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Abstract. Prostate cancer is the second most common form 
of cancer in men in Europe. The primary treatment of this 
type of cancer is radical prostatectomy, which has shown 
good oncological results. Radical prostatectomy (open, lapa-
roscopic or robotic) has high success and low morbidity rates 
in patients with localized prostate cancer. The life expectancy 
is >10 years after radical prostatectomy. Studies have shown 
that ~20%‑30% of the patients who have undergone radical 
prostatectomy can develop biochemical recurrence, which is 
monitored by using the value of the prostate‑specific antigen 
(PSA). In some cases (patients with high‑risk prostate cancer), 
adjuvant therapy after radical prostatectomy, such as radio-
therapy or androgen deprivation therapy, can significantly 
reduce the risk of biochemical recurrence. The optimal 
management of recurrent disease remains uncertain. Recent 
literature was systematically reviewed regarding the manage-
ment of biochemical recurrence and to compare clinical 
experience in literature studies.
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1. Introduction

According to the latest guidelines, prostate cancer (PCa) is 
the second most commonly diagnosed cancer in men, with 
an estimated 1.1 million diagnoses worldwide in 2012, 
accounting for 15% of all diagnosed cancers (1‑9). The two 
most important tools in raising the suspicion of prostate 
cancer are the prostate‑specific antigen (PSA) value and 
digital rectal examination, the latter offering information on 
the prostate's characteristics, such as consistence, dimensions, 
its relations with the adjacent structures, as well as detecting 
the presence of a nodule on the prostatic surface or an area 
with a modified consistence that could raise the suspicion of 
cancer. The prevalence of prostate cancer in patients under 
30 years old is <5% and it is increasing by an odds ratio of 1.7 
(1.6‑1.8) per decade to a prevalence of 59% (48‑71%) in men 
aged over 79 years (1).

In the setting of organ‑confined disease, PSA is supposed 
to have undetectable values after radical prostatectomy. 
Despite primary treatment for localized prostate cancer, it 
is estimated that 20%‑30% of these patients can experience 
a biochemical recurrence, typically detected by the rise of 
the serum PSA levels. In patients with confined disease, the 
PSA value should be undetectable following radical pros-
tatectomy, whereas in patients managed with radiotherapy 
the PSA value decreases slowly, but it does not reach unde-
tectable values. Current guidelines describe biochemical 
recurrence following radical prostatectomy as two consecu-
tive increases of the PSA value, that are >0.2 ng/ml. In terms 
of biochemical recurrence after radiotherapy, this implies the 
increase of the PSA value with at least 2 ng/ml over the nadir 
value, which represents the lowest PSA value achieved after 
radiotherapy (10).
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Because biochemical recurrence is known to determine 
distant metastasis and eventually death related to cancer 
progression, men with biochemical recurrence should undergo 
salvage therapy and be carefully monitored.

Many studies have been performed in order to examine the 
characteristics and management of early and late biochemical 
recurrence after radical prostatectomy. Beauval et al performed 
a study on 517 patients who underwent radical prostatectomy, 
including bilateral pelvic lymph node dissection, for clinical 
high‑risk PCa. The PSA value was >20 ng/ml, the clinical 
stage was T2c or more and the biopsy Gleason score was 
between 8 and 10. The study was performed between 1990 
and 2013 in two French clinical centers. Open, laparoscopic 
or robotic‑assisted prostatectomy was performed. Lymph 
node metastasis was noted in 12.4% of patients. In only 
29 cases adjuvant therapy, such as radiotherapy or androgen 
deprivation therapy (ADT), was recommended. Biochemical 
recurrence‑free survival was 56.4% (11).

A study performed in Turkey by Ozden  et  al, on 
305 patients, observed the effects of age on biochemical recur-
rence in patients who had undergone radical prostatectomy. 
The patients were divided into three groups based on age: 
<60, 60 to 70, and >70 years old. The rates of positive surgical 
margins, lymph node involvement, invasion of seminal 
vesicles, Gleason score and biochemical recurrence were not 
significantly different among the three age groups. The rate of 
biochemical recurrence after a follow‑up period of 70 months 
was 20%, which was similar to that found in the literature. 
Age >70 years was not a factor associated with biochemical 
recurrence (12).

2. The natural history of biochemical recurrence

According to clinical studies and to the literature, a biochemical 
recurrence after radical prostatectomy is not equal to clinical 
failure and metastases. Between 24% and 34% of men with PSA 
values >0.2 ng/ml after surgery can develop metastatic disease 
in the postoperatory period (up to 15 years after surgery) (13). 
The patients who have greater risks of developing biochemical 
recurrence and metastatic disease are those with a short PSA 
doubling time, seminal vesicles invasion, a high Gleason score 
between 8 and 10 and biochemical recurrence under 3 years 
from the time of surgery (14).

If biochemical recurrence is detected following radical 
prostatectomy, the logical step to follow is to determine 
whether the biochemical recurrence is secondary to local 
recurrence or to metastatic disease, or in some cases to both, 
in order to determine the correct therapeutical protocol. In 
order to do so, bone scan, and abdomen and pelvic computed 
tomography must be performed. The probability of a positive 
bone scan in men with biochemical relapse after RP is <5% if 
the PSA level is under 7 ng/ml (15,16).

3. Therapeutical options

There are several therapeutical options that can be applied 
for patients with biochemical recurrence after radical 
prostatectomy. Radiotherapy can be used in men with positive 
margins after surgery, as well as in patients with pT3 disease 
who present a risk greater than 50% of biochemical failure 

after radical prostatectomy (17). A study, conducted in 2011 
on 1,815 patients with high‑risk and locally advanced prostate 
cancer (discovered during surgery or after histophatological 
examination), concluded that radiotherapy significantly 
improved the risk of biochemical progression‑free survival at 
five and ten years compared with patients in whom surgery 
was the only treatment option (18). Patients who present PSA 
recurrence after radical prostatectomy should be managed 
using salvaged radiotherapy. More than half of these patients 
who undergo salvage radiotherapy before the PSA levels 
exceed 0.5  ng/ml can achieve undetectable PSA and thus 
significantly reducing the risk of disease progression over the 
following years.

A retrospective analysis conducted on 635 patients with 
biochemical recurrence following radical prostatectomy 
evaluated the role of salvage radiotherapy in terms of improving 
the prostate cancer specific survival. A total of 160 patients 
received only salvage radiotherapy, 68 received salvage 
radiotherapy and ADT, whereas 397 patients did not receive 
any form of treatment following biochemical recurrence. The 
authors reported that ~18% of the 635 patients died because 
of prostate cancer progression, after a mean period of six 
years after biochemical recurrence was confirmed. The group 
of patients managed with salvage radiotherapy achieved a 
significantly higher prostate cancer survival rate compared 
with those without any form of treatment. The authors noted 
that associating ADT to salvage radiotherapy did not bring 
any further improvements in terms of cancer‑related survival 
compared to salvage radiotherapy alone. Another important 
conclusion of this study was that the patients who underwent 
salvage radiotherapy before reaching the period of two years 
from the biochemical recurrence (the PSA doubling time 
being less than six months) presented superior outcomes 
in terms of cancer survival compared with those for whom 
salvage radiotherapy was initiated more than two years after 
biochemical recurrence. According to the literature, the dose 
of salvage radiation should be at least 66 Gy (19).

A systematic review in 2016 regarding the dose response 
of salvage radiotherapy following radical prostatectomy 
concluded that a dose of at least 70 Gy should be recom-
mended when biochemical recurrence is encountered. The 
authors noted that for each Gy the recurrence‑free survival 
following salvage radiotherapy increases with 2.6% and 
that each 0.1 ng/ml of PSA correlates with a decrease of the 
recurrence‑free survival rate by 2.4% (20). In general, a total 
dose of 64‑66 Gy is well tolerated, it has been estimated that 
<5% of the patients who receive this dose present the risk of 
developing complications secondary to the radiation‑induced 
toxicity. Dose escalation provides superior outcomes in terms 
of re‑achieving undetectable PSA values and prostate cancer 
survival, but it also increases the risk of radiation toxicity.

A clinical trial in 2015, conducted on 344 patients with 
biochemical recurrence after radical prostatectomy, who 
had undergone salvage radiotherapy, evaluated the patients' 
quality of life and radiation‑associated toxicity. The patients 
have received either 64  Gy or 70  Gy. The percentage of 
radiation‑induced toxicity was slightly higher in the group 
of patients who have received a total radiation dose of 70 Gy, 
with up to 3‑4% higher, without a major negative impact 
on patients' quality of life. The authors reported that they 
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encountered more bothersome urinary tract symptoms in the 
radiation dose‑escalated group of patients compared to those 
who received a total dose of 64 Gy (21).

Intensity‑modulated radiotherapy associates a lower risk of 
complications compared to conformational 3D radiotherapy. A 
retrospective analysis evaluated these two previously mentioned 
radiotherapy techniques in terms of radiation‑induced 
toxicity in patients who presented biochemical recurrence 
following radical prostatectomy. Approximately two thirds 
of the patients had received a total radiation dose of >70 Gy. 
The authors reported that intensity‑modulated radiotherapy 
presented superior results in terms of grade 2 gastrointestinal 
toxicity, but the genito‑urinary tract toxicity, post‑radiotherapy 
erectile dysfunction and urinary incontinence did not differ 
much between the two radiotherapy techniques (22).

For patients at high risk of biochemical recurrence 
following radical prostatectomy (extraprostatic extension, 
positive surgical margins, invasion of the seminal vesicles) 
there is a debate in terms of recommending adjuvant 
radiotherapy or surveillance and salvage radiotherapy 
when the PSA level increases. This debate is based on the 
risks of radiation‑induced toxicity and also on the risk of 
overtreatment with adjuvant radiotherapy. According to 
existing data, the use of adjuvant radiotherapy for patients at 
high risk of biochemical recurrence is low, being estimated at 
~10%. This can be explained by the fear of overtreatment and 
radiation‑induced complications, as well as on the fact that a 
considerable percentage of these patients may never develop 
biochemical recurrence. Nevertheless, the risk of biochemical 
recurrence for high risk patients ranges between 40% and 70%. 
The European Association of Urology recommends active 
surveillance and delayed salvage radiotherapy for patients 
with favorable factors such as Gleason score ≤7, pathological 
stage ≤T3a (extracapsular extension without seminal vesicle 
involvement), time to biochemical recurrence greater than 
3 years and a PSA doubling time of over twelve months. The 
patients should undergo salvage radiotherapy when the PSA 
values become detectable and it should be initiated as soon as 
possible, before the PSA reaches 0.5 ng/ml (23).

Tendulkar et al (24) reported the results of a retrospec-
tive study that included 2460 patients with detectable 
PSA following radical prostatectomy, for whom salvage 
radiotherapy was performed. The authors reported an 
overall 5‑years freedom from biochemical recurrence of 
56%. It was noted that the pre‑salvage radiotherapy PSA 
level significantly influenced the 5-year rates of freedom 
from biochemical failure: 71% for patients with a PSA 
between 0.01‑0.2 ng/ml, 63% for those with a PSA between 
0.21‑0.5 ng/ml, 54% for a PSA between 0.51‑1 ng/ml, 43% 
for a PSA between 1.01 and 2 ng/ml and 37% for those who 
had a pre‑salvage radiotherapy PSA ≥2 ng/ml. The authors 
indicated that the PSA value before salvage radiotherapy, 
the Gleason score, positive surgical margins, extraprostatic 
extension, seminal vesicle invasion and the use of ADT 
were associated with freedom from biochemical failure. The 
majority of these factors were also associated with distant 
metastases, with the exception of total radiation dose and 
extraprostatic extension, which did not seem to be correlated 
with distant metastases. The authors concluded that salvage 
radiotherapy should be initiated as soon as possible, from the 

time the PSA becomes detectable, because it improves the 
freedom from biochemical recurrence and distant metastases 
rates.

A study published in 2018 compared adjuvant radiotherapy 
with early salvage radiotherapy in 1,566 patients who under-
went radical prostatectomy. A total of 371 patients underwent 
adjuvant radiotherapy (the PSA level being ≤0.1 ng/ml) and in 
1,195 cases salvage radiotherapy was performed (PSA ranging 
between 0.1‑0.5 ng/ml). The period of time that passed from the 
surgery until the radiotherapy was initiated differed between 
the two groups. In the adjuvant radiotherapy group patients it 
was 4.4 months, whereas those included in the salvage radio-
therapy group it was 22.9 months. The authors compared the 
results obtained with these two approaches in 366 propensity 
matched pairs of patients. The results obtained after a 12‑year 
follow‑up showed that adjuvant radiotherapy compared to 
early salvage radiotherapy offered better results in terms of 
freedom from biochemical recurrence (69% vs. 43%), freedom 
from distant metastases (95% vs. 85%) and overall survival 
(91% vs. 79%) (25).

The benefits of associating ADT with salvage radiotherapy 
for the management of patients with biochemical recurrence 
following radical prostatectomy is debatable. Nevertheless, 
several studies have published encouraging results. In 2017, 
the results of the RTOG 9601 clinical trial were published. The 
authors evaluated the benefits of adding deprivation androgen 
therapy to salvage radiotherapy. The patients enrolled in this 
study were divided into two groups: one group receiving 
150 mg bicalutamide daily for a period of two years, and the 
second group of patients received placebo daily. The results 
obtained after a follow‑up period of 12 years showed that 
bicalutamide improved the overall survival rate, as well as the 
metastatic disease rate and death related to prostate cancer. 
The rate of metastatic prostate cancer was 14.5%, whereas 
in the placebo group it was significantly higher, at 23%. The 
death related to prostate cancer rate in the bicalutamide group 
was 5.8%, compared to 13.4% in the group of patients who 
received placebo (26).

The GETUG‑AFU  16 clinical trial also supports the 
association of ADT and salvage radiotherapy. A total of 
743 patients who underwent radical prostatectomy and afterwards 
presented increasing PSA levels were enrolled in this trial. The 
patients were divided as follows: 374 patients who received 
salvage radiotherapy alone (3D‑conformal radiotherapy or 
intensity‑modulated radiotherapy with a total radiation dose of 
66 Gy) and 369 patients who received salvage radiotherapy plus 
goserelin (subcutaneous injection in the first day of radiotherapy 
and three months later). After a follow‑up period of five years, 
it was recorded that the group of patients who received salvage 
radiotherapy and short‑term ADT with goserelin had better 
results regarding the PSA progression, as well as in terms of 
clinical progression. The freedom from biochemical progression 
rate in the group of patients who received only radiotherapy 
was  62%, whereas in the group of patients who received 
short‑term goserelin and salvage radiotherapy this rate was 
significantly higher, at 80%. The authors concluded that adding a 
short‑term gonadotropin‑releasing hormone analogue to salvage 
radiotherapy may be a better solution in the management of 
patients who present increasing PSA after radical prostatectomy 
compared to salvage radiotherapy alone (27).
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ADT is a salvage therapy after radical prostatectomy 
with biochemical recurrence, although data supporting its 
use is generally obtained from retrospective studies (28). Not 
all patients with biochemical recurrence can benefit from 
ADT, the best effects being in patients with high‑risk with 
long life expectancy, also proving useful in those who refuse 
radiotherapy. After multiple studies searching for the optimal 
timing regarding the start of ADT early in the detection of 
biochemical recurrence versus late (>2 years), it turned out that 
there is no difference between them (29).

The use of brachytherapy in case of biochemical recur-
rence after prostatectomy and salvage radiotherapy has 
limited indications and poor results, as the total dose that can 
be used is low. There are some selected cases with good results 
regarding high doses of brachytherapy within an acceptable 
toxicity range (23).

4. Discussion

The management of biochemical recurrence after radical 
prostatectomy is complicated, due to the numerous variables 
that must be taken into consideration. A study performed by 
Loeb et al (30) revealed that patients who develop biochemical 
recurrence more than five years after radical prostatectomy 
are less likely to present local or remote metastasis compared 
to those who develop biochemical recurrence in less than five 
years (31). Several studies have shown that there is no direct link 
between the time of appearance of biochemical recurrence and 
the risk of systemic progression or cancer‑specific mortality 
in patients with low‑risk prostate cancer  (32,33). However, 
in high‑risk patients, the early biochemical recurrence 
seems to increase the risk of mortality, this being the result 
of disease progression and metastases. It is known that high 
PSA values before surgery, the presence of positive surgical 
margins, pathological stage and other factors are predictors of 
biochemical recurrence (34‑39). It has been demonstrated that 
in patients with positive surgical margins, the tumor grade at 
the site of the positive margin has prognostic value and that 
the Gleason score of the radical prostatectomy specimen is 
associated with PSA velocity (40).

Prostate cancer is a disease that generally affects men, 
aged >60 years, and there is an estimated increasing trend 
in its incidence in further years. How age affects the devel-
opment of prostate cancer is yet to be known, but androgen 
hormones are known factors in its pathogenesis. Age can also 
facilitate both carcinogenesis and the evolution and progres-
sion of cancer cells by producing various inflammatory 
mediators, such as interleukin‑6, interleukin‑10, and tumor 
necrosis factor (41).

5. Conclusions

Radical prostatectomy is the definitive treatment option 
for clinically localized prostate cancer. It is known that 
positive surgical margins, the presence of invaded lymph 
nodes, a high value of the PSA and the Gleason score are 
risk factors for the appearance of biochemical recurrence 
and prostate cancer mortality. There are many definitions of 
biochemical recurrence after radical prostatectomy, however, 
the PSA value ≥0.2 ng/dl is the most widely used. There are 

several salvage treatment options in patients who develop 
biochemical recurrence, such as radiotherapy and ADT, with 
good results.
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