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ABSTRACT
Background: The purpose of this observational cohort study was to evaluate the outcome and
prognostic factors following salvage radiotherapy (SRT) in a consecutive national cohort.
Material and methods: Between 2006 and 2010, 259 patients received SRT in Denmark. Patient- and
cancer-related characteristics were retrospectively retrieved from patient charts. The primary end
point was biochemical progression-free survival (b-PFS).
Results: At the end of follow-up, 51% of the patients displayed a prostate-specific antigen (PSA)
level50.1 ng/ml. The three-year b-PFS rate for the total cohort was 57.0%. Nearly half of the
patients (44%) received androgen deprivation therapy (ADT) in combination with SRT. Positive
surgical tumour margins (p¼ 0.025) and ADT (p¼ 0.001) were the only markers independently
correlated with b-PFS. In patients who received SRT without ADT, both a pre-SRT PSA level�0.5 ng/
ml (p¼ 0.003) and pathological tumour stage T1-T2 (p¼ 0.036) independently correlated with b-
PFS. Moreover, a duration between radical prostatectomy (RP) and SRT �29 months (p¼ 0.035)
independently correlated with b-PFS in patients treated with ADT in combination with RT.
Conclusions: In patients treated for biochemical failure after RP, positive surgical tumour margins
and PSA levels �0.5 ng/mL at the time of SRT were associated with a favourable outcome. Despite
less favourable tumour characteristics, patients receiving SRT and ADT demonstrated improved b-
PFS, and in particular, patients with PSA levels40.2 ng/ml benefitted from additional ADT.
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In Western countries, prostate cancer (PC) is the most common

male malignancy [1]. The incidence of PC is rising, leading to an

increased number of patients undergoing radical prostatect-

omy (RP). Approximately 15–25% of patients who undergo RP

for clinically localised PC will experience biochemical failure

[2,3] and for a large proportion of these patients, biochemical

failure is the only sign of recurrent disease. One critical

challenge is to verify whether these patients have local disease

recurrence in the prostatic bed or distant metastasis, although

current imaging techniques, including transrectal ultrasound

(TRUS) with biopsies, fail to discriminate between these two

types of failure, especially at early stages of disease [4–7].

However, patients with local failure are potentially curable

when treated with salvage radiotherapy (SRT) after RP.

Previous studies have addressed the use of SRT in patients

with biochemical failure after RP and demonstrated benefits

from adjuvant radiotherapy (ART) compared to RP alone in

patients with high-risk factors, either with or without additional

ADT [8–15]. A number of prognostic factors have also been

suggested to relate to outcome after SRT; these include the

pre-SRT prostate-specific antigen (PSA) level, the Gleason score

(GS) of the specimen, extra-capsular tumour extension, seminal

vesicle tumour involvement, surgical margins, and lymph node

metastasis. Previous studies have also reported a broad range

of success rates in terms of biochemical progression-free

survival (b-PFS) after SRT, varying from 10% to 50% [3,4,8,10].

Over the past ten years, SRT has become a generally

accepted treatment in Denmark, for patients with local disease

recurrence after RP. However, there have been no recommen-

dations for the use of ADT in combination with SRT. The

purpose of the present study was to characterise an unselected

consecutive national cohort of patients undergoing SRT and

identify clinical and pathological factors related to b-PFS.

Material and methods

This was a national retrospective analysis of all 259 patients

who received SRT in Denmark during the five-year period

between 2006 and 2010. The definition of biochemical failure

after RP changed during the study period; early in the study

period, this phenomenon was defined as an increase in PSA

equal to or greater than 0.5 ng/ml, although this threshold was
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subsequently lowered to 0.2 ng/ml. None of the patients

displayed evidence of distant metastases. The patients were

treated at one of five radiotherapy centres in Aarhus, Herlev,

Odense, Aalborg, and Copenhagen. Patient- and treatment-

related factors were retrieved from the patients’ medical charts

at the Department of Oncology and Urology.

The patients underwent RP over a 10-year period between

1999–2009. In the beginning of the period all patients had a

pelvic lymphadenectomy in the fossa obturaii, during the

surgical procedure. Later in the period, only patients with

intermediate and high-risk, according to the D‘Amico risk

criteria, had a pelvic lymphadenectomy. Only patients without

lymph node metastases received later SRT

Before SRT, 115 patients received neoadjuvant ADT.

The physician initiated ADT before radiotherapy on the basis

of clinical judgement without standardised criteria. The

patients were treated with a median dose of 69 Gy (range

66–74), with 2-Gy daily fractions to the prostatic bed and the

location of the seminal vesicles, according to the Radiation

Therapy Oncology Group (RTOG) guidelines [16]. Pelvic lymph

nodes were not included in the target volume. The definition

of SRT is the administration of radiotherapy to the prostatic

bed in patients with biochemical failure after surgery but with

no evidence of distant metastatic disease [16]. The patients

made follow-up visits for clinical assessment and PSA testing

one month after RT, followed by every 3–6 months for the

following two years and annually thereafter.

The primary endpoint of this study was b-PFS after RT, which

was defined as a serum PSA value of 0.2 ng/ml or higher, as

confirmed using a second blood test. A number of potential

prognostic factors, such as PSA level at the time of RP, pT-

stage, status of the surgical margins, GS of the surgical prostate

specimen, PSA nadir after RP, PSA level at the time of RT,

combined treatment with ADT, time from diagnosis to RP, and

time from RP to RT, were included in the analysis. The dates for

biochemical failure in patients with a consistent PSA rise after

RP or RT were registered as the dates of RP or RT, respectively.

Statistical analysis

The Kaplan–Meier method was used to evaluate b-PFS after RT,

and differences between groups were tested with the log-rank

test. B-PFS was calculated from the day ending SRT, and

censoring was made at the date for the first blood test with a

serum PSA value of 0.2 ng/mL or higher.

Multivariate Cox regression analysis was performed to

identify prognostic factors that were independently associated

with b-PFS. Only parameters that were significantly correlated

with b-PFS in the univariate analysis were included in the

multivariate model. All statistical tests were two-sided, with a

statistical significance level of 0.05. The statistical analyses were

performed with Stata version 12.0 (Stata, College Station, TX,

USA).

Results

This study comprised 259 patients treated with SRT in

Denmark. Nearly half (115; 44%) of the patients received ADT

in combination with SRT, while 144 (56%) received SRT alone.

The patient and tumour characteristics are shown in Table I.

Forty-eight patients demonstrated measurably elevated PSA

levels three months after RP. The median time from diagnosis

to RP was 2.46 months (range 0–73.5). The median time from

RP to biochemical failure was 13.5 months (range 0–111.7), and

the median time from biochemical failure to RT was 8.4 months

(range 0.03–88.3).

In all patients treated with combined therapy, ADT was

initiated before RT. Two-thirds of the patients treated with

combined ADT and RT (74; 64%) received a gonadotropin-

releasing hormone analogue, and the remaining patients were

treated daily with 150 mg bicalutamide. The median duration

of ADT was 15.0 months (range 0.3–85.9). Patients treated

during the earlier period of the study (2006–2008) more

frequently received ADT in combination with SRT (79; 30.5%)

than did patients who were treated later (28; 10.8%) (p50.001).

The median follow-up time after SRT was 3.1 years (range

0.7–6.6). At the follow-up visit three months after the

completion of RT, 57 (22%) of the patients had a detectable

serum PSA level�0.2 ng/ml. Biochemical failure was observed

in 127 (49.0%) of the patients, including patients who never

obtained a non-measurable PSA. The three-year b-PFS rate for

the total cohort was 57.0% (95% CI 50–63) (Figure 1). For

patients treated with ADT combination therapy, the three-year

b-PFS rate was 68.0% (95% CI 59.0–76.2) compared with 47.8%

Table I. Clinico-pathological, biochemical, and treatment characteristics.

Characteristics

Salvage
radiotherapy

No. (%)
SRT with

ADT No. (%)
SRT without
ADT No. (%)

Pre-RP PSA level (ng/ml)
510 87 (33) 31 (27) 56 (38)
�10 to�20 106 (42) 51 (45) 54 (40)
420 53 (20) 29(25) 24 (17)
Unknown 13 (5) 4 (3) 9 (5)

Pathologic Gleason score
57 50 (19) 30 (25) 20 (14)
7 142 (55) 55 (48) 86 (61)
8–10 59 (23) 25 (23) 34 (23)
Unknown 8 (3) 5 (4) 3 (2)

Surgical margin
Tumor negative 82 (31) 31 (26) 50 (35)
Tumor positive 163 (64) 78 (69) 85 (60)
Unknown 14 (5) 6 (5) 8 (5)

Pathologic T-stage
PT2 176 (68) 77 (67) 98 (69)
PT3a 44 (17) 21 (18) 23 (16)
PT3b 6 (3) 3 (3) 3 (2)
PT4 4 (1) 1 (1) 3 (2)
Unknown 29 (11) 13 (11) 16 (11)

PSA nadir (RP)
50�2 ng/ml 186 (72) 81 (72) 105 (73)
�0�2 ng/ml 48 (19) 24 (20) 24 (17)
Unknown 25 (9) 10 (8) 14 (10)

Pre-SRT PSA (ng/ml)
0�2 22 (8) 8 (4) 25 (17)
40�2–0�5 80 (31) 23 (20) 57 (40)
�0�5 122 (47) 72 (63) 49 (34)
Unknown 35 (14) 16 (14) 19 (13)

SRT dose (median; Gy) 68�0 (66�0–74�0) 68�0 (66�0–74�0) 70�0 (66�0–70�0)
Age at SRT (median; years) 66�0 (52�1–78.9) 65�7 (52�1–78.9) 66�2 (53�5–77�8)
Time from diagnosis to RP

(median; months)
2.47 (0–73.5) 2.43 (0–45.0) 2.53 (0–73.5)

Time from RP to SRT
(median; months)

30.4 (2.0–113.3) 34.1 ((2.0–108.8) 26.2 (2.5–113.3)

Follow-up duration,
after SRT (years)

3�1 (0�7–6�6) 4�1 (1�8–6�6) 2�6 (0�7–6�5)

PSA, prostate-specific antigen; RP, radical prostatectomy; SRT, salvage
radiotherapy.
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(95% CI 37.1–55.7) in patients receiving no ADT. Eleven of the

patients with disease failure after RT demonstrated verified

clinical failure; the remaining patients presented biochemical

failure, with a PSA level�0.2 ng/ml serving as the only sign of

failure. Three patients died from PC, and four patients died

from causes not related to PC.

In a univariate analysis, positive surgical tumour margins

(p¼0.0102) and concurrent ADT (p50.001) were significantly

related to b-PFS (Table II). The Kaplan-Meier estimates are

illustrated in Figure 2.

A stratified analysis was performed on patient groups

treated with (n¼115) or without (n¼143) ADT. In patients

treated with SRT alone, positive surgical tumour margins

(p¼0.0471), pT (p¼0.0041), and pre-RT PSA levels (p¼0.0008)

were significantly related to b-PFS. In patients receiving ADT in

combination with RT, we found that only the time between RP

and SRT (p¼ 0.0275) were significantly related to b-PFS.

Cox proportional hazards multivariate analysis of the total

cohort found that both positive surgical margins and ADT

remained significantly related to b-PFS. Pathological tumour

stage (p¼0.036) and a pre-RT PSA level �0.5 ng/ml (p¼ 0.003)

were independent predictors of b-PFS in patients treated

with SRT alone, whereas a time from RP to RT�29 months

(p¼0.035) were related to b-PFS in patients treated with a

combination of RT and ADT (Table III).

The addition of ADT was statistically correlated with a

longer b-PFS in patients with pre-SRT PSA levels higher than

0.2 ng/ml, whereas the addition of ADT was non-significant

for improved b-PFS in patients with pre-SRT PSA levels at

0.2 ng/ml (Figure 3).

Discussion

The ultimate goal of SRT is to eradicate residual tumour foci in

patients with biochemical failure after RP. SRT has curative

potential in patents with increasing PSA levels caused by local

failure, whereas this therapy is of no benefit if this increased

level is due to metastases. Although there are no published

prospective studies demonstrating the efficacy of SRT, it is an

accepted form of standard treatment for patients with

biochemical failure after RP [9,17,18].

Figure 2. Kaplan–Meier estimates of b-PFS. (A) B-PFS according to surgical
margin. (B) B-PFS according to ADT. ADT, androgen deprivation therapy; SRT,
salvage radiotherapy.

Table II. A univariate analysis of clinical and pathologic predictive factors for
biochemical progression-free survival in prostate cancer patients undergoing
salvage radiotherapy after radical prostatectomy.

Parameter No.
3-year b-PFS %

(95% CI) p-valuea

Pre-RP PSA level (ng/ml)b

�12�6 127 53�0 (43�6–61�6) 0�2884
412.6 117 47�0 (37�2–56�3)

Pathologic Gleason score
�6 49 64.3 (48.9–76.1) 0�0703
�7 200 48.0 (40.4–55.1)

Surgical margin status
Negative 81 41.0 (29.8–51.9) 0�0102
Positive 162 56.2 (47.6–63.8)

Pathological tumor stage
�T2c 175 52.4 (44.2–60.0) 0�4071
�T3a 54 48.5 (34.3–61.3)

PSA nadir RP
Undetectable 184 54.4 (46.6–61.7) 0�1898
Detectable 48 43.7 (28.3–58�0)

Pre-SRT PSA level (ng/ml)b

�0�5 104 47.1 (37.0–56.6) 0�1688
40�5 118 51.9 (41.7–61�2)

Time from RP to SRT (months)b

�29 134 48.7 (39.7–57.2) 0�1871
429 121 54.7 (44.8–63.5)

Patient’s age at SRT (years)b

�66 years 131 58.7 (49.4–67.0) 0�8789
466 years 128 44.3 (34.8–53.3)

ADT, androgen deprivation therapy; PSA, prostate-specific antigen; RP, radical
prostatectomy; SRT, salvage radiotherapy.

ap-values are from Kaplan-Meier log-rank statistics; bContinuous variables were
dichotomised at their median.

Figure 1. Kaplan-Meier estimates of b-PFS. Overall b-PFS. SRT, salvage
radiotherapy.

600 M. ERVANDIAN ET AL.



This study sought to address the efficacy of SRT in terms of

b-PFS in an unselected consecutive national cohort of patients.

During the study period, the number of patients treated with

SRT increased by five-fold. This significant increase was caused

by a number of factors, including an increasing number of

patients diagnosed, a lower threshold for PSA levels before

SRT and a general change in the approach and the develop-

ment of national guidelines for the treatment of patients with

biochemical failure after RP.

Recently, three prospective, randomised trials have shown a

benefit from adjuvant radiotherapy (ART) in patients with pT3

or positive tumour margins after RP. In particular, patients

receiving ART demonstrated an improved b-PFS compared to

patients in the deferred arm [11–13], and one of these studies

(the SWOG trial) even found improvements in metastasis-free

survival following ART. However, one remaining question is

when radiotherapy should be offered to these high-risk

patients. The three previous studies all compared ART with

SRT at a late time point in patients with a significant rise in PSA

after RP. Therefore, the MRC RADICALS study, an ongoing, well

powered, randomised controlled trial, will help answer

important questions about the timing of radiotherapy in

patients with factors related to a high risk for failure after

surgery and the optimal use of ADT in combination with

radiotherapy [19].

There are several important considerations regarding the

administration of radiotherapy to patients after RP. The

American Urological Association (AUA) and the American

Society for Radiation Oncology (ASTRO) recommend that

patients with adverse pathologic findings be treated with

ART immediately following RP instead of waiting for biochem-

ical or clinical failure [18].

As mentioned above, one critical issue in the early

management of SRT is to determine whether an increasing

PSA level is caused by a local failure in the prostatic bed or by

distant metastases. Stephenson estimated the frequencies of

local and distant failures and found an almost even distribution

between these two failure sites [8]. TRUS-guided biopsy from

the prostatic bed for the detection of local relapse demon-

strates low sensitivity, and its use remains controversial and

depends on the PSA level [20]. PET/CT 11C-choline also

demonstrates low sensitivity, but this sensitivity was shown

to increase considerably with PSA levels exceeding 1.0 ng/ml,

resulting in a greater likelihood of identifying failures in the

prostatic bed or lymph node or bone metastasis [21].

In a multivariate analysis of the entire cohort, we found that

both the addition of ADT and positive surgical margins were

independently associated with b-PFS (Table III). Nearly half of

the patients in the present study received RT in combination

with ADT, and stratified analysis showed that pre-RT PSA levels

�0.5 ng/ml and pathological tumour stage T3-T4 were

correlated with a favourable outcome in patients treated

with RT without ADT. These data confirm that SRT should be

administered at the earliest sign of biochemical failure after RP,

especially in patients with pathological tumour stages of T3-T4.

In the group of patients treated in combination with ADT, time

between RP and SRT �29 months were correlated with a

favourable outcome.

The time between surgery and radiation demonstrated an

influence on b-PFS, which was clearly related to the pre-SRT

PSA level. Additionally, as the salvage treatment strategy

became more aggressive with time, the PSA threshold was

lowered to 0.2 ng/ml, which automatically shortened the

period between surgery and radiation.

In previous retrospective studies on SRT outcome, the

following prognostic factors have emerged as favourable and

related to a high response rate to SRT: pre-RP and pre-SRT PSA

levels, PSA doubling time, the interval to PSA failure, GS,

positive surgical tumour margins, seminal vesicle invasion,

lymph node metastasis, and ADT administered in combination

with SRT [3,4,8,10,22,23]. In particular, the multicentre study

conducted by Stephenson et al. included 1540 patients and

demonstrated a significant relationship between pre-SRT PSA

levels and prognosis. In this study, the six-year disease-free

survival rates were 48%, 40%, 28%, and 18% in patients with

pre-SRT PSA levels 50.5, 0.5–0.1, 1–1.5, and 41.5 ng/ml,

respectively [23]. These results are comparable with the current

results showing that a pre-SRT PSA level �0.5 ng/ml and

positive surgical tumour margins resulted in the most

favourable outcomes. Thus, the addition of ADT seems to

make these otherwise favourable factors less important.

Figure 3. Three-year b-PFS and the impact of pre-SRT PSA levels on patients
treated with concomitant ADT in combination with SRT and patients treated with
SRT alone. ADT, androgen deprivation therapy b-PFS, biochemical progression-
free survival; PSA, prostate-specific antigen; SRT, salvage radiotherapy. p-values
are from Kaplan-Meier log-rank statistics: pre-SRT PSA level 0.2 (p¼0.4990); pre-
SRT PSA level40.21–50.5 (p¼0.0252); pre-SRT PSA level�0.5 (p50.001).

Table III. Cox proportional hazards analysis of factors estimating biochemical
progression-free survival in prostate cancer after salvage radiotherapy following
radical prostatectomy.

Variables HR (95% CI) SE p-value

The whole cohort
Surgical margin

(tumor positive vs. negative)
0�66 (0�46–0�95) 0�122 0�025

Androgen deprivation therapy
(with vs. without)

0�50 (0�32–0�75) 0�106 0�001

SRT without ADT
Pathological tumor stage

(T1-T2 vs. T3-T4)
0�56 (0�33–0�96) 0�154 0�036

Pre-SRT PSA level
(�0�5 ng/ml vs.40�5 ng/ml)

0�48 (0�29–0�78) 0�121 0�003

SRT with ADT
Time from RP to SRT

(�29 months vs.429 months)
0�52 (0�28–0�95) 0�162 0�035

ADT, androgen deprivation therapy; CI, confidence interval; HR, hazard ratio; PSA,
prostate-specific antigen; RP, radical prostatectomy; SRT, salvage radiotherapy.
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The current study, as well as previous retrospective studies,

showed a benefit in biochemical control with the addition of

ADT to adjuvant or SRT treatment [10,24,25]. However, the

optimal duration of and nature of ADT remain unknown; in

this study, the median duration of ADT was 15.0 months.

In previous adjuvant trials, the typical duration of ADT was six

months. In our study, ADT was primarily administered before

2008, due to the existing guidelines. In general, patients who

received ADT demonstrated higher pre-RP and pre-SRT PSA

levels compared to patients who received SRT alone; therefore,

these patients were expected to display a worse outcome

(Table I), although they achieved more favourable b-PFS

compared to those patients receiving SRT alone. Compared

to patients treated with SRT alone, those treated with

combination therapy had an improved three-year b-PFS for

all pre-SRT PSA levels. In particular, patients with pre-SRT PSA

levels40.2 ng/ml benefitted from the additional ADT (Figure 3).

To our knowledge, this is the first study to indicate such a PSA-

dependent effect of ADT in patients treated with SRT.

Before recommending combined therapy to patients with

PSA 40.2 ng/ml, we need a longer follow-up period, with

overall survival as the primary endpoint. Furthermore the

upcoming results of the prospective MRC RADICALS study,

with standardised criteria for treatment with ADT will help

answering questions about the optimal use of adjuvant ADT in

combination with SRT.

The median follow-up period for this study was 3.1 years.

With a longer follow-up, the increase in b-PFS may possibly

translate into a survival benefit. In this study, we found a three-

year b-PFS of 57%, which is relatively high compared with the

rates reported in other studies, which range from 10% to 50%

[3,4,8,10,22]. The inclusion of an unselected consecutive

national cohort of patients receiving SRT over a five-year

period was a clear strength of the current study, while one

limitation was its retrospective study design and the changes

in clinical practices made during the study period.

Conclusions

In a consecutive national cohort of patients treated for

biochemical failure after RP, patients with positive surgical

tumour margins and pre-SRT PSA levels �0.5 ng/ml demon-

strated favourable outcomes. Despite less favourable tumour

characteristics and longer follow-up periods, patients treated

with combined SRT and ADT demonstrated b-PFS improve-

ment; in particular, patients with PSA levels 40.2 ng/ml

benefitted from additional ADT.

Declaration of interest: This study was funded by the Agnes Niebuhr

Anderssons Cancer Research Foundation; the Frits, Georg and Marie Cecilie

Gluds Foundation; and The Danish Cancer Society. The sponsors had no

role in any part of the study, including study design, data collection, data

interpretation, or writing of the manuscript. The authors report no conflicts

of interest.

References

1. Ferlay J, Steliarova-Foucher E, Lortet-Tieulent J, Rosso S, Coebergh JW,

Comber H, et al. Cancer incidence and mortality patterns in Europe:

Estimates for 40 countries in 2012. Eur J Cancer 2013;49:1374–403.

2. Bianco FJ , Scardino PT, Eastham JA. Radical prostatectomy: Long-term

cancer control and recovery of sexual and urinary function (‘‘trifecta’’).

Urology 2005;66(Suppl 5):83–94.

3. Stephenson AJ, Scardino PT, Eastham JA, Bianco FJ , Dotan ZA, Fearn

PA, et al. Preoperative nomogram predicting the 10-year probability

of prostate cancer recurrence after radical prostatectomy. J Natl

Cancer Inst 2006;98:715–17.

4. Leventis AK, Shariat SF, Slawin KM. Local recurrence after radical

prostatectomy: Correlation of US features with prostatic fossa biopsy

findings. Radiology 2001;219:432–9.

5. Scattoni V, Roscigno M, Raber M, Montorsi F, Da Pozzo L, Guazzoni G,

et al. Multiple vesico-urethral biopsies following radical prostatec-

tomy: The predictive roles of TRUS, DRE, PSA and the pathological

stage. Eur Urol 2003;44:407–14.

6. Picchio M, Messa C, Landoni C, Gianolli L, Sironi S, Brioschi M, et al.

Value of [11C]choline-positron emission tomography for re-staging

prostate cancer: A comparison with [18F]fluorodeoxyglucose-positron

emission tomography. J Urol 2003;169:1337–40.

7. Pacholke HD, Wajsman Z, Algood CB, Morris CG, Zlotecki RA.

Postoperative adjuvant and salvage radiotherapy for prostate

cancer: Impact on freedom from biochemical relapse and survival.

Urology 2004;64:982–6.

8. Stephenson AJ, Slawin KM. The value of radiotherapy in treating

recurrent prostate cancer after radical prostatectomy. Nat Clin Pract

Urol 2004;1:90–6.

9. Pasquier D, Ballereau C. Adjuvant and salvage radiotherapy after

prostatectomy for prostate cancer: A literature review. Int J Radiat

Oncol Biol Phys 2008;72:972–9.

10. Katz MS, Zelefsky MJ, Venkatraman ES, Fuks Z, Hummer A, Leibel SA.

Predictors of biochemical outcome with salvage conformal radiother-

apy after radical prostatectomy for prostate cancer. J Clin Oncol

2003;21:483–9.

11. Bolla M, van Poppel H, Collette L, van Cangh P, Vekemans K,

Da Pozzo L, et al. Postoperative radiotherapy after radical prostatec-

tomy: A randomised controlled trial (EORTC trial 22911). Lancet

2005;366:572–8.

12. Thompson IM , Tangen CM, Paradelo J, Lucia MS, Miller G, Troyer D,

et al. Adjuvant radiotherapy for pathologically advanced prostate

cancer: A randomized clinical trial. JAMA 2006;296:2329–35.

13. Wiegel T, Bottke D, Steiner U, Siegmann A, Golz R, Störkel S, et al.

Phase III postoperative adjuvant radiotherapy after radical prostatec-

tomy compared with radical prostatectomy alone in pT3 prostate

cancer with postoperative undetectable prostate-specific antigen:

ARO 96-02/AUO AP 09/95. J Clin Oncol 2009;27:2924–30.

14. Bolla M, van Poppel H, Tombal B, Vekemans K, Da Pozzo L,

de Reijke TM, et al. Postoperative radiotherapy after radical

prostatectomy for high-risk prostate cancer: Long-term results

of a randomised controlled trial (EORTC trial 22911). Lancet

2012;380:2018.

15. King CR. Adjuvant versus salvage radiotherapy for high-risk prostate

cancer patients. Semin Radiat Oncol 2013;23:218–27.

16. Valicenti RK, Thompson I , Albertsen P, Davis BJ, Goldenberg SL,

Wolf JS, et al. Adjuvant and salvage radiation therapy after prosta-

tectomy: American Society for Radiation Oncology/American

Urological Association guidelines. Int J Radiat Oncol Biol Phys 2013;

86:822–8.

17. Michalski JM, Lawton C, El Naqa I, Ritter M, O’Meara E, Seider MJ,

et al. Development of RTOG consensus guidelines for the definition

of the clinical target volume for postoperative conformal radi-

ation therapy for prostate cancer. Int J Radiat Oncol Biol Phys

2010;76:361–8.

18. Thompson IM, Valicenti RK, Albertsen P, Davis BJ, Goldenberg SL,

Hahn C, et al. Adjuvant and salvage radiotherapy after prostatectomy:

AUA/ASTRO guideline. J Urol 2013;190:441–9.

19. Parker C, Sydes MR, Catton C, Kynaston H, Logue J, Murphy C, et al.

Radiotherapy and androgen deprivation in combination after local

surgery (RADICALS): A new Medical Research Council/National Cancer

Institute of Canada phase III trial of adjuvant treatment after radical

prostatectomy. Br J Urol Int 2007;99:1376–9.

20. Martino P, Scattoni V, Galosi AB, Consonni P, Trombetta C, Palazzo S,

et al. Role of imaging and biopsy to assess local recurrence after

602 M. ERVANDIAN ET AL.



definitive treatment for prostate carcinoma (surgery, radiotherapy,

cryotherapy, HIFU). World J Urol 2011;29:595–605.

21. Vees H, Buchegger F, Albrecht S, Khan H, Husarik D, Zaidi H, et al. 18F-

choline and/or 11C-acetate positron emission tomography: Detection

of residual or progressive subclinical disease at very low prostate-

specific antigen values (51 ng/mL) after radical prostatectomy. Br J

Urol Int 2007;99:1415–20.

22. Catton C, Gospodarowicz M, Warde P, Panzarella T, Catton P, McLean

M, et al. Adjuvant and salvage radiation therapy after radical

prostatectomy for adenocarcinoma of the prostate. Radiother Oncol

2001;59:51–60.

23. Stephenson AJ, Scardino PT, Kattan MW, Pisansky TM, Slawin KM, Klein

EA, et al. Predicting the outcome of salvage radiation therapy for

recurrent prostate cancer after radical prostatectomy. J Clin Oncol

2007;25:2035–41.

24. King CR, Presti JC , Gill H, Brooks J, Hancock SL. Radiotherapy after

radical prostatectomy: Does transient androgen suppression improve

outcomes? Int J Radiat Oncol Biol Phys 2004;59:341–7.

25. Soto DE, Passarelli MN, Daignault S, Sandler HM. Concurrent androgen

deprivation therapy during salvage prostate radiotherapy improves

treatment outcomes in high-risk patients. Int J Radiat Oncol Biol Phys

2012;82:1227–32.

ACTA ONCOLOGICA 603


	Salvage radiation therapy following radical prostatectomy. A national Danish study
	Material and methods
	Results
	Discussion
	Conclusions
	Declaration of interest
	References


