far from
the bowel, so the bowel constraint was respected (DMax
<50 Gy).

Nineteen patients (31.7%) received ADT before SRT.
Among them, 5 patients (8.3%) with castration-resistant
disease were also treated. These patients underwent surgery
followed by ADT alone and were referred to our center
with a rising PSA despite ADT and had a dynamic

18F-choline PET/CT scan positive for local recurrence only,
without any nodal or distant metastases.

Salvage radiation therapy was administered in all pa-
tients up to total dose of 80 Gy to local recurrence. All but
12 (20%) received lymph node irradiation; in these 12 cases
the evidence of diverticular disease was judged as a
contraindication to pelvic irradiation. Treatment was well
tolerated; 54 patients (90%) completed the SRTwithout any
interruption (Table 2). No grade 4 GI or GU toxicity was
observed.

The causes of treatment interruptions in 6 patients
were as follows: 3 patients experienced a grade 2 proctitis
that disappeared with adequate therapy within 3 days;
3 patients experienced a grade 3 proctitis with rectal
bleeding, which needed a treatment interruption for more
than 7 days (7, 8, and 14 days, respectively); in 1 of these
cases the patient was taking anticoagulant therapy,
whereas the other 2 cases were complicated by the
presence of acute inflammation of hemorrhoids (1 patient)
and anal fissures. The symptoms were relieved with
adequate therapy, and patients completed RT without
further interruption.

Late toxicity was also mild. In only 1 case was persistent
grade 2 GI toxicity observed.

Althought response to SRT is not the main objective of
this analysis, we report preliminary results in the following
lines.

Of the 60 patients treated, 19 received ADT before SRT,
and 5 of them presented androgen-independent disease.
Thus, 46 patients, 5 with castration-resistant disease plus 41
not submitted to ADT, could be evaluated.

Among them, 3 patients (6.5%) experienced early
biochemical progression within 2 months after SRT
completion. Their characteristics are summarized in
Table 3 (patients 17, 40, and 54), and none of these 3 pa-
tients had nodal disease at time of SRT.

With a mean follow-up of 31.2 months, 46 patients
were free of recurrence without any ADT, whereas 14
patients (23.3%) experienced a biochemical progression.
All cases are summarized in Table 3. Pretreatment PET/
CT revealed local disease in all patients, whereas at
progression PET/CT was positive as local disease in 4
patients, nodal disease in 1 patient (para-aortic node), and
metastatic disease in 2 (1 bone and 1 lung progression). In

Table 1 Patient characteristics (NZ60 patients)

Age at salvage radiation therapy (y),
median (range)

69 (48-81)

PSA before RP (ng/mL)
!10 26 (43.3)
11-20 13 (21.7)
>20 9 (15)
Not available 12 (20)

Pathologic Gleason score
!6 17 (28.3)
7 32 (53.3)
"8 11 (18.4)

Extracapsular extension
Positive 26 (43.3)
Negative 34 (56.7)

Seminal vesicle involvement
Positive 14 (23.3)
Negative 46 (76.7)

Tumor stage
pT2 34 (56.7)
>pT2 26 (43.3)

Surgical margin
Positive 16 (26.7)
Negative 44 (73.3)

PSA before SRT (ng/mL)
0.2-0.5 18 (30)
0.5-1.5 23 (38.3)
>1.5 19 (31.7)
Median 0.9
Range 0.2-11.7

Androgen deprivation therapy
Not administered 41 (68.3)
Administered 19 (31.7)

Hormono-sensitive disease
Yes 55 (91.7)
No (castration-resistant) 5 (8.3)

Time interval RP to SRT (mo)
!24 20 (33.3)
>24 40 (66.7)
Median 46.6
Range 9.4-182.7

Abbreviations: PSA Z prostatic-specific antigen; RP Z radical
prostatectomy; SRT Z salvage radiation therapy.
Values are number (percentage) unless otherwise noted.

Table 2 Radiation-related toxicity according to Common
Terminology Criteria for Adverse Events, version 3.0 (19)
(NZ60 patients)

Type of toxicity Grade 0 Grade 1 Grade 2 Grade 3

Acute toxicity
Gastrointestinal 35 (58.3) 19 (31.7) 3 (5) 3 (5)
Genitourinary 47 (78.3) 13 (21.7) 0 0

Late toxicity
Gastrointestinal 49 (81.6) 10 (16.7) 1 (1.7) 0
Genitourinary 54 (90) 6 (10) 0 0

Values are number (percentage).
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7 cases PSA progression was registered with a negative
PET/CT scan. Finally, the 3-year bPFS rate was 72.5%
(Fig. 1).

Discussion

Our study of 60 patients with biochemical recurrence after
RP confirmed the possibility of delivering a functional
imaging-guided treatment with boost to up to 80 Gy. In
these patients, 18F-choline PET/CT recorded a local
recurrence, with 5 patients also recording nodal disease.
Increasing total dose up to 80 Gy in this area did not
translate into higher toxicity: GI grade !2 acute toxicity
was recorded in 6 patients (10%), whereas no patient
experienced a grade !2 GU toxicity. Moreover, only 1
patient experienced late toxicity as a persistent grade 2 GI
event.

Currently SRT is the standard treatment in patients
with biochemical recurrence after RP. Its volume includes
the prostatic fossa up to a total dose of 64-66 Gy with
standard fractionation. With this treatment the biochem-
ical relapse rate is 20% at 1 year, 39% at 3 years, and
50% at 5 years (10). The strategies proposed to improve
these results include early salvage therapy and dose
escalation (11).

In their analysis, Ohri et al (11) performed a review of a
published series on SRT and concluded that increasing SRT
doses produces more severe late GI and GU toxicity rates.
Thus, they suggest the improvement of the therapeutic ratio
of SRT by initiating treatment at low PSA levels.

This approach has been confirmed in a recent study (8),
in which the proposed cutoff of PSA value before SRT
is "0.28 ng/mL, with a significant impact on biochemical
no evidence of disease.

In our series, however, <20% of patients referred to SRT
with a PSA value between 0.2 and 0.3 ng/mL. This late
referral pattern demonstrates the difficulty in treating pa-
tients with low PSA value as proposed by Stephenson et al
(7), Siegmann et al (8), and Ohri et al (11).

Alternatively, Bernard et al (10) and Goeka al (18)
recorded better results in terms of biochemical and local
failure in patients who underwent high-dose SRT
(>66.6 Gy and 70 Gy, respectively). Moreover, Bernard
et al (10) recorded a linear trend between dose and
biochemical failure, with decreasing risk of failure when
the higher dose was applied (relative risk, 0.77 [5.0-Gy
increase]).

In our patients, despite high-dose SRT, acute toxicity
was low compared with other series (7, 12); acute grade 3

Table 3 Biochemical recurrence after radiation therapy: Patients’ characteristics (nZ14 patients)

Patient no. Age (y) PSA before RP (ng/mL) GS pT Surgical margin ADT CRD Pre-SRT PSA (ng/mL) bPFS (mo)

9 69 9 4 þ 3 2 0 No No 4.4 37.4
16 63 N/A 4 þ 4 3b 1 Yes No 6.44 42.3
17 78 N/A 3 þ 4 3a 0 No No 8.24 2.4
20 72 1.98 4 þ 5 3b 1 Yes No 0.2 27.1
24 70 N/A 4 þ 3 3a 0 Yes No 7.68 27.6
26 70 N/A 3 þ 4 3a 0 Yes No 7.1 19.4
32 66 7 4 þ 4 2c 0 Yes No 0.2 10.8
40 80 19.7 2 þ 2 3b 0 Yes Yes 2.6 2.1
45 62 5 3 þ 4 3a 0 No No 0.36 7.1
47 71 4.3 3 þ 5 2 0 No No 0.55 17.6
48 65 6 3 þ 4 3b 1 No No 1.32 9.7
51 51 N/A 4 þ 3 2 1 No No 1.73 9.9
54 60 24.6 4 þ 5 3b 1 No No 0.55 1.6
56 68 11 3 þ 4 2 0 No No 1.59 13.8

Abbreviations: ADT Z androgen deprivation therapy; bPFS Z biochemical progression-free survival; CRD Z castration-resistant disease at time of
salvage radiation therapy; GS Z Gleason score. Other abbreviations as in Table 1.
Surgical margin: 0, negative; 1, positive.

Fig. 1. Biochemical progression-free survival (in
months).

D’Angelillo et al. International Journal of Radiation Oncology $ Biology $ Physics300

b-RFS= 72.5% 

80 Gy  
 

Median PSA before SRT 0.9 ng/mL  
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Corbin, PRO 2013 

Toxicity (Symptom Scores) 
• Post-op IMRT does not clearly worsen continence 

Corbin, 
PRO 
ϮϬϭϯ 

Salvage RT: Toxicity 

Post-op IMRT does not clearly worsen continence  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

XXV Congresso Nazionale AIRO 

Toxicity (Symptom Scores) 
• Patient reported QOL shows stability at 4 years 

Melotek, submitted 

Patient reported QOL shows stability at 4 years  
 

Melotek, PLoS One 2015 
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Salvage RT: Volumes 

Wiltshire, IJROBP 2007  

RTOG guidelines are online for prostate bed and pelvic LNs  
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Salvage RT: Volumes RT volume 

– Certain subsets may benefit from pelvic nodal RT 
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RT volume 

– Certain subsets may benefit from pelvic nodal RT 
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Salvage RT ± ADT 

state-of-the-art biological imaging such as C11 acetate
PET/CT scans have a threshold of detectability of PSA !2.

The boundaries for the planning target volume (PTV)
should be: abutting the proximal penile bulb inferiorly, in-
clusive of seminal vesicle remnants superiorly, hugging the
symphysis anteriorly, encroaching into the levator ani and
obturator internus muscles laterally, and inclusive of the an-
terior rectal wall posteriorly. Finally, a generous inclusion
within the PTV of regions with demonstrated pathologically
involved margins should be made. The Radiotherapy Oncol-
ogy Group (RTOG) has published consensus guidelines for
the definition of the clinical target volume in the postopera-
tive setting, which include a corresponding online computed
tomography (CT) atlas.11

Key to accurate anatomical targeting is a stable internal
anatomy, and although there is no perfect setup, this can be
optimized with instructions for a reproducibly comfortably
full bladder (to expand as much normal bladder wall away
from the PTV) and instructions for a diet to minimize rectal
gas. The use of frequent cone-beam CT, if available, can help
verify stable internal anatomy and feedback instructions to
the patient, if necessary. The use of retrograde urethrogram at
simulation should be discouraged because of the anatomical
distortion that will not be present during treatments. The use
of a rectal balloon may provide a means of maintaining re-
producible anatomy but is inherently cumbersome. The use
of adaptive RT techniques may overcome all of these chal-
lenges but is currently only under development.

PB Versus Pelvic Nodes
The value of treating pelvic nodes for any prostate cancer
patient is the subject of passionate debate for many. Cer-
tainly, in the definitive setting, randomized trials have failed
to convincingly provide a clear answer. The results of RTOG
94-1312 were so inconclusive that even the principal investi-
gators are planning for another RTOG trial comparing pros-
tate only versus prostate " pelvic node RT. The negative
results of GETUG-01, however, comparing prostate versus
whole pelvic RT, do not provide much encouragement for
any measurable benefit.13 Logically, extrapolating the results
from the definitive setting to the postop setting, the current
evidence offers little reason to expect any benefit from pelvic
nodal RT. Nevertheless, several positive retrospective series
exist that have led to the clinical trial RTOG 05-34 comparing
PB versus PB " pelvic nodes (Table 4). For example, in a
study from Stanford of patients receiving postop RT, an ap-

proximately 25% improvement in 5-year bRFS (P # 0.008)
was observed for high-risk patients who received whole pel-
vic RT as compared with those treated to PB only.14 Further-
more, this benefit was present only among patients who re-
ceived concurrent ADT as well, a provocative result
somewhat analogous to the effect seen in RTOG 94-13.

Use of Concurrent ADT
As with the definitive RT setting, ADT may interact with
postop RT in a biologically advantageous way that is not yet
fully understood. The potential additive or synergistic role
that concurrent ADT may have in the setting of postop RT has
recently been suggested by several retrospective studies. For
example, in a study of patients receiving SRT where nearly
half received pelvic nodal RT as well, King et al15 have shown
that the addition of a 4-month course of neoadjuvant and
concurrent total androgen blockade was an independent fac-
tor conferring a bRFS advantage as compared with RT alone
(5-year bNED 57% vs 31%, multivariate P # 0.002). In an-
other study of patients receiving !69 Gy ART to the PB only,
Ost et al16 showed an improved bRFS for those getting con-
current luteinizing hormone-releasing hormone (hazard ra-
tio: 0.4, P # 0.02). Indeed, the initial results from RTOG
96-0117 suggest a positive effect. In that study, men with
elevated PSA after RP received 64.8 Gy to the PB $ 2 years of
bicalutamide (150 mg/d). An improvement in freedom from
PSA progression from 40% to 57% at 7 years was seen with
the addition of bicalutamide.

The definitive answer to these questions will hopefully be
provided by 4 open randomized clinical trials, GETUG-16,
RTOG 96-01, and RTOG 05-34, listed in Table 4, as well as
the RADICALS trial. Any benefits will of course need to be
balanced with the known morbidities associated with ADT.

Toxicity of Postop RT
Although it is reassuring that postop RT can be delivered
safely, it does come at the cost of some morbidity. The 3
adjuvant trials were not designed to compare the toxicity
between ART versus observation, or even between ART ver-
sus SRT, and one should be mindful that up to half of the
patients in the observation arm did receive SRT at some later
time. The toxicities reported for these trials are summarized
in Table 2. No late grade 4 toxicities were observed among
patients receiving ART. As expected, worse toxicities were

Table 4 Active Randomized Controlled Trials of Salvage RT ! ADT

Trial Name Eligibility Arms RT Dose ADT End Point

GETUG-16 pT2-4
PSA up to 20

RT alone vs RT w/ADT 66 Gy ADT 6 mo LHRH bPFS

RTOG 96-01 pT3 or M"
PSA >0.2 up to 4.0

RT alone vs RT w/ADT 64.8 Gy to PB ADT 2 y bicalutamide 150 mg OS

RTOG 05-34 pT3 or M"
PSA 0.1-2.0

RT to PB ! ADT vs RT
to WP w/ADT

64.8-70.2 Gy to PB,
45 Gy to WP

ADT 4-6 mo LHRH and bicalutamide bPFS

Abbreviations: ADT, androgen deprivation therapy; bPFS, biochemical progression-free survival; LHRH, luteinizing hormone-releasing hormone;
OS, overall survival; PB, prostate bed; WP, whole pelvis; PSA, prostate-specific antigen.

Adjuvant vs salvage RT 219

Is it practice changing? 
 



GETUG-AFU 16 trial  
– 742 N0 pts with PSA-relapse randomised to RT alone vs RT + short-term ADT 
• RT 66 Gy prostate bed  ± 46 Gy pelvis 
• Median follow-up 63 months  
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RT  
(N=373) 

RT + ADT 
(N=369) 

HR 95% CI P 

5-yr PFS 62% 80% 0.50 0.38-0.66 <0.0001 

5-yr OS 95% 96% 0.66 0.36-1.22 0.18 

• QoL outcomes by QLQ-C30 RT RT + ADT 
Worsened 26% 35% 
Stable 56% 48% 
Improved 19% 17% 

Carrie C. J Clin Oncol 2015 
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RTOG 9601 trial 
– 761 N0 pts with elevated postop PSA (median PSA at study entry: 0.6 ng/ml)   
   randomised to RT or RT + ADT (24 mo bicalutamide 150 mg) 
• RT 64.8 Gy to prostate bed 
• Median follow-up 12.6 yr 
 

RT  
(N = 377) 

RT + ADT  
(N = 384) 

P 

12-yr CSM 7.5% 2.3% < 0.001 
12-yr DM 23% 14% <0.001 
10-yr FFP 30% 42% <0.001 
Gynaecomastia 11% 70% 
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HR: 0.75; 95%CI: 0.58-0.98 
P=0.036 



XXV Congresso Nazionale AIRO 

IMAGING for BF Salvage RT: imaging 
Recommended? Comment  

Ultrasound and 
biopsy 

No Moderate sensitivity only; only 
evaluates prostate bed 

CT abdomen/pelvis No Low sensitivity with low PSA 

Bone scan If PSA >10, PSADT<6 
mo, velocity >0.5 
ng/mL/mo; or sx 

Low sensitivity with low PSA; 
indeterminate findings possible 

Z/^�;Ğ͘Ő͘�Prostascint) Not routinely Accuracy questionable; does not 
predict better salvage RT response 

W�d�;�ϭϭ͕�&ϭϴͿ Not routinely Accuracy ůŽǁ�ĨŽƌ�W^��фϮ 

MRI (Endorectal, 
���͕��t/Ϳ 

Consider, especially 
for pT3 and positive 
margins 

Most favorable sensitivity and 
specificity (Lymphotropic 
nanoparticles not approved) 

Adapted from: Beresford, Clin Onc ϮϬϭϬ 
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22-gene classifier for 
distant metastasis after 
RP  
(RNA micro dissection)  

Karnes J Urol 2013  
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CLINICAL INVESTIGATION Prostate

ANALYSIS OF INTRAPROSTATIC FAILURES IN PATIENTS TREATED WITH
HORMONAL THERAPY AND RADIOTHERAPY: IMPLICATIONS FOR

CONFORMAL THERAPY PLANNING

NUMA CELLINI, M.D., ALESSIO G. MORGANTI, M.D., GIAN C. MATTIUCCI, M.D.,
VINCENZO VALENTINI, M.D., MARIAVITTORIA LEONE, M.D., STEFANO LUZI, M.D.,
RICCARDO MANFREDI, M.D., NICOLA DINAPOLI, M.D., CINZIA DIGESU’, M.D., AND

DANIELA SMANIOTTO, M.D.
Cattedra di Radioterapia, Università Cattolica del S. Cuore, Roma, Italia

Purpose: Conformal therapy of prostate cancer is based on high-dose irradiation to the entire prostate gland. The
aim of this study was to analyze the pattern of intraprostatic recurrence in patients undergoing external beam
radiotherapy (EBRT) at a dose of 65–70 Gy to evaluate whether conventional radiotherapy doses are adequate
to control microscopic disease outside the primary tumor and therefore whether high-dose irradiation can be
exclusively focused on the macroscopic disease.
Methods and Materials: The clinical and radiologic reports of 118 patients with prostate cancer undergoing
EBRT (64.8–70.2 Gy) combined with hormonal therapy were evaluated. In all patients, before and after therapy,
the size and site of the primary neoplasm within the prostate were assessed by clinical examination and imaging
studies.
Results: With a median follow-up of 45 months (range 14–119), the 5-year actuarial local control rate was 83.9%.
Twelve patients had an intraprostatic recurrence, with the appearance of a new nodule (in 5 patients with a
complete response after therapy) or increased nodular size compared with the minimal size (in the 7 other
patients). In all patients, on the basis of a semiquantitative evaluation of the site of recurrence, this was shown
to originate within the initial tumor volume.
Conclusion: The results of this analysis seem to confirm some histologic findings observed in patients undergoing
prostatectomy for local recurrence after radiotherapy that suggest that local recurrence usually originates in the
primary tumor rather than in focal prostatic intraepithelial neoplasia. This observation might justify the
application of conformal therapy procedures aimed at identifying the gross tumor volume, in the phase of boost,
exclusively with the primary tumor. © 2002 Elsevier Science Inc.

Prostate neoplasms, Transrectal ultrasonography, MRI, Three-dimensional conformal radiotherapy.

INTRODUCTION

Conformal radiotherapy has been established as an effective
radiation technique to treat prostate carcinoma. A number of
studies have documented the possible decrease in toxicity to
main critical organs (rectum and bladder) compared with
standard treatments (1, 2). However, the close relationship
between the prostate and anterior rectal wall intrinsically
limits the possibility of a decreased dose to the latter (3).
To overcome this limitation, various solutions have been

proposed, including the use of advanced conformal tech-
niques such as intensity modulated radiotherapy (IMRT)
(4). However, the latter does not resolve the problem of the
contact between the planning target volume (PTV) and the
rectal wall and therefore of the inclusion of the rectal wall
in the high-dose region.
Other authors, to limit the irradiation to the rectum, have

proposed a margin for posteriorly reduced PTV (5). How-
ever, this solution can be criticized conceptually both be-
cause the AP displacements of the prostate are greater than
in other directions and because prostatic neoplasms are
usually located at the periphery of the gland, that is, exactly
in the posterior prostate.
In theory, a third solution would be the use of techniques

that would provide high-dose irradiation to the prostate
cancer alone while the rest of the gland would receive
“prophylactic” doses only. However, to take this hypothesis
into consideration, it should be assessed whether lower
doses than those used in conformal therapy are able to
prevent disease recurrence in the sites of the prostate other
than those of the primary tumor.
In contrast, the present experience with conformal ther-

apy for prostate cancer has identified the gross tumor vol-
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may originate in PIN foci, in sites different from that of the
primary tumor. This hypothesis would be even more likely
if PIN radioresistance was higher compared with that of
carcinoma. Disease progression after RT would therefore
originate in residual PIN foci rather than in primary tumor
sterilized by irradiation. Histologic examination of surgical
specimens from prostatectomy in patients undergoing sur-
gery for disease persistence or progression after RT was
aimed at the elucidation of this problem.
Cheng et al. (14) microscopically examined the surgical

specimens of 86 patients undergoing salvage prostatectomy
for residual tumor or intraprostatic recurrence after conven-
tional RT at Mayo Clinic (EBRT 50–70.4 Gy in 70 patients;
interstitial brachytherapy in the other patients). High-grade
PIN was found in 53 patients (62%). Ninety-four percent of
PIN foci was located within 2 mm of invasive carcinoma.
By comparing these results with those of previous studies,
the authors concluded that the incidence and extent of PIN
was lower after irradiation. Their data suggested that local
recurrence after irradiation was not the evolution of a new
PIN-originated tumor but most likely was caused by re-
growth or persistence of primary carcinoma (14).
Arakawa et al. (15) examined 46 prostates removed by

radical prostatectomy after local failure of RT. Patients had
received a mean dose of 72.6 Gy (15 with EBRT and 31
with interstitial brachytherapy and/or EBRT). Of these, 32

patients (70%) had high-grade PIN in the surgical specimen.
No statistically significant correlations were found between
the presence of high-grade PIN and several clinical (pre-
treatment PSA, age, radiation dose, interval between RT and
prostatectomy, actuarial survival) or pathologic (extracap-
sular spread, positive resection margins, invasion of seminal
vesicles, lymph node involvement) parameters. The authors
concluded by observing that, because of the frequent finding
of PIN in patients with prostatic disease progression after
RT, not all local recurrences can originate from regrowth of
the primary tumor. However, the lack of a correlation with
relevant clinicopathologic parameters seemed to rule out the
possibility that the presence of PIN could have an impact on
tumor evolution in these patients, and therefore, intrapros-
tatic recurrence is caused by failed eradication of the pri-
mary tumor (15).
The results of these two studies, which suggest that the

recurrence originates in the primary tumor, seem to confirm
our observation.
In major studies of conformal radiotherapy, the entire

prostate gland (and/or seminal vesicles) was considered the
gross tumor volume (because of the difficulty in tumor
identification within the prostate on simulation CT). As a
consequence, more extended volumes have been irradiated
compared with exclusive high-dose tumor irradiation, with
an obviously negative impact on the main organs at risk

Fig. 3. Initial tumor extent (indicated with horizontal lines) and extent of disease progression at its identification
(indicated with vertical lines) in 12 patients with local failure. Red lines indicate tumors with a complete response; blue
lines indicate tumors with no or a partial response.
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risk.14,15 Although higher LR rates in patients at
high risk could indicate more radioresistant biology,
these results may also reflect the high volume of
local disease in these patients.

It should be noted that the cumulative incidence
rates that we report almost certainly underestimate
the incidence of persistent local disease after EBRT
given that posttreatment biopsies were only per-
formed in 238 of 609 patients (39%) with BR in our
study. Thus, although patients at high risk are at a
higher risk for distant metastasis after BR than
patients at low and intermediate risk they are also
at higher absolute risk for isolated LR. They may
benefit from imaging of the prostate and/or post-
treatment biopsy if they are candidates for salvage
local therapy.

This high propensity for locally recurrent or
locally persistent disease also has important impli-
cations for future prostate cancer studies and ther-
apeutic recommendations. Randomized, controlled
trials have unequivocally revealed that locoregional
radiotherapy leads to improved survival in men with
locally advanced prostate cancer.16,17 For patients
with high risk disease further improvement in local
control via dose escalation with combined brachy-
therapy and EBRT (an approach capable of
achieving biologically equivalent doses far exceeding
those of EBRT alone),18 multimodality therapy
combining surgery, radiation and ADT or novel

radiosensitizers may lead to improved survival out-
comes in this population.

Another unique aspect of our study is that we
were able to report the incidence of clinically
detectable PLN recurrence in the absence of elective
PLN irradiation. This was possible because elective
PLN irradiation was not performed at our institu-
tion until relatively recently even for patients with
high risk prostate cancer.

We found that in all risk groups PLNs repre-
sented a relatively uncommon site of isolated
anatomical recurrence. For example, the 8-year cu-
mulative incidence of PLN metastasis as an isolated
first site of relapse following EBRT without elective
PLN irradiation was 3.3% in patients with NCCN
high risk prostate cancer. This could partially
explain the lack of survival benefit from elective
PLN irradiation reported in 2 randomized trials.19,20

However, it should be noted that most14,21e23 but not
all24,25 randomized trials showing a benefit from
adding ADT to EBRT have required elective PLN
irradiation.19 Because of this, since 2009 the deci-
sion at our institution has been to treat all patients
with high risk prostate cancer with ADT and elective
PLN. Nevertheless, although our current data are
hypothesis generating, they suggest that local and
distant recurrences are more likely to be the pre-
dominant factors influencing survival in patients
receiving EBRT and the benefit of elective PLN

Table 2. Estimated 8-year cumulative incidence of FRS in given anatomical location in patient with prostate cancer at NCCN low,
intermediate and high risk treated with dose escalated EBRT, and those of 474 patients with CDR who had given anatomical location
as FRS

FRS Low Intermediate High Overall

8-Yr Incidence
% Any (95% CI):*

Local 3.5 (1.8e5.2) 9.8 (7.9e11.8) 14.6 (12.0e17.2) 9.9 (8.6e11.2)
PLNs 0 2.7 (1.7e3.8) 8.3 (6.3e10.5) 3.9 (3.1e4.8)
Abdominal lymph nodes 0.5 (0e1.2) 1.2 (0.1e1.9) 2.9 (1.6e4.2) 1.6 (1.1e2.2)
Thoracic lymph nodes 0 0.7 (0.2e1.1) 0.3 (0e0.8) 0.4 (0.1e0.7)
Bone 0.9 (0.1e1.7) 3.9 (2.6e5.2) 14.2 (11.7e16.8) 6.5 (5.4e7.9)
Viscera 0 0.1 (0e0.4) 1.0 (0.3e1.7) 0.4 (0.1e0.6)

% Isolated (95% CI):
Local 3.5 (1.8e5.2) 8.5 (6.7e10.3) 12.2 (9.8e14.7) 8.5 (7.3e9.8)
PLNs 0 1.0 (0.3e1.7) 3.3 (1.9e4.6) 1.5 (1.0e2.1)
Abdominal lymph nodes 0.2 (0e0.5) 0.1 (0e0.3) 0.6 (0e1.2) 0.4 (0e0.6)
Thoracic lymph nodes 0 0.1 (0e0.3) 0 0.05 (0e0.14)
Bone 0.9 (0.1e1.7) 2.3 (1.3e3.3) 9.8 (7.6e11.9) 4.3 (3.5e5.2)
Viscera 0 0 0.7 (0.08e1.3) 0.2 (0.02e0.4)

Given anatomical location
No. pts (%):†

Local 25 (73.5) 117 (67.6) 120 (44.9) 262 (55.3)
Pelvic lymph nodes 0 33 (19.1) 68 (25.4) 101 (21.3)
Abdominal lymph nodes 2 (5.9) 16 (9.2) 25 (9.4) 43 (9.1)
Thoracic lymph nodes 0 7 (4.0) 3 (1.1) 10 (2.1)
Bone 8 (23.5) 43 (24.9) 108 (40.4) 159 (33.5)
Viscera 0 1 (0.6) 8 (3.0) 9 (1.9)

Totals 34 173 267 474

*All recurrence sites within first 3 months of first CDR site and for patient to have isolated FRS at site initial site must be the only disease site for at least 3 months from
initial detection.
† Percents may not total 100% as patients could have multiple FRSs.

4 ANATOMICAL PATTERNS OF RECURRENCE FOLLOWING BIOCHEMICAL RELAPSE
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Anatomical Patterns of Recurrence Following Biochemical
Relapse in the Dose Escalation Era for Prostate Patients
Undergoing External Beam Radiotherapy

Zachary S. Zumsteg, Daniel E. Spratt, Paul B. Romesser, Xin Pei,
Zhigang Zhang, Marisa Kollmeier, Sean McBride, Yoshiya Yamada*
and Michael J. Zelefsky†
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Purpose: We provide a comprehensive analysis of anatomical patterns of
recurrence following external beam radiotherapy in patients with localized
prostate cancer.

Materials and Methods: This retrospective analysis included 2,694 patients with
localized prostate cancer who received definitive, dose escalated external beam
radiotherapy from 1991 to 2008. First recurrence sites were defined as initial
sites of clinically detected recurrence and any subsequent clinically detected
recurrence within 3 months. Anatomical recurrence patterns were classified as
local (prostate/seminal vesicles only), lymphotropic (lymph nodes only) and
osteotropic (bones only) in patients with disease confined only to these respective
sites for at least 2 years from the initial clinically detected recurrence.

Results: Prostate was the most common first recurrence site in the low, inter-
mediate and high risk groups with an 8-year cumulative incidence of 3.5%,
9.8% and 14.6%, respectively. The 8-year risk of isolated pelvic lymph node
relapse as the first recurrence site was 0%, 1.0% and 3.3%, respectively. In the
474 patients with clinically detected recurrence the most common first recur-
rence site was local in 55.3%, bone in 33.5%, pelvic lymph nodes in 21.3% and
abdominal lymph nodes in 9.1%. Patients showed unique relapse distributions,
including a pattern that was local in 41.6%, lymphotropic in 9.7%, osteotropic in
20.3% and multiorgan/visceral in 28.5%. Anatomical recurrence pattern was the
strongest predictor of prostate cancer specific mortality on multivariate analysis
of patients with clinically detected recurrence.

Conclusions: The most common first recurrence site after dose escalated
external beam radiotherapy of prostate cancer is in the prostate and seminal
vesicles in all risk groups. In contrast, patients treated without elective pelvic
lymph node irradiation are at relatively low risk for isolated pelvic lymph node
relapse. Recurrence patterns revealed a tropism for specific anatomical distri-
butions with divergent prognoses, suggesting underlying biological differences
among tumors.

Key Words: prostatic neoplasms, radiotherapy, treatment failure,
recurrence, lymph nodes

THE fundamental nature of localized
prostate cancer, including its long
natural history and its predilection for

afflicting elderly men with significant
competing comorbidities, requires
clinical trials to have long followup

Abbreviations
and Acronyms

ADT ¼ androgen deprivation
therapy

BR ¼ biochemical recurrence

CDR ¼ clinically detected
recurrence

CT ¼ computerized tomography

EBRT ¼ external beam
radiotherapy

FRS ¼ first recurrence site

LR ¼ local recurrence

NCCN ¼ National Comprehensive
Cancer Network!
PCSM ¼ prostate cancer specific
mortality

PLN ¼ pelvic lymph node

PSA ¼ prostate specific antigen

Accepted for publication June 21, 2015.
Study received institutional review board

approval.
* Financial interest and/or other relationship

with Varian Medical Systems.
† Correspondence: Department of Radiation

Oncology, Memorial-Sloan Kettering Cancer
Center, 1275 York Ave., New York, New York
10065 (telephone: 212-633-6802; FAX: 212-633-
8876; e-mail: zelefskm@mskcc.org).

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57

58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114

Dochead: Adult Urology FLA 5.4.0 DTD ! JURO12750_proof ! 4 September 2015 ! 12:31 pm ! EO: JU-15-744

0022-5347/15/1946-0001/0
THE JOURNAL OF UROLOGY®

" 2015 by AMERICAN UROLOGICAL ASSOCIATION EDUCATION AND RESEARCH, INC.

http://dx.doi.org/10.1016/j.juro.2015.06.100
Vol. 194, 1-7, December 2015

Printed in U.S.A.
www.jurology.com j 1

Anatomical Patterns of Recurrence Following Biochemical
Relapse in the Dose Escalation Era for Prostate Patients
Undergoing External Beam Radiotherapy

Zachary S. Zumsteg, Daniel E. Spratt, Paul B. Romesser, Xin Pei,
Zhigang Zhang, Marisa Kollmeier, Sean McBride, Yoshiya Yamada*
and Michael J. Zelefsky†

From the Department of Radiation Oncology, Memorial-Sloan Kettering Cancer Center, New York, New York

Purpose: We provide a comprehensive analysis of anatomical patterns of
recurrence following external beam radiotherapy in patients with localized
prostate cancer.

Materials and Methods: This retrospective analysis included 2,694 patients with
localized prostate cancer who received definitive, dose escalated external beam
radiotherapy from 1991 to 2008. First recurrence sites were defined as initial
sites of clinically detected recurrence and any subsequent clinically detected
recurrence within 3 months. Anatomical recurrence patterns were classified as
local (prostate/seminal vesicles only), lymphotropic (lymph nodes only) and
osteotropic (bones only) in patients with disease confined only to these respective
sites for at least 2 years from the initial clinically detected recurrence.

Results: Prostate was the most common first recurrence site in the low, inter-
mediate and high risk groups with an 8-year cumulative incidence of 3.5%,
9.8% and 14.6%, respectively. The 8-year risk of isolated pelvic lymph node
relapse as the first recurrence site was 0%, 1.0% and 3.3%, respectively. In the
474 patients with clinically detected recurrence the most common first recur-
rence site was local in 55.3%, bone in 33.5%, pelvic lymph nodes in 21.3% and
abdominal lymph nodes in 9.1%. Patients showed unique relapse distributions,
including a pattern that was local in 41.6%, lymphotropic in 9.7%, osteotropic in
20.3% and multiorgan/visceral in 28.5%. Anatomical recurrence pattern was the
strongest predictor of prostate cancer specific mortality on multivariate analysis
of patients with clinically detected recurrence.

Conclusions: The most common first recurrence site after dose escalated
external beam radiotherapy of prostate cancer is in the prostate and seminal
vesicles in all risk groups. In contrast, patients treated without elective pelvic
lymph node irradiation are at relatively low risk for isolated pelvic lymph node
relapse. Recurrence patterns revealed a tropism for specific anatomical distri-
butions with divergent prognoses, suggesting underlying biological differences
among tumors.

Key Words: prostatic neoplasms, radiotherapy, treatment failure,
recurrence, lymph nodes

THE fundamental nature of localized
prostate cancer, including its long
natural history and its predilection for

afflicting elderly men with significant
competing comorbidities, requires
clinical trials to have long followup

Abbreviations
and Acronyms

ADT ¼ androgen deprivation
therapy

BR ¼ biochemical recurrence

CDR ¼ clinically detected
recurrence

CT ¼ computerized tomography

EBRT ¼ external beam
radiotherapy

FRS ¼ first recurrence site

LR ¼ local recurrence

NCCN ¼ National Comprehensive
Cancer Network!
PCSM ¼ prostate cancer specific
mortality

PLN ¼ pelvic lymph node

PSA ¼ prostate specific antigen

Accepted for publication June 21, 2015.
Study received institutional review board

approval.
* Financial interest and/or other relationship

with Varian Medical Systems.
† Correspondence: Department of Radiation

Oncology, Memorial-Sloan Kettering Cancer
Center, 1275 York Ave., New York, New York
10065 (telephone: 212-633-6802; FAX: 212-633-
8876; e-mail: zelefskm@mskcc.org).

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57

58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114

Dochead: Adult Urology FLA 5.4.0 DTD ! JURO12750_proof ! 4 September 2015 ! 12:31 pm ! EO: JU-15-744

0022-5347/15/1946-0001/0
THE JOURNAL OF UROLOGY®

" 2015 by AMERICAN UROLOGICAL ASSOCIATION EDUCATION AND RESEARCH, INC.

http://dx.doi.org/10.1016/j.juro.2015.06.100
Vol. 194, 1-7, December 2015

Printed in U.S.A.
www.jurology.com j 1in press 

irradiation of prostate cancer remains unclear at
this time.

Finally, we noted that many cancers seemed to
demonstrate a tropism for a particular anatomical
compartment without evidence of spread to other

anatomical compartments for many years. On
multivariate analysis anatomical pattern of recur-
rence was the most important predictor of PCSM
after CDR. The only other independent predictor
was Gleason score 8-10. In contrast, numerous other
variables that strongly predicted outcome on uni-
variate analysis were no longer significant when
accounting for the anatomical pattern of recurrence.
This raises the possibility that most commonly used
prognostic variables are primarily surrogates for the
underlying oncologic biology that drives the tumor to
display a specific recurrence pattern. Although rapid
advancements in genomic technology have allowed
for unprecedented understanding of the genetic le-
sions underlying the development of prostate can-
cer,26 the impact of the molecular aberrations
driving prostate cancer behavior, including tropism
for spread to specific anatomical compartments, re-
mains poorly understood and warrants further
investigation.

This study has several weaknesses. 1) It is a
retrospective study subject to the limitations, biases
and caveats of all retrospective analyses. 2) We
made no attempt to adjust for the use of salvage
therapies, given the difficulties of such analyses,26

but we cannot exclude the possibility that salvage
therapies impacted our results (supplementary
table, http://jurology.com/). 3) According to our

Table 3. Univariate and multivariate analyses of PCSM
candidate prognostic variables

Univariate* Multivariate*

HR (95% CI) p Value HR (95% CI) p Value

Recurrence pattern:
Local 1.00 (referent) e 1.00 (referent) e
Lymphotropic 4.15 (2.03e8.45) <0.0001 3.83 (1.57e9.33) 0.0026
Osteotropic 8.11 (4.64e14.20) <0.0001 8.97 (4.22e19.06) <0.0001
Multiorgan 9.56 (5.47e16.73) <0.0001 9.19 (4.49e18.82) <0.0001

Gleason score:
6 or Less 1.00 (referent) e 1.00 (referent) e
3 þ 4 1.01 (0.59e1.73) 0.97 1.49 (0.74e3.00) 0.26
4 þ 3 1.86 (1.13e3.05) 0.013 1.75 (0.80e3.83) 0.15
8e10 2.48 (1.57e3.90) <0.0001 2.20 (1.10e4.41) 0.023

Log PSA 1.03 (0.90e1.17) 0.70 1.00 (0.83e1.20) 0.98
T stage:
T1c or less 1.00 (referent) e 1.00 (referent) e
T2a 1.60 (0.90e2.83) 0.1 1.70 (0.84e3.45) 0.13
T2b-c 1.50 (0.90e2.49) 0.11 1.27 (0.69e2.34) 0.44
T3a 1.24 (0.57e2.68) 0.58 0.71 (0.20e2.52) 0.59
T3b-T4 2.25 (1.39e3.64) 0.0008 1.42 (0.75e2.69) 0.28

Neoadjuvant ADT 1.50 (1.09e2.07) 0.012 0.84 (0.49e1.44) 0.51
Time to BR 0.79 (0.72e0.88) <0.0001 1.02 (0.90e1.15) 0.77
Age 1.01 (0.99e1.04) 0.25 1.00 (0.97e1.03) 0.88
PSA doubling time 0.98 (0.97e1.00) 0.0079 0.99 (0.97e1.01) 0.17

*Landmark analysis with time zero equal to 2 years from initial clinical recurrence.

PCSM cumulative incidence after CDR in patients with local, lymphotropic, osteotropic and multiorgan/visceral recurrence patterns.
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Abstract

Background: Patterns of postoperative radiotherapy (RT) use in prostate cancer (PCa)
after the publication of major randomized trials have not been well characterized.
Objective: To describe patterns of postoperative RT use after radical prostatectomy (RP)
in patients with adverse pathologic features in the United States.
Design, setting, and participants: Retrospective analysis of 97 270 patients with PCa
diagnosed between 2005 and 2011 whose presentation and outcomes were recorded in
the National Cancer Data Base.
Outcome measurements and statistical analysis: Temporal changes in receipt of
postoperative RT and factors associated with receipt of this treatment using the
Cochran–Armitage trend test and multiple logistic regression, respectively.
Results and limitations: Between 2005 and 2011, receipt of postoperative RT decreased
steadily from 9.1% to 7.3% (ptrend < 0.001). Use of RT with or without androgen depriva-
tion therapy monotonically decreased with advancing age from 8.5% in patients aged
18–59 yr to 6.8% in patients aged 70–79 yr (ptrend < 0.001). Receipt of RT was higher at
community cancer programs compared with teaching/research centers (14% vs 7.3%;
odds ratio [OR]: 2.16; p < 0.001), in those with pT3-4 disease and positive margins
compared with those with pT3-4 and negative margins (17% vs 5.9%; OR: 2.89;
p < 0.001), and in patients with a Gleason score of 8–10 compared with those with a
Gleason score of 2–6 (17% vs 4.2%; OR: 3.50; p < 0.001). Limitations include lack of
postprostatectomy prostate-specific antigen level.
Conclusions: Postoperative RT use for localized PCa in patients with adverse pathologic
features is declining in the United States.
Patient summary: In this report, we show that use of postoperative radiotherapy in
patients with prostate cancer with adverse pathologic features is declining. Patients
treated at community cancer programs, those with locally advanced disease and positive
margins, and those with a high Gleason score were more likely to receive postoperative
radiotherapy.
# 2015 European Association of Urology. Published by Elsevier B.V. All rights reserved.
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Abstract

Background: The management of biochemical failure (BF) following external beam
radiotherapy (EBRT) for prostate cancer is controversial, due to both the heterogeneous
disease course following a BF and a lack of clinical trials in this setting.
Objective: We sought to characterize the natural history and predictors of outcome for
patients experiencing BF in a large cohort of men with localized prostate cancer
undergoing definitive dose-escalated EBRT.
Design, setting, and participants: This retrospective analysis included 2694 patients
with localized prostate cancer treated with EBRT at a large academic center. Of these,
609 experienced BF, defined as prostate-specific antigen (PSA) nadir + 2 ng/ml. The
median follow-up was 83 mo for all patients and 122 mo for BF patients.
Intervention(s): All patients received EBRT at doses of 75.6–86.4 Gy.
Outcome measurements and statistical analysis: The primary objective of this study
was to determine predictors of distant progression at the time of BF. Cox proportional
hazards models were used in univariate and multivariate analyses of distant metastases
(DM), and a competing risks method was used to analyze prostate cancer–specific
mortality (PCSM).
Results and limitations: From the date of BF, the median times to DM and PCSM
mortality were 5.4 yr and 10.5 yr, respectively. Shorter posttreatment PSA doubling
time, a higher initial clinical tumor stage, a higher pretreatment Gleason score, and a
shorter interval from the end of radiotherapy to BF were independent predictors for
clinical progression following BF. Patients with two of these risk factors had a signifi-
cantly higher incidence of DM and PCSM following BF than those with zero or one risk
factor. The main limitations of this study are its retrospective nature and heterogeneous
salvage interventions.
Conclusions: Clinical and pathologic factors can help identify patients at high risk of
clinical progression following BF.

* Corresponding author. Department of Radiation Oncology, Memorial Sloan Kettering Cancer
Center, 1275 York Avenue, Box 22, New York, NY 10065, USA. Tel. +1 212 639 6802;
Fax: +1 212 639 8876.
E-mail address: zelefskm@mskcc.org (M.J. Zelefsky).
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0302-2838/# 2014 European Association of Urology. Published by Elsevier B.V. All rights reserved.

factors (HR, 2.36 [95% CI, 1.64–3.96]; p < 0.001) and those
with two or more risk factors (HR, 5.67 [95% CI, 3.96–8.12];
p < 0.001) had a significantly higher risk of clinical
progression following BF than those without these risk
factors. In addition, patients with exactly one risk factor
(HR, 1.94 [95% CI, 1.12–3.37]; p = 0.018) and patients with
two or more risk factors (HR, 4.18 [95% CI, 2.49–7.01];
p < 0.001) had an increased incidence of PCSM following BF.

4. Discussion

Characterizing the natural history of patients with BF
following EBRT is important for counseling patients regarding
prognosis, and for making judicious recommendations for
salvage therapies. This study provides, to our knowledge, the
largest series describing the natural history and predictors of
outcome of biochemically recurrent prostate cancer in a
cohort of patients exclusively treated with dose-escalated
EBRT, and it adds to the existing literature in several ways.
Although the natural history of recurrent prostate cancer has
been well characterized after prostatectomy [8–10], the
natural history of recurrent prostate cancer following
radiotherapy, surprisingly, has not. We found that the median
intervals from BF to DM and PCSM were 5.4 yr and 10.5 yr,

respectively. Notably, these time intervals are significantly
shorter than those described in RP series [8,9], despite the fact
that 18% of patients in our study received at least one form of
ADT prior to clinical failure. This is most likely due to
fundamental differences in the posttreatment PSA kinetics
and in the definitions of BF following either prostatectomy
and EBRT. Following RP, PSA typically reaches a nadir that is
undetectable within weeks of surgery, and BF is most
commonly considered as a postprostatectomy PSA of 0.2 or
0.4 ng/ml. In comparison, following EBRT, BF is most
commonly defined as 2 ng/ml above the postradiation nadir
PSA, which typically occurs several years after the completion
of radiotherapy [12]. This explains why a large prostatectomy
series from Johns Hopkins reported that 45% of BFs occurred
within the first 24 mo following treatment [8], whereas only
26% of BFs occurred during this time interval in our series.
Therefore, although our data confirm that predefined BF
occurs later in the course of disease progression for EBRT-
treated patients when compared with RP-treated patients
[16], it would not be accurate to conclude that the absolute
time from treatment to DM or PCSM is likely to be different
between these two modalities.

Our findings also have important implications for
salvage therapy after the development of BF following

[(Fig._3)TD$FIG]

Fig. 3 – Incidence of distant metastasis and prostate cancer–specific mortality following biochemical failure, stratified by (a,b) a prostate-specific
antigen doubling time (PSA-DT) cut-off point of 3.2 mo or (c,d) an interval to biochemical failure (IBF) cut-off point of 2.9 yr.
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EBRT. Multiple large single- and multi-institutional retro-
spective series have shown that, following RP, salvage RT is
most likely to be effective for patients with lower PSA
values, whereas patients with a presalvage PSA of !2 ng/ml
experience little benefit from salvage radiotherapy
[17–20]. Extrapolating from these data, it is likely that
waiting until the PSA reaches 2 ng/ml more than the nadir
PSA is not the optimal time to consider local salvage therapy
following EBRT, and this highlights one of the primary
challenges in the management of patients following EBRT:
how to best identify those patients that will experience
clinical recurrence at the earliest possible time. This is a
formidable challenge that is difficult to address with
currently available clinical tools, given that PSA thresholds
and widely available imaging techniques lack both sensi-
tivity and specificity for identifying early recurrence.
Employing prostate MRI or posttreatment prostate biopsies
after consecutive PSA increases following a PSA nadir, even

before Phoenix-defined BF, would increase early detection
of locally recurrent or persistent disease. However, post-
radiation PSA kinetics are complicated to interpret, given
that testosterone recovery following ADT, the PSA bounce
phenomenon, infection, sexual activity, and many other
factors can all cause increases in PSA levels, unrelated to
cancer. Ultimately, future advances in molecular imaging,
circulating tumor cells, or other techniques may allow the
detection of residual prostate cancer at much early stages in
the natural history of the disease with greater specificity,
and will allow earlier salvage interventions.

Another challenge of the management of BF is that a
rising posttreatment PSA could signify local disease
progression, regional relapse, distant spread, or a combina-
tion of these three events. Distinguishing between these
possibilities, although often extremely difficult, is of
tremendous importance for further management recom-
mendations. Patients with locally confined disease are
potentially curable with either salvage prostatectomy [21]
or salvage brachytherapy [22,23], whereas patients with
distant metastatic disease could be spared the morbidity of
local salvage therapy. Nevertheless, determining the site of
clinical failure in patients with a low burden of disease is
challenging with modern diagnostic tools, and novel
imaging techniques with improved specificity and sensitiv-
ity for detecting local and metastatic prostate cancer are
needed.

Posttreatment PSA-DT was found to be a strong
independent predictor of DM and PCSM following BF in
our multivariate model. This is consistent with multiple
previous studies showing that posttreatment PSA-DT is a
critical predictor of adverse outcome following both
standard dose EBRT [24–26] and RP [9,19,27]. Unfortunate-
ly, there has been no widely accepted definition of
posttreatment PSA-DT with respect to PSA values to include
in this calculation. For example, several studies have
calculated the PSA-DT using PSA measurements from BF
to initiation of salvage therapy [24,25]. However, this
definition is not useful for predicting outcome at the time of
BF, given that it requires knowledge of future PSA values
occurring after BF. To avoid this limitation, we chose to
calculate the PSA-DT using all PSA values from the last
nonrising PSA to the time of BF, similar to another recent
multi-institutional study including patients with BF fol-
lowing EBRT without concomitant ADT [28].

Additionally, we also determined that the most discrim-
inating posttreatment PSA-DT cut-off point for predicting
DM following BF was 3.2 mo in our dataset, based on an
arbitrary division of posttreatment PSA-DT into deciles. This
value is in close agreement with multiple previous studies
demonstrating inferior outcomes in patients with a
posttreatment PSA-DT <3 mo [24,26,29]. Patients with
PSA-DT "3.2 mo had remarkably poor outcomes following
BF, with 93% experiencing DM and 34% dying from prostate
cancer within 5 yr. However, although clearly patients
meeting this criterion have aggressive disease and may
warrant more aggressive management, only 10% of our
cohort fell below this PSA-DT threshold. Therefore,
although PSA-DT is a powerful predictor of outcome
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Fig. 4 – Incidence of (a) distant metastasis and (b) prostate cancer–
specific mortality following biochemical failure, stratified by the
number of unfavorable risk factors (RF). Unfavorable RFs were
defined as a pretreatment Gleason score of 8–10, a pretreatment clinical
tumor stage of T3b or T4, a posttreatment prostate-specific antigen
(PSA) doubling time of <3 mo, or an interval to biochemical failure
of <3 yr.
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Abstract

Background: Patterns of postoperative radiotherapy (RT) use in prostate cancer (PCa)
after the publication of major randomized trials have not been well characterized.
Objective: To describe patterns of postoperative RT use after radical prostatectomy (RP)
in patients with adverse pathologic features in the United States.
Design, setting, and participants: Retrospective analysis of 97 270 patients with PCa
diagnosed between 2005 and 2011 whose presentation and outcomes were recorded in
the National Cancer Data Base.
Outcome measurements and statistical analysis: Temporal changes in receipt of
postoperative RT and factors associated with receipt of this treatment using the
Cochran–Armitage trend test and multiple logistic regression, respectively.
Results and limitations: Between 2005 and 2011, receipt of postoperative RT decreased
steadily from 9.1% to 7.3% (ptrend < 0.001). Use of RT with or without androgen depriva-
tion therapy monotonically decreased with advancing age from 8.5% in patients aged
18–59 yr to 6.8% in patients aged 70–79 yr (ptrend < 0.001). Receipt of RT was higher at
community cancer programs compared with teaching/research centers (14% vs 7.3%;
odds ratio [OR]: 2.16; p < 0.001), in those with pT3-4 disease and positive margins
compared with those with pT3-4 and negative margins (17% vs 5.9%; OR: 2.89;
p < 0.001), and in patients with a Gleason score of 8–10 compared with those with a
Gleason score of 2–6 (17% vs 4.2%; OR: 3.50; p < 0.001). Limitations include lack of
postprostatectomy prostate-specific antigen level.
Conclusions: Postoperative RT use for localized PCa in patients with adverse pathologic
features is declining in the United States.
Patient summary: In this report, we show that use of postoperative radiotherapy in
patients with prostate cancer with adverse pathologic features is declining. Patients
treated at community cancer programs, those with locally advanced disease and positive
margins, and those with a high Gleason score were more likely to receive postoperative
radiotherapy.
# 2015 European Association of Urology. Published by Elsevier B.V. All rights reserved.

y Contributed equally as first authors [2_TD$DIFF].
z Contributed equally as senior authors[3_TD$DIFF].
* Corresponding author. American Cancer Society, 250 Williams Street NW, Atlanta, GA 30303, USA.
Tel. +1 404 982 3628; Fax: +1 404 321 4669.
E-mail address: helmneh.sineshaw@cancer.org (H.M. Sineshaw).

http://dx.doi.org/10.1016/j.eururo.2015.04.003
0302-2838/# 2015 European Association of Urology. Published by Elsevier B.V. All rights reserved.

2015 

Platinum Priority – Prostate Cancer
Editorial by Mack Roach III on pp. 1017–1018 of this issue

The Natural History and Predictors of Outcome Following
Biochemical Relapse in the Dose Escalation Era for Prostate
Cancer Patients Undergoing Definitive External Beam
Radiotherapy

Zachary S. Zumsteg a, Daniel E. Spratt a, Paul B. Romesser a, Xin Pei a,
Zhigang Zhang b, William Polkinghorn a, Sean McBride a, Marisa Kollmeier a,
Yoshiya Yamada a, Michael J. Zelefsky a,*

a Memorial Sloan Kettering Cancer Center, Department of Radiation Oncology, 1275 New York, NY, USA; b Memorial Sloan Kettering Cancer Center,

Department of Epidemiology and Biostatistics, New York, NY, USA

E U R O P E A N U R O L O G Y 6 7 ( 2 0 1 5 ) 1 0 0 9 – 1 0 1 6

ava i lable at www.sciencedirect .com

journal homepage: www.europeanurology.com

Article info

Article history:
Accepted September 18, 2014

Keywords:
Biochemical failure
Prostate cancer
External beam radiotherapy

Abstract

Background: The management of biochemical failure (BF) following external beam
radiotherapy (EBRT) for prostate cancer is controversial, due to both the heterogeneous
disease course following a BF and a lack of clinical trials in this setting.
Objective: We sought to characterize the natural history and predictors of outcome for
patients experiencing BF in a large cohort of men with localized prostate cancer
undergoing definitive dose-escalated EBRT.
Design, setting, and participants: This retrospective analysis included 2694 patients
with localized prostate cancer treated with EBRT at a large academic center. Of these,
609 experienced BF, defined as prostate-specific antigen (PSA) nadir + 2 ng/ml. The
median follow-up was 83 mo for all patients and 122 mo for BF patients.
Intervention(s): All patients received EBRT at doses of 75.6–86.4 Gy.
Outcome measurements and statistical analysis: The primary objective of this study
was to determine predictors of distant progression at the time of BF. Cox proportional
hazards models were used in univariate and multivariate analyses of distant metastases
(DM), and a competing risks method was used to analyze prostate cancer–specific
mortality (PCSM).
Results and limitations: From the date of BF, the median times to DM and PCSM
mortality were 5.4 yr and 10.5 yr, respectively. Shorter posttreatment PSA doubling
time, a higher initial clinical tumor stage, a higher pretreatment Gleason score, and a
shorter interval from the end of radiotherapy to BF were independent predictors for
clinical progression following BF. Patients with two of these risk factors had a signifi-
cantly higher incidence of DM and PCSM following BF than those with zero or one risk
factor. The main limitations of this study are its retrospective nature and heterogeneous
salvage interventions.
Conclusions: Clinical and pathologic factors can help identify patients at high risk of
clinical progression following BF.
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6.10.11 Guidelines for imaging and second-line therapy after treatment with curative intent

Local salvage treatment LE GR
Biochemical recurrence (BCR) after RP
For patients with a PSA rise from the undetectable range and favourable prognostic factors 
(< pT3a, time to BCR > 3 yr, PSA-DT > 12 mo, Gleason score < 7) surveillance and possibly 
delayed salvage RT (SRT) may be offered.

3 B

Patients with a PSA rise from the undetectable range should be treated with SRT. The total 
dose of SRT should be at least 66 Gy and should be given early (PSA < 0.5 ng/mL).

2 A

Biochemical recurrence (BCR) after RT
Selected patients with localised PCa at primary treatment and histologically proven local 
recurrence should be treated with salvage RP (SRP).

3 B

Due to the increased rate of side effects, SRP should be performed in experienced centres. 3 A
High intensity focused ultrasound (HIFU), cryosurgical ablation and salvage brachytherapy 
are treatment options for patients without evidence of metastasis and with histologically 
proven local recurrence. Patients must be informed about the experimental nature of these 
approaches.

3 B

Systemic salvage treatment
In asymptomatic men with BCR, ADT should not be given routinely. 3 A
Patients with a PSA-DT > 12 mo, should not receive ADT. 3 B
If salvage ADT (post-primary RT) is started, intermittent therapy should be considered in 
responding patients.

1b A

ADT = androgen-deprivation therapy; BCR = biochemical recurrence; GR = grade of recommendation; 
LE = level of evicence; PSA-DT = prostate-specific antigen doubling time; RT = radiotherapy; SRP = salvage 
radical prostatectomy.

6.11 Treatment: Castration-resistant prostate cancer (CRPC)

6.11.1 Background
Our knowledge of the mechanisms involved in the development of castration-resistant prostate cancer (CRPC), 
remains incomplete [819, 820]. An alteration in normal androgen signaling is thought to be central to the 
pathogenesis of CRPC [821]. It is mediated through two main, overlapping, mechanisms. These are androgen-
receptor (AR)-independent and AR-dependent.

6.11.2 Definition of progressing prostate cancer after castration

Table 6.11.1: Definition of CRPC 

Biochemical progression: Three consecutive rises in PSA 1 week apart resulting in two 50% increases over 
the nadir, with PSA > 2 ng/mL or
Radiological progression: The appearance of two or more new bone lesions on bone scan or enlargement of a 
soft tissue lesion using RECIST (Response Evaluation Criteria in Solid Tumours) [822]. 
Symptomatic progression alone must be questioned and is not sufficient to diagnose CRPC.

Frequent post-treatment PSA surveillance has resulted in earlier detection of progression [823]. In such patients 
occult micro-metastasis might exist, but are usually undetectable using conventional methods [824]. Although 
33% will develop bone metastases within 2 years [825], there are no available studies suggesting a benefit for 
treatment. 
 In men with CRPC and no detectable clinical metastases, baseline PSA level, PSA velocity and 
PSA doubling time have been associated with time to first bone metastasis, bone metastasis-free and 
overall survival [825, 826]. These factors may be used when deciding which patients should be evaluated for 
metastatic disease. A consensus statement by the Prostate Cancer Radiographic Assessments for Detection of 
Advanced Recurrence (RADAR) group [827] suggested a bone scan when the PSA reached 2 ng/mL and if this 
was negative it should be repeated when the PSA reached 5 ng/mL and again after every doubling of the PSA 
based on PSA testing every 3 months. 
 The rest of this chapter focuses on management of men with proven metastatic CRPC (mCRPC)
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6.10.4.4 Whole-body and axial magnetic resonance imaging (MRI)
Diffusion-weighted whole-body MRI and the so-called axial MRI (evaluation of the spine and the pelvi-femoral 
area only) are more sensitive than bone scan and targeted radiographs [252-254] and seem equally effective 
as 11C-Choline PET/CT [739] in detecting bone metastases in patients with high-risk PCa. Their sensitivity for 
lymph node metastases remains low, even if it is slightly higher than that of 11C-Choline PET/CT in high-risk 
patients [244].
 However, little is known regarding the accuracy of whole-body or axial MRI in patients with 
biochemical failure after RP or radiation therapy [740]. Therefore, the role of these techniques in detecting 
occult bone or lymph node metastases in the case of biochemical failure remains to be assessed.

6.10.4.5 Assessment of local recurrences
6.10.4.5.1 Local recurrence after radical prostatectomy
The precise localisation of the local recurrence by imaging techniques is needed only if histological proof of the 
recurrence is mandatory before salvage treatment and/or if this localisation could change treatment planning. 
Transrectal ultrasound is neither sensitive nor specific in detecting local recurrences after RP. Even with TRUS 
guidance, the sensitivity of anastomotic biopsies remains low: 40-71% for PSA levels > 1 ng/mL and 14-45% 
for PSA levels < 1 ng/mL [718]. As a consequence, salvage radiation therapy is usually decided on the basis of 
the BCR, without histological proof of the local recurrence. The dose delivered to the prostatic bed also tends 
to be uniform as it has not been demonstrated that a focal dose escalation at the site of recurrence improves 
the outcome. Thus, most patients undergo salvage radiation therapy without local imaging.

Nonetheless, several studies have reported promising results in the detection of local recurrences using MRI, 
particularly dynamic contrast-enhanced MRI which showed sensitivities and specificities of 84-88% and 
89-100%, respectively [741-743]. However, the mean PSA level in these studies was 0.8-1.9 ng/mL, which is 
higher than the 0.5 ng/mL threshold usually used for salvage therapy. Recently, two studies evaluated mpMRI 
in patients with PSA level < 0.5 ng/mL. One found a sensitivity of only 13% in men with PSA level < 0.3 ng/mL 
[744], while the other reported a sensitivity of 86% in patients with PSA level < 0.4 ng/mL [745]. Thus, it remains 
to be defined whether MRI is able to correctly detect local recurrences in patients with PSA level < 0.5 ng/mL 
in order to allow a stereotaxic boost to the recurrence site during salvage radiation therapy. Choline or Acetate 
PET/CT can also detect local recurrences, but are less sensitive than MRI [723, 746].

6.10.4.5.2 Local recurrence after radiation therapy
In patients with biochemical failure after radiation therapy, the biopsy status is a major predictor of outcome, 
provided the biopsies are obtained 18-24 months after treatment. Given the morbidity of local salvage options, 
it is thus necessary to obtain histological proof of the local recurrence before treating the patient [718]. 

TRUS is not reliable in depicting local recurrences after radiation therapy. In contrast, mpMRI has yielded 
excellent results [718, 747-749] and can be used for biopsy targeting and guiding local salvage treatment. 
Detection of recurrent cancer is also feasible with Choline and Acetate PET/CT, but PET/CT has poorer spatial 
resolution than MRI [732, 733, 738, 750]. 

6.10.4.6 Guidelines for imaging and second-line therapy after treatment with curative intent

Biochemical recurrence (BCR) after RP LE GR
In the case of BCR, bone scan and abdominopelvic CT should be performed only in patients 
with a PSA level > 10 ng/mL, or with high PSA kinetics (PSA-DT < 6 mo or a PSA velocity > 0.5 
ng/mL/mo) or in patients with symptoms of bone disease.

3 A

A Choline PET/CT is not recommended in patients with BCR and a PSA-level < 1 ng/mL 3 A
Biochemical recurrence after RT
In patients with BCR who are candidates for local salvage therapy, prostate mpMRI may be 
used to localise abnormal areas and guide biopsy.

3 C

BCR = biochemical recurrence; CT = computed tomography; GR = grade of recommendation; LE = level of 
evidence; mpMRI = mutiparametric magnetic resonance imaging; PET = positon emission tomography; PSA-DT 
= prostate specific antigen doubling time; RP = radical prostatectomy; RT = radiotherapy. 

6.10.5 Treatment of PSA-only recurrences
The timing and mode of treatment for PSA-only recurrences after RP or RT are still controversial.
After RP, the therapeutic options are:

undetected cancers range from 12% to 26% and biopsies missed up to 20% 
Meeks JJ, et al. BJU Int 2013 
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a  b  s  t  r  a  c  t

The most popular therapeutic option in the management of radio-recurrent prostatic
carcinoma is represented by the androgen deprivation therapy, that however should be
considered only palliative and hampered by potential adverse effects of testosterone sup-
pression. Local therapies such as surgery, cryoablation or brachytherapy might be curative
choices for patients in good conditions and with a long-life expectancy, but at cost of sig-
nificant risk of failure and severe toxicity. The administration of stereotactic body radiation
therapy (SBRT) in this setting have come about because of tremendous technologic advances
in  image guidance and treatment delivery techniques that enable the delivery of large doses
to  tumor with reduced margins and high gradients outside the target, thereby reducing the
volume of rectum which already received significant doses from primary radiotherapy. So
far, very modest data are available to support its employment. Rationale, clinical experience,
and  challenges are herein reviewed and discussed.

©  2014 Greater Poland Cancer Centre. Published by Elsevier Urban & Partner Sp. z o.o. All
rights reserved.

1.  Background

In the dose escalation era, primary external beam radiothe-
rapy (EBRT) ± hormonal therapy for localized prostate cancer
(PCa) registered excellent outcomes, equivalent to those
reported in the largest surgical series.1–4 Nevertheless, a pro-
portion of patients develop biochemical failure, defined as
PSA rising 2 ng/ml above the nadir.5–8 Among them, while a
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significant percentage will harbor occult micrometastases,9 a
subset will present with a truly localized recurrence within
the prostate only. The PSA doubling time (PSA-DT)10 is an
important parameter to identify potential candidates for local
re-treatments, as the local failure is generally associated
with a PSA-DT ≥ 6 months. Along with this data, emerging
technologies in the diagnostic work up employing molecu-
lar imaging techniques, such as positron emission computed
tomography (PET-CT) with radio-labeled choline (11C- and
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a  b  s  t  r  a  c  t

Management of patients who experience biochemical failure after radical radiotherapy with
or  without hormonal therapy is highly challenging. The clinician must not only choose the
type  of treatment, but also the timing and optimal sequence of treatment administration.
When  biochemical failure occurs, numerous treatment scenarios are possible, thus making
it  more difficult to select the optimal approach. Moreover, rapid and ongoing advances in
treatment options require that physicians make decisions that could impact both survival
and  quality of life.

The aim of the present consensus statement, developed by the Urological Tumour Working
Group  (URONCOR) of the Spanish Society of Radiation Oncology (SEOR), is to provide cancer
specialists with the latest, evidence-based information needed to make the best decisions
for  the patient under all possible treatment scenarios.

The structure of this consensus statement follows the typical development of disease pro-
gression after biochemical failure, with the most appropriate treatment recommendations
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Table 1 – Summary of results of local salvage therapy after radical radiotherapy in prostate cancer.

Salvage treatment Primary treatment Results Complications Observations

Radical prostatectomy EBRT/BT BRFS/5 years: 50% (47–82%)
BRFS/10 years: 28%
CSS/10 years: 70%
OS/10 years: 54–89%

Incontinence: 50% (44–77%)
Rectal fistula: 2.5% (2–10%)
Stenosis: 25% (22–41%)

The treatment with
the most extensive
clinical experience,
largest series, and
longest published
follow up.

Cryotherapy EBRT/BT BRFS/5years: 45% (30–50)%
OS/5 years: 73%-85%
DFS/5 years: 30–60%

Incontinence: 17% (10–73%)
Fistula: 2% (1–10%)
Stenosis: 7% (10–45%)

Patients not
candidates for RP.
Short follow up.

HIFU EBRT BRFS/5 years: 40% (30–50%)
OS/5 years: 84%

Incontinence: 37% (6–50%)
Fistulas: 4% (2–7%)
Stenosis: 7% (4–35%)

Very limited
experience and
short follow up.

Brachytherapy EBRT and/or BT BRFS/5 years: 55% (35–70%) Incontinence: 6% (5–30%)
Fistula: 3% (0–6%)
Stenosis: 7–8%
Rectal ulcers: 2–4%
GI Tox gr 4: 2–12%
GU Tox gr3: 8–40%
GU Tox gr 4:0–6%

Small series and
short follow up.

BRFS, biochemical relapse free survival; CSS, cancer-specific survival; OS, overall survival, DFS, disease-free survival; EBRT, external radiotherapy;
BT, brachytherapy; RP, radical prostatectomy; GI Tox, gastro-intestinal toxicity; GU Tox, genitourinary toxicity.

urinary co-morbidities that would contraindicate treatment.
In scenarios other than those described above, salvage ther-
apy should be considered on a case-by-case basis after mutual
consensus with the patient.

The treatment options for local salvage after BCR depend
on the primary treatment and on patient comorbidities,
and include the following interventions: RP, BT, cryosurgery,
EBRT and high-intensity focused ultrasound (HIFU).17–21 Addi-
tional research and randomized clinical trials are required
to determine which salvage modality is superior in terms of
oncologic efficacy and reduced morbidity. Table 1 summarizes
the outcomes of these various techniques. Treatmentalgorith-
mdetails are illustrated in figure 1.

2.4.  Treatment  of  M0  patients  that  present  biochemical
relapse  and  are  not  candidates  for  local  salvage  therapy

To date, the role of ADT in BCR – treatment initiation, regimen,
and duration – remain controversial due to the lack of random-
ized studies to assess survival in patients who undergo ADT
after BCR. This implies that, at present, there is no consen-
sus for the management of such patients.22–24 Nevertheless,
based on the available evidence, we can establish the following
recommendations:

(1) In patients with biochemical failure alone, without any
criteria of poor prognosis, and who  do not wish to undergo
or are not candidates for local salvage therapy, the best
option is watchful waiting. The consensus among vari-
ous researchers is that such patients present the following
characteristics25–27:
1. Patients with low to intermediate-risk PCa.
2. PSADT ≥10–12 months.
3. Late failure – progression-free interval >48 months.
4. Age >75 years; life expectancy <5 years.

(2) Patients with BCR alone who are potential candidates for
immediate ADT are those with the following characteris-
tics:

1. Young (age <70 years).
2. High-risk PCa at diagnosis (primarily Gleason 8–10).
3. PSADT <6 months.
4. Clinical parameters suggestive of early relapse, with a

progression-free interval of <2 years.
5. No biochemical control after initial local treatment.
6. PSA >10 ng/ml when BCR is detected.

In the current “PSA era”, the definitive 12-year results of
the EORTC 30891 study,28 carried out in patients with locally-
advanced M0 disease without local treatment, show that
immediate ADT appears to primarily benefit patients with
high-risk disease. In other patients, it appears safe to delay
ADT initiation.

2.5.  Treatment  options  in  M1  patients  with
biochemical  relapse

Most authors agree that ADT should be initiated immediately
in patients with BCR and symptomatic metastasis given that
this approach offers the greatest cost-effectiveness according
to Bayoumi et al.26 However, in asymptomatic patients, the
evidence is less clear and for that reason some authors prefer
to delay ADT until symptoms appear, particularly given that
the presumed objective of hormone therapy is overall survival.
The uncertainty in these cases arises from the lack of random-
ized studies with sufficient statistical power to show a benefit
in overall survival with the immediate use of ADT.

A Cochrane Library review27 of four randomized studies
in the pre-PSA era concluded that, although the evidence
is limited, the published data nevertheless seemed to sug-
gest that the use of immediate ADT in advanced PCa slows



XXV Congresso Nazionale AIRO 

Guidelines on
Prostate Cancer

N. Mottet (Chair), J. Bellmunt, E. Briers (Patient 
Representative), R.C.N. van den Bergh (Guidelines Associate), 
M. Bolla, N.J. van Casteren (Guidelines Associate), P. Cornford, 

S. Culine, S. Joniau, T. Lam, M.D. Mason, V. Matveev, 
H. van der Poel, T.H. van der Kwast, O. Rouvière, T. Wiegel

© European Association of Urology 2015
 

Guidelines on
Prostate Cancer

N. Mottet (Chair), J. Bellmunt, E. Briers (Patient 
Representative), R.C.N. van den Bergh (Guidelines Associate), 
M. Bolla, N.J. van Casteren (Guidelines Associate), P. Cornford, 

S. Culine, S. Joniau, T. Lam, M.D. Mason, V. Matveev, 
H. van der Poel, T.H. van der Kwast, O. Rouvière, T. Wiegel

© European Association of Urology 2015
 

93.5% of patients are managed with ADT alone as secondary treatment on PSA 
progression, or with no salvage procedures 

CAPSURE Study, J Urol 2002  
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6.10.11 Guidelines for imaging and second-line therapy after treatment with curative intent

Local salvage treatment LE GR
Biochemical recurrence (BCR) after RP
For patients with a PSA rise from the undetectable range and favourable prognostic factors 
(< pT3a, time to BCR > 3 yr, PSA-DT > 12 mo, Gleason score < 7) surveillance and possibly 
delayed salvage RT (SRT) may be offered.

3 B

Patients with a PSA rise from the undetectable range should be treated with SRT. The total 
dose of SRT should be at least 66 Gy and should be given early (PSA < 0.5 ng/mL).

2 A

Biochemical recurrence (BCR) after RT
Selected patients with localised PCa at primary treatment and histologically proven local 
recurrence should be treated with salvage RP (SRP).

3 B

Due to the increased rate of side effects, SRP should be performed in experienced centres. 3 A
High intensity focused ultrasound (HIFU), cryosurgical ablation and salvage brachytherapy 
are treatment options for patients without evidence of metastasis and with histologically 
proven local recurrence. Patients must be informed about the experimental nature of these 
approaches.

3 B

Systemic salvage treatment
In asymptomatic men with BCR, ADT should not be given routinely. 3 A
Patients with a PSA-DT > 12 mo, should not receive ADT. 3 B
If salvage ADT (post-primary RT) is started, intermittent therapy should be considered in 
responding patients.

1b A

ADT = androgen-deprivation therapy; BCR = biochemical recurrence; GR = grade of recommendation; 
LE = level of evicence; PSA-DT = prostate-specific antigen doubling time; RT = radiotherapy; SRP = salvage 
radical prostatectomy.

6.11 Treatment: Castration-resistant prostate cancer (CRPC)

6.11.1 Background
Our knowledge of the mechanisms involved in the development of castration-resistant prostate cancer (CRPC), 
remains incomplete [819, 820]. An alteration in normal androgen signaling is thought to be central to the 
pathogenesis of CRPC [821]. It is mediated through two main, overlapping, mechanisms. These are androgen-
receptor (AR)-independent and AR-dependent.

6.11.2 Definition of progressing prostate cancer after castration

Table 6.11.1: Definition of CRPC 

Biochemical progression: Three consecutive rises in PSA 1 week apart resulting in two 50% increases over 
the nadir, with PSA > 2 ng/mL or
Radiological progression: The appearance of two or more new bone lesions on bone scan or enlargement of a 
soft tissue lesion using RECIST (Response Evaluation Criteria in Solid Tumours) [822]. 
Symptomatic progression alone must be questioned and is not sufficient to diagnose CRPC.

Frequent post-treatment PSA surveillance has resulted in earlier detection of progression [823]. In such patients 
occult micro-metastasis might exist, but are usually undetectable using conventional methods [824]. Although 
33% will develop bone metastases within 2 years [825], there are no available studies suggesting a benefit for 
treatment. 
 In men with CRPC and no detectable clinical metastases, baseline PSA level, PSA velocity and 
PSA doubling time have been associated with time to first bone metastasis, bone metastasis-free and 
overall survival [825, 826]. These factors may be used when deciding which patients should be evaluated for 
metastatic disease. A consensus statement by the Prostate Cancer Radiographic Assessments for Detection of 
Advanced Recurrence (RADAR) group [827] suggested a bone scan when the PSA reached 2 ng/mL and if this 
was negative it should be repeated when the PSA reached 5 ng/mL and again after every doubling of the PSA 
based on PSA testing every 3 months. 
 The rest of this chapter focuses on management of men with proven metastatic CRPC (mCRPC)
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a b s t r a c t

Even in the current era of dose-escalated radiotherapy for prostate cancer, biochemical recurrence is not
uncommon. Furthermore, biochemical failure is not specific to the site of recurrence. One of the major
challenges in the management of prostate cancer patients with biochemical failure after radiotherapy is
the early discrimination between those with locoregional recurrence only and those with metastatic dis-
ease. While the latter are generally considered incurable, patients with locoregional disease may benefit
from emerging treatment options. Ultimately, the objective of salvage therapy is to control disease while
ensuring minimal collateral damage, thereby optimizing both cancer and toxicity outcomes. Advances
in functional imaging, including multiparametric prostate MRI, abdominopelvic lymphangio-MRI, sen-
tinel node SPECT-CT and/or whole-body PET/CT have paved the way for salvage radiotherapy in patients
with local recurrence, microscopic nodal disease limited to the pelvis or oligometastatic disease. These
patients may be considered for salvage reirradiation using different techniques: prostate low-dose or
high-dose rate brachytherapy, pelvic and/or lomboaortic image-guided radiotherapy with elective nodal
irradiation, focal nodal or bone stereotactic body radiation therapy (SBRT). An individualized approach
is recommended. The decision about which treatment, if any, to use will be based on the initial char-
acteristics of the disease, relapse patterns and the natural history of the rising prostate specific antigen
(PSA). Preliminary results suggest that more than 50% of patients who have undergone salvage reirra-
diation are biochemically relapse-free with very low rates of severe toxicity. Large prospective studies
with a longer follow-up are needed to confirm the promising benefit/risk ratio observed with salvage
brachytherapy and or salvage nodal radiotherapy and/or bone oligometastatic SBRT when compared
with life-long palliative hormones.

© 2014 Published by Elsevier Masson SAS on behalf of the Société française de radiothérapie
oncologique (SFRO).
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Fig. 1. MRSI-based focal salvage prostate brachytherapy with iodine seeds (144 Gy).
Peroperative endorectal ultrasound image: blue isodose line is 10%; yellow isodose
line is 25%, pink isodose line is 100%, red line is MRSI-based target volume.

failures in 6 prostate cancer patients after primary external beam
radiotherapy [37]. With a 1-year follow-up, the group from Institute
San Raffaele in Milan (Italy) demonstrated promising early results
with 30 Gy delivered in 5 fractions. Three of the 6 patients had
clinical progression, but all of these occurred outside the prostate.
No genitourinary or gastrointestinal morbidity was observed. The
same group confirmed promising outcomes with the same SBRT
scheme in 15 patients with in-field prostate local failure [38]. Fig. 3
illustrates the dosimetry of a patient who had local failure in the
right seminal vesicle, which was treated with pelvic image-guided
intensity-modulated radiotherapy (46 Gy in 23 fractions) combined
with a focal SBRT boost (3 × 5 Gy).

Fig. 2. Sagittal T2-weighted MRI after salvage simultaneous integrated boost
prostate brachytherapy with iodine seeds.

5. Patterns of nodal failure after radiation therapy

Nodal failures have been mostly analyzed in the setting of post-
radical prostatectomy failures with extended pelvic lymph node
dissection [39–41]. The topography of a nodal failure remains dif-
ficult to predict after prostate radiation therapy, as the lymphatic
drainage seems to be erratic as is the case after radical prostatec-
tomy. Advances in imaging technology, such as the development of
hybrid imaging systems (e.g., PET/CT and SPECT-CT), which provide
both structural and metabolic information, as well as geographic
mapping (e.g. nanoparticle based MRI lymphangiography) have
contributed to more accurate imaging assessments. After radical
prostatectomy, 79% of the patients with a rising PSA had aberrant
microscopic nodal relapses (outside the pelvic clinical target vol-
ume as defined by the RTOG) found with MR Lymphangiography

Fig. 3. Salvage focal stereotactic body radiotherapy boost for an isolated right seminal vesicle (RSV) relapse several years after prostate brachytherapy with iodine seeds as
monotherapy (160 Gy). A 60-year-old patient, who had an isolated right seminal vesicle relapse 6 years after whole gland prostate brachytherapy with I125 seeds, received
salvage radiation combined neoadjuvant hormones, whole pelvic image-guided IMRT (46 Gy in 23 fractions) and a CyberKnife boost (15 Gy in three fractions) and long-term
adjuvant hormones.
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a b s t r a c t

Even in the current era of dose-escalated radiotherapy for prostate cancer, biochemical recurrence is not
uncommon. Furthermore, biochemical failure is not specific to the site of recurrence. One of the major
challenges in the management of prostate cancer patients with biochemical failure after radiotherapy is
the early discrimination between those with locoregional recurrence only and those with metastatic dis-
ease. While the latter are generally considered incurable, patients with locoregional disease may benefit
from emerging treatment options. Ultimately, the objective of salvage therapy is to control disease while
ensuring minimal collateral damage, thereby optimizing both cancer and toxicity outcomes. Advances
in functional imaging, including multiparametric prostate MRI, abdominopelvic lymphangio-MRI, sen-
tinel node SPECT-CT and/or whole-body PET/CT have paved the way for salvage radiotherapy in patients
with local recurrence, microscopic nodal disease limited to the pelvis or oligometastatic disease. These
patients may be considered for salvage reirradiation using different techniques: prostate low-dose or
high-dose rate brachytherapy, pelvic and/or lomboaortic image-guided radiotherapy with elective nodal
irradiation, focal nodal or bone stereotactic body radiation therapy (SBRT). An individualized approach
is recommended. The decision about which treatment, if any, to use will be based on the initial char-
acteristics of the disease, relapse patterns and the natural history of the rising prostate specific antigen
(PSA). Preliminary results suggest that more than 50% of patients who have undergone salvage reirra-
diation are biochemically relapse-free with very low rates of severe toxicity. Large prospective studies
with a longer follow-up are needed to confirm the promising benefit/risk ratio observed with salvage
brachytherapy and or salvage nodal radiotherapy and/or bone oligometastatic SBRT when compared
with life-long palliative hormones.

© 2014 Published by Elsevier Masson SAS on behalf of the Société française de radiothérapie
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a  b  s  t  r  a  c  t

The most popular therapeutic option in the management of radio-recurrent prostatic
carcinoma is represented by the androgen deprivation therapy, that however should be
considered only palliative and hampered by potential adverse effects of testosterone sup-
pression. Local therapies such as surgery, cryoablation or brachytherapy might be curative
choices for patients in good conditions and with a long-life expectancy, but at cost of sig-
nificant risk of failure and severe toxicity. The administration of stereotactic body radiation
therapy (SBRT) in this setting have come about because of tremendous technologic advances
in  image guidance and treatment delivery techniques that enable the delivery of large doses
to  tumor with reduced margins and high gradients outside the target, thereby reducing the
volume of rectum which already received significant doses from primary radiotherapy. So
far, very modest data are available to support its employment. Rationale, clinical experience,
and  challenges are herein reviewed and discussed.

©  2014 Greater Poland Cancer Centre. Published by Elsevier Urban & Partner Sp. z o.o. All
rights reserved.

1.  Background

In the dose escalation era, primary external beam radiothe-
rapy (EBRT) ± hormonal therapy for localized prostate cancer
(PCa) registered excellent outcomes, equivalent to those
reported in the largest surgical series.1–4 Nevertheless, a pro-
portion of patients develop biochemical failure, defined as
PSA rising 2 ng/ml above the nadir.5–8 Among them, while a
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significant percentage will harbor occult micrometastases,9 a
subset will present with a truly localized recurrence within
the prostate only. The PSA doubling time (PSA-DT)10 is an
important parameter to identify potential candidates for local
re-treatments, as the local failure is generally associated
with a PSA-DT ≥ 6 months. Along with this data, emerging
technologies in the diagnostic work up employing molecu-
lar imaging techniques, such as positron emission computed
tomography (PET-CT) with radio-labeled choline (11C- and
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The most popular therapeutic option in the management of radio-recurrent prostatic
carcinoma is represented by the androgen deprivation therapy, that however should be
considered only palliative and hampered by potential adverse effects of testosterone sup-
pression. Local therapies such as surgery, cryoablation or brachytherapy might be curative
choices for patients in good conditions and with a long-life expectancy, but at cost of sig-
nificant risk of failure and severe toxicity. The administration of stereotactic body radiation
therapy (SBRT) in this setting have come about because of tremendous technologic advances
in  image guidance and treatment delivery techniques that enable the delivery of large doses
to  tumor with reduced margins and high gradients outside the target, thereby reducing the
volume of rectum which already received significant doses from primary radiotherapy. So
far, very modest data are available to support its employment. Rationale, clinical experience,
and  challenges are herein reviewed and discussed.

©  2014 Greater Poland Cancer Centre. Published by Elsevier Urban & Partner Sp. z o.o. All
rights reserved.
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and clinical efficacy of gel injection, are in a separate publication
(7). Four physicians performed injections (1 per institution). The
injecting physicians reviewed the postinjection images, but dosi-
metric results were not specifically used as feedback to alter
application technique, although 1 physician was also involved in
radiation treatment planning. Informally, it was observed that
physicians would typically take 4 to 5 procedures before
becoming most competent with the procedure, except those with
brachytherapy experience, for whom the time to proficiency
seemed to be shorter.

Measurements of separation taken before and after injection
are shown in Table 2. Excluding the 4 patients who did not receive
injection into the prostate-rectal interface, functional success
(!7.5 mm midgland prostate-inner rectal wall separation) was
achieved in 95.8% of patients (46/48; 95% CI Z 85.8%-99.5%);
91.7% of patients with gel injected into prostate-rectal interface
(44/48; 95% CIZ 80.0%-97.7%) had gel thickness at midgland of
>5.0 mm.

Dosimetric outcomes

Of the 48 patients who received injection into the prostatic-rectal
interface, 2 were excluded from the dosimetric analysis because of
missing preinjection or immediate postinjection treatment plans.
Clinical success (!25% reduction in V70) was achieved in 95.7%
of these patients (44/46; 95% CI Z 85.2%-99.5%). Of the 2
patients who were not categorized as having clinical success, 1
patient had a 4% increase in rectal V70 on his postinjection plan,
and another patient had a 39% increase in rectal V70, but for this
patient there was notable overlap of the prostate contoured volume
into the gel on the postinjection treatment plan. This latter patient
was excluded from subsequent analyses. Comparisons between
preinjection and postinjection plans are shown in Table 3. Signif-
icant reductions in rectal dose were seen across all levels of dose
(V75 through V10 in 5- to 10-Gy increments, P".02). There were
no significant differences for the cohort with regard to preinjection
versus postinjection prostate volume, PTV volume, rectal volume,
or bladder volume. The mean reduction in V70 was 8.0% (#4.2);
median 7.8% ($0.3 to 19.5). Figure 2 shows the mean preinjection
and postinjection rectal dose volume values for the cohort.

Rectal V70 was associated with plan conformity index for both
preinjection plans (PZ.001, correlation coefficient 0.46) and
postinjection plans (PZ.008, correlation coefficient 0.39).
Conformity indexes on preinjection plans (median 1.25, range
1.00-2.98) were significantly higher (less conformal) than were
those from postinjection plans (median 1.17, range 1.04-2.50)
(PZ.02). However, even patients with comparatively worse
postinjection plan conformity index (nZ13) still had reductions in
rectal V70. In the multiple regression analysis after adjustment for
all other variables, greater rectal V70 reduction was associated
with decreased relative conformity index in the postinjection (vs
preinjection) plan (regression coefficient $7.59, PZ.013) (Fig. 3).
When comparisons were made between treatment centers, there
were statistically significant variations in change in bladder
volume (PZ.04), change in bladder V70 (PZ.02), preinjection
conformity (P<.001), postinjection conformity (P<.001), and
change of conformity (preinjection vs postinjection, PZ.02).
There were also significant differences between centers in both
preinjection and postinjection rectal V70 (PZ.002 and PZ.001,
respectively) but not in reduction in rectal V70 (PZ.31). No
interinstitutional differences were seen in prostate volume (before
or after injection), PTV volume (before or after injection), rectal
volume (before or after injection), or preinjection prostate-rectum
midgland separation. To understand whether the associations of
these variables with V70 reduction was dependent on treatment
center, interactions between institution and change of conformity,
change in rectal volume, and change in bladder volume, respec-
tively, were tested in the multiple regression, and the results were
not statistically significant. Change in rectal volume was found to
be associated with reduction in V70 with a marginal significance
(PZ.05), and there were no significant associations between
change in rectal V70 and change in bladder volume, injected
volume of gel, gel thickness at midgland, mean gel thickness (base
to apex), gel symmetry, percentage of length of PTV with gel
contact, or change in PTV.

Scans taken at the end of radiation therapy showed gel
persistence, with no significant differences between prostate-rectal
separation after injection versus end of treatment (PZ.19, .06, .14
for base, midgland, and apex, respectively). Analysis of MRI
scans taken 6 months after the completion of radiation therapy

Fig. 1. Axial T2 magnetic resonance images of a patient before
hydrogel injection (left), after radiation therapy (middle), and 6
months after injection (right).

Table 2 Gel injection characteristics

Gel thickness (nZ48)
Mean

(#SD), mm
Median

(range), mm

Basey 8.0 (#6.9) 7.5 (0.0-30.3)
Midgland 10.0 (#4.4) 9.4 (0.0-21.5)
Apexz 6.7 (#5.6) 7.1 (0.0-20.8)
Average gel thickness
(base/mid/apex)

8.1 (#4.2) 7.1 (2.0-17.9)

Prostate to inner
rectal wall

distance (nZ48)
Preinjection,

mm
Postinjection,

mm P*

Basey

Mean (#SD) 9.8 (#6.6) 18.4 (#7.2) <.0001
Median (range) 8.2 (1.0-25.9) 18.1 (4.7-34.7)

Midgland
Mean (#SD) 5.8 (#3.7) 15.5 (#5.8) <.0001
Median (range) 5.4 (1.0-18.6) 14.6 (5.6-34.2)

Apexz

Mean (#SD) 5.9 (#3.0) 12.6 (#5.8) <.0001
Median (range) 5.6 (1.0-14.1) 11.7 (4.7-31.3)

* Nonparametric Wilcoxon signed rank test.
y Measurement taken on axial image 3-5 mm caudal to cranialmost

aspect of prostate.
z Measurement taken on axial image 3-5 mm cranial to caudalmost

aspect of prostate.
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Table 2. Patient and CBK-SRT treatment characteristics (n = 34 patients/38 lesions)

Characteristics
P

(n = 15)
A

(n = 4)
LN

(n = 16)
M

(n = 3)
All lesions
(n = 38)

Pre–CBK-SRT PSA
[median (range)] (ng/mL)

3.51 (1.69 – 22.9) 6.60 (0.47 – 10.11) 1.77 (0.22 – 15.50) 10.7 (0.30 – 38.3) 3.20 (0.22 – 38.3)

[11C]choline PET/CT before
CBK-SRT
Yes 13 (87%) 2 (50%) 16 (100%) 3 (100%) 34 (89%)
No 2 (13%) 2 (50%) 0 0 4 (11%)

Biopsy of target lesion
Yes 15 (100%) 3 (75%) 1 (6%) 0 19 (50%)
No 0 1 (25%) 15 (94%) 3 (100%) 19 (50%)

Fiducial marker in target
lesion
Yes 14 (93%) 3 (75%) 9 (56%) 0 26 (68%)
No 1 (7%) 1 (25%) 7 (44%) 3 (100%) 12 (32%)

Localization in previous
RT volume
Yes 15 (100%) 4 (100%) 8 (50%) 0 27 (71%)
No 0 0 8 (50%) 3 (100%) 11 (29%)

Lymph node site (only
LN group)
External iliac 5 (31%)
Internal iliac 0
Common iliac 3 (19%)
Pararectal 1 (6%)
Obturator 7 (44%)

Metastasis site (only
M group)
Retroperitoneal lymph
node

2 (67%)

Bone 1 (33%)
ADT added to CBK-SRT
Yes 5 (33%) 2 (50%) 12 (75%) 2 (67%) 21 (55%)

Type of ADT added to RT
CAB 2 0 4 1 7
LHRH alone 2 2 2 1 7
Anti-androgen alone* 1 0 5 0 6
Other (dutasteride) 0 0 1 0 1

Median duration of ADT
(range) (mo)

14.2 (3.1–117.3) 22.7 (11–34.4) 17.5 (7–155.3) 12.3 (6.8–17.9) 16.6 (3.1–155.8)

Other systemic therapy:
Chemotherapyy

1 (7%) 0 0 0 1 (3%)

Pre-ADT PSA
n 5 2 12 2 21
Median (range) (ng/mL) 3.27 (1.90 – 43.0) 6.67 (3.41 – 9.94) 3.74 (0.90 – 17.1) 11.25 (5.40 –17.1) 4.31 (0.90 – 43.0)

CBK-SRT data
Median total dose (Gy) 30 30 33 36 30
Dose/fraction 6 6 11 12 7.5
No. of fractions 5 5 3 3 4.5

Mean overall CBK-SRT
duration (d)

5 6 5.5 3 5.1

Median overall CBK-SRT
duration (d)

5 5 5 3 5

Dosimetric CBK-SRT data
Mean total DR30 (range) (Gy) 13.45 (10.5–18.8) 8.4 (4.0–11.0) 1.78 (0.06–11.3) 0.09z 7.14 (0.06–18.8)
Mean total DR60 (range) (Gy) 6.69 (4.9–10.0) 4.08 (3.0–5.6) 0.75 (0.03–5.5) 0.05z 3.48 (0.03–10.0)
Mean total DB30 (range) (Gy) 10.58 (5.2–16.6) 3.94 (0.75–8.4) 2.3 (0.06–14.5) 0.3z 5.73 (0.06–16.6)

Abbreviations: CBK-SRT = CyberKnife stereotactic radiotherapy; P = CBK-SRT to recurrent primary prostate cancer; A = CBK-SRT to
peri-anastomotic recurrence; LN = CBK-SRT to single lymph node recurrence; M = CBK-SRT to metastatic lesion; PSA = prostate-specific
antigen; [11C]choline PET/CT = [11C]choline positron emission tomography/computed tomography; RT = radiotherapy; ADT = androgen
deprivation therapy; CAB = complete androgen blockade; LHRH = luteinizing hormone releasing factor; DR30 = dose given to 30% of rectal
volume; DR60 = dose given to 60% of rectal volume; DB50 = dose given to 50% of urinary bladder volume.
*Bicalutamide.
yEstramustine.
zMissing data in 1 patient.
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ROBOTIC IMAGE-GUIDED STEREOTACTIC RADIOTHERAPY, FOR ISOLATED
RECURRENT PRIMARY, LYMPH NODE OR METASTATIC PROSTATE CANCER
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LAURA FARISELLI, M.D.,x CRISTIANA FODOR, M.SC.,* LUIGI SANTORO, M.SC.,kANDREAVAVASSORI, M.D.,*
DARIO ZERINI, M.D.,* FEDERICA GHERARDI, M.D.,*y CARMEN ASCIONE, M.D.,*{

ISA BOSSI-ZANETTI, M.D.,*y ROBERTA MAURO, M.D.,*y ACHILLE BREGANTIN, M.SC.,z

LIVIA CORINNA BIANCHI, M.D.,z OTTAVIO DE COBELLI, M.D.,# AND ROBERTO ORECCHIA, M.D.*y

Departments of *Radiotherapy, #Urology, and kEpidemiology and Statistics, European Institute of Oncology, Milan, Italy; yUniversity
of Milan, Milan, Italy; zCyberKnife Center CDI, Milan, Italy; xRadiotherapy Unit, Carlo Besta Neurological Institute Foundation,

Milan, Italy; and {Seconda Universit!a degli Studi di Napoli, Naples, Italy

Purpose: To evaluate the outcome of robotic CyberKnife (Accuray, Sunnyvale, CA)–based stereotactic radiother-
apy (CBK-SRT) for isolated recurrent primary, lymph node, or metastatic prostate cancer.
Methods andMaterials: BetweenMay 2007 andDecember 2009, 34 consecutive patients/38 lesionswere treated (15
patients reirradiated for local recurrence [P], 4 patients reirradiated for anastomosis recurrence [A], 16 patients
treated for single lymphnode recurrence [LN], and 3 patients treated for singlemetastasis [M]). In all but 4 patients,
[11C]choline positron emission tomography/computed tomography was performed. CBK-SRT consisted of reirra-
diation and first radiotherapy in 27 and 11 lesions, respectively. The median CBK-SRT dose was 30 Gy in 4.5 frac-
tions (P, 30 Gy in 5 fractions; A, 30 Gy in 5 fractions; LN, 33 Gy in 3 fractions; and M, 36 Gy in 3 fractions). In 18
patients (21 lesions) androgen deprivation was added to CBK-SRT (median duration, 16.6 months).
Results: The median follow-up was 16.9 months. Acute toxicity included urinary events (3 Grade 1, 2 Grade 2, and
2 Grade 3 events) and rectal events (1 Grade 1 event). Late toxicity included urinary events (3 Grade 1, 2 Grade 2,
and 2 Grade 3 events) and rectal events (1 Grade 1 event and 1 Grade 2 event). Biochemical response was observed
in 32 of 38 evaluable lesions. Prostate-specific antigen stabilization was seen for 4 lesions, and in 2 cases prostate-
specific antigen progression was reported. The 30-month progression-free survival rate was 42.6%. Disease
progression was observed for 14 lesions (5, 2, 5, and 2 in Groups P, A, LN, and M respectively). In only 3 cases,
in-field progression was seen. At the time of analysis (May 2010), 19 patients are alive with no evidence of disease
and 15 are alive with disease.
Conclusions: CyberKnife-based stereotactic radiotherapy is a feasible approach for isolated recurrent primary,
lymph node, or metastatic prostate cancer, offering excellent in-field tumor control and a low toxicity profile.
Further investigation is warranted to identify the patients who benefit most from this treatment modality. The
optimal combination with androgen deprivation should also be defined. ! 2012 Elsevier Inc.

Recurrent prostate cancer, Lymph node recurrence, Stereotactic radiotherapy, Robotic stereotactic radiotherapy.

INTRODUCTION

Isolated recurrent prostate cancer after primary treatment is
considered an unfavorable situation, and systemic hormonal
therapy (androgen deprivation) is indicated for the majority
of patients (1). Androgen deprivation is continued for
a long period of time (usually until the disease goes into pro-
gression, at which point alternative hormonal manipulation/
chemotherapy may be considered). Significant side effects
and a deterioration in the quality of life during androgen dep-
rivation have been reported (2). Therefore effective local
therapy could reduce the burden of the systemic therapies

that are usually given to patients with recurrent/metastatic
prostate cancer. Although the natural history of the disease
is long, isolated prostate cancer recurrence is rarely treated
with surgery. This is because of the relatively advanced age
of the patients and the high tendency toward metastatic dis-
semination. Inviewof this, radiotherapy could provide avalid
noninvasive alternative to surgery in selected patients with
recurrent prostate cancer. Prostate cancer is a radiosensitive
disease, and radiotherapy is commonly used in the treatment
of primary prostate tumors and of lymph node and metastatic
lesions (1, 3). Theoretically, small-field radiotherapy to
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Table 3. Treatment outcome (n = 34 patients/38 lesions)

Outcome P (n = 15) A (n = 4) LN (n = 16) M (n = 3)
All lesions
(n = 38)

Acute toxicity of CBK-SRT (for all lesions)
All urinary toxicity* 5 (33%) 1 (25%) 1 (6%) 0 7 (18%)

Grade 1 2 (13%) 1 (25%) 0 0 3 (8%)
Grade 2 2 (13%) 0 0 0 2 (5%)
Grade 3 1 (7%) 0 1 (6%) 0 2 (5%)

All rectal toxicity
Grade 1 0 1 (25%) 0 0 1 (3%)

Late toxicity of CBK-SRT (for all patients)
All urinary toxicity* 3 (20%) 0 4 (30%)y 0 7 (21%)y

Grade 1 1 (7%) 0 2 (15%) 0 3 (9%)
Grade 2 1 (7%) 0 1 (8%) 0 2 (6%)
Grade 3 1 (7%) 0 1 (8%) 0 2 (6%)

All rectal toxicity 0 1 (25%) 1 (8%)y 0 2 (6%)y

Grade 1 0 0 1 (8%) 0 1 (3%)
Grade 2 0 1 (25%) 0 0 1 (3%)

Follow-up duration [median
(range)] (mo)

9.5 (3 – 28.9) 23 (3.9 – 30.6) 21.9 (4.3 – 35.4) 13.7 (3.9 – 20.2) 16.9 (3 – 35.4)

Response to CBK-SRT (all lesions)
Radiologic and/or [11C]
choline PET/CT
Evaluable 2 (13%) 1 (25%) 11 (69%) 1 (33%) 15 (39%)

Complete response 1 (7%) 1 (25%) 10 (62.5%) 0 12 (32%)
Partial response 0 0 0 1 (33%) 1 (3%)
Stable disease 1 (7%) 0 1 (6%) 0 2 (5%)
Progression 0 0 0 0 0

Non-evaluable 13 (87%) 3 (75%) 5 (31%) 2 (67%) 23 (61%)
Biochemical
Evaluable 15 (100%) 4 (100%) 16 (100%) 3 (100%) 38 (100%)
Complete response

(substantial PSA reduction)z
11 (73%) 3 (75%) 12 (75%) 2 (67%) 28 (74%)

Partial response (partial
PSA reduction)z

3 (20%) 0 1 (6%) 0 4 (11%)

Stable PSA 1 (7%) 0 2 (13%) 1 (33%) 4 (11%)
Progressionx 0 1 (25%) 1 (6%) 0 2 (5%)

Non-evaluable 0 0 0 0 0
Biochemical response to CBK-SRT in
lesions treated with CBK-SRT only,
with no neoadjuvant and/or concomitant
systemic therapy
n 9 (60%) 2 (50%) 4 (25%) 1 (33%) 16 (42%)
Complete response (substantial
PSA reduction)z

6 (67%) 1 (50%) 2 (50%) – 9 (56.25%)

Partial response (partial
PSA reduction)z

2 (22%) – 1 (25%) 1 (100%) 4 (25%)

Stable PSA 1 (11%) – 1 (25%) – 2 (12.5%)
Progressionx – 1 (50%) – – 1 (6.25%)

Disease progression 5/15 (33%) 2/4 (50%) 5/16 (31%) 2/3 (67%) 14/38 (37%)
Site of progression
In CBK-SRT field 1 (7%) 2 (50%)k 0 0 3 (8%)
Out of CBK-SRT field 4 (27%) 1 (25%) 5 (31%) 1 (33%) 11 (29%)
Biochemical only 0 0 0 1 (33%) 1 (3%)

PFS
30-mo PFS (%) (95% CI) 22.2 (0–58.2) 33.0 (0–68.7) 63.5 (36.6–90.3) 0 (—) 42.6 (21.6–63.7)
Median PFS (95% CI) (mo) 13 (10, >30) 14 (10, >30) >30 (—) 11 (6–16) 17 (13, >30)

Abbreviations: CBK-SRT = CyberKnife stereotactic radiotherapy; P = CBK-SRT to recurrent primary prostate cancer; A = CBK-SRT to
peri-anastomotic recurrence; LN = CBK-SRT to single lymph node recurrence; M = CBK-SRT to metastatic lesion; PFS = progression-free
survival; CI = confidence interval.
*Radiation Therapy Oncology Group/European Organisation for Research and Treatment of Cancer criteria (12).
yThe percentages of late side effects are presented in all patients, not lesions (n = 34), and lymph node group (n = 12).
zSee ‘‘Methods and Materials’’ section for definition.
xDefined as two PSA increases over pre–CBK-SRT PSA value.
kOne patient had progressive disease in field and out of field.
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ROBOTIC IMAGE-GUIDED STEREOTACTIC RADIOTHERAPY, FOR ISOLATED
RECURRENT PRIMARY, LYMPH NODE OR METASTATIC PROSTATE CANCER
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Purpose: To evaluate the outcome of robotic CyberKnife (Accuray, Sunnyvale, CA)–based stereotactic radiother-
apy (CBK-SRT) for isolated recurrent primary, lymph node, or metastatic prostate cancer.
Methods andMaterials: BetweenMay 2007 andDecember 2009, 34 consecutive patients/38 lesionswere treated (15
patients reirradiated for local recurrence [P], 4 patients reirradiated for anastomosis recurrence [A], 16 patients
treated for single lymphnode recurrence [LN], and 3 patients treated for singlemetastasis [M]). In all but 4 patients,
[11C]choline positron emission tomography/computed tomography was performed. CBK-SRT consisted of reirra-
diation and first radiotherapy in 27 and 11 lesions, respectively. The median CBK-SRT dose was 30 Gy in 4.5 frac-
tions (P, 30 Gy in 5 fractions; A, 30 Gy in 5 fractions; LN, 33 Gy in 3 fractions; and M, 36 Gy in 3 fractions). In 18
patients (21 lesions) androgen deprivation was added to CBK-SRT (median duration, 16.6 months).
Results: The median follow-up was 16.9 months. Acute toxicity included urinary events (3 Grade 1, 2 Grade 2, and
2 Grade 3 events) and rectal events (1 Grade 1 event). Late toxicity included urinary events (3 Grade 1, 2 Grade 2,
and 2 Grade 3 events) and rectal events (1 Grade 1 event and 1 Grade 2 event). Biochemical response was observed
in 32 of 38 evaluable lesions. Prostate-specific antigen stabilization was seen for 4 lesions, and in 2 cases prostate-
specific antigen progression was reported. The 30-month progression-free survival rate was 42.6%. Disease
progression was observed for 14 lesions (5, 2, 5, and 2 in Groups P, A, LN, and M respectively). In only 3 cases,
in-field progression was seen. At the time of analysis (May 2010), 19 patients are alive with no evidence of disease
and 15 are alive with disease.
Conclusions: CyberKnife-based stereotactic radiotherapy is a feasible approach for isolated recurrent primary,
lymph node, or metastatic prostate cancer, offering excellent in-field tumor control and a low toxicity profile.
Further investigation is warranted to identify the patients who benefit most from this treatment modality. The
optimal combination with androgen deprivation should also be defined. ! 2012 Elsevier Inc.

Recurrent prostate cancer, Lymph node recurrence, Stereotactic radiotherapy, Robotic stereotactic radiotherapy.

INTRODUCTION

Isolated recurrent prostate cancer after primary treatment is
considered an unfavorable situation, and systemic hormonal
therapy (androgen deprivation) is indicated for the majority
of patients (1). Androgen deprivation is continued for
a long period of time (usually until the disease goes into pro-
gression, at which point alternative hormonal manipulation/
chemotherapy may be considered). Significant side effects
and a deterioration in the quality of life during androgen dep-
rivation have been reported (2). Therefore effective local
therapy could reduce the burden of the systemic therapies

that are usually given to patients with recurrent/metastatic
prostate cancer. Although the natural history of the disease
is long, isolated prostate cancer recurrence is rarely treated
with surgery. This is because of the relatively advanced age
of the patients and the high tendency toward metastatic dis-
semination. Inviewof this, radiotherapy could provide avalid
noninvasive alternative to surgery in selected patients with
recurrent prostate cancer. Prostate cancer is a radiosensitive
disease, and radiotherapy is commonly used in the treatment
of primary prostate tumors and of lymph node and metastatic
lesions (1, 3). Theoretically, small-field radiotherapy to
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Fig. 1 – Imaging, treatment and follow-up algorithm for patients with biochemical failure following primary radiotherapy.

disease progression and reduces related complications. More-
over, ADT can provide a small but statistically significant
improvement in overall survival at 10 years.

The American Society of Clinical Oncology (ASCO) and
European Society for Medical Oncology (ESMO) guidelines do
not make any recommendations in this regard for patients
with asymptomatic metastatic cancer. For this reason, in
asymptomatic (or minimally symptomatic) M1 patients, one
valid option might be to closely monitor informed patients
(assuming the main goal is survival), with immediate initia-
tion of hormonal treatment in symptomatic patients who have
been informed of the risks and benefits of such therapy.

2.6.  Continuous  or  intermittent  ADT

Once hormonal treatment has been prescribed, the next deci-
sion is whether administration should be intermittent or
continuous. The negative impact of ADT on the quality of life,
together with its inability to completely eliminate clonogenic
cells (with the attendant risk of developing resistance), have
led to the design of non-inferiority studies to compare con-
tinuous ADT to intermittent hormonotherapy (IHT) in the two
patient profiles described above – that is, in M0  patients with

BCR and poor prognosis following radical radiotherapy and in
patients with M1 disease.

In M0  patients with biochemical failure, the randomized
Canadian study carried out by Crook et al.29 on 1386 patients
(mean follow up: 7 years) concluded that intermittent ADT
should be the standard treatment in this patient cohort
because, despite the higher cancer-related mortality rate in
the intermittent group (41% vs. 34%), the continuous group
had a higher other-cause mortality rate (32.5% vs. 40%). As
a result, the overall mortality rate in both groups was sim-
ilar. Nevertheless, the role of predictive factors such as age,
Gleason score and PSA kinetics in the selection of patients for
intermittent therapy remain to be defined.

In M1 patients, most evidence comes from six random-
ized trials and a recent meta-analysis of eight randomized
trials.30,31 The results show a small and non-significant
decrease in cause-specific mortality, overall mortality, and
disease progression with the use of IHT, but a significant
reduction in the emergence of hot-flushes. The authors of that
meta-analysis conclude that IHT is a reasonable option for
well-informed patients who want to avoid these side-effects.
However, due to differences in the methodologies and study
variables among the various trials, it is difficult to establish
definitive conclusions.
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The most popular therapeutic option in the management of radio-recurrent prostatic
carcinoma is represented by the androgen deprivation therapy, that however should be
considered only palliative and hampered by potential adverse effects of testosterone sup-
pression. Local therapies such as surgery, cryoablation or brachytherapy might be curative
choices for patients in good conditions and with a long-life expectancy, but at cost of sig-
nificant risk of failure and severe toxicity. The administration of stereotactic body radiation
therapy (SBRT) in this setting have come about because of tremendous technologic advances
in  image guidance and treatment delivery techniques that enable the delivery of large doses
to  tumor with reduced margins and high gradients outside the target, thereby reducing the
volume of rectum which already received significant doses from primary radiotherapy. So
far, very modest data are available to support its employment. Rationale, clinical experience,
and  challenges are herein reviewed and discussed.

©  2014 Greater Poland Cancer Centre. Published by Elsevier Urban & Partner Sp. z o.o. All
rights reserved.

1.  Background

In the dose escalation era, primary external beam radiothe-
rapy (EBRT) ± hormonal therapy for localized prostate cancer
(PCa) registered excellent outcomes, equivalent to those
reported in the largest surgical series.1–4 Nevertheless, a pro-
portion of patients develop biochemical failure, defined as
PSA rising 2 ng/ml above the nadir.5–8 Among them, while a
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significant percentage will harbor occult micrometastases,9 a
subset will present with a truly localized recurrence within
the prostate only. The PSA doubling time (PSA-DT)10 is an
important parameter to identify potential candidates for local
re-treatments, as the local failure is generally associated
with a PSA-DT ≥ 6 months. Along with this data, emerging
technologies in the diagnostic work up employing molecu-
lar imaging techniques, such as positron emission computed
tomography (PET-CT) with radio-labeled choline (11C- and
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Abstract

Background: Patterns of postoperative radiotherapy (RT) use in prostate cancer (PCa)
after the publication of major randomized trials have not been well characterized.
Objective: To describe patterns of postoperative RT use after radical prostatectomy (RP)
in patients with adverse pathologic features in the United States.
Design, setting, and participants: Retrospective analysis of 97 270 patients with PCa
diagnosed between 2005 and 2011 whose presentation and outcomes were recorded in
the National Cancer Data Base.
Outcome measurements and statistical analysis: Temporal changes in receipt of
postoperative RT and factors associated with receipt of this treatment using the
Cochran–Armitage trend test and multiple logistic regression, respectively.
Results and limitations: Between 2005 and 2011, receipt of postoperative RT decreased
steadily from 9.1% to 7.3% (ptrend < 0.001). Use of RT with or without androgen depriva-
tion therapy monotonically decreased with advancing age from 8.5% in patients aged
18–59 yr to 6.8% in patients aged 70–79 yr (ptrend < 0.001). Receipt of RT was higher at
community cancer programs compared with teaching/research centers (14% vs 7.3%;
odds ratio [OR]: 2.16; p < 0.001), in those with pT3-4 disease and positive margins
compared with those with pT3-4 and negative margins (17% vs 5.9%; OR: 2.89;
p < 0.001), and in patients with a Gleason score of 8–10 compared with those with a
Gleason score of 2–6 (17% vs 4.2%; OR: 3.50; p < 0.001). Limitations include lack of
postprostatectomy prostate-specific antigen level.
Conclusions: Postoperative RT use for localized PCa in patients with adverse pathologic
features is declining in the United States.
Patient summary: In this report, we show that use of postoperative radiotherapy in
patients with prostate cancer with adverse pathologic features is declining. Patients
treated at community cancer programs, those with locally advanced disease and positive
margins, and those with a high Gleason score were more likely to receive postoperative
radiotherapy.
# 2015 European Association of Urology. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Prostate cancer (PCa) accounted for an estimated 899 000
cases and 258 000 deaths worldwide in 2008, with 72% of

cases and 53% of deaths occurring in developed countries
[1]. Among men in the Surveillance, Epidemiology, and End
Results database in the United States, 80% had localized
disease, 12% had regional disease, and only 4% had distant
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Abstract

Context: Despite excellent cancer control with the treatment of localized prostate
cancer (PCa), some men will experience a recurrence of disease. The optimal manage-
ment of recurrent disease remains uncertain.
Objective: To systematically review recent literature regarding management of bio-
chemical recurrence after primary treatment for localized PCa.
Evidence acquisition: A comprehensive systematic review of the literature was per-
formed from 2000 to 2012 to identify articles pertaining to management after recurrent
PCa. Search terms included prostate cancer recurrence, salvage therapy, radiorecurrent
prostate cancer, post HIFU, post cryoablation, postradiation, and postprostatectomy salvage.
Studies were selected according to Preferred Reporting Items for Systematic Reviews
and Meta-analysis (PRISMA) guidelines and required to provide a comprehensive
description of primary and secondary treatments along with outcomes.
Evidence synthesis: The data from 32 original publications were reviewed. The most
common option for local salvage therapy after radical prostatectomy (RP) was radiation.
Options for local salvage therapy after primary radiation included RP, brachytherapy,
and cryotherapy. Different definitions of recurrence and risk profiles among patients
make comparative assessment among salvage treatment modalities difficult. Triggers
for intervention and factors predicting response to salvage therapy vary.
Conclusions: Radiation therapy (RT) after RP can provide durable prostate-specific antigen
(PSA) responses in a sizeable percentage of men, especially when given early (ie, PSA
<1 ng/ml). Though a few studies suggest improvements in mortality, prospective ran-
domized trials are needed and underway. The role of salvage treatment after RT is less clear.
# 2013 European Association of Urology. Published by Elsevier B.V. All rights reserved.
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Abstract

Radical external-beam radiotherapy (EBRT) is a standard treatment for prostate cancer (PC) patients. Despite this, the rate of intraprostatic
relapses after primary EBRT is still not negligible. There is no consensus on the most appropriate management of these patients after EBRT
failure. Treatment strategies after PC relapse are strongly influenced by the effective site of the tumor recurrence, and thus the instrumental
evaluation with different imaging techniques becomes crucial. In cases of demonstrated intraprostatic failure, several systemic (androgen
deprivation therapy) or local (salvage prostatectomy, cryotherapy, high-intensity focused ultrasound, brachytherapy, stereotactic EBRT)
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a  b  s  t  r  a  c  t

Objective:  To perform  a critical  review  focusing  on  the  applicability  in  clinical  daily  practice  of  data  from
three  randomized  controlled  trials  (RCTs):  SWOG  8794,  EORTC  22911,  and  ARO/AUO  96-02.
Methods  and materials:  An  analytical  framework,  based  on  the  identified  population,  interventions,  com-
parators, and  outcomes  (PICO)  was used  to refine  the  search  of the  evidence  from  the  three  large
randomized  trials  regarding  the  use of  radiation  therapy  after  prostatectomy  as  adjuvant  therapy  (ART).
Results: With  regard  to the  inclusion  criteria:  (1)  Population:  in  the  time  since  they  were  designed,  in
two  among  three  trial (SWOG  8794  and  EORTC  22911)  patients  had  a  detectable  PSA  at  the  time  of
randomization,  thus  representing  de  facto  a substantial  proportion  of  patients  who  eventually  received
salvage  RT  (SRT)  at non-normalised  PSA  levels  rather  than  ART.  (2)  Interventions:  although  all  the  trials
showed  the benefit  of  postoperative  ART  compared  to  a wait-and-see  approach,  the  dose  herein  employed
would  be  now  considered  inadequate;  (3)  Comparators:  the  comparison  arm  in all  the  3  RCTs  was  an
uncontrolled  observation  arm,  where  patients  who  subsequently  developed  biochemical  failure  were
treated  in various  ways,  with  up  to  half  of  them  receiving  SRT  at PSA  well  above  1  ng/mL,  a  level  that
would  be  now  deemed  inappropriate;  (4)  Outcomes:  only  in  one  trial  (SWOG  8794)  ART  was  found  to
significantly  improve  overall  survival  compared  to observation,  with  a ten-year  overall  survival  rate  of
74% vs.  66%,  although  this  might  be  partly  the  result  of  imbalanced  risk  factors  due  to  competing  event
risk  stratification.
Conclusions:  ART  has  a high  level  of  evidence  due  to  three  RCTs  with  at least  10-year  follow-up  recording
a  benefit  in  biochemical  PFS,  but  its  penetrance  in  present  daily  clinics  should  be  reconsidered.  While
the  benefit  of ART  or  SRT  is  eagerly  expected  from  ongoing  randomized  trials,  a  dynamic  risk-stratified
approach  should  drive  the  decisions  making  process.
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