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A bicentric retrospective analysis of clinical utility of 18F-fluciclovine
PET in biochemically recurrent prostate cancer following primary
radiation therapy: is it helpful in patients with a PSA rise less than
the Phoenix criteria?
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Abstract
Purpose 18F-Fluciclovine PET imaging has been increasingly used in the restaging of prostate cancer patients with biochemical
recurrence (BCR); however, its clinical utility in patients with low prostate-specific antigen (PSA) levels following primary
radiation therapy has not been well-studied. This study aims to determine the detection rate and diagnostic accuracy of
18F-fluciclovine PET and the patterns of prostate cancer recurrence in patients with rising PSA after initial radiation therapy,
particularly in patients with PSA levels below the accepted Phoenix definition of BCR (PSA nadir +2 ng/mL).
Methods This retrospective study included patients from two tertiary institutions who underwent 18F-fluciclovine PET scans for
elevated PSA level following initial external beam radiation therapy, brachytherapy, and/or proton therapy. Logistic regres-
sion and receiver operating characteristic (ROC) curve analyses were performed to determine the diagnostic accuracy of
18F-fluciclovine PET and associations of PSA kinetic parameters with 18F-fluciclovine PET outcome.
Results One hundred patients were included in this study. The overall detection rate on a patient-level was 79% (79/100).
18F-Fluciclovine PETwas positive in 62% (23/37) of cases with PSA below the Phoenix criteria. The positive predictive value of
18F-fluciclovine PET was 89% (95% CI: 80–94%). In patients with PSA below the Phoenix criteria, the PSA velocity had the
highest predictive value of 18F-fluciclovine PET outcome. PSA doubling time (PSADT) and PSA velocity were associated with
the presence of extra-pelvic metastatic disease.
Conclusion 18F-Fluciclovine PET can identify recurrent disease at low PSA level and PSA rise below accepted Phoenix criteria in
patients with suspected BCR after primary radiation therapy, particularly in patients with low PSADT or high PSA velocity. In
patients with low PSADT or high PSA velocity, there is an increased probability of extra-pelvic metastases. Therefore, these
patients are more likely to benefit from PET/CT or PET/MRI than pelvic MRI alone.
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Introduction

Prostate cancer is the most prevalent noncutaneous malignan-
cy inmen and the second leading cause of cancer death among
men in the USA [1]. Initial definitive radiation therapy is the
cornerstone of treatment in 23% of patients aged 65 years or
younger and 36% of those older than 65 [2]. Despite advance-
ments in radiation therapy, 23–43% of patients with interme-
diate or high-risk cancer develop biochemical recurrence
(BCR) [3]. BCR for patients who received definitive external
beam radiation therapy (EBRT) or brachytherapy is defined
based on the Phoenix Conference Consensus of RTOG-
ASTRO (Radiation Therapy Oncology Group-American
Society for Therapeutic Radiology and Oncology) [4].
According to the Phoenix Conference Consensus, BCR is
defined as posttreatment PSA rising to 2.0 ng/mL above the
lowest posttreatment value (nadir) after radiation therapy with
or without hormone therapy. The NCCN guideline recom-
mends recurrence evaluation in patients with rising PSA be-
low the Phoenix criteria, particularly in men with a rapid in-
crease of PSA or healthier candidates who may be eligible for
salvage local therapy [4].

The synthetic amino acid anti-1-amino-3-[18F]-
flurocyclobutane-1-carboxylic acid (18F-FACBC,
18F-fluciclovine, Axumin) is a widely available FDA-
approved positron emission tomography (PET) radiotracer
for localization of biochemically recurrent prostate cancer.
There have been a number of studies investigating the role
of 18F-fluciclovine PET in the staging of patients with prostate
cancer [5]. However, these studies have either focused on
patients before [6, 7] or after prostatectomy [8–11], or have
a mixture of cases with initial prostatectomy and radiotherapy
without treatment specific subgroup analysis [12–18].
Therefore, the clinical utility of 18F-fluciclovine in men with
low and very low PSA levels following primary radiation
therapy is not well-studied [19]. Additionally, the relationship
between pre-scan PSA and PSA kinetic parameters and the
ability of 18F-fluciclovine PET to identify recurrent disease
after radiation therapy is still unclear. In this study, we aimed
to determine (1) the detection rate of 18F-fluciclovine PET and
the patterns of prostate cancer recurrence in patients with ris-
ing PSA after initial radiation therapy, particularly in patients
with PSA rise less than the Phoenix criteria; (2) the relation-
ship between pre-scan PSA and PSA kinetic parameters and
the ability of 18F-fluciclovine PET to localize recurrent dis-
ease; and (3) the diagnostic accuracy of 18F-fluciclovine PET
in patients with rising PSA after initial radiation.

Methods

After obtaining institutional review board (IRB) approval
from the University of California, San Francisco (UCSF)

and the University of Minnesota (UMN), we retrospec-
tively reviewed consecutive patients who underwent
18F-fluciclovine PET/CT or PET/MRI scans from April
2017 to February 2020 level for elevated PSA following initial
definite external beam radiation therapy, brachytherapy, and/
or proton therapy. Patients with an uncertain type of initial
treatment or history of radiation therapy less than 1 year or
brachytherapy less than 2 years before the 18F-fluciclovine
PET scan were excluded (Fig. 1). Relevant clinical informa-
tion, including demographic data, initial treatment, PSA levels
with corresponding dates, PSA nadir, and pre-scan and
follow-up imaging findings, was collected.

Image acquisition and radiopharmaceutical

The 18F-fluciclovine PET/CT and PET/MRI acquisitions were
performed according to the ACR-ACNM practice parameters
[20]. PET/CT scans were acquired on Biograph mCT-
64HDTV PET/CT scanner (Siemens Healthcare, Erlangen,
Germany) at UMN and Discovery (Discovery VCT, GE
Healthcare, Waukesha, WI, USA) or Philips Vereos (Philips,
Cleveland OH, USA) at UCSF. The PET/MRI scans were
acquired on 3.0-T time-of-flight PET/MRI unit (Signa; GE
Healthcare, Waukesha, WI, USA) at UCSF. All patients
who underwent PET/MRI had dynamic contrast-enhanced
(DCE) imaging of the pelvis unless there were
contraindications.

Image interpretation

Scans were interpreted by board-certified nuclear radiologists
and board-certified nuclear medicine physicians as part of
routine clinical practice at these institutions. No image reinter-
pretation was performed in order to best replicate clinical
practice. Based on clinical reports, 18F-fluciclovine-avid le-
sions were classified into four regions (intra-prostatic/prostate
bed, pelvic lymph nodes, non-regional lymph node(s) (M1a),
bone(s) (M1b), and distant metastasis with or without bone
disease (M1c)).

Lesion validation

Clinical follow-up information including histopathologic
analysis, imaging (CT, MRI, bone scan, PET), and serum
PSA course after focal salvage therapy acquired during clini-
cal routine was obtained. Combination of histopathologic
analysis, follow-up imaging and PSA follow-up after local/
focal treatment was considered the composite reference stan-
dard similar to a previous report [21]. In patients with the
composite reference standard, 18F-fluciclovine-avid lesions
were validated as true-positive or false-positive results.
Region negative on 18F-fluciclovine PET, but with subse-
quently confirmed prostate cancer by histopathologic
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analysis, was considered a false-negative result. In patients
with negative 18F-fluciclovine PET scans, a benign prostate
biopsy was defined as true negative.

Calculating PSA kinetic parameters

All available posttreatment PSA values and corresponding
dates were retrieved from the electronic health records. PSA
nadir was identified from the urologists’ or radiation oncolo-
gists’ notes. To calculate PSA kinetic parameters, the three
most recent PSA values prior to 18F-fluciclovine PET were
entered into the Memorial Sloan Kettering online calculator
[22]. If the slope of the linear regression of the natural log of
PSA versus time (in months) was negative (decreased pre-
scan PSA level after initial increased PSA levels following
the PSA nadir) or 0 (elevated but stable PSA level), the
PSADT was set to 100 months, as previously described [23].

Statistical analysis

Univariate and multivariate logistic regression analysis was
used to estimate the association of Gleason sum, PSA, and

PSADT with positive 18F-fluciclovine PET or extra-pelvic
disease extension. The receiver operating characteristic
(ROC) curve was performed to determine the predictive abil-
ity of PSA and PSA kinetic parameters for 18F-fluciclovine
PET findings. The diagnostic performance of 18F-fluciclovine
PETwas computed in the prostate and at the patient level. The
relationship between categorical variables was analyzed using
Pearson χ2. Kruskal-Wallis test was used for nonparametric
comparison of pre-scan PSA in subgroup analysis. If estimat-
ed individual cell frequencies were < 5, the Fisher exact test
was conducted. Statistical analysis was performed using the
MedCalc Statistical Software version 17.11.5 (MedCalc
Software bvba, Ostend, Belgium). The alpha level for signif-
icance was set at 0.05.

Results

In total, 100 patients met the study inclusion criteria (n = 52
(52%) at UCSF; n = 48 (48%) at UMN. Ten patients
underwent PET/MRI at UCSF; other patients underwent
PET/CT, either at UMN or at UCSF. The median pre-scan

Potentially eligible men:

PCa pts with PSA rise following initial radiation therapy   116 pts

Selected patients 100 pts

PET/CT 90 pts

PET/MRI 10 pts

37men with PSA rise below 

ASTRO/Phoenix criteria (PSA nadir + 2)

57men with PSA rise above 

ASTRO/Phoenix criteria (PSA nadir + 2)

Excluded patients:    16 pts

Uncertain initial treatment type/date 8 pts

Unavailable pre-scan PSA value 4 pts

Recent treatment 3 pts

Non-diagnostic PET/CT  1 pts

Reference standard

n=23

Reference standard

n=35

Final diagnosis

Detection rate 62%

PPV  80%

Final diagnosis

Detection rate 87%

PPV 93%

Fig. 1 Flowchart shows study design

4465Eur J Nucl Med Mol Imaging (2021) 48:4463–4471



PSA was 3.3 ng/mL (interquartile range (IQR), 1.6 to 6.4 ng/
mL). Seventy-three men received EBRT, 24 men received
brachytherapy, and three men received proton therapy. The
median time between radiation therapy and 18F-fluciclovine
PET was 66 (IQR: 36–120) months. There were 60 men with
18F-fluciclovine avidity in prostate (bed) (T), 18 men with
pelvic lymph nodes (N), and 21 patients with distant metasta-
ses (M). Patient characteristics are described in Table 1.

Detection rate

Overall, 79 of 100 patients (79%) had positive findings on
18F-fluciclovine PET. We stratified the detection rate by

Gleason sum (GS ≤ 7 versus GS ≥ 8), pre-scan PSA level,
PSADT, and initial treatment (Table 2). In multivariate logis-
tic regression using PSA and PSA velocity as continuous var-
iables, only the pre-scan PSA value was significantly associ-
ated with a positive 18F-fluciclovine scan (OR 1.4, 95% CI
1.07–1.84, p < 0.001).

Phoenix criteria

Thirty-seven men had PSA rise below Phoenix criteria (PSA
nadir +2 ng/mL). The median PSA in these patients was
1.4 ng/mL (IQR 1.0–2.0). 18F-Fluciclovine PET identified a
site of suspected tumor recurrence in 62% (23/37) of these

Table 1 Patient characteristics
and summarized 18F-fluciclovine
PET findings

Age(year) Median (IQR) 74 (71–79)

PSA (ng/mL) Median (IQR) 3.30 (1.68–6.40)

PSA nadir (ng/mL) Median (IQR) 0.30 (0.1–0.65)

PSADT (months) Median (IQR) 9.10 (4.17–17.57)

PSA velocity (ng/mL/year) Median (IQR) 1.75 (0.70–4.45)

Gleason sum 7 or less 71

8 or greater 21

Unknown 8

Phoenix criteria PSA rise below PSA nadir+2 37

PSA rise above PSA nadir+2 57
18F-fluciclovine PET results Positive 79

Negative 21

Extra-pelvic metastases Yes 21

M1a 6

M1b 10

M1c 5

No 58

In total, 100 cases were included. PSA prostate-specific antigen, PSADT prostate-specific antigen doubling time,
IQR interquartile range

Table 2 Association of PSA,
PSADT, PSA velocity, Gleason
sum, and Phoenix criteria with
positive 18F-fluciclovine PET
using logistic regression analysis

Value Reference OR 95% CI p value

PSA ng/mL (continuous) 1.38 1.07–1.79 <0.001

PSA ng/mL (categorical)§ 1–2 ng/mL < 1 ng/mL 1.03 0.19–5.67 0.97

2–5 ng/mL 1.92 0.39–9.49 0.42

>5 ng/mL 16.8 1.44–195.68 0.02

PSADT (categorical) < 6 months > 6 months 1.65 0.56–4.77 0.35

< 9 months > 9 months 1.82 0.67–4.98 0.23

< 12 months > 12 months 1.89 0.70–5.08 0.21

PSADT (months) (continuous) 0.99 0.97–1.01 0.65

PSA velocity (ng/mL/year) (continuous) 1.28 1.1–1.65 0.01

Gleason sum (categorical) 8 or greater 7 or less 1.34 0.39–4.5 0.63

PSA rise > Phoenix criteria Yes No 4.34 1.54–12.21 0.004

PSA prostate-specific antigen, PSADT prostate-specific antigen doubling time, OR odds ratio

§In categorical evaluation of PSA, all groups were compared to the reference group of PSA < 1 ng/mL. Phoenix
criteria: post radiation therapy lowest PSA (PSA nadir) +2 ng/mL
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cases. Patients with pre-scan PSA greater than PSA nadir
+2 ng/mL were significantly more likely to have a positive
18F-fluciclovine PET (88% versus 62%, OR 4.34, 95% CI
1.54–12.21, p = 0.004). In multivariate logistic regression
using pre-PSA, PSADT, and PSA velocity as continuous var-
iables and Phoenix criteria as a categorical variable, Phoenix
criteria were the only independent predictor of a positive
18F-fluciclovine PET (OR 4.46, 95% CI 1.55–12.82, p =
0.004).

The ROC curves were generated to investigate the abil-
ity of PSA, PSADT, and PSA velocity to predict positive
18F-fluciclovine PET imaging in patients with PSA rise below
Phoenix criteria (Fig. 2). PSA velocity had the highest area
under curve (AUC) of 0.79 in comparison to the AUC of
PSADT (0.66) and pre-scan PSA (0.54). Only PSA velocity
significantly predicted the outcome of 18F-fluciclovine PET

imaging (p < 0.001). The PSA velocity of 0.6 ng/mL/year
generated the maximum Youden index with a sensitivity of
78% and specificity of 77% in predicting the outcome of the
18F-fluciclovine PET scan. The maximum Youden index for
PSADT was estimated at 9.4 months, and this cutoff had a
61% sensitivity and specificity of 69% for predicting the out-
come of the 18F-fluciclovine PET scan. In Fisher’s exact test,
Gleason sum (GS ≤ 7 versus GS ≥ 8) was not able to predict
positive 18F-fluciclovine PET in patients with PSA rise below
Phoenix criteria (p = 0.20) or PSA < 2 ng/mL (p = 0.17).

Diagnostic accuracy

In 58 patients with biopsy (n = 44), or composite follow-up
imaging, the positive predictive value of 18F-fluciclovine PET
at the patient-level was 89% (95%CI: 80–94%). In 23 patients

Fig. 2 The receiver operating characteristic (ROC) curves were generated to investigate the ability of PSA, PSADT, and PSA velocity to predict positive
18F-fluciclovine PET imaging in patients with PSA rise below Phoenix criteria
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with PSA rise below the Phoenix criteria and biopsy or
composite follow-up imaging, the positive predictive value
of 18F-fluciclovine PET was 80% (95% CI: 60–91%).

In 35 men with prostate biopsy and findings limited to the
prostate parenchyma, the sensitivity, positive predictive value,
negative predictive value, and specificity of 18F-fluciclovine
PET were 84.0% (95% CI: 64–95%), 80.7% (95% CI: 68.9–
88.9%), 55.5% (95% CI: 29.6–78.8%), and 50.0% (95% CI:
18.7–81.3%), respectively.

Location of avid lesions

There were 102 sites of 18F-fluciclovine avidity in the 79 men.
Local recurrence (intra-prostatic/prostate bed, pelvic lymph
nodes) was the most common finding, occurring in 67% (67/
100) of patients, with pelvic-confined disease in 58% (58/100)
of cases. In patients with PSA rise below the Phoenix criteria
with positive findings on 18F-fluciclovine PET, pelvic-confined
disease was the most common finding (78% (18/23)).

We investigated the association of PSA, PSADT, PSA
velocity, Gleason sum, and Phoenix criteria with extra-
pelvic metastases in 18F-fluciclovine PET imaging. As a
continuous variable, pre-scan higher PSA was significantly
associated with identifying extra-pelvic 18F-fluciclovine
PET positivity (OR 1.1, 95% CI 1.1–1.2, p = 0.02).
PSADT as a continuous or categorical variable was signif-
icantly associated with extra-pelvic 18F-fluciclovine PET
positivity, and PSA velocity as a continuous variable was
significantly associated with positive extra-pelvic findings
in 18F-fluciclovine PET (Table 3). Gleason sum, Phoenix
criteria, pre-scan PSA > 2 ng/mL were not associated with
extra-pelvic 18F-fluciclovine PET positivity. ROC curves
were generated to compare the ability of PSA, PSADT,
and PSA velocity to predict 18F-fluciclovine PET with pos-
itive extra-pelvic findings. These three parameters signifi-
cantly predicted the presence of extra-pelvic findings. The

PSADT had the highest AUC of 0.8 in comparison to AUC
of PSA velocity (0.76) and pre-scan PSA (0.66) (Fig. 3);
however, the difference between AUCs of PSADT, PSA
velocity, and pre-scan PSA was not statistically significant.
The PSADT of 5.2 months generated the maximumYouden
index with a sensitivity of 79% and specificity of 70% in
predicting the presence of extra-pelvic findings. The maxi-
mum Youden index for PSA velocity was estimated at
2.3 ng/mL/year, and this cutoff had sensitivity of 64% and
specificity of 80% in predicting the presence of extra-pelvic
findings. The PSA of 6.4 ng/mL generated the maximum
Youden index with a sensitivity of 80% and specificity of
57% in predicting the presence of extra-pelvic findings.

Although the pre-scan PSA increased from M1a to M1c,
the difference was not statistically significant (p = 0.3). Pre-
scan PSA was 3.6 ng/mL (IQR 1.25–7.1), 7.6 ng/mL (IQR
2.2–15), and 8.1 ng/mL (IQR 6.5–10.6) for M1a, M1b, and
M1c, respectively. The ROC curves were generated to inves-
tigate the ability of PSA, PSADT, and PSA velocity to differ-
entiate M1a from M1c cases. The PSADT had the highest
AUC of 0.86 in comparison to AUC of PSA velocity (0.73)
and pre-scan PSA (0.8); however, the difference between
AUCs was not statistically significant.

Discussion

In the current analysis, we aimed to determine the detection
rate and diagnostic accuracy of 18F-fluciclovine PET in men
with BCR and low/very low PSA levels (27 cases with PSA <
2 ng/mL) following primary radiation therapy.We focused on
patients with PSA rise less than the Phoenix criteria (n = 37).
18F-fluciclovine PET identified recurrent disease with a PSA
rise below the Phoenix criteria in 62% of patients, and in these
patients, PSA velocity significantly predicted 18F-fluciclovine
PET positivity. In patients with low PSA values, local

Table 3 Association of PSA,
PSADT, PSA velocity, Gleason
sum, and Phoenix criteria with
18F-fluciclovinePET evidence of
extra-pelvic metastases using lo-
gistic regression analysis

Value Reference OR 95% CI p value

PSA ng/mL (continuous) 1.11 1.01–1.21 0.02

PSA ng/mL (categorical) > 2 ng/mL < 2 ng/mL 1.29 0.37–4.50 0.69

>5 ng/mL < 5 ng/mL 3.33 1.77–9.43 0.02

PSADT (categorical) < 6 months > 6 months 6.28 1.99–19.82 0.001

< 9 months > 9 months 5.60 1.63–19.29 0.003

< 12 months > 12 months 8.2 1.72–39.67 0.002

PSADT (months) (continuous) 0.82 0.71–0.94 < 0.001

PSA velocity (ng/mL/year) (continuous) 1.18 1.02–1.35 0.001

Gleason sum (categorical) 8 or greater 7 or less 2.45 0.76–7.81 0.13

PSA rise > Phoenix criteria Yes No 1.54 0.48–4.92 0.45

PSA prostate-specific antigen, PSADT prostate-specific antigen doubling time, OR odds ratio. Phoenix criteria:
post radiation therapy lowest PSA (PSA nadir) +2 ng/mL
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recurrence (67%) and pelvic-confined disease (58%) were the
most common findings. PSADT had the highest AUC (0.8),
and PSADT of 5.2 months was shown to have a sensitivity of
79% to predict metastatic disease. 18F-Fluciclovine PET dem-
onstrated a positive predictive value of 84% with relatively
low specificity of 50% in the prostate bed. Patients with PSA
rise below Phoenix criteriaand PSA velocity of 0.6 ng/mL/
year or PSADT of less than 9 months, would likely benefit
from 18F-fluciclovine PET imaging. By following the strict
version of Phoenix criteria introduced in 2006, each pa-
tient can be compared with a large body of existing liter-
ature; however, our findings suggest that using more sen-
sitive new radiotracers [24], patients would likely benefit
from early identification of local recurrence and timely
local salvage therapy.

It is worth empathizing that, in our study, equivocal interpre-
tations in the prostate were analyzed as positive findings, since
they commonly result in prostate biopsy. In the only published
study focusing on non-prostatectomy definitive therapy [19],
Akin-Akintayo and colleagues summarized the imaging findings
of 18F-fluciclovine PET/CT of 24 patients with biochemical fail-
ure after non-prostatectomy definitive therapy and compared
PET/CT findings with MRI and clinical or histopathologic refer-
ence standard. They demonstrated that the diagnostic perfor-
mance of 18F-fluciclovine PET for extra-prostatic lesions was
comparable to reported accuracy for patients with initial prosta-
tectomy; however, for the treated prostate, 18F-fluciclovine PET/
CT had high sensitivity (100%) with low specificity (11%).
Although their study has strengths of prospective recruitment
and comparison with MRI, the small sample size (n = 24) and

Fig. 3 Receiver operating characteristic (ROC) curves were generated to compare the ability of PSA, PSADT, and PSA velocity to predict
18F-fluciclovine PET with positive extra-pelvic findings
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relatively high pre-scan PSA (mean PSA of 8.5 ng/mL) limit the
applicability to routine clinical practice. Moreover, patients with
PSA less than 2 ng/mL or PSA rise below the Phoenix criteria
(PSA nadir+2) were not recruited in their study. In our study, in
35menwith imaging findings limited to the prostate parenchyma
and follow-up prostate biopsy, the 18F-fluciclovine PET showed
lower sensitivity (84.0% versus 100%) and higher specificity
(50.0% versus 11%) in comparison to Akin-Akintayo and col-
leagues’ study. Low specificity of 18F-fluciclovine PET for pros-
tate parenchyma in these studies is in line with relatively high
number of false-positive 68Ga-PSMA-11 PET/CT findings in
prostate (bed) after radiotherapy as reported by Fendler et al.
[25]. This can be due to inflammation and treatment changes. It
is worth emphasizing that prostate biopsy was shown to have
slightly limited accuracy when compared to whole-gland pathol-
ogy [26], which can introduce more uncertainty in the evaluation
of diagnostic performance of 18F-fluciclovine PET or PSMA
PET.

Similar to our findings, Raveenthiran et al. [27] reported
75.3% (56/73) patients with suspected recurrent disease after
initial definitive radiation therapy, and PSA < 2.0 ng/mL had
evidence of recurrent disease on 68Ga-PSMA-11 PET/CT. The
current study detection rate for patients with PSA< 2 ng/mLwas
slightly lower than Raveenthiran’s cohort (63.0% vs. 75.3%). In
a comparative imaging trial, Calais et al. [11] also demon-
strated 68Ga-PSMA-11 PET/CT had a higher detection rate than
18F-Fluciclovine in patients with BCR and PSA< 2.0 ng/mL
after radical prostatectomy.Currently, 18F-fluciclovine is the only
widely available FDA-approved PET radiotracer for prostate
cancer in the USA. Given the higher accuracy and extensive
theranostic applications of PSMA agents in various clinical set-
tings [24, 28], 18F-fluciclovine PET would likely be replaced by
PSMA PET in upcoming years. We believe that this study’s
findings can be applied in early detection of extra-prostatic dis-
ease after radiation therapy usingmore sensitive radiotracers.
However, implication of these findings in identification of pros-
tate (bed) relapse after radiation therapy by newer radiotracers
needs further investigating, since these agents have different up-
take mechanism and can be affected by variable degrees of ad-
jacent bladder/urine uptake [24, 25].

Our study’s strengths are the inclusion of patients with low
PSA levels and PSA rise below Phoenix criteria, relatively
high rate of patients with a reference standard, recruitment
of patients from two institutions, and evaluation of the impact
of PSA kinetic parameters. Our study is limited by retrospec-
tive design and relatively small sample size in subgroup anal-
yses, for example, for the comparison of M1a versus M1c
cases. Additionally, 10 patients underwent PET/MRI, and
therefore, readers had access to simultaneous multiparametric
MRI images with inherent higher accuracy for evaluation of
prostate parenchyma than CT images (PET/CT), which is
more widely used for evaluation of this group of patients. In
eight patients with PET/MRI and biopsy of prostate, three

PET/MRI demonstrated false-positive findings. Given the
small number of cases with PET/MRI and biopsy, these find-
ings were not highlighted in the results, and we recom-
mend further studies to assess the diagnostic performance of
18F-fluciclovine PET/MRI or PSMA PET/MRI in patients
with BCR after initial radiation therapy.

Conclusion

Our results indicate that 18F-fluciclovine PET can identify
recurrent disease at low PSA level and PSA rise below accept-
ed Phoenix criteria in patients with suspected BCR after pri-
mary radiation therapy. Particularly, this study supports the
use of 18F-fluciclovine PET in patients with high PSA velocity
or low PSADT even when the PSA rise is below Phoenix
criteria. Finally, in patients with high PSA velocity or low
PSADT, there is an increased probability of extra-pelvic me-
tastases. Therefore, these patients are more likely to benefit
from 18F-fluciclovine PET than pelvic MRI alone.
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