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Postoperative Irradiation: 
Immediate or Early Delayed?
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1  �Introduction

For patients with localized prostate cancer, radi-
cal prostatectomy (RP) and external-beam radia-
tion therapy (RT) enable a 10-year overall 
survival of 83 % and 89 %, respectively [46]. 
Following RP, serum prostate-specific antigen 
(PSA) should become undetectable within 4–6 
weeks, as half-life is approximately 2–3 days 
[89]. Persistent PSA levels indicate residual pros-
tatic tissue, either malignant or benign (e.g. 
benign prostatic hyperplasia).

A PSA increase of ≥0.2 ng/ml is a common 
definition of progression of disease following RP 
[38, 105]. Vital tumor tissue has been found in 
biopsies form the urethrovesical anastomosis in 
35–55 % of all patients with rising PSA after RP 

without clinical correlates suggestive of recurrent 
tumor [80]. In these cases, PSA levels predate 
clinically evident disease and do correlate well 
with disease progression.

After RP, approximately 15–25 % of the patients 
experience recurrence [90]. Numerous models are 
available to predict the probability of relapse [28, 
79, 99]. With adverse risk factors such as high 
baseline levels of PSA, extraprostatic extension, 
positive surgical margins (R1), and Gleason score 
≥8, the 10-year biochemical recurrence rate may 
grow to 75 % [16, 38, 107]. However, biochemical 
recurrence is a common event even in patients with 
favorable prognostic factors. The rate of biochemi-
cal progression after 7 years for patients with organ 
confined tumors (pT2) and positive surgical mar-
gins is about 25 % [93].

The optimal management of patients with 
clinical and pathologic features of increased risk 
for developing a biochemical recurrence remains 
controversial. Two treatment approaches for the 
postoperative management of these patients are 
adjuvant radiation therapy (ART) in men with an 
undetectable PSA or observation followed by 
early salvage radiation therapy (SRT) in men 
with persisting or rising PSA after initial postop-
erative undetectable values.

The purpose of this chapter is to review the 
rationale, results, and possible side effects for the 
different treatment approaches ART and SRT.
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2  �Adjuvant Radiation Therapy

2.1  �Randomized Clinical Trials

Three randomized prospective trials (SWOG 
8794, EORTC 22911, and ARO 96–02) demon-
strated an approximately 20 % absolute benefit 
for biochemical progression-free survival 
(bNED) after adjuvant radiation therapy com-
pared with a “wait-and-see” policy, mostly for 
pT3 cN0 or pN0 tumors (Table 1). The greatest 
benefit (30 % bNED after 5 years) has been dem-
onstrated in patients with pT3 tumors and posi-
tive margins [11, 96, 102, 108]. In the meantime, 
10-year follow-up data of the EORTC trial and 
the ARO trial were reported and confirmed these 
results [12, 106].

In the prospective study of the South Western 
Oncology Group (SWOG), overall survival was 
improved from 13.5 years without to 15.2 years 
with adjuvant radiation therapy [97].

Notably, central pathological review on the 
EORTC-trial showed that only surgical margin 
status had an effect on the outcome, such that 
the treatment benefit in patients with negative 
margins did not remain significant. The hazard 
ratio in the group with negative surgical margins 
was 0.87 (p = 0.601), compared to 0.38 
(p < 0.0001) in the group with positive surgical 
margins according to the review pathology. 
Excluding the patients with a PSA of >0.2 ng/ml 
after prostatectomy, the hazard ratio for postop-
erative irradiation was 1.11 (p = 0.740) and 0.29 
(p < 0.0001) for the patients with negative and 
positive margins, respectively [102]. This bene-
fit was also seen in the real adjuvant situation, 
when the PSA was undetectable before the start 
of radiation therapy [106, 108]. In the trial of 
the German Cancer Society 159 patients were 
randomized into the observation and 148 into 
the ART arm (60  Gy in 30 fractions over 6 
weeks). After a median follow-up of nearly 10 
years, there was a significant benefit from ART 
for bNED: 56 % vs. 35 % (p < 0.0001). In the 
subgroup of pT3 R1 tumors, this benefit 
increased from 21 to 30 % [106].

The three randomized studies have used dif-
ferent definitions of biochemical progression: 

SWOG: PSA >0.4 ng/ml, EORTC: PSA >0.2 ng/
ml, ARO: PSA >0.05 ng/ml. Consequently, bio-
chemical recurrences (as an increase of the PSA 
out of the undetectable range) were detected ear-
lier in the EORTC and the ARO study. This led to 
apparently worse results in bNED of the ARO 
study after 5 years, but long term results are quite 
similar between the three trials (Table 1).

In the ARO study, a pathology review was per-
formed on 85 % of RP specimens of patients to 
investigate the influence of pathology review on 
the analysis. There was fair concordance between 
pathology review and local pathologists for semi-
nal vesicle invasion (pT3c: 91 %; k = 0.76), surgi-
cal margin status (84 %; k = 0.65), and for 
extraprostatic extension (pT3a/b: 75 %; k = 0.74). 
Agreement was much less for Gleason score 
(47 %; k = 0.42), whereby the review pathology 
resulted in a shift to Gleason score 7. In contrast 
to the analysis of progression-free survival with 
local pathology, the multivariate analysis includ-
ing review pathology revealed positive surgical 
margins and Gleason score >6 as significant 
prognostic factors [14].

It is well known that the location, the extent, 
and the number of positive surgical margins after 
radical prostatectomy are predictors of biochemi-
cal progression after radical prostatectomy. The 
investigators of the Cleveland Clinic/Ohio found 
in their retrospective series of 7160 patients 
treated with radical prostatectomy 1540 patients 
with positive margins. The 7-year progression-
free probability was 60 % in those patients, 
resulting in a hazard ratio for biochemical recur-
rence of 2.3 compared with negative margins. 
There was also an increased risk of biochemical 
recurrence in patients with multiple vs. solitary 
positive surgical margins (HR 1.4) and extensive 
vs. focal positive surgical margins (adjusted HR 
1.3) [93]. From the data of the randomized trials 
mentioned above, these patients with positive 
margins and pT3-tumors do stand to profit mostly 
from ART.

In the EORTC trial, when the data of patients 
with pT2 tumors and positive surgical margins 
were analyzed, there was a significant benefit of 
10-year biochemical progression-free survival 
rate in the irradiated group (71.4 % versus 46.8 % 
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in the wait-and-see group) [12]. However, these 
data come from a subgroup analysis and bio-
chemical progression-free survival was not the 
primary endpoint of this study. The possible ben-
efit of radiotherapy must be weighed out care-
fully in consideration of potential late effects as 
erectile dysfunction (ED).

2.2  �Definition of Clinical Target 
Volume (CTV)

In the EORTC and SWOG trials, radiation was 
based on 2D treatment planning, where the pros-
tatic fossa was targeted by using large treatment 
portals. Obviously, precise definition of target 
volumes was not essential, which is in great con-
trast to modern radiation treatment techniques 
such as IMRT. Compared to 2D based planning, 
IMRT provides significant normal tissue sparing, 
but also demands exact definition of target 
volume.

Consideration of the local failure patterns in 
the post-RP setting is essential for optimal defini-
tion of CTV.  The most common sites of local 
relapse proven by biopsy are the vesicourethral 
anastomosis (VUA) (66 %), followed by the blad-
der neck (16 %) and retrotrigone area (13 %) [27]. 
Recently, endorectal magnetic resonance imag-
ing (MRI) was used to detect local relapse pat-
terns following RP in order to further define the 
optimal CTV [56]. Based on the results of this 
study, the authors recommended a cylindrical-
shaped CTV centered 5 mm posterior and 3 mm 
inferior to the VUA, concordant also with the 
previously mentioned pathologic studies.

To address any uncertainties in the definition 
of CTV, the Radiation Therapy Oncology Group 
(RTOG) [53], the EORTC Radiation Oncology 
Group [73] and other cooperative groups [84, 
111] have created consensus guidelines for 
delineation of target volumes for postprostatec-
tomy patients. In the RTOG recommendations, 
the CTV extends superiorly from the level of the 
caudal vas deferens remnant (or 3–4 cm superior 
to the pubic symphysis, whichever is higher) and 
inferiorly 8–12 mm inferior to VUA. The VUA 
is defined as the retropubic region that can be 

visualized one slice below the most inferior 
urine-containing image of the bladder. Below the 
superior border of the pubic symphysis, the ante-
rior border is at the posterior aspect of the pubis 
and extends posteriorly to the rectum. At this 
level, the lateral border extends to the levator ani 
muscles. Above the pubic symphysis, the ante-
rior border should encompass the posterior 
1–2  cm of the bladder wall and should extend 
posteriorly to the mesorectal fascia.

2.3  �Use of Image-Guidance 
to Improve Postprostatectomy 
Prostatic Fossa Localization

In recent years, several innovative methods have 
been developed to improve localization of the 
prostatic fossa and minimize daily internal set-up 
error. Techniques currently utilized in most prac-
tices include daily portal imaging with implanted 
gold fiducial markers [77], daily cone beam or 
kilovoltage imaging [59], and the use of electro-
magnetic transponders [21]. Such image-
guidance techniques allow for a minimal 
(7–10 mm) expansion from a CTV to a planning 
target volume, thereby providing further normal 
tissue sparing by minimizing RT dose to the rec-
tum and bladder [83].

2.4  �Adjuvant RT of Pelvic Lymph 
Nodes?

The three randomized trials included only 
patients with cN0 or pN0-disease. The effect of 
adjuvant RT in node-positive prostate cancer has 
not yet been prospectively assessed. A retrospec-
tive study by Da Pozzo et al. reported a signifi-
cant positive impact of RT in combination with 
hormonal therapy (HT) in patients with nodal 
metastases treated with RP and pelvic lymph 
node dissection [31]. However, this study was 
limited by a potential patient selection bias 
mainly due to its retrospective and unmatched 
design. In fact, patients treated with adjuvant RT 
were those affected by more aggressive disease. 
Therefore, no effect of adjuvant RT on 
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cancer-specific survival was demonstrated on 
univariate survival analyses. There was signifi-
cant gain in predictive accuracy when adjuvant 
RT was included in multivariable models predict-
ing biochemical recurrence-free and cancer-spe-
cific survival (gain: 3.3 % and 3 %, respectively; 
all p < 0.001).

In a large retrospective series, Briganti et al. 
assessed the effect of adjuvant RT in node-
positive prostate cancer including two homoge-
neous matched patient cohorts exposed to either 
adjuvant RT plus HT or adjuvant HT alone after 
surgery. In this series from Milan and Jacksonville, 
a total of 703 patients were assessed at a median 
follow-up of 95 months. Patients were matched 
for age at surgery, pathologic T stage and Gleason 
score, number of nodes removed, surgical margin 
status, and length of follow-up. The overall sur-
vival advantage was 19 % in favor of adjuvant 
radiation therapy plus hormonal treatment com-
pared with hormonal treatment alone. Similarly, 
higher survival rates associated with the combi-
nation of HT plus RT were found when patients 
were stratified according to the extent of nodal 
invasion (namely ≤2 versus >2 positive nodes; all 
p ≤ 0.006) [15].

In 2014 the same working group has pub-
lished an analysis of 1107 patients with node-
positive prostate cancer. After surgery with 
elective lymph node dissection, the men received 
either adjuvant HT alone (intended but not con-
firmed lifelong, n = 721) or HT plus ART (66.6–
70.2 Gy to the prostate bed and 45–50.4 Gy to 
the pelvic lymph nodes, n = 386). The median 
follow-up was 7.1  years. Based on the patho-
logic T stage, Gleason score, number of positive 
lymph nodes, and surgical margin status, five 
risk groups were defined. In the intermediate-
risk group, there was an overall survival advan-
tage from combined therapy of 6 % and 18 %, 
after 5 and 8 years, respectively. In the high-risk 
group, the figures were 6 % and 20 %, respec-
tively, in favor of ART plus HT compared with 
HT alone. In multivariate analysis, two groups 
had a significant benefit from additional ART, 
namely: (1) patients with ≤2 positive lymph 
node, Gleason score 7–10, pT3b/pT4 stage, or 
positive surgical margins; and (2) patients with 

3–4 positive lymph nodes irrespective of other 
features [1]. Because of the retrospective nature 
of this series with no standardized definition of 
target volumes, radiation dose, and duration of 
HT, these results should be interpreted with cau-
tion. However, they provide support for this 
treatment in selected cases, but should be vali-
dated in prospective clinical trials.

2.5  �Additional Use of Hormone 
Therapy to ART

It is now clearly established that the standard 
nonoperative management for patients with 
locally advanced prostate adenocarcinoma 
includes long-term hormone therapy. Two coop-
erative group trials, RTOG 96–02 and EORTC 
22961, have demonstrated an overall survival 
advantage if these patients, and specifically those 
with additional high-risk factors like Gleason 
score 8–10, are treated for 2–3 years with hor-
mone therapy [10, 41]. It remains unknown 
whether men with high-risk, node-negative pros-
tate adenocarcinoma initially treated with RP and 
pelvic lymph node dissection benefit from addi-
tional adjuvant hormone therapy. The primary 
rationale for the use of hormone therapy post-RP 
is to: (1) improve local control by eradicating dis-
ease in a hypoxic scar that may be radioresistant; 
(2) address micrometastatic disease which may 
have spread to the lymph nodes or distant sites; 
and (3) alter PSA kinetics in patients who will 
eventually relapse [37, 44, 74].

Previous studies have indicated a potential 
benefit from combination therapy for men at high 
risk of recurrence. A secondary analysis of 
Radiation Therapy Oncology Group (RTOG) 
85–31, a phase III trial comparing standard exter-
nal beam RT plus immediate ADT versus RT 
alone for patients with nonbulky prostate cancer, 
found improved biochemical control in patients 
who received combination therapy as compared 
to men treated with RT alone [29]. With a median 
follow-up of 5 years, the progression-free sur-
vival for men treated with combination therapy 
was estimated to be 65 % as compared to 42 % for 
men treated with RT alone (p = 0.002). Similar 
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results were seen in a retrospective study per-
formed at Stanford University [48].

Two further randomized trials into HT-RT 
combination therapy, RTOG-P-0011 and EORTC 
22043, closed prematurely because of poor 
recruitment.

The ongoing RADICALS trial will address 
the question of duration of hormone therapy 
combined with ART [68].

3  �Salvage Radiation Therapy

Salvage radiation therapy (SRT) should be con-
sidered for men presenting with persistent PSA 
after prostatectomy or showing an increase of 
PSA levels after initial postoperative undetect-
able values [5, 9, 18, 20, 70, 85, 92, 93, 104].

It remains uncertain whether a PSA increase 
after RP indicates isolated local disease, distant 
metastatic progression, or both [80]. Therefore, 
the best treatment for recurrent prostate cancer in 
patients with increasing or persisting PSA with-
out clinical evidence of disease still remains con-
troversial. On the other hand, only RT can offer 
the chance of cure to patients with truly localized 
malignant disease after RP.

There are indicators for a higher likelihood of 
local recurrence, e.g. slow PSA rise (PSA dou-
bling time ≥12  months), more than 1 year 
between RP and the detection of PSA in the 
serum, Gleason score <7, and negative surgical 
margins [72]. On the other hand, there are also 
indicators suggesting metastatic disease such as 
short PSA doubling time (<12  months) or 
Gleason score at RP from 8 to 10 [70, 104]. Some 
authors tried to define combinations of risk fac-
tors. For example, patients with a PSA <1 ng/ml 
before RT, and pre-RP Gleason score <7, and a 
long PSA doubling time after progression have a 
high risk of local disease [92]. A predictive model 
for the outcome of RT for PSA progression after 
RP has been proposed and validated [58, 91]. 
Assuming a local nature of the underlying dis-
ease, SRT of the prostatic bed has widely been 
used to treat patients in the absence of biopsy-
proven local recurrence. An established standard 
is conformal radiotherapy to the prostatic fossa 

with a dose of about 66 Gy, aiming to irradiate 
the presumed local recurrence and hence to 
reduce the risk of a “second wave of metastasis” 
leading to clinical progression of disease [26, 38, 
105]. In the light of the well-known problems in 
detecting local recurrence in the prostatic bed, 
radiotherapy to the prostatic fossa is one of the 
rare therapies in which most radiation oncolo-
gists irradiate without a histologic proof of tumor 
recurrence.

3.1  �Role of Investigations in Case 
of Persisting/Rising PSA

Once biochemical failure has been diagnosed, it is 
essential to distinguish between local recurrence 
and systemic metastases in order to plan the best 
therapeutic approach. For this reason, there is a 
strong need for imaging techniques which may be 
able to recognize small lesions and to identify 
their nature (persistent or recurrent neoplastic tis-
sue, healthy residual glandular tissue, and granu-
lation tissue or fibrosis). These techniques should 
be able to detect residual or recurrent disease 
when the PSA serum level is very low (less than 
1 ng/ml) in order to deliver the more relevant ther-
apeutic option as early as possible.

Currently, transrectal ultrasound (TRUS) has 
neither good sensitivity nor good specificity in 
detecting early recurrent cancer [51]. Scattoni 
et al. showed that TRUS-guided biopsy to detect 
local relapse after RP has a limited sensitivity 
(25–54 %) when the PSA serum value is less than 
1 ng/ml [76]. TRUS-guided biopsy of the post-
prostatectomy fossa is not recommended by 
EAU-guidelines in patients with PSA serum level 
less than 1 ng/ml [38].

Over the last few years, technological innova-
tions have allowed the development of superim-
posed imaging, which links anatomic, functional, 
and biological information together. Magnetic 
resonance imaging (MRI) and positron emission 
computed tomography (PET/CT) have proven to 
be useful tools in the early diagnosis of prostate 
cancer recurrence.

The advantages of MRI over TRUS are its 
superior soft-tissue resolution and its ability to 
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cover the entire postprostatectomy fossa and 
reveal recurrences that are located beyond the 
region routinely imaged on ultrasound. The com-
bination of an external and an endorectal coil 
improves the ability to detect local recurrence of 
prostate cancer [42]. The anatomic detail and 
wide coverage of the pelvis by MRI facilitates its 
increasing use in directing salvage radiation ther-
apy when a recurrence is demonstrated [56]. 
Additionally, as pelvic lymphadenopathy and 
osseous metastases are routinely evaluated with 
MRI, the most common early metastatic sites of 
prostate cancer are covered by this method.

The reported sensitivity and the specificity of 
MRI for depicting local recurrences by experi-
enced investigators in 82 patients who underwent 
prostatectomy were 87 % and 78 %, respectively. 
PSA levels at MR imaging in patients with clini-
cally proved recurrences ranged from undetect-
able to 10 ng/ml (mean, 2.18 ng/ml) [78].

Panebianco et al. found that a combined tech-
nique of proton magnetic resonance spectro-
scopic imaging (1H-MRSI) and dynamic 
contrast-enhanced magnetic resonance imaging 
(DCE-MRI) at 3 Tesla was a valid tool to detect 
locoregional relapse. It was more accurate than 
Cholin-PET/CT in the identification of small 
lesions in 84 men with low biochemical progres-
sion after RP (PSA serum values ranging from 
0.2 to 2 ng/ml) [67].

Various targets have been addressed by molec-
ular imaging to improve the detection of recurrent 
prostate cancer. For PET imaging, mainly 11C- 
and 18F-labeled choline derivates have been used 
in the past [39, 49]. However, especially in 
patients with PSA values below 3  ng/ml, the 
detection rate is only 40–60 % [7, 23, 49]. 
Recently, molecular probes have been developed 
to target for example the gastrin-releasing peptide 
receptor or the prostate-specific membrane anti-
gen (PSMA), [94, 110]. PSMA is a membrane-
bound enzyme with significantly elevated 
expression in prostate cancer cells in comparison 
to benign prostatic tissue [86]. A newly developed 
compound (coupling 68Ga via the chelator 
HBED-CC to the extracellular PSMA ligand Glu-
NH-CO-NH-Lys) demonstrated a high specificity 
for PSMA expressing tumor cells as well as high 

and specific uptake in a mouse model [32]. A first 
preliminary study in prostate cancer patients 
revealed a higher image contrast and detection 
rate with 68Ga-PSMA- than with 18F-choline-PET/
CT [3]. Afshar-Oromieh et al. performed a retro-
spective analysis in 319 patients with different 
primary treatment including 226 patients with 
recurrent prostate cancer after radical prostatec-
tomy. In 82.8 % of the patients at least one lesion 
indicative of prostate cancer was detected. A 
lesion-based analysis of sensitivity, specificity, 
negative predictive value, and positive predictive 
value revealed values of 76.6 %, 100 %, 91.4 %, 
and 100 %, respectively. Of 116 patients available 
for follow-up, 50 received local therapy after 
68Ga-PSMA PET/CT [2]. Eiber et al. investigated 
the detection rate of 68Ga-PSMA PET/CT in 248 
patients with biochemical recurrence after radical 
prostatectomy. Median PSA level was 1.99 ng/ml. 
The detection rates were 96.8 %, 93.0 %, 72.7 %, 
and 57.9 % for PSA levels of ≥2, 1 to <2, 0.5 to 
<1, and 0.2 to <0.5  ng/ml, respectively. With 
higher Gleason score (≤7 versus ≥8), detection 
efficacy was significantly increased (p = 0.019) 
[33]. 68Ga-PSMA ligand PET/CT shows substan-
tially higher detection efficacy than reported for 
other tracers. Most importantly, it reveals a high 
number of positive findings in the clinically 
important range of low PSA values (<0.5 ng/ml). 
However, case numbers in that PSA range are 
very low in all reports [2, 19, 33, 40].

3.2  �Results of Salvage Radiotherapy/
Prognostic Factors

So far, there are no published data available from 
randomized trials on SRT after RP and the ques-
tion of whether or not SRT can improve survival 
is not answered, yet. Numerous retrospective 
studies focus on biochemical recurrence and there 
is clear evidence for an advantage from early SRT 
for that endpoint. However, the definition of 
“early” varies throughout the literature. European 
guidelines recommend SRT at a PSA <0.5 ng/ml, 
AUA/ASTRO suggest a threshold at 0.2  ng/ml, 
and even lower values (down to 0.05 ng/ml) have 
been proposed [38, 55, 98]).
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Stevenson et al. reported the results of a multi-
institutional cohort of 1540 patients. These 
patients received SRT with a median dose of 
66 Gy. Median follow-up was 53 months. A six-
years biochemical progression-free survival-rate 
of 48 % (95 % CI, 40–56 %) could be achieved 
when the PSA was <0.5  ng/ml compared with 
only 18 %, when the preradiation therapy PSA 
was >1.5 ng/ml. In the whole series, the 6-year 
progression-free survival-rate was 32 % (95 % 
CI, 28–35 %) [91]. The authors identified several 
prognostic factors that were associated with a 
poor response to RT including Gleason score of 
8–10, pre-SRT PSA >2 ng/ml, negative surgical 
margins, postoperative PSA doubling time 
<10 months and seminal vesicle invasion. Patients 
without these adverse features had a 6 year 
progression-free survival of 69 %. Also, some 
subsets of patients with Gleason score 8–10 
would benefit from salvage radiation therapy if 
the pretreatment PSA was <2.0  ng/ml, surgical 
margins were positive and PSA doubling time 
was >10 months [91].

Briganti et al. reported on a multi-institutional 
cohort of 472 node-negative patients who experi-
enced biochemical recurrence after RP.  All 
patients received SRT at a PSA <0.5  ng/ml. In 
univariate analysis, pT-stage, Gleason score and 
margin status were significant predictors of pro-
gression. In multivariable Cox regression, also 
the pre-SRT PSA was a significant predictor (all 
parameters with p < 0.04). The study aimed to 
develop a nomogram predictive for biochemical 
progression. Therefore, the pre-SRT PSA was a 
continuous variable with no discrete value to dif-
ferentiate low versus high risk. Positive margins 
were a high-risk factor in that data set [17].

Lohm et al. reported the results of 151 patients 
receiving SRT at a PSA <0.2  ng/ml. After a 
median follow-up of 82 months, a biochemical 
progression was diagnosed in 83 patients (55 %). 
Multivariate analysis confirmed the impact of 
pre-SRT PSA level, Gleason score, and PSADT 
on biochemical progression-free survival and 
tumor stage on overall survival. The margin sta-
tus was no significant risk factor at all [52]. Also, 
in a cohort of 409 men who had SRT at higher 
PSA levels (range 0.3–1.7 ng/ml), surgical mar-

gins did not reach significance (p = 0.2) in the 
regression model for biochemical failure [43].

Trock et al. conducted a retrospective analy-
sis of a cohort of 675 patients undergoing RP 
from 1982 to 2004. Median follow-up was 9 
years since RP and 6 years since SRT.  They 
show a benefit for prostate cancer-specific sur-
vival after SRT (with or without additional hor-
mone treatment) compared with sole androgen 
deprivation. Particularly, there was an advantage 
for patients who achieved a post-SRT PSA 
<0.2 ng/ml (the undetectable range in that study) 
and for men with a short PSA doubling time 
(<6 months) at recurrence. However, other estab-
lished prognostic features such as pT stage or 
Gleason score failed statistical significance for 
overall survival [101].

Chang et al. determined the PSA of 164 pros-
tatectomy patients 4 months after the administra-
tion of SRT for recurrent prostate cancer. The 
median follow-up was 53.4  months. If at that 
time the PSA was ≥0.2  ng/ml or was incom-
pletely reduced (≥45 % of the pre-SRT PSA), 
then the 5-year rates of clinical recurrence were 
significantly increased [24].

Jackson et  al. identified men with a detect-
able nadir (0.1–0.2  ng/ml) within 6 months 
after SRT as a high-risk group regarding bio-
chemical failure, distant metastases, prostate 
cancer-specific death, and overall mortality. A 
total of 448 patients (15 % seminal vesicle inva-
sion, 50 % extracapsular extension, 46 % posi-
tive margins, 2 % positive lymph nodes) had 
been followed up for median 64 months. 
Clinical/pathological risk factors again failed 
statistical significance in Cox regression analy-
sis when the post-SRT nadir was included [43]. 
A lower pre-SRT PSA was significantly related 
with achieving an undetectable post-SRT nadir. 
The median pre-SRT level was 0.5  ng/ml in 
responders and 0.7 ng/ml in nonresponders and 
a PSA maximum of 18 ng/ml. In multivariable 
analysis, the pre-SRT PSA was a significant 
parameter for biochemical recurrence 
(p = 0.005), metastasis (p = 0.05) and borderline 
significant even for OS (p = 0.07). In a retro-
spective analysis of 306 patients, the applica-
tion of SRT at a PSA <0.2  ng/ml correlated 
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significantly with achieving a post-SRT PSA 
nadir <0.1  ng/ml and with improved freedom 
from progression (median follow-up 7.2 years). 
The post-SRT nadir <0.1 ng/ml correlated sig-
nificantly with less recurrence and with better 
overall survival [5].

There is now strong evidence that achieving a 
post-SRT PSA nadir <0.1 ng/ml enables a better 
overall survival in long-term follow-up. The 
association of the pre-SRT PSA with post-SRT 
nadir indicates indirectly that selected patients 
may have a significant survival benefit from 
SRT.  Moreover, patients whose post-SRT PSA 
declines to the undetectable range may not need 
additional hormonal treatment before secondary 
progress. As a hypothesis, this requires confirma-
tion/validation in the framework of prospective 
clinical trial (Table 2).

3.3  �Total Dose of Salvage 
Radiotherapy

With reference to the three randomized studies, 
a dose of 60–64 Gy for adjuvant RT is consen-
sus in the guidelines [38, 105]. The situation is 
less clear for salvage RT.  To avoid radiation 
toxicity, most SRT studies do not exceed 70 Gy. 
In the guidelines, total doses of “at least 66 Gy” 
are recommended [38, 105]. However, some 
recently published series demonstrated a better 
outcome with higher total doses [9, 47, 85]. 
Bernard et  al. investigated 364 men with sal-
vage radiation therapy after radical prostatec-
tomy after a median follow-up of 6.0  years. 
They defined three dose groups (low, <64.8 Gy; 
moderate, 64.8–66.6  Gy; high, >66.6  Gy). In 
multivariate analysis, they found that compared 
with the high dose level, there was a decreased 
bNED for patients treated with the low dose 
level (HR 0.60) [9]. This was similar to the 
results published by Siegmann et  al. from the 
group in Berlin and Ulm. In their retrospective 
series including 301 patients, 234 received 
66.6 Gy while 67 patients with a PSA decrease 
during salvage radiation therapy were selected 
and irradiated up to 70.2 Gy. In the multivariate 
analysis the total dose was a significant predic-

tor of reduced risk of biochemical progression 
(p = 0.017) [85].

The need for a higher irradiation dose remains 
uncertain; nevertheless it seems justified espe-
cially in patients with histologically confirmed 
local recurrence after radical prostatectomy.

The SAKK 09/10 trial randomized 344 
patients without evidence of residual disease 
between 2011 and 2014 to receive SRT at 70 Gy 
(n = 175) or 64  Gy (n = 169). In 44 % of the 
patients, the RT was applied using a 3D-conformal 
approach and in 56 % of the patients using an 
IMRT technique. The primary endpoint was free-
dom from biochemical failure. The trial was 
closed for accrual after it met its accrual goal of 
350 patients.

A first analysis of the trial reported acute tox-
icity rates and early quality of life. There was no 
significant difference in acute genitourinary and 
gastrointestinal toxicity rates between both arms. 
Generally, changes in health related quality of 
life were minor; however, there was a relevant 
worsening of urinary symptoms in the 70  Gy 
arm. There was no significant difference in acute 
toxicity associated with RT technique [35]. The 
first randomized prospective data regarding free-
dom from biochemical recurrence and late toxic-
ity are awaited in 2017.

3.4  �RT of Pelvic Lymph Nodes?

An important, but unsolved question is the value 
of an additional whole pelvic irradiation com-
pared with prostate bed irradiation alone. Spioto 
from the Stanford University reported on 160 
patients who underwent adjuvant or salvage radi-
ation therapy, out of which 87 had short course 
total androgen suppression. A total of 114 patients 
were considered at high risk of lymph node 
involvement although cN0 (Gleason score >8, 
preoperative PSA level >20 ng/ml, seminal vesi-
cle involvement); 72 underwent whole pelvic 
radiation therapy and 42 underwent prostate bed 
radiation therapy. The median follow up was 
>5  years. Limited- to high-risk patients, there 
was a superior bNED of whole pelvic radiation 
therapy compared with prostate bed radiation 
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therapy (5-year rate 47 % vs. 21 %, p < 0.05) [88]. 
While these data have to be confirmed in a pro-
spective trial, whole pelvic radiation therapy 
combined with modern delivery techniques like 
IMRT can be offered as a promising option for 
high-risk patients [38, 105].

3.5  �Additional Use of Hormone 
Therapy to SRT

Interesting retrospective data have been reported 
from the Mayo Clinic and from the University of 
Michigan [25, 87]. They raise the question of the 
efficacy of an additional androgen deprivation 
during and after SRT.  Choo and coworkers 
reported on a prospective pilot study with 75 
patients treated with SRT + 2-year androgen 
deprivation. With a median follow-up from SRT 
of 6.5  years, all patients achieved an initially 
complete PSA response (<0.2  ng/ml). Relapse-
free survival rate at 7 years was 78 % of the whole 
population [25]. A group of the University of 

Michigan treated all together 630 men for sal-
vage indications after RP. In this group, 66 % had 
high-risk factors. The mean RT dose was 68 Gy 
and 24 % of all patients received concurrent 
androgen deprivation. The median ADT duration 
for these patients was 11 months. With a median 
follow-up of 3 years, the concurrent androgen 
deprivation was shown to be a significant inde-
pendent predictor of progression-free survival in 
the high-risk group (p < 0.05) [87]. Therefore, it 
seems attractive to treat high-risk patients with 
SRT and an additional androgen deprivation. The 
optimal duration of this androgen deprivation 
therapy remains uncertain.

RTOG 96–01 is a randomized, multicenter 
phase III trial, designed to compare anti-androgen 
therapy (bicalutamide monotherapy 150  mg/d) 
plus SRT (n = 384) with a placebo plus SRT alone 
(n = 377) in men with pT3/pT2 R1 N0 M0 
prostate cancer who have an elevated PSA after 
surgery. The primary end-point is overall sur-
vival. The results presented at the 2015 Annual 
Meeting of the American Society for Radiation 

Table 2  Results for salvage radiotherapy after biochemical recurrence from selected studies

Investigator Patients (n)
Median PSA (ng/
ml) Median dose (Gy) bNED

Anscher et al. [4] 89 1.4 66 50 % at 4 years
Bartkowiak et al. [5] 306 0.298 66.6 68 % at 7 years (pre-SRT 

PSA <0.2 ng/ml)
40 % at 7 years (pre-SRT 
PSA ≥0.2 ng/ml)

Bernard et al. [9] 364 0.6 64.8 61 % at 5 years
Briganti et al. [18] 390 0.22 66 82 % at 5 years
Buskirk et al. [20] 368 0.7 64.8 35 % at 8 years
Lohm et al. [52] 151 0.34 66.6 40 % at 7 years
Neuhof et al. [61] 171 1.1 60–66 35 % at 5 years
Ost et al. [66] 136 0.8 76 56 % at 5 years
Pazona et al. [70] 307 0.8 64 40 % at 5 years;

25 % at 10 years
Pisansky et al. [72] 166 0.9 64 46 % at 5 years
Siegmann et al. [85] 301 0.28 66.6 vs. 70.2 65 % at 2 years (66.6 Gy)

88 % at 2 years (70.2 Gy)
Stephenson et al. [92] 501 0.72 64.8 45 % at 6 years
Stephenson et al. [91] 1540 1.1 64.8 32 % at 6 years
Ward et al. [104] 211 0.6 64 34 % at 10 years
Wiegel et al. [109] 162 0.33 66.6 54 % at 3.5 years
Wiegel et al. [107] 74 0.6 66 63 % at 10 years (clinical 

relapse-free)
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Oncology (ASTRO) reveal that the addition of 
anti-androgen therapy to SRT reduces prostate 
cancer death and the development of metastatic 
prostate cancer without increasing radiation tox-
icity. With a median follow-up of 12.6 years, the 
actuarial overall survival at 10 years was 82 % for 
the RT plus HT arm and 78 % for the RT plus 
placebo arm (p = 0.036). The 12-year incidence 
of prostate cancer-related deaths was 2.3 % for 
the RT plus HT arm, compared with 7.5 % for the 
RT plus placebo arm. Late bladder and bowel 
toxicity were low and similar in both groups, 
whereas 70 % of men in the RT plus HT arm 
reported swelling of the breasts, compared with 
11 % in the RT plus placebo arm [82].

The subgroup analysis on overall survival 
and time to metastatic prostate cancer presented 
at the 2016 Genitourinary Cancers Symposium 
indicates that patients most likely to benefit 
have Gleason score 7 or 8–10, pre-SRT PSA 
value of 0.7–4 ng/ml, and positive surgical mar-
gins RP [81].

Carrie et  al. presented at the 2015 ASCO 
Annual Meeting the first results of the GETUG-
AFU 16. The phase III randomized trial assessed 
the efficacy of RT alone versus RT + HT on 
progression-free survival for patients with bio-
chemical recurrence after RP. From 2006 to 2010, 
743 patients were randomized to RT alone (66 Gy 
on prostate bed ± pelvic irradiation according to 
pN status and risk of initial node involvement) or 
RT + goserelin, for 6 months. With a median fol-
low-up of 63.1 months, 216 cases of progression 
were noted (138  in RT versus 78  in RT + HT). 
The intent to treat analysis showed an improved 
5-year PFS of 62.1 % versus 79.6 % for RT and 
RT + HT, respectively (p < 0.0001). The 5-year 
overall survival was 94.8 % for RT versus 96.2 % 
for RT + HT (p = 0.18). Acute toxicities occurred 
more frequently in RT + HT arm (89 % versus 
79 %). No difference was found in grade 3 acute 
toxicities and late toxicities [22].

So far, the current data of both studies are pub-
lished in abstract form only. Until final publica-
tion there is no reason to give an additional 
hormone therapy to all patients. Until now, the 
recommended type of hormone therapy is also 
unclear Nevertheless, experience shows that 

bicalutamide is usually better tolerated than 
LHRH agonists like Goserelin.

RTOG 0534 is investigating the benefit of 
short-term ADT as well as pelvic nodal irradia-
tion in the SRT setting. In this trial, patients will 
be randomized to one of three treatment arms: (1) 
prostatic fossa irradiation alone; (2) prostatic 
fossa + whole pelvic irradiation alone; or (3) 
prostatic fossa + whole pelvic irradiation with 
short-term ADT. The primary endpoints of this 
study are to determine: (1) whether the addition 
of short-term androgen deprivation therapy to 
prostatic fossa irradiation improves freedom 
from progression for 5 years over that of prostatic 
fossa irradiation therapy alone; and (2) whether 
short-term ADT and whole pelvic RT improve 
freedom from progression over that of short-term 
ADT and prostatic fossa irradiation alone for 
men treated with SRT. The target of accrual for 
this trial was 1764 patients and, to date, the study 
is closed to accrual.

4  �Radiation Therapy Techniques

Traditionally, a 4-field technique has been used. 
The conventional treatment volumes were typi-
cally very generous, being approximately 
10 × 10  cm in the anterior-posterior fields with 
the inferior border at the ischial tuberosities. The 
lateral fields extended from the anterior aspect of 
the pubic symphysis and split the rectum 
posteriorly.

After the introduction of modern 3D CRT 
techniques, a major controversy about the target 
volumes of postoperative radiation therapy 
started. Critical evaluation of target volume 
delineation by different authors and participation 
of experienced radiation oncologist showed that 
variations up to 65 % maybe present even in cases 
of adjuvant or salvage radiation restricted to the 
prostatic fossa [54].

In 3D CRT, the target volume should include 
the bladder neck (pulled into the prostate bed), 
the periprostatic tissue and surgical clips, and 
the seminal vesicle bed (including any seminal 
vesicle remnants if present) if initially involved 
or as a confirmed site of recurrence. Some ana-
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tomic landmarks are useful in maximizing/opti-
mizing coverage of the surgical bed: Inferiorly, 
the vesical–urethral anastomosis should be 
included. This anastomosis is the most frequent 
area of positive prostate bed biopsies. By plac-
ing the inferior field edge at the top of the bulb 
of the penis (best seen on magnetic resonance 
imaging) and adding a margin for uncertainties, 
there should be adequate coverage. Laterally, 
the field should extend to about the medial 
aspect of each obturator internus muscle. 
Although the rectum is a landmark posteriorly, 
the relative position of the rectum appears to 
shift after the prostate is removed as well as dur-
ing radiation therapy [34, 60]. For this reason, a 
generous margin from CTV to PTV posteriorly 
is recommended, such as setting an 8-mm mar-
gin with image guidance [69]. The superior 
margin is more subjective. The former prostate 
can extend above the pubic symphysis, but it is 
recommended that the anterior part of the blad-
der be avoided at this level because this is the 
least likely area for extracapsular extension and 
involved margins. Treatment of the seminal ves-
icle bed, lying behind the bladder, is advised for 
pT3b tumors. If vascular clips were used at 
prostatectomy, they are likely to be seen in this 
region. The level of the posterior-superior clini-
cal target volume is somewhat subjective and 
should be guided by the extent of disease at the 
prostate base and by whether or not the seminal 
vesicles were involved.

The recommendations of the RTOG [53] and 
of the EORTC [73] are very helpful in delinea-
tion of the target volume for irradiation of the 
prostatic fossa. However, the definition of the 
target volumes remains difficult. Recently, a 
study assessed the interobserver agreement of 
prostate bed delineation after radical prostatec-
tomy as proposed by the EORTC guidelines. Six 
observers delineated the prostate bed (PB) and 
the original seminal vesicle position (SV) of ten 
patients. Contours were then compared for 
agreement between observers. The mean volume 
of 100 % agreement was only 5.0 (±3.3) ml for 
the PB and 0.9 (±1.5) ml for the SV, whereas the 
mean union of all contours (±1 SD) was 41.1 
(±11.8) ml and 25.3 (±13.4) ml, respectively. 

The overall standard deviation of the outer mar-
gins of the PB ranged from 4.6 to 7.0 mm [64].

Furthermore, Croke et al. showed that none of 
the guidelines adequately covered the prostate 
bed and/or gross tumor based on preoperative 
MRI in a nonselect group of 20 patients. On aver-
age, 38 % of the prostate volume and 41 % of 
gross tumor volume on preoperative MRI were 
not included in the CTV.  This suggests that 
improved target delineation could potentially 
improve outcomes [30].

Wang et al. recently evaluated regions of local 
recurrence after RP in relation to whether these 
would have been covered using the RTOG guide-
lines. They reported that the RTOG CTV con-
tours did not appear adequate posterolaterally 
near the rectum/mesorectal fascia and inferiorly 
at the posterior urogenital diaphragm. Use of the 
CTV MRI should improve coverage of such 
regions [103].

Given the potential for late toxicity after post-
operative radiation therapy, the use of IMRT is 
appealing [6]. As with 3D CRT, a generous defi-
nition of the prostate bed target volume and ade-
quate margins to account for target motion 
(especially due to the variation in rectal and blad-
der filling) and setup uncertainties are critical. 
The theoretical advantages of IMRT over con-
ventional 3D CRT are its geometrically steep 
dose falloff and improved conformity with irreg-
ularly shaped targets (e.g., the superior-posterior 
aspect of the postoperative field). A greater spar-
ing of the superior-anterior part of the bladder, 
the posterior part of the rectum, and the penile 
bulb can be achieved using IMRT, despite using 
the same target volume definition [71]. The com-
parison of a 5-field IMRT and a rotational IMRT 
(for example “Rapid Arc”) technique is displayed 
in Fig. 1.

For optimization of the margins needed for 
delivery of IMRT, IGRT remains a helpful tool. 
Ost and co-workers from Gent University dem-
onstrated a significant reduction of acute toxic-
ity using patient positioning with cone beam 
CT [63]. Sandhu et al. from the University of 
California used IGRT in patients undergoing 
postprostatectomy irradiation. Prostate bed 
localization was done using image guidance 
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based on surgical clips, relative to the refer-
ence isocenter on the digitally reconstructed 
radiographs made during radiation therapy 
planning. They assumed that surgical clips are 
a useful surrogate for the prostate bed and 
therefore measured daily shifts of the position 
of the surgical clips in 3 dimensions. With an 
average (standard deviation) prostate bed 
motion in anterior-posterior, superior-inferior, 
and left-right directions of 2.7  mm (2.1), 
2.4 mm (2.1), and 1.0 mm (1.7), respectively, 
the majority of the patients experienced only 
grade 1 side effects. The authors recommended 
daily IGRT for accurate target localization 
[75]. However the most efficient approach for 
IGRT during the 6–8 weeks of irradiation 
remains controversial [50, 77].

5  �Side Effects and Toxicity of ART/
SRT

The three randomized clinical trials discussed 
above included prospective collection of data on 
gastrointestinal and genitourinary toxicity in the 
two cohorts (ART vs. observation). However, in 
the EORTC and SWOG trials, radiation was 
based on 2D treatment planning which did not 
enable normal tissue sparing to nowadays state-
of-the-art. The toxicity data of both studies are 
therefore no longer relevant.

In contrast, modern 3D based radiation treat-
ment techniques such as IMRT allow for minimi-
zation of dose to the rectum and bladder.

A total of 217 patients from the SWOG thera-
peutic trial patients were eligible and registered 
to a health-related quality of life (HRQL) study. 
Patients completed the SWOG Quality of Life 
Questionnaire at baseline, 6 weeks, 6 months, 
and annually for 5 years. Patients receiving adju-
vant RT reported worse bowel function (through 
approximately 2 years) and worse urinary func-
tion. There were no statistically significant differ-
ences for ED. Global HRQL was initially worse 
for the ART arm but improved over time and was 
better at the end of the period than the global 
HRQL reported for RP alone [57].

Unlike the SWOG trial, the EORTC trial did 
not assess total urinary incontinence; however, in 
an interim analysis there was no significant dif-
ference concerning urinary incontinence between 
the two treatment arms [11].

In the German study, which utilized 3D-based 
radiation treatment planning, the incidence of 
late grade 3 or higher adverse events was only 
0.3 % [106]. One patient in the observation arm 
developed a urethral stricture, compared to two 
patients in the ART arm. Urinary incontinence 
was not assessed in this trial.

A low rate of side effects is of particular 
importance for a therapy without histologic con-
firmation. The side effects of SRT have so far 
been reported to be tolerable. Although in 
general, side effects tend to be underreported in 
retrospective analyses, a proportion of <3 % 
severe late side effects seems to be a realistic esti-
mate. Higher rates of 10 % genitourinary grade 3 
complications, namely anastomotic strictures and 

Fig. 1  5-field-IMRT treatment plan (left) compared with rotational IMRT (right) for prostatic bed irradiation
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bladder neck contractures requiring dilatation, 
reported in a series of 115 patients from the 
Memorial Sloan-Kettering Cancer Center, need 
to be interpreted with caution [45]. It may be dif-
ficult to differentiate side effects of RT from pre-
existing disabilities and sequelae of RP. At least 
equivalent rates of severe genitourinary compli-
cations following RP alone have been reported in 
a SEER data base analysis of 11,522 patients 
published by the same institution [8].

A meta-analysis of 25 studies covers 3282 
patients who received 60–72 (median 65) Gy, 
largely with older albeit 3D-planned techniques. 
Model calculations predict the 5 % incidence in 
both organ systems at 68–69 Gy [62].

In a German cohort of 306 patients, there were 
too few events to test for a dose–response rela-
tionship. However, with the majority of our 
patients receiving 66.6 Gy, a total rate of 1.3 % 
grade 3 complications compares favorably with 
previous studies on conventional 3D-SRT [5].

Goenka et al. reported on 285 patients receiv-
ing post-RP SRT.  The highest doses were 
70–72 Gy in conventional 3D technique (n = 40) 
or IMRT (n = 165). Five-year actuarial rates for 
grade ≥2 GI and GU toxicity were 5.2 % and 
17 %, respectively [36]. Ost et al. applied salvage 
IMRT with 70–79 (median 76) Gy to 136 post-
RP patients. Their respective figures were 8 % 
(GI) and 22 % (GU) [66]. Both studies report 
with 60 months median follow-up. A longer 
observation and additional studies may be neces-
sary to judge conclusively on the potential side 
effects of dose escalation with IMRT. Nevertheless, 
compared to ART with 60–64 Gy, the rate of side 
effects of SRT with ≥70 Gy appears to be higher.

6  �Adjuvant Versus Salvage 
Radiation Therapy

While prospective randomized trials are under-
way to compare SRT and ART, several retrospec-
tive analyses into that question have been 
conducted. In a first report, 75 patients receiving 
ART at a median dose of 60 Gy were compared 
with 71 patients who had SRT at 70 Gy. Although 
49 % of the SRT patients and only 3 % of the ART 

patients received adjuvant HT, the 5‑year post-
RT bNED rate was 66 versus 88 % in favor of 
ART (p < 0.0008) [95].

In a case–control analysis, 361 ART patients 
were compared with 722 non‑ART patients, who 
were selected to match the cases by age, pre‑RP 
PSA, tumor stage, Gleason score, and surgical 
margin status. While 10‑year bNED after ART 
was significantly improved over non‑ART (63 vs. 
45 %), there was no difference in overall survival. 
In the same study, an SRT cohort of 856 patients 
who were treated after biochemical relapse 
(median PSA: 0.8 ng/ml) was followed up over a 
median of 5.9 years. A total of 63 % of the SRT 
patients achieved an undetectable PSA after SRT 
and the hazard ratio for local recurrence after 
SRT was 0.13. However, similar to ART, no 
improved overall survival could be shown after 
SRT [13].

A straight retrospective comparison with sal-
vage (76 Gy) and adjuvant (74 Gy) IMRT patients 
(n = 89 in both arms) who were matched for per-
sonal and tumor characteristics resulted in a sig-
nificant bNED advantage from ART calculated 
either from the time of RP or from the end of RT 
(90 vs. 65 % 3 years post‑RT and 91 vs. 84 % 
post-RP). However, the pre‑RT PSA was a key 
parameter for that difference: a subcohort (n = 38) 
receiving early SRT (at PSA <0.5 ng/ml) had a 
3‑year post‑RT bNED rate of 86 %, quite differ-
ent from the delayed SRT group, who had 46 % 
bNED, but very similar to ART patients. 
Therefore, while overall Kaplan–Meier rates of 
bNED calculated in either mode suggested a ben-
efit from ART, it was concluded that ART and 
early SRT did not yield significantly different 
results. This study included tumor stages from 
pT2 to pT4 and approximately 30 % of the 
patients had received HT [65].

Recently, Trabulsi and colleagues studied a 
group of patients undergoing adjuvant radiation 
therapy with a matched control group undergoing 
salvage radiation therapy after biochemical fail-
ure. Using a multi-institutional database of 2299 
patients, 449 patients with pT3–4N0 disease 
were eligible, including 211 patients receiving 
adjuvant radiation therapy and 238 patients 
receiving salvage radiation therapy. Adjuvant 
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radiation therapy significantly reduced the risk of 
long-term biochemical progression after radical 
prostatectomy compared with salvage radiation 
therapy (5-years freedom from biochemical fail-
ure (FFBF) was 73 % after adjuvant radiation 
therapy compared with 50 % after salvage radia-
tion therapy; p = 0.007). Gleason score ≥8 was a 
significant predictor of FFBF [100].

The largest retrospective case-matching 
study to evaluate ART versus early SRT only 
included pT3 N0 R0/R1 patients. HT was 
excluded. A total of 390 out of 500 observation-
plus-early-SRT patients (median pre‑SRT PSA 
was 0.2  ng/ml) were propensity matched with 
390 ART patients. At 2 and 5 years after sur-
gery, bNED rates were 91 and 78 %, respec-
tively, for ART versus 93 and 82 %, respectively, 
for SRT. Subgroup analyses, too, yielded no sig-
nificant differences for the two approaches. The 
study suggests that timely administration of 
SRT is comparable to ART in improving BCR-
free survival in the majority of pT3pN0 PCa 
patients [18].

When comparing ART with SRT, it must be 
kept in mind that a considerable number of 
ART patients would be relapse-free even with-
out RT. The proportion is likely to be the same 
as in the observation arms of the three random-
ized studies which was approximately 35 % 
after 10 years.

Currently, four prospective randomized trials 
are investigating the therapeutic benefit of early 
SRT with or without androgen-deprivation ther-
apy compared with adjuvant RT: Radiotherapy 
and Androgen Deprivation in Combination After 
Local Surgery (RADICALS), Radiotherapy 
Adjuvant Versus Early Salvage (RAVES), 
GETUG-17, and EORTC 22043–30031. The 
results of these prospective studies will certainly 
contribute to guiding clinical practice in terms of 
indication and timing of postoperative RT.

�Conclusions

Adjuvant radiation therapy (ART) provides 
improved biochemical relapse-free survival, 
and, possibly, overall survival for patients 
with a high-risk of recurrence after prostatec-
tomy, when compared to observation. ART 

seems clearly indicated for patients with com-
bined risk factors like pT3 and positive mar-
gins or positive margins and Gleason score 
7–10.

It remains unknown whether early salvage 
radiation therapy (SRT) initiated after a PSA 
failure is equivalent to ART.  At the present 
time, there are no published randomized trials 
to compare ART versus SRT. To this end, the 
results of the ongoing randomized clinical tri-
als RADICALS, RAVES, GETUG-17 and 
EORTC 22043–30041 that compare ART and 
SRT directly are still awaited. When SRT is 
indicated, it should be initiated as early as pos-
sible (with PSA <0.5 ng/ml). In this situation 
SRT is the only curative therapy option.

The role of AD after adjuvant or salvage 
RT needs further investigation. But in two tri-
als (RTOG 96–01 and GETUG-AFU 16) the 
addition of HT during and after RT signifi-
cantly improved survival. Patients who most 
likely benefit have Gleason score ≥7, pre-SRT 
PSA to a maximum of 4.0 ng/ml and positive 
surgical margins. Up to now, the recom-
mended type of hormone therapy and the opti-
mum duration in this situation is unknown.

Modern radiation therapy techniques like 
IMRT should be used, ideally with image 
guidance. Serious side effects are apparently 
low, thus confirming the suitability of this 
therapeutic approach.
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