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Our objective was to investigate the lesion detection rate of 18F-

DCFPyL PET/CT, a prostate-specific membrane antigen (PSMA)–

targeted PET agent, in patients with biochemically relapsed prostate
cancer after primary local therapy. Methods: This was a prospec-

tive institutional review board–approved study of 90 patients with

documented biochemical recurrence (median prostate-specific

antigen [PSA], 2.5 ng/mL; range, 0.21–35.5 ng/mL) and negative
results on conventional imaging after primary local therapies, in-

cluding radical prostatectomy (n 5 38), radiation (n 5 27), or a

combination of the two (n 5 25). Patients on androgen deprivation

therapy were excluded. Patients underwent whole-body 18F-
DCFPyL PET/CT (299.9 ± 15.5 MBq) at 2 h after injection. The

PSMA PET lesion detection rate was correlated with PSA, PSA

kinetics, and original primary tumor grade. Results: Seventy pa-

tients (77.8%) showed positive PSMA PET results, with a total of
287 lesions identified: 37 prostate bed foci, 208 lesions in lymph

nodes, and 42 in distant sites in bones or organs, Eleven patients

had negative results, and 9 patients showed indeterminate le-
sions, which were considered negative in this study. The detec-

tion rates were 47.6% (n 5 10/21), 50% (n 5 5/10), 88.9% (n 5
8/9), and 94% (n 5 47/50) for PSA levels of .0.2 to ,0.5, 0.5 to

,1.0, 1 to ,2.0, and $2.0 ng/mL, respectively. In postsurgical
patients, PSA, PSA doubling time, and PSA velocity correlated

with PET results, but the same was not true for postradiation

patients. These parameters also correlated with the extent of

disease on PET (intrapelvic vs. extrapelvic). There was no signif-
icant difference in the rate of positive scans between patients

with higher-grade and lower-grade primary tumors (Gleason

score of $4 1 3 vs. ,3 1 4). Tumor recurrence was histology-
confirmed in 40% (28/70) of patients. On a per-patient basis,

positive predictive value was 93.3% (95% confidence interval,

77.6%–99.2%) by histopathologic validation and 96.2% (95%

confidence interval, 86.3%–99.7%) by the combination of histology
and imaging/clinical follow-up. Conclusion: 18F-DCFPyL PET/CT

imaging offers high detection rates in biochemically recurrent

prostate cancer patients and is positive in about 50% of patients

with a PSA level of less than 0.5 ng/mL, which could substan-
tially impact clinical management. In postsurgical patients, 18F-

DCFPyL PET/CT correlates with PSA, PSA doubling time, and

PSA velocity, suggesting it may have prognostic value. 18F-DCFPyL

PET/CT is highly promising for localizing sites of recurrent prostate

cancer.
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After initial diagnosis, most patients with localized prostate
cancer are treated with either radical prostatectomy, external-beam
radiation, brachytherapy, or active surveillance (1,2). Despite de-
finitive therapy with surgery or radiation, recurrent disease is rela-
tively common, occurring in up to 50% of patients within 10 y (3).
Prostate cancer recurrence is usually first suspected when a rise in
serum prostate-specific antigen (PSA) is observed on posttreat-
ment monitoring, often without findings on conventional imaging.
This clinical scenario is defined as biochemical recurrence (BCR)
and can precede clinically apparent disease by months or even
years. Left untreated, BCR may progress to distant metastatic dis-
ease; early salvage therapy is therefore recommended while PSA is
still low (4).
In the setting of BCR, the location of recurrence has clinical

relevance; local recurrence alone usually carries a better progno-
sis, whereas nodal, bone, or visceral metastasis is associated with
more aggressive disease behavior. Therefore, accurate identification
of the site and extent of tumor recurrence is important for further
treatment planning. Anatomic imaging methods have limited util-
ity in this clinical scenario; CT and transrectal ultrasound have
sensitivity between 25% and 54% for local recurrence detection,
whereas MRI is somewhat better but still limited (5,6). Serum PSA,
a biomarker for tumor mass, can reach high levels before the source
becomes detectable on conventional imaging (7). These limitations

Received Aug. 6, 2019; revision accepted Oct. 7, 2019.
For correspondence or reprints contact: Esther Mena, Molecular Imaging

Program, NCI, Building 10, B3B402, Bethesda, MD 20892.
E-mail: esther.menagonzalez@nih.gov
Published online Nov. 1, 2019.
COPYRIGHT© 2020 by the Society of Nuclear Medicine and Molecular Imaging.

18F-DCFPYL PET/CT IN PROSTATE CANCER • Mena et al. 881

mailto:esther.menagonzalez@nih.gov


have stimulated the development of new molecular imaging
probes. Among these, positron-emitting probes targeting pros-
tate-specific membrane antigen (PSMA) have been the most
successful (8). PSMA is overexpressed in intermediate–to–high-
grade tumors and demonstrates increased uptake with increasing
tumor aggressiveness (8–10). To date, a variety of PSMA-targeted
imaging probes have demonstrated improved sensitivity and spec-
ificity in BCR and metastatic disease compared with conventional
imaging (11,12). The most experience has been reported for
68Ga-labeled probes, and experience with 18F-labeled PSMA
tracers has been growing. The latter has the advantage of a longer
half-life (110 min for 18F vs. 68 min for 68Ga), enabling central-
ized production in a cyclotron facility, and more favorable positron
energies for imaging. 18F-DCFPyL (2-(3-{1-carboxy-5-[(6-18F-
fluoro-pyridine-3-carbonyl)-amino]-pentyl}-ureido)-pentanedioic acid)
is a second-generation PSMA PET agent with high affinity for pros-
tate cancer (13–15). Here, we report the results of a prospective
study of 18F-DCFPyL PET/CT for detection and localization of
recurrent disease in patients with BCR. Specifically, we aimed to
investigate the tumor detection rate as a function of PSA and
PSA kinetics. We hypothesized that 18F-DCFPyL PET/CT–positive
scans are associated with more aggressive PSA kinetics than neg-
ative scans.

MATERIALS AND METHODS

Patient Selection and Study Design

We are reporting an interim analysis of the first 90 patients with
biochemical relapsed prostate cancer in a prospective, Health Insurance

Portability and Accountability Act–compliant, single-institution study,
approved by the institutional review board, with written informed con-

sent (NCT03181867). The study has an open protocol, actively enrolling
2 groups of participants. The first group consists of patients with newly

diagnosed high-risk prostate cancer who are scheduled for prostatec-

tomy or for a biopsy before radiation therapy (RT); recruitment of 55
patients is the aim for this group. The second group consists of patients

with presumed prostate cancer relapse after prostate removal surgery or
RT; recruitment of 275 patients is the aim for this group. The inclusion

criterion was BCR prostatic adenocarcinoma, defined as a PSA level of
more than 0.2 ng/mL in patients who underwent radical prostatectomy

or at least 2 ng/mL greater than the nadir in post-RT patients, following
the ASTRO-Phoenix criteria (16). PSA doubling time (PSAdt) and PSA

velocity (PSAvel) were calculated. Patients had negative results on con-
ventional imaging (CT and bone scanning) within the past 3–4 mo. The

exclusion criteria included current androgen deprivation therapy (ADT)
before enrollment, inability to tolerate a PET/CT scan, creatinine levels

greater than 2 times the upper limit of normal, bilirubin levels greater
than 2 times the upper limit of normal, or liver transaminase levels

(alanine aminotransferase and aspartate aminotransferase) greater than 3
times the upper limit of normal, with the purpose of excluding patients

with coexisting medical conditions that could potentially interfere with
study procedures or results.

Biopsy of abnormal sites of uptake suggestive of disease was
performed within approximately 2 mo of 18F-DCFPyL PET/CT, when

feasible.

PET Imaging Protocol
18F-DCFPyL PET/CT imaging was performed on a 3-dimensional

time-of-flight–mode GE Healthcare Discovery MI DR camera, with a

20-cm coronal and a 70-cm axial field of view. Data were reconstructed
with 3-dimensional iterative maximum-likelihood expectation maximi-

zation using 29 subsets, 3 iterations, time-of-flight mode, point-spread-
function regularization parameter 6.0, and a gaussian postprocessing

filter with a 4.1-cm kernel. A second set of image reconstructions

was done using the GE Healthcare Q-Clear reconstruction algo-
rithm. The scanner uses CT-based attenuation correction, along with

random, normalization, dead-time, and scatter correction (17) and ana-
tomic coregistration.

18F-DCFPyL was synthesized using good manufacturing practices
as previously described (13). Quality control testing was performed

before injection to ensure the proper dose and specific activity. Radio-
chemical purity was 99.2% 6 0.4%, and specific activity was 1,842 6
489 mCi/mmol.

Each patient received an intravenous bolus injection of 18F-DCFPyL

with a mean injected activity of 299.3 MBq (8.09 mCi) (range, 229.4–
325.6 MBq [6.2–8.8 mCi]), followed by a whole-body (head to toe)

PET/CT scan at approximately 2 h after injection (3 min/bed position).
Low-dose CT scans (120 kV, 60 mAs) were acquired before each PET

scan for attenuation correlation and coregistration.

Safety

The patient’s vital signs, including heart rate and blood pressure,

were obtained before 18F-DCFPyL injection at baseline, immedi-

ately after administration, 15 min after injection, and after imaging.
Patients were monitored for adverse events during radiotracer ad-

ministration, immediately after the scan, and on the next day via
telephone query.

Imaging Interpretation

Two board-certified nuclear medicine physicians prospectively
evaluated all imaging data independently, resolving any disagreements

by consensus. 18F-DCFPyL PET/CT images were reviewed using a MIM
workstation (version 6.9.2; MIM Software Inc.). Maximum-intensity-

projection, axial, coronal, and sagittal PET, CT, and PET/CT images
were reviewed. Any abnormal focal uptake greater than the surrounding

background and not associated with physiologic uptake was consid-
ered suggestive of malignancy. PET-positive lesions were classified as

local recurrence in the prostatectomy/prostate bed, pelvic/extrapelvic
nodes, or organ/bone metastases. Indeterminate foci of uptake were

considered negative for recurrence. Typical pitfalls on PSMA-ligand
PET imaging, such as uptake in celiac and other dorsal ganglia roots,

fractures, and degenerative changes, were considered negative (18).
Semiquantitative PET parameters included SUVmax and PSMA-

derived tumor volume generated by gradient-based segmentation. The
gradient-based segmentation consisted of an edge-detection tool, gen-

erating an automated volume of interest, outlined on the basis of the
boundaries of the DCFPyL-positive lesion, avoiding background of

adjacent structures.
18F-DCFPyL PET–positive findings were validated by histologic

confirmation from percutaneous biopsy of the suspected lesion or
transrectal ultrasound–guided biopsy of intraprostatic sites within 4–6

mo from the PET imaging; lesion-targeted imaging comparing abnor-
mal PET findings with pelvic MRI performed within 3 mo from PET,

follow-up CT, 99mTc-bone scanning, or 18F-sodium fluoride PET/CT at
3–6 mo; or clinical follow-up (i.e., increase or decrease of PSA after

treatment) when available.

Statistical Methods
18F-DCFPyL PET lesion detection rates were analyzed with regard

to PSA, PSA kinetics, and primary tumor Gleason scores, using x2

and Wilcoxon rank tests. Descriptive values are expressed as mean6
SD. Receiver-operating-characteristic analysis was performed to

evaluate continuous PSA and PSA kinetics at the scan time as pre-
dictors of lesion identification, estimated by the area under the curve

(AUC). At each PSA/PSA kinetics cutoff, true-positive rate and
false-positive rate were defined as the proportion of 18F-DCFPyL

PET/CT–positive and –negative results with PSA/PSA kinetics

882 THE JOURNAL OF NUCLEAR MEDICINE • Vol. 61 • No. 6 • June 2020



values above the cutoff. The Delong 95% confidence interval of AUC

was calculated. The Youden index was calculated to determine the
cutoffs that gave the optimal combination of sensitivity and speci-

ficity for lesion detection. 18F-DCFPyL PET variables derived from
lesion-based analysis, including number of lesions, SUVmax, and

tumor volume, were correlated with PSA and PSA kinetics by Spear-
man rank correlations. Per-patient positive predictive value was cal-

culated, as confirmed by histologic validation or by the combination
of histologic validation, multiparametric MRI within 1 mo, follow-up

standard-of-care imaging at 3–6 mo after PET scanning, or follow-up
PSA values after local or focal therapy. All tests were 2-sided, and P

values of less than 0.05 were considered significant (19). Statistical
and graphical analysis was performed using R software, version 3.2.5.

RESULTS

Patient Population

The institutional review board approved this study, and all sub-
jects gave written informed consent. Ninety patients (mean age,
66 y; range, 50–81 y) underwent 18F-DCFPyL PET/CT. Patients
had documented BCR prostate cancer, with a median PSA of
2.5 6 5.9 ng/mL (range, 0.21–35.5 ng/mL). Prior primary local
therapy consisted of radical prostatectomy (n 5 38), RT (n 5
27), or a combination of the two (n 5 25). The time from
therapy to scanning was 4.2 6 3.9 y (range, 7 mo to 19 y). In
total, 30 patients (33.3%) had first-line ADT, with a mean time
of 4.3 y (range, 1.2 to 9.7 y) before imaging, but none were
actively receiving ADT at the time of the scan. No patient ex-
perienced adverse events or clinically detectable pharmacologic
effects after 18F-DCFPyL injection. Table 1 shows the patient
characteristics.

Patient-Based Analysis

The overall 18F-DCFPyL PET lesion detection rate was 77.8%
(70/90), identifying one or more sites suggestive of recurrent pros-
tate cancer. Median PSA values were significantly lower in patients
with negative findings than in those with positive findings (0.5 6
2.1 vs. 3.1 6 6.6 ng/mL, P , 0.001). The lesion detection rate
correlated with an increase in PSA level. Stratified by PSA, 18F-
DCFPyL PET lesion detection rates were 47.6% (n 5 10/21), 50%
(n 5 5/10), 88.9% (n 5 8/9), and 94% (n 5 47/50) for a PSA level
of .0.2 to ,0.5, 0.5 to ,1.0, 1 to ,2.0, and $2.0 ng/mL, respec-
tively (Fig. 1A). The subgroup analysis based on the patient’s pri-
mary initial therapy (prostatectomy vs. RT) demonstrated that for
postprostatectomy patients, the detection rates were 47.6% (10/21),
62.5% (5/8), 87.5% (7/8), and 96.1% (25/26) at a PSA level of.0.2
to ,0.5, 0.5 to ,1.0, 1 to ,2.0, and $2.0 ng/mL, respectively. For
patients after RT, the detection rates were 0% (0/2), 100% (1/1), and
91.7% (22/24) at a PSA level of 0.5 to ,1.0, 1 to ,2.0, and $2.0
ng/mL, respectively. Most post-RT patients had a PSA level of more
than 2 ng/mL, and there were no patients with a PSA level of between
0.2 and 0.5 ng/mL.
Overall, there was a slightly higher lesion detection rate (81.2%

vs. 73.8%) in patients with higher primary tumor Gleason scores
($4 1 3 vs. ,3 1 4), but the difference was not statistically
significant (P 5 0.553). In patients imaged after prostatectomy,
the detection rate for a Gleason score of #3 1 4 was not signif-
icant compared with those for a Gleason score of $4 1 3 (P 5
0.359); thus, the 18F-DCFPyL PET/CT detection rate did not vary
significantly with Gleason score.
Median PSAdt was 7 6 12.5 mo (range, 0.9–75.2 mo). 18F-

DCFPyL PET lesion detection rates were 72.7% (40/55), 77.8%

(7/9), and 88.5% (23/26) for a PSAdt of .6 mo, 4–6 mo, and
,4 mo, respectively (Fig. 1B). Having a lower PSAdt was not a
strong predictor of having a positive 18F-DCFPyL PET result (P5
0.062).
PSAvel ranged from 0.1 to 25 ng/mL/y (median, 2.0 6 4.9

ng/mL/y). 18F-DCFPyL PET lesion detection rates were 48.1%
(13/27), 88.9% (16/18), 73.3% (11/15), and 100% (30/30) for a
PSAvel of ,1, .1 to ,2, 2 to ,5, and $5 ng/mL/y, respectively
(Fig. 1C). PSAvel was able to distinguish between negative and
positive scans (0.4 6 0.9 vs. 3.6 6 5.2, P , 0.001).
In the subgroup analysis based on primary local therapy, PSA,

PSAdt, and PSAvel were all associated with 18F-DCFPyL PET
lesion detection (P , 0.05) when patients had prostatectomy,
whereas for those who received radiation, the distributions of
PSA and PSAdt did not significantly differ between positive
and negative scans. There was no significant difference between
time from treatment and scan positivity (P 5 0.148 and 0.198,
respectively) for any of the patient subgroups.
We assessed the benefit of performing 18F-DCFPyL PET/CT based

on PSA value: receiver-operating-characteristic analysis was per-
formed for the surgical patient cohort (n 5 63) to assess the
ability of PSA to distinguish between positive and negative scans
(Fig. 2). The AUC was 0.83, and the optimal PSA cutoff to
predict scan positivity was 0.81 ng/mL, which maximized the
difference between true-positive rate and false-positive rate; that
is, at this PSA value, the true-positive rate and false-positive rate
were 0.70 and 0.13, respectively. For PSAdt, the AUC was 0.68,

TABLE 1
Patient Characteristics

Characteristic Data

Total patients (n) 90

Primary local therapy (n)

Radical prostatectomy ± RT, ± ADT 63

RT ± ADT 27

Age (y)

Median 66

Range 50–81

Primary tumor Gleason (n)

Gleason # 6 13

Gleason 7 32

Gleason $ 8 45

PSA (ng/mL)

Median 2.5

Range 0.21–35.5

PSAdt (mo)

Median 7.0

Range 0.9−75.2

PSAvel (ng/mL/y)

Median 2.0

Range 0.1–25

Time from treatment to scan (mo)

Median 50.4

Range 7–228
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with an optimal cutoff of 9.7 mo corresponding to a true-positive
rate of 0.83 and a false-positive rate of 0.44. For PSAvel, the
AUC was 0.84, and the true-positive rate and false-positive rate

were 0.79 and 0.19, for an optimal threshold of 0.85 ng/mL/y. A
multivariable logistic model including both PSA and PSAdt as
predictors, comparing AUCs, showed there was no significant dif-
ference from PSA alone (P 5 0.06). Hence, there was no advantage
of using the combination of PSA and PSAdt in predicting 18F-
DCFPyL PET/CT results.
Regarding disease location, tumor sites detected by 18F-DCFPyL

PET correlated with PSA (P , 0.001), PSAdt (P 5 0.048), and
PSAvel (P , 0.001), and the association was driven by the differ-
ences with respect to intrapelvic disease (i.e., prostatectomy bed
with or without pelvic lymph nodes) versus extrapelvic disease
(i.e., retroperitoneal nodes, supradiaphragmatic nodes, or bone or
organ sites). Median PSA values were significantly lower for pa-
tients with intrapelvic than for those with extrapelvic disease
(2.6 vs. 5.7 ng/mL; P , 0.001). There was a trend toward a higher
PSAdt for patients with intrapelvic versus extrapelvic disease
(7.2 vs. 5.5 mo; P 5 0.051), and PSAvel was significantly lower
in patients with intrapelvic than extrapelvic disease (1.5 vs. 7.3 ng/
mL/y; P , 0.001). 18F-DCFPyL PET/CT detected disease con-
fined to the pelvis in 47.7% (45/90) of patients, and stratifying by
PSA, the intrapelvic detection rates were 42.9% (9/21), 50%
(5/10), 77.8% (7/9), and 48% (24/50) at a PSA level of .0.2
to ,0.5, 0.5 to ,1.0, 1 to ,2.0, and $2.0 ng/mL, respectively.
Importantly, 55.5% of postradiotherapy patients had 18F-DCFPyL–
positive lesions within the prostate bed, compared with 22.2% of
postprostatectomy patients (P , 0.001). Extrapelvic disease detec-
tion was almost negligible (n 5 1) for a PSA level of ,1 ng/mL
and increased to 11.1% (1/9) and 46% (23/50) when PSA increased
to .1 to ,2.0, and $2.0 ng/mL, respectively. Figure 1 shows the
intrapelvic/extrapelvic detection rate compared with the overall de-
tection rate, stratified by PSA. All patients with extrapelvic PET
findings also had intrapelvic lesions, except for 3 patients with
bone-only (n5 2) or lung (n5 1) lesions. Table 2 lists the locations
of recurrent disease.

FIGURE 1. 18F-DCFPyL PET overall detection rates and intrapelvic and

extrapelvic lesion detection rates, stratified by PSA (A), PSAdt (B), and

PSAvel (C).

FIGURE 2. Receiver-operating-characteristic analysis in prostatectomy

patients (n 5 63) for PSA, PSAdt, and PSAvel.
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Lesion-Based Analysis
18F-DCFPyL PET/CT identified a total of 287 lesions: 37 in the

prostatectomy/prostate bed, 208 in lymph nodes, and 42 in bone or
organ sites. Figure 3 shows the percentage of 18F-DCFPyL–positive
lesions by location, stratified by PSA. For a PSA level of ,1 ng/
mL, 18F-DCFPyL PET–positive lesions were mainly confined
to the pelvis (Figs. 4 and 5), except for 1 patient with a PSA of
0.44 ng/mL and 1 bone lesion, which was biopsy-proven to be
metastatic (Fig. 6). For a PSA level of 1 to ,2 ng/mL, retro-
peritoneal nodes and bone/visceral sites were present in 5.6%
(1/18) of the lesions, and for a PSA level of $2 ng/mL, retro-
peritoneal, distant nodes, and bone/visceral sites were present in
27.5% (67/244), 3.7% (9/244), and 16.4% (40/244) of the lesions,
respectively.
PSA values were associated with the number of 18F-DCFPyL–

positive lesions and tumor volume (P , 0.001), whereas PSAdt
was associated with the number of 18F-DCFPyL–avid lesions
(P 5 0.03). Some of these correlations were dependent on
disease location; that is, there was a correlation between PSA

and tumor volume for intrapelvic disease (r 5 0.76) but not
for extrapelvic disease (r 5 0.03). There was no correlation
between PSA and SUVmax for intra- or extrapelvic disease
(Fig. 7).

Histopathology and Patient Follow-up

Among 70 patients with positive scans, the presence of local
recurrence or metastases was histologically confirmed in 40%
(28/70) of cases for at least 1 site, either within the prostate
bed (n 5 17), lymph nodes (n 5 8) or bones (n 5 3). There were
matched multiparametric MRI findings in 18.6% (13/70) of cases.
Follow-up CT or bone scanning was available for 4.3% (3/70).
PSA was undetectable after pelvic or node-boosted RT in 8.5%
(7/70). Seventeen patients had lesions not amenable for biopsy or
refused biopsy, and 2 had negative biopsy results (2 prostate
foci). Therefore, the positive predictive value using histopathologic
confirmation was 93.3% (95% confidence interval, 77.6%–99.2%;
n 5 30), whereas the positive predictive value using the histology–
plus–follow-up standard reference was 96.2% (95% confidence in-
terval, 86.3%–99.7%; n 5 53).
Follow-up treatment information was available for 66 pa-

tients. Among these, 16 received local therapy: salvage radiation
for 7, SBRT for 5, nodal/prostate resection for 3, and cryother-
apy for 1. The other 43 patients were treated with systemic
therapy: ADT alone for 17, ADT plus pelvic RT for 19, ADT
plus palliative RT to the bone for 1, ADT plus chemotherapy for
2, and enrollment in a vaccine trial for 4; 7 patients continue
active surveillance.

DISCUSSION

This was part of a prospective study assessing the performance
of 18F-DCFPyL PET/CT in BCR prostate cancer patients after

TABLE 2
Tumor Sites Detected with 18F-DCFPyL PET/CT

Tumor location* No. of patients

Local recurrence (prostatectomy/

prostate bed)

29 (32.2%)

Lymph nodes

Pelvic 39 (43.3%)

Retroperitoneal 14 (15.5%)

Distant supradiaphragmatic nodes 3 (3.3%)

Bone 9 (10%)

Organ (e.g., lungs, penile implant) 5 (5.5%)

*There could be more than 1 lesion site per patient.

FIGURE 3. 18F-DCFPyL–positive sites by location, stratified by PSA.

FIGURE 4. A 60-y-old man with T2bN0, Gleason 4 1 3 prostate can-

cer, after prostatectomy. Time from treatment is 4 y, prescan PSA level

is 0.24 ng/mL, and PSAdt is 16 mo. 18F-DCFPyL PET/CT demonstrates

focal uptake (arrows) at right seminal vesicle resection site. Patient re-

fused biopsy and proceeded with RT.
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primary curative therapy. The patients had negative conventional-
imaging results and a relatively low median PSA of 2.5 ng/mL
(range, 0.21–35.5 ng/mL). This patient population is particularly
difficult to assess because disease recurrence can vary from local
recurrence to metastatic disease and the therapies for each disease
category differ significantly. In this population, 18F-DCFPyL PET/
CT had an overall lesion detection rate of about 78%. In a simi-
lar population, 18F-DCFPyL outperformed 18F-DCFBC, the first-
generation 18F-PSMA compound, with a higher lesion detection
rate (78% vs. 60%) mainly because of a higher tumor-to-background
ratio and almost negligible blood-pool activity when compared with
18F-DCFBC (20).
Far more can be learned by stratifying the results according

to PSA level. As with prior studies (21), the sensitivity of 18F-
DCFPyL PET/CT increases with higher strata of PSA: lesion
detection rates were 47.6%, 50%, 88.9%, and 94% for PSA
levels of .0.2 to ,0.5, 0.5 to ,1.0, 1 to ,2.0, and $2.0 ng/
mL, respectively. Similar promising results have been demon-
strated in patients with BCR using 68Ga-labeled PSMA ligands
(21–24). In a recent metaanalysis of 4,790 patients with BCR,
Perera et al. (23) showed an overall PSMA PET sensitivity
of 77% and specificity of 97% on a per-patient analysis; for
PSA categories 0–0.19, 0.2–0.49, 0.5–0.99, 1–1.99, and $2 ng/
mL, the percentages of positive scans were 33%, 45%, 59%,
75%, and 95%, respectively. A similar overall detection rate
of 75% was reported by Fendler et al. (24) in a prospective
multicenter trial including 635 patients with BCR, and detec-
tion rates significantly increased with PSA: 38%, 57%, 84%,
86%, and 97% for PSA levels of ,0.5, 0.5 to ,1.0, 1.0 to ,2.0,
2.0 to ,5.0, and $5.0 ng/mL, respectively (24). In another

prospective trial, lesion detection rates were reported to be sig-
nificantly higher with PSMA PET/CT than with 18F-fluciclovine
(56% vs. 26%) in patients with BCR at a PSA of less than 2 ng/
mL (25).

18F-DCFPyL PET/CT exhibits similarly high lesion detection at
very low PSA levels (0.2–0.5 ng/mL) compared with literature
reports for 68Ga-PSMA-11 (;48% vs. 46%–58%) (21,26). One
of the few direct comparisons between 18F-DCFPyL and 68Ga-
PSMA-11 PETwas reported by Dietlein et al. (27), demonstrating
comparable biodistributions for both tracers but slightly higher
sensitivity for 18F-DCFPyL than for 68Ga-PSMA-11 (88% vs.
66%) when PSA ranged from 0.5 to 3.5 ng/mL. Another 18F
version of a PSMA ligand, 18F-PSMA-1007, was evaluated by
Giesel et al., who reported higher detection rates for patients with
lower PSA values: 61.5%, 74.5%, 90.9%, and 94.0% for PSA levels
of .0.2 to ,0.5, 0.5 to ,1.0, 1 to ,2.0, and $2.0 ng/mL, re-
spectively (22). These differences may be due to the fact that 18F-
PSMA-1007 has minimal urinary excretion, whereas 18F-DCFPyL
is renally excreted. With this agent, the interpretation of pelvic
lesions near the urinary bladder may be somewhat easier with less
confusion about activity in the ureters.
Because there was limited patient follow-up in this study,

hard endpoints (appearance of metastases, death) are not avail-
able. However, using knowledge of other established prognostic
biomarkers such as PSA, PSAdt, and PSAvel, one can reasonably
infer the prognostic implications of PSMA. 18F-DCFPyL PET/CT
results strongly correlated with PSA, PSAdt, and PSAvel in
prostatectomy patients, but the same association was not seen
in patients undergoing RT. This finding is likely due to the
more complex kinetics of PSA in early recurrence after RT.
In this context, despite few negative results (21), PSA kinetics

FIGURE 6. A 63-y-old man with T2cN1, Gleason 5 1 4 prostate can-

cer after prostatectomy. Time from treatment is 1.3 y; prescan PSA level

is 0.44 ng/mL, and PSAdt is 2.2 mo. 18F-DCFPyL PET/CT demonstrates

subcentimeter bilateral pelvic nodes and right fifth rib focus (arrows).

Biopsy confirmed bone metastasis.

FIGURE 5. A 63-y-old man with T3aN0, Gleason 4 1 3 prostate

cancer after prostatectomy. Time from treatment is 0.7 y; prescan

PSA level is 0.40 ng/mL, and PSAdt is 2.6 mo. 18F-DCFPyL PET/CT

image shows single 3-mm left presacral node with focal intense up-

take (arrows). This lesion was not biopsied, but we consider it less

likely to be a dorsal nerve ganglion root because of its location and

uptake intensity. Patient proceeded with salvage RT with presacral

node boost and ADT. Recent PSA level was 0.02 ng/mL.
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was often found to be associated with a PSMA PET–positive
detection rate (26,28). For instance, Eiber et al. reported in-
creased detection rates with higher PSAvel, but no significant
association was seen for PSAdt in a population of 248 patients
with BCR after prostatectomy (26). In a recent smallest cohort
of 51 patients, a higher PSAvel was also found to be associated
with a higher detection rate in PSMA PET scans (28). In a large
systematic metanalysis, Perera et al. reported that positive
PSMA PET/CT scans increased with PSA and shorter PSAdt
values (29).
An important result of our series is that PSA, PSAdt, and

PSAvel correlate with the extent of disease (i.e., intrapelvic/
extrapelvic) found on 18F-DCFPyL PET. Unifocal or multifocal
18F-DCFPyL–positive lesions within the pelvis were present in
48% of patients, whereas extrapelvic disease was found in 30%

of subjects, almost exclusively when PSAwas greater than 1 ng/
mL. This is consonant with the clinical experience that control
rates start to decline in patients with a PSA level of ,1 ng/mL
(30). This observation also agrees with previous published stud-
ies (31,32) evaluating the impact of PSMA PET in assessing
patient management at both low and high PSA values: patients
with low PSA values with PET-positive intrapelvic disease might
benefit from influencing the radiation field by delineating dom-
inant nodules to boost with salvage RT, whereas in patients with
high PSA values, the presence of extrapelvic disease on PSMA
PET could trigger systemic therapy. In our cohort, at PSA levels
of more than 2 ng/mL PSMA PETwas almost always positive for
recurrence, and about 50% of the patients had distant metastasis,
which could be an independent sign of poor outcome. Interest-
ingly, primary tumor histopathologic grading (Gleason score) had

FIGURE 7. Correlation plots between PSA and PSA kinetics vs. lesion number, SUVmax, and tumor volume.
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little bearing on the rate of scan positivity or the intensity of
uptake on 18F-DCFPyL PET, as is in accordance with previously

published results (21,22).
Histologic confirmation was available for about 40% of patients

whose scans were positive—a relatively high rate of confirmatory

biopsies compared with other studies. However, there were a con-

siderable number of positive sites without histologic validation.

Unfortunately, this is a common problem in studies involving

BCR prostate cancer patients because positive findings are often

subcentimeter lesions deep within the pelvis, often in unsafe loca-

tions or otherwise not feasible or ethical to biopsy for a research

purpose alone. Nonetheless, in our cohort, despite a few negative

results mostly for technical reasons, the biopsies were uniformly

positive for cancer.
One persistent finding across multiple studies of PSMA PET/

CT is that even at very high PSA values, not all scans are positive.

This finding suggests that a small but reliable fraction of patients

with locally advanced disease do not express PSMA. It is possible

that such tumors represent highly undifferentiated cancers or that

they express other surface markers that may be amenable to imaging

with another targeted agent.
Finally, we cannot evaluate the impact of 18F-DCFPyL PET/

CT on treatment decisions because the scans were performed for

research purposes and because patients received therapy based

on PSA findings and not scan results. Nonetheless, it is fore-

seeable that PSMA PET could ultimately determine whether to

use locoregional salvage or systemic palliative therapy, depend-

ing on whether the recurrence is in the pelvis or distant. This

ability would be especially important at the early stages of

BCR, when potential salvage RT options could still be curative,

and likely would be most effective at PSA levels of ,0.5–1.0

ng/mL (33).

CONCLUSION

18F-DCFPyL PET/CT successfully identifies PSMA-positive
lesions compatible with prostate cancer in patients with BCR

after primary local therapy when conventional-imaging results

are negative. 18F-DCFPyL PET/CT has a high positivity rate

even at low PSA values (,0.5 ng/mL). In postsurgical patients,
18F-DCFPyL PET/CT results correlate with established predic-

tors of poor outcome, such as PSAdt. However, in postradiation

patients the relationship is less clear. As with other studies,

PSMA PET is not positive in all patients, and approximately

10% will have negative scans even at very high PSA values.
18F-DCFPyL PET/CT detection efficacy is comparable to previ-

ously published results with 68Ga-labeled-PSMA compounds,

but 18F-DCFPyL has several logistic advantages because of its

longer half-life.
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KEY POINTS

QUESTION: What is the lesion detection rate of 18F-DCFPyL, a

PSMA-targeted PET agent, in biochemically relapsed prostate

cancer patients after primary local therapy?

PERTINENT FINDINGS: Seventy of 90 patients (77.8%) who had

been prospectively enrolled in the study showed a positive PSMA

PET scan, with lesion detection rates of 47.6% (10/21), 50% (5/10),

88.9% (8/9), and 94% (47/50) for PSA levels of .0.2 to ,0.5, 0.5

to,1.0, 1 to,2.0, and$2.0 ng/mL, respectively. Tumor recurrence

was histologically confirmed in 40% (28/70) of the patients with

positive PET findings.

IMPLICATIONS FOR PATIENT CARE: 18F-DCFPyL PET/CT

successfully identifies tumor in patients with biochemically

recurrent prostate cancer when conventional-imaging results

are negative and, more importantly, at low PSA values

(,0.5 ng/mL), which may substantially impact clinical

management.
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