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AUA and NCCNs Definition of BCR

• AUA: Remission after prostatectomy is defined as nadir PSA 
< 0.2 ng/ml 

• NCCN: PSA persistence/recurrence after RP is defined as 
failure of PSA to fall to undetectable levels (PSA persistence) 
or undetectable PSA after RP with a subsequent detectable 
PSA that increases on 2 or more determinations (PSA 
recurrence).



• Between 5 and 20% of men continue to have persistent PSA after RP 
(defined in the majority of studies as detectable post-RP PSA of > 0.1 
ng/mL within four to eight weeks of surgery).

• It may result from persistent local disease, pre-existing metastases or 
residual benign prostate tissue.
• In my experience > 0.1 ng/mL is not residual benign disease

• First steps are to repeat it for validation and follow at (2-3 month 
intervals) to get an initial read on the etiology.

PSA Persistence after RP



Eur Urol. 2019 Jul;76(1):106-114.

• Of 11,604 patients (RP 1992-2016), 8.8% (n=1,025) harbored persistent 
PSA (≥0.1ng/ml)



• At 15-years after RP, MFS and CSS was 53.0 vs. 93.2% (p<0.001) and 75.5 vs. 
96.2% (p<0.001) for persistent vs. undetectable PSA

Eur Urol. 2019 Jul;76(1):106-114.



In multivariable analyses, higher 
preoperative PSA, more advanced 
pathologic tumor stage, pathologic GG3–
5, positive surgical margins,and pN1 were
associated with an increased risk for
persistent PSA (all p<0.01). 

Eur Urol. 2019 Jul;76(1):106-114.



Effect of Salvage Radiation on Cancer-specific survival
- after Propensity Score Matching between patients with Salvage RT vs. no

RT CSS at 10 years after RP was 93.7 vs. 81.6% in the entire cohort (p<0.01)

Eur Urol. 2019 Jul;76(1):106-114.



Effect of Salvage Radiation on Cancer-specific survival
- after Propensity Score Matching between patients with Salvage RT vs. no

RT CSS at 10 years after RP was 96.2 vs. 55.8% in pN1 disease (p<0.01)

Eur Urol. 2019 Jul;76(1):106-114.



Eur Urol. 2018;73(3):436–444

When patients were stratified into five risk groups using regression tree analysis (area
under the curve: 85%), early SRT administration provided better metastasis-free survival in 
three groups only: 

(1) low risk: undetectable PSA after RP, Gleason score ≤ 7, and tumour stage ≥ 
pT3b, 
(2) intermediate risk: undetectable PSA after RP with Gleason score ≥ 8, 
(3) high risk: PSA persistence after RP with Gleason score ≤ 7. 

Conversely, very low-risk (undetectable PSA after RP, Gleason score ≤ 7, and tumour stage
≤ pT3a and very high-risk patients (PSA persistence after RP, and Gleason score ≥  8) did
not benefit from early salvage treatment



• Biochemical recurrence (BCR) continues to be 
reported in up to 35% of men undergoing RP

• The natural history of BCR after RP is variable and 
does not always translate into systemic progression 
or prostate cancer death

Biochemical recurrence



DEFINING PROSTATE SPECIFIC ANTIGEN PROGRESSION AFTER
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POINT?
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ABSTRACT

Purpose: The most appropriate definition of biochemical progression after radical prostatec-
tomy and radiation therapy is uncertain. We analyzed the effect of using various prostate specific
antigen (PSA) end point definitions for defining biochemical progression after radical prostatec-
tomy and attempted to determine the best PSA cut point to use. Aspects of the American Society
for Therapeutic Radiology and Oncology (ASTRO) definition of biochemical failure after radiation
therapy are also analyzed in our radical prostatectomy cases.

Materials and Methods: A total of 2,782 men with clinically localized prostate cancer (cT1-T2)
who had undergone radical prostatectomy between 1987 and 1993 were reviewed. All patients had
regular PSA determinations from surgery through followup. Analysis was limited to patients who
did not receive adjuvant treatment within 90 days of radical prostatectomy. Biochemical, PSA
progression-free percent after radical prostatectomy was determined by the Kaplan-Meier
method using several PSA cut points, including 0.2, 0.3, 0.4 and 0.5 ng./ml. or greater, as well as
0.4 ng./ml. or greater and increasing. Progression-free percent was also assessed using the
ASTRO definition, which is 3 increases in PSA. To determine which PSA level was most
appropriate to define progression after radical prostatectomy, the percentage of patients with a
continued PSA increase after reaching each cut point was determined. The relationship between
the maximum PSA within 3 years of surgery and subsequent development of clinical disease was
also assessed.

Results: Progression-free percent was dependent on the PSA cut point used. Biochemical
progression-free percentages for cut points 0.2, 0.3, 0.4 and 0.5 ng./ml. or greater were 62%, 72%,
76% and 78% at 5 years, and 43%, 54%, 59% and 61% at 10 years, respectively. A subsequent
increase in PSA was noted in 49%, 62% and 72% of patients who had PSA 0.2, 0.3 and 0.4 ng./ml.,
respectively. Subsequent clinical progression (local or systemic) was directly related to the
maximum PSA attained within 3 years of radical prostatectomy (p!0.0001). Progression-free
percent for definitions requiring multiple increases in PSA were dependent on when the event
was said to occur. Backdating of events at or before the first PSA (ASTRO definition) resulted in
poorer, short-term progression-free percent (78% at 5 years), with little apparent likelihood of
long-term failure (78% at 10 years). Coding the event at the last PSA increase when all event
criteria had been met resulted in more realistic progression-free percent estimates (85% at 5 and
59% at 10 years).

Conclusions: Biochemical, PSA progression rates vary markedly depending on the method used
to define PSA failure. Methods that require multiple increasing PSA values, for example the
ASTRO definition, give misleading results, especially if the event time is backdated. Standards
for defining PSA progression would allow more consistent and comparable progression estimates
after radical prostatectomy. PSA 0.4 ng./ml. or greater may be the most appropriate cut point to
use since a significant number of patients with lower PSA do not have a continued increase in it.

KEY WORDS: prostatic neoplasms, prostatectomy, prostate-specific antigen, biochemical phenomena, recurrence

To our knowledge the best prostate specific antigen (PSA)
level to define failure after radical prostatectomy is uncer-
tain. In the literature biochemical progression has been de-
fined using various PSA cut points. Some have used any
detectable PSA, some a single value ranging from 0.2 to 0.5
ng./ml. and others 2 consecutive values exceeding 0.2 or 0.4
ng./ml.1–4 Use of different PSA thresholds may affect re-
ported progression rates from institution to institution, mak-
ing it difficult to get a true assessment of biochemical out-

come after surgical therapy. In theory, the best definition of
PSA progression would be one that correlates most closely
with eventual progression to clinically evident disease. Un-
fortunately, this PSA threshold is not known, and is difficult
to determine since the time between biochemical failure and
development of systemic progression may be many years.1
Some patients in whom detectable PSA develops after radical
prostatectomy do not continue to have increasing PSA. Why
this result occurs is uncertain, although it has been specu-
lated that these detectable but stable PSA levels may repre-
sent residual benign disease. Since detectable PSA of thisAccepted for publication October 20, 2000.
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within the first 3 years after surgery were tested for the
ability to predict subsequent clinical progression after 3
years. To qualify for this analysis patients had to have sur-
vived to 3 years postoperatively with no prior clinical pro-
gression and no prior treatment for increased PSA. Survival-
free of clinical progression was then estimated from 3 years
forward. Men who were subsequently treated for increased
PSA had followup time censored at treatment.

To investigate the difference in defining biochemical out-
come between radiation and surgically treated cases, the
ASTRO definition of PSA failure after radiotherapy was ap-
plied to our radical prostatectomy cases. The nadir PSA level
was defined as the lowest attained within 400 days of radical
prostatectomy. Using this definition, biochemical failure was
defined as 3 increases (not necessarily consecutive) in PSA
after the nadir. The time of PSA failure was defined in 2
ways, including the midpoint between the nadir and the first
of 3 increases (ASTRO definition) and the date of the last
PSA used to define the third increase. Kaplan-Meier curves
were constructed comparing biochemical outcome between
these 2 definitions and our standard radical prostatectomy
definition of PSA failure (0.4 ng./ml. or greater).

RESULTS

Kaplan-Meier curves plotting biochemical progression
rates according to the different PSA cut points used for the
entire patient population (2,782) are shown in figure 1. As
expected, PSA failure rates were directly related to the def-
inition used. Progression-free percentages were 62%, 72%,
76% and 78% for cut points 0.2, 0.3, 0.4 and 0.5 ng./ml. or
greater, respectively, at 5 years, and were 43%, 54%, 59%
and 61%, respectively, at 10 years. For the 1,904 patients
with pathologically organ confined cancer the same relation-
ship between PSA cut point and biochemical outcome was
seen (fig. 2). In these patients 5-year progression-free percent
ranged from 68% to 84% using the 0.2 ng./ml. cut point and
0.5 ng./ml. threshold. In both groups the progression-free
percent curve using the 0.2 ng./ml. threshold was signifi-
cantly lower (worse outcome) than those with curves progres-
sively closer together for successively higher PSA thresholds.

Requiring PSA 0.4 ng./ml. or greater and a subsequent
higher PSA (increasing) resulted in a 5 and 10-year
progression-free percent of 82% and 75% when dating the
event at the time of the first PSA, and 86% and 67% when the
second date was used (fig. 3). Hazards ratios for common
predictors of biochemical progression using various PSA end
points are shown in table 2. For each predictor hazard ratios
were relatively constant and remained significant between
end point groups, suggesting that these predictors maintain
prognostic significance regardless of the PSA cut point used
to define biochemical progression.

The percentage of patients in whom higher PSA levels
progressed after reaching a specific threshold or those who
received treatment is displayed in table 3. Of the 773 pa-
tients in whom PSA between 0.20 to 0.29 ng./ml. developed it
progressed to a higher level in only 49%. The percentage
progressing appeared to plateau between 72% and 77% above
the 0.4 ng./ml. PSA threshold. A subsequent PSA increase or
institution of additional treatment was seen in approxi-
mately 80% of those cases reaching a threshold 0.4 ng./ml.
The relationship between maximum PSA within 3 years of
surgery and development of clinical progression (local or
systemic) beyond 3 years is shown in figure 4. The percent-
free clinical progression after 3 years was inversely related to
the maximum early (within 3 years) PSA attained (p!0.0001)

Application of the ASTRO definition of PSA failure after
radiation therapy to our radical prostatectomy cases is
shown in figure 5. When the failure date was backdated
according to the ASTRO definition, which is the date between
the nadir and first of PSA increases, early failure was more
common but failure beyond 3 years was rare (78%
progression-free percent at 5 and 10 years). This result sug-
gested improved long-term outcome with late failure un-
likely. Dating the event at the time that a patient completed
3 PSA increases (it cannot fail before this time) shifted the
survival curve upward with continued decline parallel and
progressively closer to the 0.4 ng./ml. or greater radical pros-
tatectomy definition (5 and 10 years progression-free percent
85% and 59%, respectively). This result implied better early
biochemical outcome. These curves did not consider the
longer time to nadir usually seen in radiation treated cases,

FIG. 3. Biochemical progression-free percent comparing single cut
point (0.4 ng./ml. or greater) to 1 requiring increasing PSA (0.4
ng./ml. or greater and increasing). Number of patients at risk for
progression at 5, 7 and 10 years ranged 1,689 to 1,905, 698 to 810 and
81 to 104, respectively.

FIG. 1. Biochemical progression-free percent using different PSA
cut points to define progression after radical prostatectomy. Number
of patients at risk for progression at 5, 7 and 10 years ranged 1,354
to 1,728, 497 to 703 and 53 to 83, respectively.

FIG. 2. Biochemical progression-free percent using different PSA
cut points to define progression in patients with organ confined
(pathological stage T2) cancer. Number of patients at risk for pro-
gression at 5, 7 and 10 years ranged 1,007 to 1,252, 374 to 508 and
44 to 71, respectively.

DEFINING BIOCHEMICAL FAILURE AFTER RADICAL PROSTATECTOMY1148



Pound et al., JAMA, 1999

• Retrospective review of 1997 men who underwent RP 
between 1982 and 1997 

• Of the 1997 men, 315 (15%) developed biochemical PSA level 
elevation

• Eleven of these underwent early hormone therapy after the 
recurrence and are not included in the study 



Pound et al., JAMA, 1999

• 5-yr MP-free survival
rate of 64% among
304 RP BCR patients
who were observed
until MP.



Tilki et al., J Urol, 2016

• 14,532 patients after RP 
(1992-2012)

• No neoadjuvant or adjuvant 
therapy

• Median follow-up: 50.8 
months 

• Biochemical recurrence
occurred in 2950 (20.3%) 
men

Biochemical recurrence after Radical Prostatectomy



2018



Eur Urol. 2019 Jun;75(6):967-987

• Only approximately 30% of patients with BCR after primary
surgery develop clinical recurrence, with only 16.4% dying from
their disease

• Based on the review, proposal was to stratify patients into:
• EAU Low-Risk BCR: PSA-DT > 1 year AND pGS<8 for RP 
• EAU High-Risk BCR: PSA-DT ≤ 1 year OR pGS8-10 for RP



510 patients were considered EAU low-risk BCR; 530 patients met the EAU high-risk
BCR criteria (RP between 1992 and 2006). 

Eur Urol. 2019 Jun;75(6):896-900

83.4–90.1%) and 93.8% (95% CI 91.4–96.3%) for the high-risk
BCR group (both p < 0.001; Figs. 1 and 2). On multivariable
Cox regression analyses adjusted for preoperative PSA, pT
stage, pathological lymph node status, RP-BCR time, and
SRT, the proposed BCR risk grouping reached independent

predictor status for both MP (hazard ratio [HR] 3.46, 95% CI
2.41–4.97; p < 0.001) and PCSM (HR 5.12, 95% CI 2.90–9.03;
p < 0.001; Table 2). However, the discriminative ability of
the grouping in predicting MP (c-index 0.67) or PCSM (c-
index 0.69) was moderate.

Fig. 2  – Kaplan-Meier plot of prostate cancer-specific survival stratified according to the European Association of Urology biochemical recurrence (BCR)
risk groups. The red line denotes low-risk and the blue line high-risk patients.

Fig. 1  – Kaplan-Meier plot of metastatic progression (MP)-free survival stratified according to the European Association of Urology biochemical
recurrence (BCR) risk groups. The red line denotes low-risk and the blue line high-risk patients.
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Within the EAU low-risk BCR group, there 
was no protective effect of eSRT or lSRT with 
regards to MP or PCSM (p>0.5

EAU high-risk BCR patients had significantly 
better survival when SRT was delivered at an 
early (PSA < 0.5ng/ml) compared with no SRT or 
lSRT

EAU high-risk BCR patients EAU low-risk BCR patients 

Eur Urol. 2019 Jun;75(6):896-900



Ultrasensitive Prostate Specific Antigen and Its Role after
Radical Prostatectomy: A Systematic Review
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Purpose: Prostate specific antigen is an important tool to monitor patients
with prostate cancer after radical prostatectomy. Ultrasensitive prostate specific
antigen assays are increasingly used with a lower limit of detection as low as
0.001 ng/ml. We systematically reviewed currently available ultrasensitive
prostate specific antigen technologies and the role of this method in monitoring
patients after radical prostatectomy.

Materials and Methods: We searched the relevant literature using the
MEDLINE! database. For various study objectives the series eligible for review
provided serial ultrasensitive prostate specific antigen (lower detection limit
less than 0.1 ng/ml) data on men after radical prostatectomy as well as
comparative data on standard prostate specific antigen (lower detection limit
0.1 ng/ml or greater).

Results: Ultrasensitive prostate specific antigen could potentially detect prostate
cancer recurrence years earlier than standard prostate specific antigen assays.
The specificity of detectable ultrasensitive prostate specific antigen is low.
Ultrasensitive prostate specific antigen kinetics may improve the positive pre-
dictive value for detecting cancer recurrence. However, the usefulness of prostate
specific antigen doubling time at the ultrasensitive level remains controversial.
Undetectable nadir ultrasensitive prostate specific antigen after radical prosta-
tectomy confers a low risk of disease recurrence while a detectable nadir above
0.01 ng/ml requires additional measurement and consideration of other risk
factors to determine management and avoid overtreatment. This monitoring
method may spare patients with high risk disease adjuvant radiation therapy
and enable more selective early salvage radiation. Currently no data demon-
strates improved survival after early salvage therapy prompted by ultrasensitive
prostate specific antigen surveillance.

Conclusions: Ultrasensitive prostate specific antigen is useful in the early
diagnosis of cancer recurrence after radical prostatectomy but specificity is
poor. To date there is a lack of evidence that earlier detection of recurrence
translates into prolonged time to metastasis. Integrating ultrasensitive prostate
specific antigen with other clinicopathological factors can help determine optimal
adjuvant and salvage therapy.

Key Words: prostatic neoplasms; prostate-specific antigen;
prostatectomy; neoplasm recurrence, local; diagnosis

Abbreviations
and Acronyms

BCR ¼ biochemical recurrence

ePSADT ¼ early PSADT

LLD ¼ lower detection limit

PCa ¼ prostate cancer

PPV ¼ positive predictive value

PSA ¼ prostate specific antigen

PSADT ¼ PSA doubling time

RP ¼ radical prostatectomy

TRIFA ¼ time resolved
immunofluorometric assay

uPSA ¼ ultrasensitive PSA

XRT ¼ external radiation therapy
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can help determine whether adjuvant therapy is
indicated.

Although to our knowledge no group has exam-
ined the ideal uPSA interval after RP, in men with
detectable uPSA the frequency of followup should
remain similar to that for standard PSA assays.
Three or 4 consecutive values could be obtained
during this window to help determine the signifi-
cance of detectable uPSA. In men with undetectable
values less frequent followup is unlikely to cause
the loss of a therapeutic window. Shen et al pro-
posed that men with a uPSA nadir of less than
0.01 ng/ml in year 1 must undergo uPSA measure-
ment annually.41 Given that uPSA has 96% to
100% negative predictive value at the 0.01 ng/ml
cutoff, this seems to be a reasonable recommenda-
tion but it requires validation.

uPSA improves the time to detection of PCa
relapse by months to years. This lead time to
relapse would seem to improve the patient chance
of durable progression-free survival with salvage
therapy given at a lower cancer burden and a
wider window for cure.56 Using uPSA Terai et al
followed patients after RP, of whom 37 were able
to receive early salvage XRT at a median PSA of
0.146 ng/ml.57 PreXRT uPSA 0.15 ng/ml or less

predicted nonprogression after XRT. However, this
study was limited by small patient number and
short followup. Mir et al recently analyzed the risk
of PSA, defined as a PSA increase of greater than
0.1 ng/ml above BCR, and treatment progression
after BCR based on 14 BCR definitions in 2,348
patients with detectable PSA 0.03 ng/ml or greater
after RP.58 They concluded that BCR definitions
below currently accepted PSA thresholds appear to
be valid to select patients with adverse clinico-
pathological risk factors for secondary therapy.

CONCLUSIONS
To monitor patients with PCa after RP uPSA de-
tects recurrence months to years earlier than stan-
dard PSA assays. An undetectable uPSA nadir is
prognostic of a lower risk of future recurrence while
the PPV of detectable uPSA is low. Serial uPSA
measurements are more useful to determine cancer
recurrence, although the usefulness of uPSADT in
this setting is controversial. Currently no data
demonstrate that earlier intervention associated
with uPSA improves survival or cancer outcomes.
Post-RP uPSA monitoring complements traditional
clinicopathological factors to determine the need

Figure 2. Evolving algorithm of surveillance using uPSA in first 2 years after (s/p) RP based on limited evidence and best interpretation
of available data combined with expert opinion. CAPRA, Cancer of Prostate Risk Assessment. Dotted outlines indicate suggestions
requiring consensus.

6 ULTRASENSITIVE PROSTATE SPECIFIC ANTIGEN AND ITS ROLE AFTER PROSTATECTOMY
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Table 2. Summary of Main PET Imaging Tracers Studied in Prostate Cancer* 
Tracer Half-

life 
(min) 

Cyclotron Mechanism 
of Action 

Excretion Sensitivity 
(%)* 

Specificity 
(%)* 

FDA Status Panel Recommendation 

C-11 choline 20 Onsite Cell 
membrane 
synthesis 

Hepatic 32–93 40–93 x Cleared x May be used for detection 
of biochemically recurrent 
small-volume disease in 
soft tissues 

x May be used after bone 
scan for further evaluation 
of equivocal findings 

F-18 
fluciclovine 

110 Regional Amino acid 
transport 

Renal 37–90 40–100 x Cleared x May be used for detection 
of biochemically recurrent 
small-volume disease in 
soft tissues 

x May be used after bone 
scan for further evaluation 
of equivocal findings 

F-18 NaF 110 Regional Adsorption 
within bone 
matrix 

Hepatic 87–100 62–89 x Cleared x May be used after bone 
scan for further evaluation 
of equivocal findings 

C-11 
acetate 

20 Onsite Lipid 
synthesis 

Lung  59–69 83–98 x Not cleared x May be used in clinical 
trial or registry 

Ga-68 
PSMA 

68 Generator 
(no 
cyclotron) 

PSMA 
analog 

Renal 76–86 86–100 x Not cleared  x May be used in clinical 
trial or registry 

* Interpret with caution; few studies used biopsy/surgery as gold standard; see Nuclear Imaging, above, for references.  
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• Systematic review of PSMA 
PET

• 36 articles
• N=4467 patients
• Per lesion:

– Sensitivity: 75%
– Specificity: 95%

• Gleason score not predictive
– Gleason 7: 75%
– Gleason 8-10: 79%

PSA level Positive scan rate

0-0.19ng/ml 33%

0.2-0.49ng/ml 42%

0.5-0.99ng/ml 59%

1-1.99ng/ml 75%

>2ng/ml 95%Perera et al Eur Urol 2019 Courtesy of Declan Murphy
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BACKGROUND
Salvage radiation therapy is often necessary in men who have undergone radical pros-
tatectomy and have evidence of prostate-cancer recurrence signaled by a persistently or 
recurrently elevated prostate-specific antigen (PSA) level. Whether antiandrogen therapy 
with radiation therapy will further improve cancer control and prolong overall survival 
is unknown.
METHODS
In a double-blind, placebo-controlled trial conducted from 1998 through 2003, we as-
signed 760 eligible patients who had undergone prostatectomy with a lymphadenectomy 
and had disease, as assessed on pathological testing, with a tumor stage of T2 (confined 
to the prostate but with a positive surgical margin) or T3 (with histologic extension 
beyond the prostatic capsule), no nodal involvement, and a detectable PSA level of 0.2 to 
4.0 ng per milliliter to undergo radiation therapy and receive either antiandrogen therapy 
(24 months of bicalutamide at a dose of 150 mg daily) or daily placebo tablets during 
and after radiation therapy. The primary end point was the rate of overall survival.
RESULTS
The median follow-up among the surviving patients was 13 years. The actuarial rate of 
overall survival at 12 years was 76.3% in the bicalutamide group, as compared with 71.3% 
in the placebo group (hazard ratio for death, 0.77; 95% confidence interval, 0.59 to 0.99; 
P = 0.04). The 12-year incidence of death from prostate cancer, as assessed by means of 
central review, was 5.8% in the bicalutamide group, as compared with 13.4% in the pla-
cebo group (P<0.001). The cumulative incidence of metastatic prostate cancer at 12 years 
was 14.5% in the bicalutamide group, as compared with 23.0% in the placebo group 
(P = 0.005). The incidence of late adverse events associated with radiation therapy was 
similar in the two groups. Gynecomastia was recorded in 69.7% of the patients in the 
bicalutamide group, as compared with 10.9% of those in the placebo group (P<0.001).
CONCLUSIONS
The addition of 24 months of antiandrogen therapy with daily bicalutamide to salvage 
radiation therapy resulted in significantly higher rates of long-term overall survival 
and lower incidences of metastatic prostate cancer and death from prostate cancer 
than radiation therapy plus placebo. (Funded by the National Cancer Institute and 
AstraZeneca; RTOG 9601 ClinicalTrials.gov number, NCT00002874.)

a bs tr ac t

Radiation with or without Antiandrogen Therapy in Recurrent 
Prostate Cancer

W.U. Shipley, W. Seiferheld, H.R. Lukka, P.P. Major, N.M. Heney, D.J. Grignon, O. Sartor, M.P. Patel, J.-P. Bahary, 
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S.A. Rosenthal, K.J. Kerlin, J.J. Dignam, S.L. Pugh, and H.M. Sandler, for the NRG Oncology RTOG*  

The New England Journal of Medicine 
Downloaded from nejm.org at Davis (UCD) on October 25, 2017. For personal use only. No other uses without permission. 

 Copyright © 2017 Massachusetts Medical Society. All rights reserved. 

n engl j med 376;5 nejm.org February 2, 2017 423

Antiandrogen Ther apy in Recurrent Prostate Cancer

The cumulative incidence of distant metasta-
ses at 12 years was 14.5% in the bicalutamide 
group, as compared with 23.0% in the placebo 
group (hazard ratio, 0.63; 95% CI, 0.46 to 0.87; 
P = 0.005) (Fig. 2D). The cumulative incidence of 

a second biochemical recurrence at 12 years was 
44.0% in the bicalutamide group, as compared 
with 67.9% in the placebo group (hazard ratio, 
0.48; 95% CI, 0.40 to 0.58; P<0.001) (Fig. S1B in 
the Supplementary Appendix).

Figure 2. Kaplan–Meier Estimates of Overall Survival and Cumulative Incidence Estimates of Rates of Death from Prostate Cancer 
and of Metastatic Prostate Cancer.

All patients underwent radiation therapy in addition to receiving either antiandrogen therapy with bicalutamide or placebo. The overall 
survival analysis among patients with a PSA level of more than 1.5 ng per milliliter at trial entry was a post hoc analysis. Death from 
prostate cancer included all deaths from prostate cancer or treatment complications as well as death from an unknown process in 
 patients with active prostate cancer on the basis of central review.
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Figure 3. Effect of Antiandrogen Therapy with Bicalutamide on 12-Year Overall Survival.

All patients underwent radiation therapy in addition to receiving either antiandrogen therapy with bicalutamide or placebo. The scale for 
the Gleason score ranges from 2 to 10, with higher scores indicating a worse prognosis. Data on the Gleason score were missing for one 
patient in each group. P values were calculated with the use of the log-rank test.
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End Point and Subgroup Bicalutamide Group Placebo Group Hazard Ratio (95% CI) P Value

Patients 
at Risk

Rate of 
End Point

Patients 
at Risk

Rate of 
End Point

no. % no. %

Metastatic prostate cancer

All patients 384 14.5 376 23.0 0.63 (0.46–0.87) 0.005

Gleason score

2–6 111 7.8 103 16.5 0.64 (0.30–1.36) 0.25

7 205 15.4 208 19.8 0.80 (0.52–1.22) 0.31

8–10 67 21.2 64 44.7 0.35 (0.18–0.67) 0.001

PSA level at trial entry

<0.7 ng/ml 210 13.4 195 17.1 0.76 (0.47–1.22) 0.26

0.7–1.5 ng/ml 119 17.4 118 28.4 0.67 (0.40–1.12) 0.13

>1.5 ng/ml 55 13.1 63 31.1 0.36 (0.15–0.84) 0.01

Positive surgical margin

No 96 22.9 95 31.1 0.79 (0.47–1.32) 0.38

Yes 288 11.8 281 20.3 0.56 (0.38–0.84) 0.005

Death from prostate cancer* 384 5.8 376 13.4 0.49 (0.32–0.74) <0.001

Death from other causes 384 17.9 376 15.3 1.10 (0.79–1.53) 0.58

*   Death from prostate cancer included all deaths from prostate cancer or treatment complications as well as death from an unknown process 
in patients with active prostate cancer on the basis of central review.

Table 2. Antitumor Efficacy with Respect to Key Secondary End Points at 12 Years.
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Salvage radiotherapy with or without short-term hormone 
therapy for rising prostate-specifi c antigen concentration 
after radical prostatectomy (GETUG-AFU 16): a randomised, 
multicentre, open-label phase 3 trial
Christian Carrie, Ali Hasbini, Guy de Laroche, Pierre Richaud, Stéphane Guerif, Igor Latorzeff , Stéphane Supiot, Mathieu Bosset, 
Jean-Léon Lagrange, Véronique Beckendorf, François Lesaunier, Bernard Dubray, Jean-Philippe Wagner, Tan Dat N’Guyen, Jean-Philippe Suchaud, 
Gilles Créhange, Nicolas Barbier, Muriel Habibian, Céline Ferlay, Philippe Fourneret, Alain Ruffi  on, Sophie Dussart

Summary
Background How best to treat rising prostate-specifi c antigen (PSA) concentration after radical prostatectomy is an 
urgent clinical question. Salvage radiotherapy delays the need for more aggressive treatment such as long-term 
androgen suppression, but fewer than half of patients benefi t from it. We aimed to establish the eff ect of adding 
short-term androgen suppression at the time of salvage radiotherapy on biochemical outcome and overall survival in 
men with rising PSA following radical prostatectomy.

Methods This open-label, multicentre, phase 3, randomised controlled trial, was done in 43 French study centres. 
We enrolled men (aged ≥18 years) who had received previous treatment for a histologically confi rmed adenocarcinoma 
of the prostate (but no previous androgen deprivation therapy or pelvic radiotherapy), and who had stage pT2, pT3, or 
pT4a (bladder neck involvement only) in patients who had rising PSA of 0·2 to less than 2·0 µg/L following radical 
prostatectomy, without evidence of clinical disease. Patients were randomly assigned (1:1) centrally via an interactive 
web response system to standard salvage radiotherapy (three-dimensional [3D] conformal radiotherapy or intensity 
modulated radiotherapy, of 66 Gy in 33 fractions 5 days a week for 7 weeks) or radiotherapy plus short-term androgen 
suppression using 10·8 mg goserelin by subcutaneous injection on the fi rst day of irradiation and 3 months later. 
Randomisation was stratifi ed using a permuted block method according to investigational site, radiotherapy modality, 
and prognosis. The primary endpoint was progression-free survival, analysed in the intention-to-treat population. 
This trial is registered with ClinicalTrials.gov, number NCT00423475.

Findings Between Oct 19, 2006, and March 30, 2010, 743 patients were randomly assigned, 374 to radiotherapy alone 
and 369 to radiotherapy plus goserelin. Patients assigned to radiotherapy plus goserelin were signifi cantly more likely 
than patients in the radiotherapy alone group to be free of biochemical progression or clinical progression at 5 years 
(80% [95% CI 75–84] vs 62% [57–67]; hazard ratio [HR] 0·50, 95% CI 0·38–0·66; p<0·0001). No additional late adverse 
events occurred in patients receiving short-term androgen suppression compared with those who received radiotherapy 
alone. The most frequently occuring acute adverse events related to goserelin were hot fl ushes, sweating, or both 
(30 [8%] of 366 patients had a grade 2 or worse event; 30 patients [8%] had hot fl ushes and fi ve patients [1%] had 
sweating in the radiotherapy plus goserelin group vs none of 372 patients in the radiotherapy alone group). Three (8%) 
of 366 patients had grade 3 or worse hot fl ushes and one patient had grade 3 or worse sweating in the radiotherapy plus 
goserelin group versus none of 372 patients in the radiotherapy alone group. The most common late adverse events of 
grade 3 or worse were genitourinary events (29 [8%] in the radiotherapy alone group vs 26 [7%] in the radiotherapy plus 
goserelin group) and sexual disorders (20 [5%] vs 30 [8%]). No treatment-related deaths occurred.

Interpretation Adding short-term androgen suppression to salvage radiotherapy benefi ts men who have had radical 
prostatectomy and whose PSA rises after a postsurgical period when it is undetectable. Radiotherapy combined with 
short-term androgen suppression could be considered as a reasonable option in this population.

Funding French Ministry of Health, AstraZeneca, and La Ligue Contre le Cancer.

Introduction
After radical prostatectomy a third of patients relapse 
with a rise in serum prostate-specifi c antigen (PSA) 
concentration without evidence of clinical or radio-
graphic disease and, in the absence of salvage 
treatment, develop distant metastases.1 Antonarakis and 
colleagues2 reported metastasis-free survival rates of 

67% at 5 years and 48% at 10 years in patients with PSA 
recurrence after radical prostatectomy without salvage 
treatment.

The standard treatment for most patients with 
biochemical recurrence after radical prostatectomy is 
salvage radiotherapy. Boorjian and colleagues3 reported 
a decrease in the risk of distant metastasis of 75% with 
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• PSA 0.2-2.0ug/L after RP
• No apparent clinical disease
• 66Gy XRT + 6 months ADT
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goserelin. One patient, randomly assigned to the 
radiotherapy alone group, subsequently withdrew 
consent and refused the use of his data, leaving 
742 patients in the intention-to-treat analysis (fi gure 1). 
Four additional patients (three in the radiotherapy plus 
goserelin group and one in the radiotherapy alone 
group) did not start study treatment and were not 
included in the safety analysis. Baseline characteristics 
were well balanced between groups (table 1). 
At randomisation, 691 (94%) of 738 patients had a PSA 
concentration of less than 1 μg/L (345 in the radiotherapy 
alone group and 346 in the radiotherapy plus goserelin 
group) and 589 (80%) of patients had a concentration of 
less than 0·5 μg/L (305 in the radiotherapy alone group 
and 284 in the radiotherapy plus goserelin group).

Radiotherapy was given to 738 patients; 119 (16%) of 
737 patients had irradiation of pelvic nodes (56 [15%] of 
372 in the radiotherapy alone group and 63 [17%] of 365 in 
the radiotherapy plus goserelin group). 3D conformal 
radiotherapy was used in 709 (96%) of 738 patients (355 in 
the radiotherapy alone group and 354 in the radiotherapy 
plus goserelin group) and intensity modulated radio-
therapy in 29 (4%) of 738 patients (17 in the radiotherapy 
alone group and 12 in the radiotherapy plus goserelin 
group). The median dose given to the prostate bed was 
66 Gy (IQR 66–66) and the median duration was 7 weeks 
(6·7–7·3; 7 weeks [6·7–7·3] in radiotherapy alone group 
and 7 weeks [6·7–7·3] in radiotherapy plus goserelin 
group). The total duration of radiotherapy was more than 
10 weeks for three patients because of acute urinary 
retention in one patient in the radiotherapy plus goserelin 
group, intercurrent disease in one patient in the radio-
therapy alone group, and an unknown reason in 
one patient in the radiotherapy alone group. The fi rst 
injection of goserelin was given to all but three patients 
in the radiotherapy plus goserelin group (fi gure 1). 
The second injection was given to 351 (96%) of 366 patients 
(fi gure 1). The median duration from randomisation to 
nadir PSA was 9·4 months (IQR 7·3–17·5) in the 
radiotherapy alone group and 3·0 months (2·3–7·6) in 
the radiotherapy plus goserelin group.

At the time of data cutoff  (Dec 12, 2014) and fi nal 
analysis, the median duration of follow-up was 
63 months (IQR 56–75). 138 progression events or 
deaths had occurred in the radiotherapy alone group 
compared with 78 in the radiotherapy plus goserelin 
group. Disease progression was recorded in 124 (33%) 
of 373 patients in the radiotherapy alone group versus 
66 (18%) of 369 patients in the radiotherapy and 
goserelin group, with median duration between 
randomisation and relapse of 22 months (IQR 14–38) in 
the radiotherapy alone group versus 32 months (26–44) 
in the radiotherapy plus goserelin group (p=0·0001). 
5-year progression-free survival was 62% (95% CI 57–67) 
in the radiotherapy alone group and 80% (75–84) in 
the radiotherapy plus goserelin group (HR 0·50, 
95% CI 0·38–0·66; p<0·0001; fi gure 2).

Of 190 patients who had disease progression, 157 (83%) 
had a local progression event with or without biochemical 
progression as their fi rst progression event (104 [84%] of 
124 patients in the radiotherapy alone group vs 53 [80%] 
of 66 patients in the radiotherapy plus goserelin group). 
Metastatic progression data were not available for these 
patients because metastatic data were only recorded at 
fi rst progression. At fi rst recorded relapse, 26 (7%) of 
373 patients in the radiotherapy alone group had a 
clinical progression event (metastatic or local) associated 
with biochemical relapse (seven had local and 
biochemical progression, one had metastatic progression, 
and 18 had metastatic and biochemical progression) 
versus 16 (4%) of 369 patients in the radiotherapy plus 
goserelin group (three had local and biochemical 
progression, three had metastatic progression, nine had 
metastatic and bio chemical progression, and one had 
local, metastatic, and biochemical progression). In the 

Radiotherapy 
alone (n=373)

Radiotherapy and 
goserelin (n=369)

Age (years) 67 (52–85) 67 (49–80)

Gleason score

<8 332 (89%) 329 (89%)

≥8 41 (11%) 40 (11%)

Pathological tumour stage (TNM 2005)

pT2a 37 (10%) 29 (8%)

pT2b 76 (20%) 75 (20%)

pT2c 88 (24%) 92 (25%)

pT3a 121 (32%) 127 (34%)

pT3b 50 (13%) 44 (12%)

pT4 bladder neck 
involvement

0 1 (<1%)

Missing 1 (<1%) 1 (<1%)

Pathological node involvement (TNM 2005)

pN0 274 (74%) 273 (74%)

pNX 99 (27%) 96 (26%)

Positive surgical margins 196 (53%) 175 (47%)

No seminal vesicle involvement 318 (85%) 312 (85%)

PSA doubling time >6 months 276 (74%) 270 (73%)

ECOG performance status

0 345 (92%) 329 (89%)

1 13 (4%) 22 (6%)

Missing 15 (4%) 18 (5%)

PSA at baseline randomisation 
(µg/L), median (IQR)*

0·30 (0·20–0·50) 0·30 (0·20–0·50)

Time between surgery and 
relapse (months), median 
(IQR)*

29·99 (19–52) 33·98 (21–53)

Presurgery PSA (µg/L), 
median (IQR)†

8·10 (6–12) 8·35 (6–12)

Date are n (%) or median (range) unless otherwise noted. PSA=prostate-specifi c 
antigen. ECOG=Eastern Cooperative Oncology Group. TNM=TNM Classifi cation of 
Malignant Tumours. Percentages might not sum to 100 because of rounding. 
*Four missing values. †169 missing values. 

Table 1: Baseline characteristics in the intention-to-treat population
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radiotherapy alone group, 97 (26%) of 373 patients 
(one patient with missing data for the type of progression) 
had biochemical progression only versus 50 (14%) of 
369 patients in the radiotherapy plus goserelin group.

In the multivariate analysis, prognostic factors for 
disease progression were PSA concentration at the time 
of radiotherapy (PSA at relapse [baseline]), surgical 
margin status, PSA doubling time at relapse, and seminal 
vesicle status (table 2). Age, Gleason score, and time 
between prostatectomy and recurrence were not 
prognostic.

Subgroup analysis of progression-free survival is 
consistent with the overall progression-free survival 
result (fi gure 3). 5-year progression-free survival for 
low-risk versus high-risk patients was 75% (95% CI 
66–82) versus 58% (51–64) in the radiotherapy alone 
group (HR 1·8, 95% CI 1·2–2·6; p=0·0066) and 87% 
(79–93) versus 77% (71–82) in the radiotherapy plus 
goserelin group (HR 2·3, 95% CI 1·2–4·2, p=0·0088).

At the time of fi nal analysis, 26 (7%) of 374 patients in 
the radiotherapy alone group had died compared with 
17 (5%) of 369 in the radiotherapy plus goserelin group. 
The median overall survival was 58 months (IQR 53–64): 
56 months (51–62) in the radiotherapy alone group and 
58 months (57–79) in the radiotherapy plus goserelin 
group. 5-year overall survival was 95% (95% CI 92–97) in 
the radiotherapy alone group and 96% (93–98) in 
the radiotherapy plus goserelin group (HR 0·7, 
95% CI 0·4–1·2, p=0·18; appendix). The cause of death 
was cancer progression in eight (2%) patients in the 
radiotherapy alone group versus three (1%) in the 
radiotherapy plus goserelin group. The median age of 
the 11 patients who died from disease progression was 

n Univariate analysis Multivariate analysis*

HR (95% CI) p value† HR (95% CI) p value†

Age at randomisation 0·166 NS‡

≤65 years 283 Reference Reference

>65 years 459 0·83 (0·6–1·1) ··

Gleason score 0·001 NS‡

<8 661 Reference Reference

≥8 81 1·81 (1·6–2·6) ··

PSA at relapse (baseline) <0·0001 <0·0001

≤0·5 µg/L 589 Reference Reference

0·5–1 µg/L 86 1·97 (1·4–2·8) 2·05 (1·4–3·0)

≥1 µg/L 63 2·40 (1·6–3·6) 2·30 (1·5–3·4)

Seminal vesicle 0·001 <0·0001

Non-involvement 630 Reference Reference

Involvement 112 1·88 (1·4–2·6) 1·93 (1·4–2·7)

Surgical margins 0·003 0·010

Positive 371 Reference Reference

Negative 371 1·52 (1·2–1·99) 1·44 (1·1–1·9)

PSA doubling time at 
relapse

0·002 0·007

≥6 months 546 Reference Reference

<6 months 196 1·57 (1·2–2·1) 1·48 (1·1–2·0)

Delay between 
prostatectomy and 
recurrence

0·045 NS‡

>30 months 390 Reference Reference

≤30 months 348 1·32 (1·0–1·7) ··

HR=hazard ratio. NS=non-signifi cant. PSA=prostate-specifi c antigen. *Multivariate model including signifi cant 
parameters at 20% signifi cance level in the univariate procedure. †p value for overall trend on multiple categories of 
the predictor in the regression model. ‡Parameter not kept in the fi nal model because of non-signifi cant p value in the 
backward procedure.

Table 2: Prognostic factors for relapse
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Figure 2: Kaplan-Meier estimates of progression-free survival 
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• Overall, 27 SLND series have been selected for synthesis. 

• The 2- and 5-yr biochemical progression-free survival rates ranged 

from 23% to 64% and from 6% to 31%, respectively. 

• Main drawbacks limiting the interpretation of the effectiveness of 

SLND were the retrospective design of single-center series, 

heterogeneity between series in terms of adjuvant treatment, 

endpoints, definitions of progression and study population, as well 

as the absence of long-term follow-up. 



Original Article No. of
patients

PSA Imaging method Mean
No.
removed
LNs

Median 
follow-up
(months)

Complete
PSA 
response

PFS CSS (%)

Linxweiler
et al.
Surg Oncol 2018

36 1.98 Choline(n = 11) 
PSMA (n = 25) PET/CT 

6.5 14 (PSMA)
48 
(choline)

36% (44% 
if PSMA, 
18% if
choline)

Median 12 mo
if PSMA, 
4.7 mo if
choline

NR

Maurer et al.
Eur Urol 2018

31 1.13 99Tc-PSMA PET/ CT 4.3 12.2 64.5 1 yr: 43% NR

Siriwardana
et al. 
BJUI 2017

35 2.2 PSMA PET/CT 9 12.0 43.0 1 yr: 23% NR

Rauscher 
et al.
BJUI 2017

31 1.3 PSMA PET/CT 12 11.2 60.0 1 yr: 64% 
(treatment-free
survival)

NR

Fossati
et al.
Eur Urol 2018
(9 centers)

654 2.1 Choline(n = 460) 
PSMA (n = 194) PET/CT 

26 30 44 Optimal candidates:
<Gleason grade group 5
Longer time RP to BCR
No retroperitoneal uptake at 
PET/CT
<3 positive spots at PET/CT
Lower PSA at PET/CTadapted from Ploussard et al., Eur Urol, 2018

Salvage Lymphadenectomy (sLND) series – PSMA-guided



Conclusions
• PSA persistence >0.1 has poorer prognosis but SRT beneficial
• PSA recurrence has several definitions
• New EAU guidelines move from absolute value to risk groups

• Ultrasensitive PSA not specifically recommended in guidelines
• >0.03 and rising correlates with BCR >0.2

• New imaging has a relevant and evolving role
• EAU low risk is at small risk of metastatic progression or cancer 

specific mortality
• SRT earlier and with ADT should be given in EAU high-risk
• Salvage surgical approaches are immature and should be 

considered cautiously
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