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INTRODUCTION

There will be approximately 165,000 new cases 
and 30,000 deaths from prostate cancer (PCa) in 
the United States in 2018.[1] For the localized PCa, 
treatment options include, but are not limited to 
radical prostatectomy (RP), external beam therapy, 
brachytherapy, cryotherapy, or surveillance.[2] Of 
the patients undergoing curative treatment via RP, 
approximately 20%–40% may experience a biochemical 
recurrence (BCR) at some point.[3] Due to the 
heterogeneous nature of BCR, its management 
strategies are varied and nuanced and have been 
further complicated by the advances experienced in 
the field over the previous two decades. Paradigm 
shifts in upfront surveillance versus treatment, new 

recommendations on screening protocols, and technological 
advances have altered the approaches a modern clinician 
must take toward BCR management.

The purpose of this review is to provide an up-to-date 
report on:
 The definitions of BCR and their utility in clinical 

practice
 Contributing factors in BCR prevalence
 Risk stratification of postprostatectomy patients for BCR
 Diagnostic modalities used in confirming and planning 

treatment for BCR
 Current strategies for the management of BCR 

[Figures 1 and 2].

ABSTRACT
Prostate cancer is one of the most common urological malignancies managed by a practicing urologist. Treatment 
strategies are varied, but radical prostatectomy (RP) remains a viable and commonly used option for many patients. 
A continuing challenge in the management is how to approach a patient who has biochemical recurrence (BCR) after 
RP. There are no consensus guidelines on the appropriate strategy, and the current recommendations, although useful, 
are at times confusing. The natural history of BCR is heterogeneous. Published studies aid in the clinician’s ability to 
predict patients most likely to recur; however, this remains inexact. In addition, recent changes in the recommendations 
for disease screening, as well as technological advances, have added to the already challenging task of the clinician. The 
objective of this review is to provide an up‑to‑date summary of the definitions, diagnosis, and management strategies 
of BCR after RP. This narrative review was conducted by searching Medline for all relevant articles in English with the 
key terms of biochemical recurrence, prostate cancer, management, and other relevant terms. Information was compiled 
and reviewed for relevance to the article. Consideration was given to all articles with sufficient evidence including 
systematic review, retrospective studies, and clinical trials.
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BIOCHEMICAL RECURRENCE DEFINITIONS

Detecting BCR after standard local treatment is important 
in identifying treatment failure and considering salvage 
therapy.[4] BCR is diagnosed with posttreatment serum 
prostate‑specific antigen (PSA) levels.[5] The definition of 
BCR is treatment specific.[6] PSA may remain detectable after 
radiation therapy as prostatic epithelium remains, whereas, 
serum PSA levels are expected to be low or undetectable 
after RP due to the complete removal of prostatic tissue.[7]

Demarcating specific numerical cut‑points to define BCR 
after RP has been a subject of debate in the literature.[8] 
Definitions vary from any detectable postoperative PSA 
level to various singular numerical cut-points to consecutive 
increasing PSA values.[8] The Current American Urological 
Association and European Association of Urology Guidelines 
define BCR following RP as an initial PSA value of ≥0.2 ng/mL 
confirmed by a subsequent PSA value of ≥0.2 ng/mL.[8,9] It is 
understood that the initial postoperative PSA values should 
be obtained after 6 weeks to allow for appropriate washout 
of the residual serum PSA and should be confirmed with 
a second measurement to rule out a laboratory error.[8] Liu 
et al. discussed a particular laboratory, in which a positive 
bias in the laboratory’s PSA readings resulted in patients 
being incorrectly categorized with detectable PSA after 
prostatectomy when actually their PSA levels were 
undetectable.[10]

This definition however, has limitations. In some patients, 
a detectable serum PSA following RP is because of residual 
benign glands.[11] Also, guideline definitions of BCR do not 

include supersensitive PSA measurements. One retrospective 
study demonstrated the usefulness of supersensitive PSA 
values by correlating a PSA nadir of ≤0.008 versus ≥0.008 
(a value only attainable through supersensitive PSA values) 
with a lower probability of BCR.[12] Furthermore, the utility 
of BCR is restricted to measuring the outcomes of primary 
treatment and cannot be used to time the initiation of salvage 
therapies.[13] Identification of BCR as a standalone benchmark 
is fairly nonspecific as it does little to detail the origin of 
biochemical failure and the extent of disease recurrence, 
though some studies suggest that metastatic relapse is better 
predicted with a cut‑point of ≥0.4 ng/mL.[14] The more 
widely accepted method of predicting metastatic recurrence 
includes observing BCR in the context of initial clinical 
factors (i.e., tumor category, PSA level, PSA velocity, and 
biopsy Gleason score), pathological findings after surgery, 
and postfailure PSA kinetics.[15] A retrospective study of 
304 men who developed BCR and were not treated with 
salvage therapy until the development of clinical metastases 
showed that a PSA doubling time (PSADT) of <10 months, 
higher prostatectomy Gleason scores (Gleason scores 8–10), 
and a shorter interval between treatment and PSA failure 
(≤2 years) were independently associated with distant 
metastases after PSA failure on multivariate analyses.[4]

Features affecting incidence
Recent changes in the primary treatment options have 
inevitably impacted the prevalence of BCR in patients after 
treatment. Both the rise of robotics in performing radical 
prostatectomies and new guidelines outlining the role 
of active surveillance as a primary treatment warranted 
investigation as of how these treatment options affected 
long-term patient outcomes.

RPs can be performed by an open or a minimally invasive 
approach, which includes both laparoscopic and robotic 
techniques. Robot-assisted radical prostatectomies (RARP) 
were introduced as an alternative surgical treatment for 
localized PCa in 2000.[16] Since then, the utilization of 
robotics in prostatectomies has grown significantly over 
the years, with a usage of over >60% in 2008 and 2009 in 
the United States as compared to 9.3% in 2003.[17] RARP 

Figure 1: Biochemical recurrence as 3-part concept

Figure 2: Biochemical recurrence: High priority research aims
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has been shown to have superior short-term perioperative 
and postoperative outcomes when compared to open 
RP (ORP), including lesser blood loss and need for blood 
transfusions, shorter hospital stay, and fewer positive 
surgical margins.[17-23]

The ability of RARP to impact the long-term outcome 
of BCR, however, is less clear. Liss et al. found a 5-year 
BCR rate of approximately 14% in patients treated with 
RARP, with the Gleason grade and pathological stage 
pT3b or disease involving the seminal vesicles being the 
strongest predictors for BCR.[24] A case series of men 
who underwent RARP from a single, high-volume, 
European center found a BCR rate of 15.2% at a median 
follow‑up of ≥5 years, with BCR being significantly 
associated with surgeon volumes <100, preoperative 
PSA >10, pathological stage ≥pT3a, pathological Gleason 
sum >6, and positive surgical margins on multivariate 
analysis.[25] A single-surgeon case series of 439 patients 
who underwent RARP demonstrated that positive surgical 
margins, pathological Gleason sum ≥8, stage pT3 and higher, 
and preoperative PSA ≥10 were significantly associated 
with BCR on multivariate analysis.[26] For reference, one 
retrospective study of 831 men who underwent ORP by 
a single surgeon reported a BCR rate of 19% at median 
follow-up of 52 months.[27]

Evidence on the effect of RARP on BCR in comparison to 
other surgical techniques is conflicting. In a prospective, 
longitudinal, observational study comparing 1137 men 
who underwent ORP to 755 who underwent RARP, 
Herlemann et al. found no difference in BCR outcomes 
between the two groups.[28] Ritch et al. and Shapiro et al. 
found similar oncological outcomes between RARP 
and ORP in retrospective reviews.[29,30] In a prospective, 
nonrandomized, observational study with a single surgeon 
completing his first RARPs, Thompson et al. showed a 
35% decreased risk of BCR with RARP when compared 
to ORP, but only after the surgeon had gained sufficient 
experience in RARPs.[31] Fujimura et al., in a retrospective 
observational study in Japan, demonstrated a 40% risk 
reduction in BCR for patients who underwent RARP as 
opposed to ORP.[32] Of note, all patients analyzed beyond 
2012 were treated with RARP due to policy changes that 
resulted in coverage of RARP by insurance, and the surgeon 
experience was not taken into account. A meta-analysis 
of two systematic reviews and 16 additional studies 
demonstrated a 59% risk reduction when comparing 
RARP to laparoscopic RP (LRP).[33] Tewari et al. showed 
a significantly lower overall positive surgical margin rate 
for RARP as compared to LRP after propensity adjustment; 
another prospective cohort study showed a significant 
association between positive surgical margins and BCR.[34,35] 
Magheli et al., however, showed higher overall positive 
surgical margins when comparing RARP to both ORP and 
LRP after propensity score matching.[36]

The effects of active surveillance and the United States 
Preventive Services Task Force on biochemical recurrence 
frequency
The National Comprehensive Cancer Network (NCCN) has 
recommended active surveillance as the first‑line treatment 
for patients with very low-risk or low-risk PCa and a life 
expectancy of ≥10 years.[37] Furthermore, in an attempt to 
curb overtreatment of clinically insignificant PCa, the NCCN 
guidelines state that men with favorable intermediate-risk 
PCa (predominant Gleason Grade 3 pathology, positive 
core biopsy percentage <50%, and ≤1 NCCN intermediate 
risk factor, e.g., clinical stage pT2b/c or PSA value of 
10–20 ng/mL) may also consider active surveillance as 
the first‑line management.[37] While studies analyzing the 
effect of active surveillance in this patient sub-population 
on BCR rates are limited, some studies have retrospectively 
analyzed the outcomes of patients who meet the NCCN’s 
favorable intermediate-risk criteria, but underwent radical 
prostatectomies in accordance with the standard of care at 
the time.

Gearman et al. found that men with Gleason Grade 2 disease, 
who would still be considered as favorable intermediate 
risk, had a 10-year BCR risk of 18.8% in comparison to 
11.1% in the Gleason Grade 1 disease group, implying 
that men who are offered active surveillance for favorable 
intermediate-risk disease should be warned of the increased 
risk of BCR.[38] Other studies confirm that the NCCN’s 
less aggressive surveillance approach may be a reasonable 
method of achieving similar BCR outcomes for favorable 
intermediate-risk disease. In a study of 3686 men who 
underwent RP, Aghazadeh et al. showed that there was no 
statistically significant difference in time to BCR between 
low-risk and favorable intermediate-risk groups.[39] Of note, 
patients with low-risk, favorable intermediate-risk, and 
unfavorable intermediate-risk (in that they did not meet 
the NCCN criteria for favorable intermediate-risk) noted 
a difference 5-year BCR-free survival rates, with rates of 
93%, 87%, and 79%, respectively.[39] Beauval et al. studied 
2928 intermediate-risk patients who underwent RP and 
bilateral lymph node dissection at seven academic centers 
and found that patients with pathologically favorable PCa, 
defined as low‑grade organ‑confined disease, had a 94.2% 
BCR-free survival rate whereas intermediate-risk patients 
with unfavorable PCa had a BCR-free survival rate of 
74.4%.[40] While these studies suggest better BCR outcomes 
and potential overtreatment of the patients with favorable 
intermediate‑risk disease, a prospective, randomized trial 
analyzing BCR rates in favorable intermediate‑risk groups 
treated with active surveillance is required to strongly 
solidify the role of active surveillance in this risk group.

In 2011, the United States Preventive Services Task Force 
(USPSTF) made recommendations against the PSA-based 
screening for PCa.[41] This grade “D” recommendation was 
based on the concerns of the impact of overdiagnosis of 
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otherwise indolent PCa and the potential, physical, and 
emotional impacts of treating these incidentally found 
lesions. This recommendation was met with considerable 
controversy and opposition from the urologic community. 
Although recent iterations of the USPSTF recommendations 
have been changed, there was an interest in what effects, 
if any, these changes may have had on the subsequent 
screening, treatment, and recurrence patterns. Several 
studies have noted a decline in PCa diagnosis since the 
recommendation change, with the largest decrease in 
the 1st year. These have ranged from 12% to 28% in large 
studies, but the data alluding to its impact on BCR is more 
elusive.[41-43] While the specific data of how this affects 
intermediate and high-risk cancer groups may be lacking, 
inferences can be drawn. Gaylis et al. studied patients 
referred for elevated PSAs in a community setting from 2011 
to 2015. While the overall referral and biopsy rate decreased, 
there was a significant increase in men presenting with 
PSAs > 10 (28.1%–36.8%, P = 0.009) as well as patients with 
Gleason 7 or higher disease (51.6%–69.7%, P = 0.0001).[44] In 
a larger study evaluating SEER data, there was an increase 
in the incidence of metastatic PCa from 2009 to 2013, 
reported as an annual percentage change of 3.1% in all the 
age groups (P < 0.05).[45] Of particular concern, increase in 
incidence was reported in men aged 45–64 years, while those 
aged 75 years and higher were noted to have a significant 
decline in the incidence (−2.07%, P < 0.05). It remains 
unclear if these trends will lead to an increase in BCR rates, 
but the possible public health implications of the changes in 
USPTF recommendation with a rise in proportion of patients 
with advanced-stage disease have been made evident and 
longer follow-up and further studies will be required to 
elucidate their full effects.

Postprostatectomy risk stratification
The development of simple scoring systems based on 
clinical parameters is of relevance in evaluating patients 
who may be susceptible to BCR. One of the most widely 
used scoring systems is the Cancer of the Prostate Risk 
Assessment (CAPRA) score. Originally described in 2006, 
the scoring system is based on common clinical factors 
including PSA, Gleason score, T stage, patient age, and 
percentage of biopsy positive cores. With a score range 
of 0–10, 5-year RFS was noted at 85% for patients with 
a score of 0–1 and 8% in patients with a score of 7–10.[46] 
Numerous validation studies have been performed after the 
initial report. A 2013 systematic review and meta-analysis 
looked at seven separate validation studies with a total 
cohort of over 12,000 patients and found that CAPRA was 
able to accurately predict 3-year biochemical RFS (BRFS) 
in postprostatectomy patients, but underpredicted the 
RFS at 5 years.[47] Subsequent variants of the CAPRA score 
have been developed including those that look at the 
postsurgical setting (CAPRA-S) and in patients undergoing 
primary androgen deprivation therapy (ADT) (J-CAPRA).[48] 
While the use of CAPRA and similar scoring systems is of 

relevance in predicting patients who are likely to develop 
BCR, however, its predictive ability once BCR has been 
established is unclear. A 2016 retrospective study looked 
at postsurgical patients who had received subsequent 
EBRT, stratified based on the CAPRA‑S risk scores. While 
there was an observed trend toward CAPRA-S scores 
predicting survival (P = 0.058), the score itself was only 
able to accurately predict time to BCR and freedom from 
palliative hormonal deprivation.[49] This suggests little utility 
of CAPRA score at this point in patients already diagnosed 
with BCR.

Recent attention has been turned to the evaluation of 
application of genomic platforms to risk‑stratification systems. 
A 2016 study evaluated 260 intermediate-to-high-risk 
patients who had undergone prostatectomy with a Gleason 
score of 7 or greater and CAPRA-S score of 3 or higher. 
Ninety-nine patients in this cohort developed metastatic 
disease and the authors found that the inclusion of the 
Decipher® assay increased the prognostic performance of 
the CAPRA-S risk model.[50] Although clearly limited by its 
retrospective nature, it is clear that a combination of scoring 
systems with genomic efforts will likely play a larger role 
in the future evaluation of patients.

Biochemical recurrence in the hypogonadal male
Sex hormone levels have often been associated with mislead 
beliefs regarding their influence on PCa. Studies have 
conversely suggested that low hormonal levels may be 
associated with more advanced disease states. A 2013 study 
showed that patients with low free testosterone levels were 
associated with higher tumor stage and lymph node status, 
while low total testosterone levels were associated with 
higher Gleason scores.[51] In this study, a serum cutoff point 
of <0.047 µg/L was associated with these poorer findings. 
Salonia et al. demonstrated in a cohort of 605 patients 
that lower total testosterone and sex hormone-binding 
globulin (SHBG) levels were associated with early BCR.[52] 
Further studies are required to fully elucidate whether 
hypogonadism affects survival outcomes in PCa patients; 
however, there is also tremendous interest from a quality of 
life standpoint, and in fact, the current studies are addressing 
the safety of hormonal replacement in the PCa patient. The 
larger question is how to manage these hypogonadal patients 
once identified. At present, there are no recommended 
alternative strategies, but hormonal levels should be taken 
into consideration along with other risk factors while 
designing a treatment approach. Further studies are needed 
to determine if these patients should be managed differently.

DIAGNOSTICS IN BIOCHEMICAL RECURRENCE

PSA values serve as the foundation for initial suspicion 
and defining of BCR. However, confirmation of BCR 
with diagnostics including imaging modalities, prostatic 
bed biopsies, and genomic-based platforms provide key 
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information to confirm recurrent disease and provide better 
treatment choices for optimal patient outcomes.

Use of novel imaging modalities for biochemical recurrence
The current guidelines recommend considering imaging 
studies after BCR is detected. Conventional modalities 
such as transrectal ultrasound (TRUS), CT scan, and 
technetium-99 m-MDP bone scan are often used, although 
their utility at low PSA levels has been questioned.[53] 
Guideline-based recommendations support judicious use, 
with focus on various factors, including a patient’s initial 
disease risk stratification preintervention, pathologic stage 
and grade, PSADT, and postintervention PSA to determine 
imaging timing.[3] Furthermore, a PSA increase itself is not 
sufficient information, and the distinction must be made 
between a PSA-only relapse, local recurrence, distant 
metastatic disease, and a combination of local and distant 
recurrences.[54] The clinician must also be aware of the 
data supporting the initiation of salvage therapy at a lower 
PSA threshold is more efficacious for the patient.[3] With 
this in mind, novel imaging techniques are attempting 
to accomplish two major goals; identifying potentially 
dangerous disease recurrences with a high level of accuracy 
at the lowest PSA levels possible.

Traditional imaging techniques demonstrate varying level 
of sensitivities and PSA thresholds for detecting recurrent 
disease. TRUS techniques may perhaps be the most simplistic 
and cost-effective measure for identifying recurrences, 
and have been demonstrated to be more effective than 
digital rectal examinations, but have clear drawbacks.[55] 
While being advantageous for specific anatomic locations, 
particularly the bladder neck and vesicourethral anastomosis, 
TRUS can identifying a primarily hypoechoic lesion at a 
PSA >2.0 but <50% of recurrent carcinomas are detectable 
at a PSA of <0.5.[56]

Bone scan has been shown to be equally ineffective at 
lower PSA thresholds. Early studies demonstrated the 
overall probability of a positive bone scan after PSA 
only recurrence at <5% with PSA values above 40 ng/ml 
as a threshold for meaningful findings.[57] A later study 
by Kane et al. demonstrated a 9.4% positive rate in 
patients with postprostatectomy BCR, with PSA velocity 
of >0.5 ng/ml/month being predictive of positive findings.[58] 
An additional study evaluating a cohort of 330 patients 
with BCR after prostatectomy demonstrated a 14.5% total 
positive rate for metastatic disease on bone scan, but only 
4% positive rate inpatients with a PSA level between 0 and 
10 (median value 8.4).[59] PSA velocity was also demonstrated 
to be predictive of positive findings on multivariate analysis.

Conventional computed tomography (CT) imaging has 
shown similar findings, with large studies demonstrating an 
approximate 14% positive rate within 3 years of BCR.[58] In 
the case of CT, PSA velocity was less effective at predicting 

positive findings, but when used in a logistic regression model 
along with CT, it was more effective.[58] However, studies 
have demonstrated that the mean PSA velocities associated 
with a positive CT findings often exceeds 30 ng/ml/year, 
significantly higher than practical for clinical practice.[53,57]

Positron emission tomography (PET) imaging with 
conventional radiotracers such as fluorodeoxyglucose poses 
challenges related to urological malignancies, particularly 
with PCa, primarily due to a low glycolysis rate in PCa as 
well as isotope collection in the bladder, which makes local 
recurrences more difficult to identify.[53] With the advent of 
new radiotracers, PET imaging may be more useful in PCa.

Choline-based PET radiotracers have been extensively 
evaluated in PCa. Choline serves as a precursor for 
phosphatidylcholine, a cellular membrane component. 
Choline accumulation in proliferating tumor cell membranes 
allows for the detection of radiolabeled choline analogs in 
PCa patients.[60] The two most commonly used radiotracers 
include 11C-Choline and 18F-Choline. The applicability of 
choline-based PET in BCR was evaluated in a meta-analysis, 
which evaluated 11 studies.[61] They found that the pooled 
sensitivity was 61% with a specificity of 97%, although 
a high level of variability was appreciated amongst the 
studies.[61] This low sensitivity is perhaps one of the most 
significant disadvantages of choline-based PET. It has 
also been argued that the detection rate of this modality 
was suboptimal due to the slow proliferation of cancer 
cells.[62] Kitajama et al. compared multiparametric magnetic 
resonance imaging (MRI) with endorectal coil to 11C-choline 
PET and found that local recurrences were confirmed in 
only 54.1% of patients undergoing PET.[63] However, it was 
noted that choline-based PET was much more effective in 
detecting lymph node metastases with a sensitivity and 
specificity of 92.3% and 100%, respectively. 11C-choline 
PET has been unable to demonstrate significant utility at 
low PSA threshold levels. Castellucci et al. demonstrated 
the ability to detect recurrence in only 28% of patients with 
PSA levels of <1.5 and the NCCN guideline data suggest a 
minimum threshold level of 2.0 ng/mL.[64]

18F‑fluciclovine PET/CT is an additional evolving imaging 
strategy. This synthetic amino acid analog of L-leucine is 
utilized due to the increased energy demand of the prostate 
carcinoma. It is taken up preferentially by specialized 
amino acid transporters, particularly ASCT2. Of particular 
utility, it does not undergo additional metabolism in the 
PCa cells, leading to intracellular accumulation.[65] Its 
half-life is considerably longer than other radiotracers, 
making it more practical in clinical use.[60] This modality 
has shown particular promise in relation to imaging in BCR 
patients. In a 2014 prospective study, 93 patients underwent 
imaging with 18F‑fluciclovine compared to 111In-capromab 
pendetide (ProstaScint). In this head-to-head study, 
18F‑fluciclovine was noted to have a 90.2% sensitivity, 40% 
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specificity, and 75.3% positive predictive value in identifying 
patients with prostatic bed disease. This was superior to the 
comparison modality which had a 67.2% sensitivity, but 
a higher specificity of 56.7%.[66] A meta-analysis in 2015 
further evaluated the performance of fluciclovine PET. 
A total of 6 studies with a total cohort of 251 patients were 
evaluated. Pooled sensitivity across the studies was found 
to be 87% with a specificity of 66%.[67] PSA threshold values 
for optimal use of fluciclovine PET are more challenging 
due to dosing differences between the studies which may 
limit detection rates.[65] Studies to date suggest the most 
optimal threshold level for fluciclovine PET imaging to 
be at 2.0 ng/ml, although there have been some findings 
to suggest up to a 65% positive rate in patients with PSA 
levels between 1.0 and 2.0 ng/ml.[62,65,68] Figure 3a and b 
illustrates a challenging case of BCR after RP, requiring 
salvage pelvic lymph node dissection (sPLND). As noted, 
highly sensitive and specific imaging can lead to a surgical 
challenge of retrieving nodes that are active on the imaging 
but invisible during surgery.

Prostate‑specific membrane antigen (PSMA) is a folate 
hydrolase cell surface glycoprotein, localized to the 
cytoplasm of PCa cells in benign conditions.[65] As malignant 
transformation occurs, PSMA is then transferred to the 
luminal surface of the prostatic ducts.[69] PSMA has been 
shown to be over-expressed by 100–1000 folds in cancer 
tissue as compared to the normal tissue.[70] These findings 
have sparked interest in PSMA as a possible radiotracer 
target. The most commonly used PSMA inhibitor in 
PET imaging is gallium-68 PSMA-HBED-CC (Ga-68 
PSMA-11).[65] Compared to other modalities, PSMA-PET 
has shown an ability to detect recurrences at lower PSA 
thresholds. A 2017 study looked at 1007 patients undergoing 
PSMA-PET and noted positive lesions in 48% of patients 
with a PSA <0.5 ng/ml and 73% for values between 0.5 and 
1.0 ng/ml.[71] Additional studies have evaluated the utility 
of PSMA-PET at ultra-low PSA levels and noted detection 
rates >50% for PSA values between 0.20 and 0.29 ng/ml.[72] 
Further prospective studies and head-to-head trials are 

needed to further evaluate the utility of PSMA-PET and 
compare it with conventional options.

Of particular interest is whether the advent of imaging 
modalities for BCR detection at a lower threshold has 
impacted treatment management. Several studies have 
supported this. Afaq et al. performed a retrospective 
evaluation of 100 patients with BCR who underwent 
PSMA-PET evaluation and found that, after imaging, 
management strategies changed in 39% of patients, including 
33.8% of patients whose initial treatment was RP.[73] In 
a smaller study looking at a cohort of 40 patients who 
underwent RP, it was found that the therapeutic approach 
was changed in 70% of these patients after PSMA-PET. 
It should be noted that, in addition to patients who had 
BCR after RP, the study also included patients post salvage 
RT and ADT. Nevertheless, these studies demonstrate the 
potentially profound impact of PSMA-PET on management 
of PCa. The current NCCN guideline statements support 
the use of ADT or salvage RT in the PET-positive patient.

The use of MRI in the detection of BCR, particularly 
the use of multiparametric MRI, has been established. 
Among functional sequences, studies suggest that dynamic 
contrast-enhanced (DCE) modalities may be most effective 
at detecting BCR. Roy et al. evaluated a cohort of BCR 
patients with DCE, diffusion-weighted imaging (DWI), and 
3D (1)H-MR spectroscopy (MRS) techniques. They divided 
their cohort into those patients who were postprostatectomy 
as well as postexternal beam therapy. In postprostatectomy 
group, the sensitivities for DCE, DWI, and MRS techniques 
were 100%, 71%, and 57%, respectively.[74] Further attention 
has focused on the combination of DCE and DWI modalities 
as a way to increase the overall detection rate of recurrences. 
From large systematic reviews, MRS with DCE has shown 
the highest pooled sensitivities at 89%, followed by DWI 
with T2 imaging (82%) and DCE with T2 imaging (82%).[75] 
Of these combinations, the highest specificity was noted 
in the DCE with T2 imaging group (92%). These studies 
suggest that combination imaging is likely the modality that 

Figure 3: A 66-year-old presented 3 years out from radical prostatectomy with rising prostate-specific antigen to 1.62. Radical prostatectomy pathology was pT2 
Gleason 4 + 3 Nx R0. Standard imaging showed no metastases and fluciclovine positron emission tomography showed bilateral hypogastric lymph nodes as indicated 
on the circle on the various fused and computed tomography images on the right (a) and left (b). A robot-assisted salvage extended template lymph node dissection 
was performed with tumor seen in 2/11 nodes seen on the right, but 0/10 on the left. Prostate-specific antigen declined to 0.3 and stable at 15 months follow-up. The 
case demonstrates multiple challenges in biochemical recurrence: (1) patient selection, (2) ideal imaging modality and localizing disease, (3) performing salvage 
lymph node dissection without a visible target, and (4) measuring and interpreting clinical benefit

ba
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will be most effective in detecting recurrences but further 
investigation is required to better define their role.

Utility of prostatic bed biopsies to detect recurrences
Traditional TRUS-guided biopsy techniques have been 
employed to detect local recurrences at the prostate bed 
after BCR. However, these have limited detection rates 
based on varying PSA levels. In an early study, Saleem et al. 
evaluated 91 postprostatectomy patients with an abnormal 
DRE or PSA >0.2 ng/ml and found that, for those patients 
with PSA values <1, 24% had a positive biopsy.[76] Looking 
at a PSA threshold of 0.5 ng/ml or less in patients with a 
negative DRE, no positive biopsies were identified. A 2005 
study evaluated 100 postprostatectomy patients for prostatic 
fossa biopsy. They found a sensitivity for TRUS to detect 
recurrence at 86.2%, but with a low specificity of 53.5%. 
They also noted that none of the patients with a PSA level 
of <0.5 and a negative DRE had positive biopsy findings.[77]

Linder et al. evaluated the utility of MRI in identifying early 
prostatic fossa recurrence before TRUS biopsy. One hundred 
and eighty‑seven patients were identified who had endorectal 
coil MRI followed by TRUS biopsy. Lesions were identified in 
94% of patients on MRI with a median PSA of 0.59 ng/ml.[78] 
Importantly, they noted that when a lesion was identified 
on MRI, the positive biopsy rate was 65%. Lesion size on 
imaging was a significant predictor of positive biopsy, with a 
rate of 51% with a lesion <1 cm, but 88% on lesions >2 cm.

The applicability of recurrence detection by novel imaging 
techniques applied to prostatic bed biopsies has been assessed 
in several studies. Recently, Cha et al. evaluated a cohort of 
43 patients with postprostatectomy BCR and a median PSA 
level of 0.71 via several modalities including T2 weighted 
imaging, DWI, and DCE. Following imaging, all patients 
underwent TRUS-guided biopsy of the prostatic bed. They 
found that combined imaging modalities were more accurate 
at predicting local recurrence than T2-weighted imaging 
alone.[79]

Genomic‑based platforms in biochemical recurrence
Large variability in clinical course of PCa patients, as well 
as the numerous different treatment options available, has 
ushered in the era of personalized medicine. Numerous 
genomic-based markers are currently available to patients at 
all points in the cancer diagnosis/care timeline. These provide 
information on the potential for aggressive disease, whether 
treatment or active surveillance may be more beneficial after 
a diagnosis, as well as determining the likelihood of BCR 
after PCa intervention. There has been a surge in discovery 
studies evaluating the prognostic value of gene expression 
panels for clinical endpoints. To this end, various studies have 
evaluated postprostatectomy BCR risk after prostatectomy 
with positive results that have led to the development of new 
scoring systems and nomograms that have outperformed 
previous models.[80] Cell cycle progression (CCP) risk scores 

have been developed as an example. These models are based 
on the concept of increased CCP activity translating to higher 
cell activity and therefore malignant risk. Validation studies 
have demonstrated increasing hazard ratios for disease 
recurrence based on progressively increasing CCP scores.[81] 
The challenge with genomic-based approaches is due to the 
inherent variability in the natural history of disease among 
patients. Due to this complexity, it is unlikely that any 
single genetic abnormality will provide enough prognostic 
information to be of clinical utility, but more likely that a 
combination will be necessary.[80]

Decipher® (GenomeDx Biosciences) is the most widely 
available commercial assay with relevance to BCR available 
today. This 22-gene expression assay is applicable to men 
treated with RP to predict the 5-year risk of metastatic 
PCa. This allows physicians to distinguish between which 
patients are likely to be restricted to long-term BCR as 
opposed to early metastatic relapse of disease, with the 
latter requiring more aggressive postoperative treatment 
regimens.[4] A genomic classifier score based on the 
microarray on formalin-fixed paraffin embedded tissue 
is generated, and patients are assigned as high, average, 
or low risk of metastatic disease.[82] Large tertiary center 
databases were used in the initial evaluation of these genomic 
classifier scores. A 2013 study from the Mayo Clinic evaluated 
639 patients who underwent RP over a 14-year period. The 
genomic classifier was able to achieve a receiver operating 
characteristic curve of 0.75, which outperformed common 
prognostic factors such as Gleason score.[83] Additional work 
from the Mayo Clinic analyzed high‑risk patients including 
those with a PSA >20 ng/ml, Gleason score 8 or greater, pT3b 
disease, or a Mayo Clinic nomogram score of 10 or greater.[84] 
The genomic classifier score was found to be a primary 
predictor of metastatic disease in this high-risk cohort, with 
a 5-year rate of 2.4%, 6.0%, and 22.5% in patients with low-, 
intermediate-, and high-risk scores, respectively.[84]

A 2015 study from the Cleveland Clinic also validated 
Decipher® in a cohort of 169 patients with high-risk disease 
with pathological node-negative disease, undetectable 
post-RP PSA, and no adjuvant therapy as a means to evaluate 
patients at risk for rapid metastasis (within 5 years). Their 
rapid metastasis patients developed recurrent disease at 
a median of 2.3 years and Decipher® was found to be a 
significant predictor as well as carried a higher prognostic 
value than the other scoring systems studied.[85] The current 
NCCN guidelines support the use of the Decipher® assay 
for those patients with PSA persistence/recurrence after 
prostatectomy as a category 2B recommendation.[3]

SALVAGE THERAPIES AFTER BIOCHEMICAL 
RECURRENCE

Several treatment options exist for patients with BCR after 
prostatectomy. The current guidelines discuss the use of 
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salvage radiotherapy and ADT. sPLND in the event of nodal 
recurrence is a promising treatment option that has yet to 
be officially recommended by the current guidelines.

Salvage radiotherapy after biochemical recurrence
A portion of patients without high-risk features, or those who 
elect for observation postprostatectomy, will experience BCR 
and will be offered salvage radiotherapy. Several studies have 
demonstrated that salvage therapy reduces distant metastatic 
disease development and improves PCa specific mortality.[86] 
Evidence suggests that pretreatment PSA correlates highly 
with outcomes in patients undergoing salvage therapy. 
A 2014 meta-analysis evaluating ten retrospective studies 
looked at BRFS based on early- or late-salvage radiation 
therapy. They found that 5-year BRFS was 71.1% after 
early-salvage radiotherapy (PSA <0.5 ng/ml).[87] This was 
compared to data, suggesting that the BRFS rate for those 
treated with salvage therapy at PSA >0.5 ng/ml is as low 
as 46%.[88] However, these studies did little to address how 
BRFS affected clinical outcomes in these patient cohorts.

Stish et al. evaluated a cohort of 1106 patients receiving 
salvage radiotherapy over a 16-year period with a median 
follow-up of 8.9 years. The median time of RP to salvage 
therapy was 2.8 years with a median dose of 68 Gy. The 
authors used a PSA threshold of <0.5 ng/ml compared 
to >0.5 ng/ml and found that those treated with early-salvage 
therapy had a significantly lower risk of distant metastatic 
disease, cause‑specific mortality, and overall survival at both 
5- and 10-year endpoints.[89]

Treating all the patients with BCR after RP with salvage 
radiotherapy will result in unnecessary morbidity and 
overtreatment.[90-92] Ross et al. utilized Decipher to help guide 
the decision to use salvage radiotherapy in patients with BCR. 
Fewer than 10% of patients categorized in the low‑risk group 
with Decipher <0.4 developed metastasis within 3 years 
of BCR, while 73% of men with Decipher ≥0.4 developed 
metastasis, with 40% within 3 years of BCR.[93] Furthermore, 
Den et al. demonstrated that for patients with Decipher 
scores <0.4, there were no reductions in cumulative incidence 
of metastasis when comparing adjuvant radiotherapy to 
salvage radiotherapy. For patients with Decipher scores ≥0.4, 
cumulative 5-year incidence of metastasis was 6% for patients 
treated with adjuvant radiotherapy group in comparison 
to 23% for the salvage radiotherapy group, indicated the 
superiority of adjuvant radiotherapy in patients with higher 
Decipher scores.[94]

There are limited data demonstrating the efficacy of 
targeting radiotherapy to metastatic lesions in men with 
metastatic BCR after RP. Kahn et al. attempted systemic 
radioimmunotherapy in eight patients who have recurrent 
disseminated PCa following a failed RP. None of the patients 
demonstrated response by PSA criteria, and six out of eight 
patients experienced significant bone marrow toxicity.[95]

The use of androgen deprivation therapy in biochemical 
recurrence
ADT is an additional option for patients with BCR without 
evidence of distant metastatic disease, although the current 
guidelines still caution against its broad use. The decision to 
proceed with ADT should be based on a thorough discussion 
with the patient regarding short- and long-term side effects 
while also considering patient comorbidities and desires.[3] 
Randomized trial data suggest that early initiation of ADT 
is more beneficial to patients versus delayed initiation. This 
landmark study by Duchesne et al. randomized patients who 
had failed curative therapy or were deemed unsuitable for 
curative therapy into early versus delayed ADT initiation. 
Immediate versus delayed time points were defined as 
within 8 months of randomization versus 2 years.[96] The 
study randomized 142 and 15 to the immediate and delayed 
arms, respectively. At 5 years, the overall survival was 
86.4% in the delayed arm versus 91.2% in the immediate 
arm (P = 0.05). While these results support early initiation 
of ADT, the risk of side effects remains high (36% of 
patients in the Duchesne study had adverse events requiring 
hospitalization), and for this reason, guideline consensus 
recommends considering other factors including PSA 
velocity and doubling time when selecting patients for ADT. 
Additional consideration could be given to intermittent ADT 
based on a large Canadian trial demonstrating noninferiority 
of intermittent ADT compared to continuous therapy with 
improved side effect profiles in the intermittent group.[97]

Salvage pelvic lymph node dissection after biochemical 
recurrence
When BCR appears in the form of positive lymph nodes, 
sPLND is a treatment option. Considering that the patients 
with nodal-only recurrence have more favorable outcomes 
than those with visceral or bone metastasis,[98] the fact that 
ADT does not yet represent a curative treatment,[99] and the 
significant toxicity associated with ADT,[100] sPLND may 
serve as a reasonable alternative to ADT.

Rigatti et al. demonstrated, in a prospective analysis of 
72 patients, that 35% with BCR after RP treated with sRLNP 
were clinical recurrence free at 5-year follow-up.[101] Jilg et al. 
demonstrated that 42.6% of 52 sPLND patients were free of 
clinical symptoms for 3 years.[102] Despite these results, there 
is a lack of long-term data demonstrating the oncological 
safety of sPLND, limiting its clinical implementation.[103] 
International guidelines currently recommend sPLND for 
treatment of BCR after prostatectomy.

CONCLUSION

PCa management is perhaps more challenging for the 
modern clinician than in the past decades. The advent of 
new technological advances as well as shifting opinions on 
disease management has critical implications on care of 
the day-to-day patient. However, despite this complexity, 
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it is evident that these changes are continually adding vital 
information to the wealth of knowledge on the subject 
and bringing clinicians closer to being able to optimize 
management for all patients, giving them the best chance 
at long-term control and cure.

Take home messages
Definition of biochemical recurrence – The most common 
definition is >0.2ng/mL. Useful prognostic information 
includes preoperative PSA, postoperative Gleason score 
8–10, pathologic stage pT3a or higher, positive lymph 
nodes, and PSA kinetics such as doubling time <10 months 
and/or <2 years from treatment. Predictors of progression 
of BCR to metastasis need to be better defined in future.

Imaging – Traditional choline PET is useful if PSA >2 ng/mL. 
PSMA-PET may be useful at PSA = 0.5ng/mL. PET may be 
better at lymph node detection, while mp-MRI is used to 
detect local prostatic bed recurrences. There is a limited role 
for prostatic bed biopsies. Future needs include identification 
of the best PET isotope and correlation of its ability to detect 
relapse early with meaningful treatment changes.

Treatment – Genomic profiling such as Decipher may 
be useful in patients with RP with high-risk features to 
determine the role for adjuvant radiotherapy. ADT is an 
option with risks and benefits. ADT is better given earlier 
than delayed but consider PSA kinetics. Intermittent ADT 
may be better than delayed. Salvage PLND can be considered 
for BCR with positive lymph nodes; however, there is a 
lack of long‑term oncologic benefit. Future needs include 
a greater understanding of the role of salvage PLND versus 
earlier interventions with novel systemic therapies.
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