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Abstract 

Background:  Prostate Membrane Specific Antigen (PSMA) positron emission tomography (PET) and multiparametric 
MRI (mpMRI) have shown high accuracy in identifying recurrent lesions after definitive treatment in prostate cancer 
(PCa). In this study, we aimed to outline patterns of failure in a group of post-prostatectomy patients who received 
adjuvant or salvage radiation therapy (PORT) and subsequently experienced biochemical recurrence, using 18F-PSMA 
PET/CT and mpMRI.

Methods:  PCa patients with biochemical failure post-prostatectomy, and no evident site of recurrence on con-
ventional imaging, were enrolled on two prospective trials of first and second generation 18F-PSMA PET agents 
(18F-DCFBC and 18F-DCFPyL) in combination with MRI between October 2014 and December 2018. The primary aim 
of our study is to characterize these lesions with respect to their location relative to previous PORT field and received 
dose.

Results:  A total of 34 participants underwent 18F-PSMA PET imaging for biochemical recurrence after radical prosta-
tectomy and PORT, with 32/34 found to have 18F-PSMA avid lesions. On 18F-PSMA, 17/32 patients (53.1%) had meta-
static disease, 8/32 (25.0%) patients had locoregional recurrences, and 7/32 (21.9%) had local failure in the prostate 
fossa. On further exploration, we noted 6/7 (86%) of prostate fossa recurrences were in-field and were encompassed 
by 100% isodose lines, receiving 64.8–72 Gy. One patient had marginal failure encompassed by the 49 Gy isodose.

Conclusions:  18F-PSMA PET imaging demonstrates promise in identifying occult PCa recurrence after PORT. 
Although distant recurrence was the predominant pattern of failure, in-field recurrence was noted in approximately 
1/5th of patients. This should be considered in tailoring radiotherapy practice after prostatectomy.

© The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creat​iveco​mmons​.org/licen​ses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creat​iveco​
mmons​.org/publi​cdoma​in/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Open Access

*Correspondence:  Lindsay.rowe@albertahealthservices.ca
1 Radiation Oncology Branch, National Cancer Institute, 10 Center Drive 
Magnuson Clinical Center, Room B2‑3500, Bethesda, MD 20892, USA
Full list of author information is available at the end of the article
All of the corresponding author’s activities related to this manuscript 
were done in affiliation with the National Cancer Institute

http://orcid.org/0000-0002-7980-0996
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13014-020-01733-x&domain=pdf


Page 2 of 11Rowe et al. Radiat Oncol           (2021) 16:32 

Background
Novel imaging modalities, such as Prostate Membrane 
Specific Antigen (PSMA) targeted positron emission 
tomography (PET) and multiparametric magnetic res-
onance imaging (mpMRI), have ushered in a new era 
for defining patterns of disease recurrence and meta-
static spread in patients with prostate cancer (PCa). 
PSMA PET has had success in determining PCa pat-
terns of spread for initial staging and at the time of 
biochemical recurrence in patients who otherwise 
have no identifiable disease on standard imaging tech-
niques, such as computed tomography (CT) and bone 
scan.

Studies addressing PCa patterns of failure post-pros-
tatectomy with PSMA targeted PET and mpMRI have 
found that in patients restaged prior to salvage radia-
tion 10–30% have locally recurrent disease in the pros-
tate fossa, and 70% of patients have alterations in TNM 
stage [1–4]. These insights into common sites of fail-
ure are highly valuable in correctly stratifying patients 
by stage of disease at the time of biochemical recur-
rence. Additionally, even at low PSA levels, PSMA 
targeted imaging demonstrates significant impact on 
salvage radiation planning, with a portion of patients 
having PSMA positive lesions outside of consensus 
radiation volumes despite being candidates for therapy 
[5].

One related research question with important thera-
peutic implication is the definition of the patterns of 
failure after post-prostatectomy radiation therapy 
(PORT). Although the patterns of recurrence after 
prostatectomy and before PORT are important for 
identifying radiation targets for salvage, understand-
ing patterns of failure after PORT may be additionally 
insightful. Theoretically the use of localized radia-
tion to the prostate fossa should sterilize microscopic 
disease in the irradiated area, with patterns of failure 
expected to shift to nodal and distant recurrences. Evi-
dence of recurrences outside of the field could argue 
for field size changes or systemic therapy, whereas fail-
ure inside the treatment field after PORT may argue 
for dose escalation or other treatment intensification. 
Therefore, this study aims to outline patterns of fail-
ure in a group of post-prostatectomy patients who 
received adjuvant or salvage radiation therapy (PORT) 
and subsequently experienced biochemical recurrence.

Methods
Study population
All study participants were enrolled in one of two insti-
tutional review board approved prospective, single insti-
tutional clinical trials that accrued patients between 
October 2014 and December 2018 with the primary aim 
of assessing the ability of 18F-PSMA PET to detect sites of 
recurrent PCa. Written informed consent was obtained 
from all subjects.

The first study of N-[N-[(S)-1,3-dicarboxypropyl]
carbamoyl]-4-F-fluorobenzyl-l-cysteine (18F-DCFBC) 
PET/CT accrued participants in three arms with vary-
ing eligibility and has been published previously [6]. The 
second study enrolled participants on a biochemical 
recurrence arm of 2-(3-{1-carboxy-5-[(6-[18F]fluoro-pyr-
idine-3-carbonyl)-amino]-pentyl}-ureido)-pentane-
dioic acid (18F-DCFPyL) PET/CT (NCT03181867). 
Together 18F-DCFBC and 18F-DCFPyL are referred to as 
18F-PSMA, and all patients received mpMRI of the pros-
tate fossa with their 18F-PSMA PET/CT scans. Inclusion 
criteria for both protocols were biochemical recurrence 
after primary therapy for adenocarcinoma of the pros-
tate, PSA of ≥ 0.2  ng/ml, and no site of recurrence vis-
ible on standard imaging (CT of the abdomen and pelvis, 
and planar bone scan). The current manuscript entails 
a secondary analysis of a subgroup of these participants 
who experienced biochemical recurrence after radical 
prostatectomy and adjuvant or salvage radiation therapy 
(PORT) with no detectable lesions on conventional ana-
tomical imaging.

mpMRI, 18F‑DCFBC and 18F‑DCFPyL PET/CT imaging 
protocols
Details of image acquisition and protocol work flow for 
mpMRI and 18F-DCFBC PET/CT have been discussed 
previously and remained unchanged with 18F-DCFPyL 
PET/CT [6, 7]. Two board certified nuclear medicine 
physicians prospectively read all data sets independently, 
resolving any disagreements by consensus, and docu-
mented consensus lesions as key images. Any abnormal 
focus of 18F-PSMA PET/CT uptake higher than the sur-
rounding background and not associated with physi-
ological uptake was considered positive for recurrent 
prostate cancer, and each was classified as local recur-
rence, regional lymph node metastases, or distant meta-
static sites.

Trial registration www.clini​caltr​ials.gov, NCT02190279 and NCT03181867. Registered July 12, 2014, https​://clini​caltr​ials.
gov/ct2/show/NCT02​19027​9 and June 8 2017, https​://clini​caltr​ials.gov/ct2/show/NCT03​18186​7.

Keywords:  Prostate cancer, Prostate-specific membrane antigen (PSMA), PET/CT, F-18, Biochemical recurrence, 
Radiation therapy, Prostatectomy
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18F‑PSMA PET/CT image fusion and radiation therapy 
dosimetry
18F-PSMA PET/CT and mpMRI images were imported 
into Eclipse Treatment Planning System (Varian, Stan-
ford, CA) for target delineation. 18F-PSMA PET/CT avid 
lesions were contoured by a board certified nuclear medi-
cine physician, based on previously defined consensus 
key images, on the corresponding 18F-PSMA PET/CT 
scans while blinded to prior radiation therapy dosimetry. 
Patients were classified into three groups based on the 
location of 18F-PSMA PET/CT avid lesions: local recur-
rence only (disease only within the region of the prostate 
fossa), locoregional recurrence (disease limited to the 
pelvic lymph nodes with or without disease in the pros-
tate fossa), or metastatic disease (at least one lesion out-
side of the pelvis with or without disease in the prostate 
fossa or regional lymph nodes) [8, 9]. Metastatic disease 
was further subdivided into patients with distant meta-
static lesions with or without regional pelvic nodal dis-
ease. Original radiation therapy plans and treatment 
summaries for patients who had local or locoregional 
recurrences were obtained for individual patients. When 
available, previous radiation plans were uploaded on the 
Eclipse planning system and 18F-PSMA PET/CT lesion 
contours were then fused to previous radiation therapy 
dose distributions, and radiation doses to the 18F-PSMA 
PET/CT avid areas were defined (Fig. 1). In patients who 
did not have DICOM images available, dose distribu-
tions from printed plans were used, and if possible, it was 

determined if areas of recurrence were in the treatment 
volume based on anatomic landmarks by a board certi-
fied radiation oncologist. The concordance of mpMRI 
and 18F-PSMA PET/CT avid areas with previous radia-
tion plans were evaluated descriptively both on a per 
lesion and per patient basis.

Statistical analysis
Patient demographics were reported descriptively. Clini-
cal variables were analyzed to assess their impact on the 
pattern of relapse (local recurrence, locoregional recur-
rence, or distant metastases). Analyzed continuous vari-
ables included age at diagnosis, post-prostatectomy PSA, 
PSA at recurrence, PSA level at the time of 18F-PSMA 
PET, time to biochemical failure, and radiation dose to 
the prostate fossa. Discrete variables analyzed included 
Gleason grade group (1–5), NCCN risk group, surgi-
cal margin status, seminal vesicle invasion, extracapsu-
lar extension, pathologic lymph node status, and prior 
exposure to ADT. All statistical analyses were performed 
using R software environment [10]. Multinomial logistic 
regression was used for both univariate and multivariate 
regression models with site of recurrence (local, locore-
gional, distant) as the dependent variable. Univariate and 
multivariate regression models were used to evaluate 
factors associated with site of recurrence at the time of 
18F-PSMA PET. A tidy function was used to get compo-
nent level statistics from the multinomial models. To pre-
vent overfitting of the models, all variables were tested 

Fig. 1  58-year-old male with a serum PSA of 3.09 ng/ml after radical prostatectomy and salvage radiotherapy with ADT. 18F-PSMA-PET image 
overlaid with radiation treatment dosimetry. The patient received a prescribed dose of 70.2 Gy
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for multicollinearity, and extreme outliers before model 
fitting. Regression analyses were performed only after 
confirmation that the model assumptions were met using 
metastasis as reference. For univariate analysis, the main 
effects of each of the 13 variables was independently 
tested using separate models. Unified estimates including 
odds ratio and 95% confidence intervals (CI) were calcu-
lated. A p value was computed by Chi square for categor-
ical, and Student’s t test for continuous variables, with a 
cutoff of ≤ 0.05 for statistical significance. The aptness of 
the multinomial logistic regression model was evaluated 
by Akaike Information Criterion (AIC).

Results
A total of 120 participants underwent 18F-PSMA PET 
imaging for biochemical recurrence after radical pros-
tatectomy; among them 34 (25%) received PORT prior 
to 18F-PSMA PET scan, and 32/34 (94.1%) patients had 
detectable lesions on 18F-PSMA imaging. For this cohort 
of 32 patients, the median age at prostate cancer diag-
nosis was 56.8  years, and 15 out of 32 patients (46.9%) 
received ADT prior to 18F-PSMA PET/CT. Median 
time to biochemical failure post-prostatectomy was 
30.1  months (range 1.1–113.9). Median time between 
PORT and 18F-PSMA PET/CT was 44.9  months (range 
14.5–168.2). Median PSA was 2.42  ng/ml (range 0.38–
22.37) at the time of 18F-PSMA PET/CT.

Radiation delivery for the 32 patients ranged from 
December 2004 to June 2017 and involved both 3D con-
formal and IMRT. Eight patients received adjuvant radia-
tion, and 24 received radiation due to a detectable PSA. 
Median time to biochemical recurrence after adjuvant 
PORT was 33.1  months (range 3.0–106.6), and time to 
biochemical recurrence prior to salvage radiation was 
15.9 months (range 1.1–94.1). All patients received radia-
tion to the prostate fossa with a median dose of 68.4 Gy 
(range 64.8–72); 6/32 (18.7%) patients received elec-
tive pelvic nodal radiation to 45  Gy. Of the six patients 
who received regional nodal radiation as a component of 
PORT, one patient failed in the pelvic lymph nodes, one 
failed in the prostate fossa, and all others were distant 
metastatic recurrences (4/6).

None of the patients had PSMA PET/CT prior to 
PORT. Three of the 32 patients had MRI imaging of 
the prostate fossa prior to PORT, one with a detectable 
lesion, and two without. In the patient with a pre-PORT 
detectable lesion, standard salvage radiation fields were 
used, and no radiation dose escalation was delivered to 
the MRI detectable lesion (Table 2, Patient 5). Of the 32 
patients, only 2 received their radiation at the 18F-PSMA 
institution. Patient characteristics for the 32 are pre-
sented in Table  1, and locations of 18F-PSMA PET/CT 
avidity are presented in Fig. 2.

Seventeen of 32 patients (53.1%) were found to have 
metastatic disease at the time of 18F-PSMA PET/CT 
scan, with a total of 78 lesions. For these 17 patients, 
median PSA at the time of 18F-PSMA PET was 4.94 ng/
mL (range 1.31–22.37) and the median time to biochemi-
cal recurrence after prostatectomy was 42.9  months 
(range 1.1–94.3). None of the patients were found to have 
a local recurrence in the prostate fossa. Regarding the 
number of metastatic sites, four patients had a solitary 
site of metastasis, 5 patients had 2–3 sites of disease, and 
one patient had 5 sites of disease. The remaining patients 
had high metastatic burden with ≥ 7 sites.

Of these 17 patients with metastatic disease, 13 patients 
had regional nodal disease in additional to their distant 
sites of metastases, and 4 patients had distant metastases 
alone. The regional lymph nodes involved included the 
obturator, internal iliac, external iliac, common iliac, and 
presacral nodes. Sites of distant metastases included par-
aaortic, aortocaval, retrocaval, hilar and supraclavicular 
lymph nodes, in addition to bone and lung, Demograph-
ics of these participants are presented in Table 1.

Eight of 32 (25.0%) patients presented with locore-
gional recurrences, with 16 lesions identified as positive 
lymph nodes in the peri-rectal, obturator, internal and 
external iliac regions. None of these patients were found 
to have a local recurrence in the prostate fossa in addition 
to their regional nodal disease. Median PSA at the time 
of 18F-PSMA scan was 1.60  ng/mL (range 0.38–8.92). 
Patients’ time to biochemical recurrence after prosta-
tectomy was 27.0 months (range 2.7–113.9). All patients 
had received radiation to the prostate fossa, but only 
one of these patients with regional nodal recurrence had 
received pelvic nodal radiation to 45 Gy. Demographics 
of these participants are presented in Table 1.

Interestingly, 21.9% (7/32) of patients presented with 
local recurrences in the prostate fossa alone, despite 
receiving prior radiation therapy to the area. Median 
PSA at the time of 18F-PSMA scan was 1.31 ng/mL (range 
0.54–3.31). Each patient had a single lesion with an aver-
age maximum diameter of 1.14  cm (range 0.4–2.3) as 
measured on mpMRI, with two lesions pathologically 
confirmed as recurrent prostate cancer. The remaining 
5 lesions could not be visualized by ultrasound guidance 
for biopsy. 18F-PSMA PET/CT and mpMRI lesions were 
correlated in 6/7 patients, whereas one patient (Case 2, 
Fig. 5) was found to have a lesion on mpMRI that was not 
correlated to PET/CT uptake. Overall six patients (85.7%) 
recurred within the 100% radiation isodose, having been 
prescribed between 66.6 and 72  Gy while one (14.3%) 
patient recurred locally in the prostate fossa, but outside 
of the radiation target, the lesion having received 49 Gy 
of marginal dose. Patient characteristics and radiation 
treatment summaries for patients with post-radiotherapy 
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local recurrence is presented in Table 2, and their loca-
tion in relation to the radiation field and target volume 
have been demonstrated in Figs. 3, 4, and 5.

Exploratory analysis of factors associated with loca-
tion of recurrence (local, locoregional, and metastatic) on 
18F-PSMA PET imaging after prostatectomy and PORT 
demonstrated Gleason grade group, risk category, LN 
status at prostatectomy, and PSA at the time of 18F-PSMA 
PET as significant in univariate analysis (Additional file 1: 
Table 1). Multivariate analysis was performed on selected 
features found to be significant (p value ≤ 0.05) in uni-
variate analysis (Additional file 3: Table 3). Gleason grade 
group, LN status at prostatectomy, and PSA at the time of 
18F-PSMA PET were found to be significant in multivari-
ate analysis. However, on component level statistics only 
PSA at PSMA-PET was significant for metastases, and 
Gleason Grade Group for local recurrence (Additional 
file 2: Table 2).

Discussion
The use of novel prostate cancer imaging techniques is 
providing new insight into staging and treatment plan-
ning for definitive and salvage therapies for this disease. 
The current study provides a unique perspective on the 
patterns of recurrence after PORT and their relation-
ship to prior radiation fields. To our knowledge this is 
the largest cohort of post-prostatectomy patients with 

Fig. 2  Distribution of 18F-PSMA PET/CT avid lesions in the abdomen 
and pelvis (pulmonary and supraclavicular metastases not shown) for 
the 32 patients included in the analysis

Table 2  Clinical and treatment parameters for patients with isolated local recurrence

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6 Patient 7

Age at diagnosis (years) 56 57 54 53 55 55 62

NCCN risk group High Intermediate High Intermediate Intermediate Intermediate Intermediate

Preoperative PSA (ng/ml) 4.5 4 4.9 5.7 4.20 10.00 6.80

Gleason score 7 (4 + 3) 7 (4 + 3) 8 (4 + 4) 7 (3 + 4) 6 (3 + 3) 6 (3 + 3) 7 (3 + 4)

Pathologic T-stage T3b T2c T3a T2 T2c T2c T2c

Pathologic N-stage N0 N0 N0 N0 Nx N0 (0/5) N0 (0/8)

Extraprostatic extension Present None Present None Negative Negative Negative

Seminal vesicle invasion Present None None None Negative Negative Negative

Operative margins Negative Negative Positive Negative Negative Positive Positive

Post-operative PSA Undetectable Undetectable 0.2 Undetectable Detectable 0 2.23

Time to biochemical 
failure (months)

30.5 86.3 3.2 72.5 3.53 45.47 1.4

Adjuvant or Salvage 
Radiation

Adjuvant Salvage Salvage Salvage Salvage Salvage Salvage

Radiation field Prostate fossa Prostate fossa Prostate fossa Prostate fossa Prostate Fossa Prostate fossa Prostate fossa + LN

Radiation dose prescrip-
tion

7200 cGy 7020 cGy 6840 cGy 7200 cGy 7020 cGy 6660 cGy 6840 cGy

Recurrence within 100% 
isodose

Yes Yes Yes No (outside of contour) Yes Yes Yes

Dose to recurrence lesion N/A 7020 cGy 6840 cGy 4900 cGy 7020 cGy 6660 cGy N/A

PSA at 18F-PSMA PET/CT 
(ng/ml)

0.54 0.83 1.01 1.39 3.09 1.31 3.31
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PORT assessing patterns of failure with 18F-PSMA PET/
CT and mpMRI imaging. These data support previ-
ous 68Ga-PSMA PET findings that in patients with bio-
chemical recurrence, and negative conventional imaging, 
metastatic disease is a predominant pattern of failure 
in patients after PORT [11, 12]. Using 18F-PSMA based 
imaging techniques and mpMRI, the present study 
identified 20% of patients receiving PORT failed inside 
the treatment field, a higher rate than previously docu-
mented. This finding brings into question if intensifica-
tion of therapy, such as dose escalation or the addition 
of systemic agents, may have efficacy in reducing local 
recurrence in the radiation field.

The literature uniquely addressing PSMA targeted 
imaging techniques for biochemical recurrence after 
prostatectomy and PORT is limited. One notable study 
by Byrne et  al. (2017) assessed patterns of recurrence 
after PORT in 81 men who underwent 68Ga-PSMA-PET/
CT imaging [11]. They found a rate of 4% local recurrence 
in the prostate fossa after irradiation, with 28% regional 
nodal recurrences. The authors also separated partici-
pants based on prostate fossa alone, or prostate fossa 
with regional nodal irradiation, and found rates of 4% and 
6% in field recurrences respectively. While rates of nodal 
detection are similar between our study groups, this is 
not unexpected, as PSMA PET imaging has been high-
lighted to improve nodal detection not otherwise identi-
fied on conventional imaging [13]. However, the rate of 
4% local recurrence is lower than in the current patient 
cohort and may be accounted for by the either the addi-
tion of mpMRI or a 18F-PSMA agent. Rates of local recur-
rence may be underestimated by 68Ga-PSMA PET/CT 
imaging alone which relies on the lower spatial resolution 
of non-contrast CT scans to provide anatomic locali-
zation. PSMA PET/CT can also be limited by urinary 
activity obscuring recurrence near the anastomosis, a sit-
uation which may be resolved with the improved spatial 
resolution of mpMRI. mpMRI imaging has demonstrated 
ability to improve the detection of local recurrence in 
patients with biochemical recurrence post-prostatec-
tomy. A cohort of post-prostatectomy patients with 
biochemical recurrence, but no previous PORT, demon-
strated significant improvement in the detection of local 
recurrences with the addition of mpMRI to PET/CT [14]. 
In 26 patients imaged with 68Ga-PSMA-PET/CT, rates 
of detecting local recurrence improved from 14.5% with 
PET/CT alone to 26.3% with the addition of mpMRI [14]. 
A recent retrospective cohort of 251 patients undergo-
ing 18F-PSMA-1007 PET/CT imaging assessed patterns 
of failure post-prostatectomy, and 43.8% had received 
salvage radiation therapy prior to imaging [15]. In this 
population of prostatectomy patients with or without 
PORT, rates of local recurrence ranged from 18.5 to 31% 

Fig. 3  57-year-old male with a serum PSA of 3.14 ng/ml after radical 
prostatectomy and salvage radiation and ADT. 18F-DCFPYL PET/CT 
shows focal radiotracer uptake within the left iliac chain normal size 
lymph nodes (arrows)



Page 8 of 11Rowe et al. Radiat Oncol           (2021) 16:32 

depending on PSA at the time of 18F-PSMA-1007 PET/
CT, with an increase in rates of nodal and metastatic dis-
ease with increased PSA [15]. Similarly, in the current 
study patients presenting with local recurrence had a 
median PSA 1.31 ng/ml, versus 1.6 ng/ml and 4.49 ng/ml 
for nodal and metastatic disease.

With the benefit of novel imaging, mpMRI and 
18F-PSMA PET, this data provides important insight into 
patterns of failure post-prostatectomy after PORT. While 
PORT is effective in salvaging many patients post-pros-
tatectomy, those with biochemical recurrence and nega-
tive conventional imaging after PORT often move on to 
systemic therapies with the assumption that they harbor 
micrometastatic disease. However, these data suggest 
that a clinically significant proportion of these patients 
still harbor locally recurrent disease. Although these 
data are only hypothesis generating, they suggest utility 
in including an assessment of patterns of failure in future 
studies that aim to reduce the risk of recurrence after 

PORT with dose escalation, modified treatment volume, 
or the use of systemic therapies. This is supported by ret-
rospective evidence that suggests that dose escalation to 
the prostate bed increases biochemical relapse free sur-
vival, and disease free survival [16–18]. In this study one 
patient experienced a recurrence at the PORT field edge. 
Similar rates of 7–12% edge of treatment field lesions 
have been noted by others [5, 19], and continued analysis 
of patterns of failure in larger patient cohorts may help 
better inform radiation volume delineation and already 
trials using image guided radiation planning are under-
way [20, 21]. Additionally, one of the findings in this data 
was that no patients with nodal or distant metastatic dis-
ease also had a recurrent lesion in the prostate fossa. This 
may be related to the small sample size, however, it may 
also signify different biologic processes between recur-
rence patterns. These isolated local recurrences were 
also identified at a range of PSA levels (0.5–3.3 ng/ml). In 
future studies, it would be of interest of evaluate if these 

Fig. 4  66-year-old male with serum PSA of 4.83 ng/ml after radical prostatectomy and salvage radiation therapy. 18F-DCFPYL PET/CT shows focal 
radiotracer uptake within bilateral pelvic lymph nodes (black arrows) (a) and in a normal sized supraclavicular lymph node (red arrows) (a–c)
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observed patterns of failure correlate with published 
expression signatures know to predict for distant metas-
tases [22, 23].

The use of novel imaging techniques has also improved 
the ability to document oligometastatic disease. While no 
consensus definition of oligometastatic disease for pros-
tate cancer exists, ≤ 3 up to 5 metastatic sites has often 
been applied as the cut off in clinical trials of focal radia-
tion therapy [24–27]. Therefore, the current study sug-
gests that a substantial proportion of patients (10 of 32 

patients in this series) could be considered for enrollment 
on clinical trials for ablative therapy to oligometastases.

The authors acknowledge the limitations of this study, 
which include it being a retrospective secondary analy-
sis of two different PSMA PET agents, small sample size, 
and the lack of confirmatory biopsy on majority of pros-
tate fossa lesions. Regarding confirmatory biopsies, one 
significant limitation for small lesions seen on mpMRI 
and 18F-PSMA imaging is the lack of ultrasound corre-
late, which makes accurately targeting lesions for ultra-
sound guided biopsy difficult [28]. In this study every 

Fig. 5  Axial MRI and 18F-PSMA PET/CT images of each of the seven patients with isolated local recurrence. White arrows point to areas of interest
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effort was made, particularly in the cases of prostate fossa 
recurrence, to obtain complete radiation records and 
confirm the dose received to each lesion. However, due to 
the time interval between radiation and PSMA PET, elec-
tronic plans were not available for all patients and cogni-
tive fusion was required based on anatomic landmarks.

Conclusions
The current study reports that distant recurrence remains 
the predominant pattern of failure in patients who expe-
rience biochemical recurrence after radical prostatec-
tomy and post-operative radiotherapy to the prostate 
fossa with or without elective nodal irradiation. In the 
current study, approximately 1 in every 5 patients with 
unremarkable conventional imaging findings have detect-
able in-field failure despite use of post-operative radio-
therapy, and 1 in 3 have oligometastatic disease. This 
emphasizes the importance of future research in tailoring 
radiotherapy target delineation, investigating radiation 
dose escalation, or use of systemic treatment concomi-
tantly with radiotherapy to optimize local control and 
improve metastasis free survival in these patients.
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