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Prostate-specific membrane antigen (PSMA) is a 
transmembrane glutamate-preferring carboxypep-

tidase known to be overexpressed in the majority of 
prostate cancer cells of higher grade (1). PSMA-tar-
geting imaging agents have been developed as valu-
able diagnostic agents for patients with prostate 
cancer (2). A PSMA-targeting tracer, 2-(3-{1-car-
boxy-5-[(6-[(18)F]fluoro-pyridine-3-carbonyl)-
amino]-pentyl}-ureido)-pentanedioic acid (DCF-
PyL), was developed at Johns Hopkins by Dr Martin 
Pomper’s group (3) and became a leading PSMA-
targeting imaging agent given its high positron yield, 

low positron energy, and longer half-life than gal-
lium 68, allowing high-quality images, high tumor- 
to-background ratios, and the ability of fluorine 18 
(18F) agents to be centrally produced and distributed 
to end users (4,5). DCFPyL was successful in enabling 
disease detection in several early trials (4–14). Sub-
sequent prospective multicenter studies of DCFPyL 
in patients with high-risk primary and biochemically 
recurrent (BCR) prostate cancer, the OSPREY (Study 
of 18F-DCFPyL PET/CT Imaging in Patients with 
Prostate Cancer) (15) and CONDOR (Study of 18F-
DCFPyL PET/CT Imaging in Patients with Suspected 

Background: Prostate-specific membrane antigen (PSMA) PET is standard for newly diagnosed high-risk and biochemically recurrent 
(BCR) prostate cancer. Although studies suggest high specificity of 2-(3-{1-carboxy-5-[(6-[(18)F]fluoro-pyridine-3-carbonyl)-amino]-
pentyl}-ureido)-pentanedioic acid (DCFPyL) for targeting PSMA, false-positive findings have been identified and most studies lack 
histologic confirmation of malignancy.

Purpose: To estimate the positive predictive value (PPV) of DCFPyL PET/CT by providing histopathologic proof for DCFPyL-
avid lesions suspected of being distant metastases at initial diagnosis and recurrence in BCR prostate cancer.

Materials and Methods: In this prospective trial, men with newly diagnosed high-risk prostate cancer (sample 1) or BCR prostate can-
cer and negative findings at conventional CT and/or bone scanning (sample 2) were enrolled between January and December 2021. 
All men underwent DCFPyL PET/CT. Suspected distant metastases and/or recurrences were biopsied. PPV was calculated.

Results: A total of 92 men with newly diagnosed prostate cancer (median age, 70 years; IQR, 64–75 years) (sample 1) and 92 
men with BCR prostate cancer (median age, 71 years; IQR, 66–75 years) (sample 2) were enrolled. In sample 1, 25 of the 92 men 
(27%) demonstrated DCFPyL-avid lesions suspicious for distant metastases. Biopsy was performed in 23 of the 25 men (92%), 
with 17 of the 23 (74%) biopsies positive for malignancy and six (26%) benign. Of the six benign biopsies, three were solitary rib 
foci and three were solitary pelvic bone foci. In sample 2, 57 of the 92 men (62%) demonstrated DCFPyL-avid lesions suspicious 
for recurrence. Biopsy was performed in 37 of the 57 men (65%), with 33 of the 37 (89%) biopsies positive for malignancy and 
four (11%) benign. Of the four benign biopsies, two were subcentimeter pelvic nodes and/or nodules, one was a rib, and one was a 
pelvic bone focus.

Conclusion: PET/CT with 2-(3-{1-carboxy-5-[(6-[(18)F]fluoro-pyridine-3-carbonyl)-amino]-pentyl}-ureido)-pentanedioic acid 
(DCFPyL) had a high biopsy-proven positive predictive value for distant metastases in newly diagnosed prostate cancer (74%) and 
for recurrence sites in men with biochemical recurrence (89%). However, there were DCFPyL-avid false-positive findings (particu-
larly in ribs and pelvic bones). Solitary DCFPyL avidity in these locations should not be presumed as malignant. Biopsy may still be 
needed prior to therapy decisions.
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Materials and Methods
Lantheus provided the DCFPyL used in this investigator-
initiated trial. The authors had control of the data and the 
information submitted for publication. None of the authors 
are employees of Lantheus.

Participants
This prospective clinical trial (ClinicalTrials.gov identifier, 
NCT04700332) was performed under a U.S. Food and 
Drug Administration Investigational New Drug application 
(IND 152057). The study was approved by the institutional 
review board (IRB no. 2020000596), and written informed 
consent was obtained from all participants. The trial began 
in January 2021, prior to Food and Drug Administration 
approval of DCFPyL as piflufolastat 18F in May 2021. Con-
secutive men were enrolled and completed the trial at the 
Hoag Family Cancer Institute between January and De-
cember 2021. A total of 184 men were accrued, 92 men in 
each of the two sample groups. Inclusion criteria were men 
18 years or older with biopsy-proven adenocarcinoma of 
the prostate and an Eastern Cooperative Oncology Group 
performance score of 0–2. Inclusion criteria for sample 1 
added men with newly diagnosed high-risk prostate can-
cer (defined as PSA level .10 ng/mL and Gleason score of 
8–10) who were scheduled to undergo prostatectomy or ra-
diation therapy. Patients in sample 1 had not received prior 
therapy, including androgen deprivation therapy. Inclusion 
criteria for sample 2 added BCR prostate cancer (defined 
as PSA level 0.2 ng/mL following prostatectomy or PSA 
level 2.0 ng/mL above nadir following radiation therapy) 
(28,29) and no evidence of disease on CT and/or bone scans 
within 3 months of trial enrollment. Exclusion criteria were 
lack of consent or inability to tolerate PET/CT. Demo-
graphic and clinical data, including age, PSA level, Gleason 
score of the primary malignancy, and prior therapy (for men 
in sample 2), were recorded.

DCFPyL PET/CT
DCFPyL was obtained on demand under a production 
agreement with Lantheus and was synthesized according 
to good manufacturing practices. There were no specific 
participant preparation guidelines other than the recom-
mendation to remain well hydrated. A dose of 333 MBq 
(9 mCi) 610% DCFPyL was administered intravenously. 
Men voided before imaging. PET/CT was performed 60 
minutes after tracer administration by using a Siemens Bio-
graph mCT Flow PET/CT scanner. Images were obtained 
from the midthigh to the skull apex and reconstructed into 
multiplanar PET, CT, and fused PET/CT images. CT was 
used for attenuation correction of PET images. Images were 
reviewed with a Siemens SyngoVia Workstation by the prin-
cipal investigator (G.A.U., with 17 years of experience in 
PET imaging). Sites of DCFPyL avidity that were not phys-
iologic and were suspicious for malignancy were recorded. 
Physiologic sites of DCFPyL avidity include the lacrimal 
and salivary glands, liver, spleen, kidneys, ureters, bladder, 
and bowel. CT was performed without intravenous contrast 

Recurrence of Prostate Cancer) (16) trials, respectively, led 
to U.S. Food and Drug Administration approval of DCF-
PyL for these groups of patients in 2021 (17). Of note, al-
though local nodal disease in cohort A of the OSPREY trial 
had histopathologic findings as the standard of proof, no 
pathologic confirmation was reported for suspected distant 
metastases, which have the potential to substantially alter 
therapeutic management. All patients in OSPREY cohort 
B were suspected of having regional or distant disease be-
fore the DCFPyL scan and thus represent a different set of 
patients with more advanced disease. In CONDOR, a com-
posite standard of proof including pathologic examination, 
correlative imaging, and prostate-specific antigen (PSA) re-
sponse was used in patients with BCR prostate cancer, but 
only 23% of patients had the preferred standard, pathologic 
findings. Indeed, among prospective trials of DCFPyL and 
other PSMA-targeted imaging agents, pathologic validation 
of suspicious distant metastases at the initial diagnosis and 
at sites of recurrence in BCR prostate cancer is either not 
reported or is reported in a minority of men (18–22); thus, 
subsequent treatment is often initiated without histologic 
validation. This omission is concerning because, despite 
its name, PSMA is not specific for prostate cancer (23,24). 
Multiple false-positive findings and tumor mimics have 
been identified with DCFPyL PET and other PSMA PET 
imaging agents (23–27). The presumption that PSMA-avid 
lesions at PET are malignant can lead to suboptimal patient 
management. This prospective clinical trial was designed 
to estimate the positive predictive value (PPV) of DCFPyL 
PET/CT by providing histopathologic proof for DCFPyL-
avid lesions suspected of distant metastases at initial diagno-
sis and sites of recurrence in BCR prostate cancer.

Abbreviations
BCR = biochemically recurrent, DCFPyL = 2-(3-{1-carboxy-5-[(6-[(18)
F]fluoro-pyridine-3-carbonyl)-amino]-pentyl}-ureido)-pentanedioic 
acid, PPV = positive predictive value, PSA = prostate-specific antigen, 
PSMA = prostate-specific membrane antigen

Summary
This prospective clinical trial demonstrated with histologic 
examination the high positive predictive value of 2-(3-{1-car-
boxy-5-[(6-[(18)F]fluoro-pyridine-3-carbonyl)-amino]-pentyl}-
ureido)-pentanedioic acid PET/CT for prostate cancer distant 
metastases and recurrences and identified sites of false-positive 
findings.

Key Results
 n In a prospective trial of 2-(3-{1-carboxy-5-[(6-[(18)F]fluoro-

pyridine-3-carbonyl)-amino]-pentyl}-ureido)-pentanedioic acid 
(DCFPyL) in 184 patients with initially diagnosed and biochem-
ically recurrent prostate cancer, 50 of 60 biopsied DCFPyL-avid 
lesion suspicious for distant metastases or recurrences (83%) 
were malignant.

 n The biopsy-proved positive predictive value of DCFPyL PET/
CT for distant metastases was 74% in newly diagnosed high-risk 
prostate cancer and 89% in sites of recurrence in men with bio-
chemical recurrence.

 n Nonmalignant DCFPyL-avid areas at biopsy were most commonly 
ribs and pelvic bones.
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material. Transaxial section thickness was 4 mm, 
with an interval of 3 mm. The median CT dose 
index was 6.6 mGy, and the median dose-length 
product was 821 mGy ∙ cm. Participants were 
contacted on the day following DCFPyL PET/
CT to record adverse events.

Biopsy of Sites Suspicious for Distant 
Metastases or Recurrent Disease
The goal of our trial was to obtain pathologic 
confirmation of DCFPyL-avid suspected distant 
metastases (sample 1) or suspected recurrence 
(sample 2) whenever possible. DCFPyL PET/CT 
images were reviewed by the principal investiga-
tor and an interventional radiologist (T.P. or T.T., 
with 14 and 10  years of experience, respectively) 
to determine consensus for an accessible and safe 
lesion for CT- or US-guided biopsy. Although it 
was common for multiple DCFPyL-avid foci to 
be seen on a scan, only one site of distant me-
tastasis or suspected recurrence was targeted per 
participant. If lesions were not appropriate or safe 
for biopsy, for example owing to lack of a safe 
biopsy window or patient-deferred biopsy, then 
no biopsy was performed. If lesions were deemed 
safe for biopsy, then the safest representative le-
sion was biopsied per protocol within 14 days of 
DCFPyL PET/CT. Histopathologic examination 
was performed by board-certified pathologists.

Statistical Analysis
The primary objective of this study was to pro-
spectively estimate the true-positive rate of  
DCFPyL PET/CT, or the PPV, defined as the 
number of scans positive at DCFPyL PET/CT 
and biopsy positive divided by the total number 
of scans positive at DCFPyL PET/CT. It was es-
timated that if 50% of the men had at least one 
pathology-confirmed distant metastasis, a sample 
size of 92 men per cohort would allow us to es-
timate the PPV with a precision of 614%. The 
PPV is given with exact 95% CIs. Medians and 
ranges are used to summarize continuous vari-
ables and frequencies, and percentages are used to 
summarize categorical variables. A post hoc anal-
ysis to define results according to PSA group was 
performed after completion of the trial. Statisti-
cal analyses were performed by an author (A.M., 
with 15 years of experience in biostatistics) using 
R version 4.1.1 (Vienna, Austria).

Results

Participant Characteristics
The Standards for Reporting of Diagnostic Accuracy flow dia-
grams for both samples are shown in Figure 1. A total of 201 
patients were screened, and 184 patients were enrolled in the 

trial. In sample 1 (newly diagnosed high-risk prostate cancer), 
98 men met inclusion criteria. Six men were excluded because 
they were unwilling to consent to the clinical trial, leaving 92 
patients. In sample 2 (BCR prostate cancer), 103 men met 

Figure 1: (A) Standards for Reporting of Diagnostic Accuracy, or STARD, diagram of sample 
1, men with newly diagnosed high-risk prostate cancer. (B) Standards for Reporting of Diagnos-
tic Accuracy diagram of sample 2, men with biochemically recurrent prostate cancer. DCFPyL = 
2-(3-{1-carboxy-5-[(6-[(18)F]fluoro-pyridine-3-carbonyl)-amino]-pentyl}-ureido)-pentanedioic acid.
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sample 1, the median age was 70 years (range, 43–92 years; 
IQR, 64–75 years) and the median PSA level was 10.7 ng/mL 
(range, 1.6–1956 ng/mL). In sample 2, the median age was 
71 years (range, 58–89 years; IQR, 66–75 years) and the me-
dian PSA level was 0.7 ng/mL (range, 0.2–38.9 ng/mL). The 
participant characteristics are summarized in Table 1. There 
were no reported adverse events from DCFPyL PET/CT.

DCFPyL PET/CT and Biopsy in Sample 1
Of the 92 men in sample 1, 25 (27%) demonstrated DCFPyL 
foci suspicious for distant metastases and 67 (73%) did not  
(Fig 1A). Of the 25 men with DCFPyL foci suspicious for  
distant metastases, 23 (92%) underwent biopsy. Seventeen 
of the 23 biopsy samples (74%) demonstrated malignancy, 
including 13 osseous lesions (three rib, seven pelvic bone, 
two spine, and one femur), three distant nodal metastases 
(two retroperitoneal and one left supraclavicular), and one 
lung nodule. The lung nodule was proven to be a renal cell 
carcinoma metastasis at biopsy. All other positive biopsy 
samples demonstrated metastatic prostate adenocarcinoma. 
Six of 23 biopsies (26%) were benign, and all were solitary 
osseous lesions (three in ribs and three in pelvic bones). For 
sample 1, the estimated PPV of DCFPyL PET/CT for dis-
tant metastases was 74% (17 of 23 men; 95% CI: 52, 90).

The two men with DCFPyL foci suspicious for distant 
metastases that were not sampled for biopsy received clini-

cal follow-up, with one 
demonstrating sclerosis 
of osseous lesions fol-
lowing therapy and the 
other demonstrating 
decreased size of distant 
nodal lesions following 
therapy, suggesting that 
both men had distant 
metastases; however, 
these men were not in-
cluded in calculations 
of biopsy-proven sites.

For 91 of the 92 
men in sample 1 (99%), 
there was a prostate fo-
cus consistent with the 
known primary pros-
tate cancer. For 21 of 
the 92 men (23%), 
there were pelvic nodal 
foci suspicious for lo-
cal pelvic nodal metas-
tases. However, neither 
the primary prostate 
focus nor the local 
pelvic nodal foci were 
the focus of this study, 
and correct localiza-
tion was not confirmed 
pathologically.

Table 1: Baseline Characteristics of Participants

Characteristic Sample 1 (n = 92) Sample 2 (n = 92) 
Age (y)* 70 (64–75) 71 (66–75)
PSA level (ng/mL)* 10.7 (1.6–1956) 0.7 (0.2–38.9)
Gleason score
 4 0 (0) 1 (1)
 6 5 (5) 5 (5)
 7 15 (16) 53 (58)
 8 38 (41) 17 (18)
 9 32 (35) 16 (17)
 10 2 (2) 0 (0)
Prior local therapy
 RT NA 12 (13)
 Prostatectomy NA 47 (51)
 Prostatectomy and RT NA 33 (36)

Note.—Sample 1 is composed of men with newly diagnosed 
high-risk prostate cancer. Sample 2 is composed of men with 
biochemically recurrent prostate cancer. Except where indicated, 
data are numbers of participants, with percentages in parentheses. 
NA = not applicable, PSA = prostate-specific antigen, RT = 
radiation therapy.
* Data are medians, with IQR in parentheses.

Figure 2: Examples of biopsy-proven distant metastases and sites of biochemical recurrence. Red arrows highlight the biopsy-
proven malignant lesions. (A–D) A 2-(3-{1-carboxy-5-[(6-[(18)F]fluoro-pyridine-3-carbonyl)-amino]-pentyl}-ureido)-pentane-
dioic acid (DCFPyL) maximum intensity projection image (A), axial CT scan (B), axial fused DCFPyL PET/CT scan (C), and CT 
scan obtained during image-guided biopsy (D) of a DCFPyL-avid (standardized uptake value, 5.0) biopsy-proven right fourth rib 
metastasis in a 76-year-old man with initially diagnosed prostate cancer (Gleason score, 8; prostate-specific antigen [PSA] level of 
5.4 ng/mL). There were also DCFPyL-avid pelvic nodes that were not biopsied (Fig 2 continues).

inclusion criteria. Eleven men were excluded because they 
were unwilling to consent to a clinical trial, leaving 92 par-
ticipants. The enrollment goal was met for both samples. In 



Ulaner et al

Radiology: Volume 305: Number 2—November 2022  n  radiology.rsna.org 423

DCFPyL PET/CT and Biopsy in Sample 2
Of the 92 men in sample 2, 57 (62%) demonstrated DCF-
PyL foci suspicious for sites of recurrence and 35 (38%) did 
not (Fig 1B). Of the 57 men with DCFPyL foci suspicious 
for sites of recurrence, 37 (65%) underwent biopsy. Thirty-
three of the 37 biopsies (89%) demonstrated malignancy, 
including two prostate foci, three prostate bed foci, eight 
osseous lesions (one rib, three pelvic bones, three spine, and 
one scapula), 15 nodal metastases (seven pelvic, six abdomi-
nal, and two left supraclavicular), and five other lesions 
(abdominal muscle, penile, lung, pleural, and breast). The 
breast lesion was a biopsy-proven male intraductal breast 
carcinoma; all other biopsied malignancies were prostate 
cancer recurrences. Only four of the 37 biopsies (11%) 
were benign, including two solitary osseous lesions (one rib 
and one pelvic bone) and two solitary subcentimeter pelvic 
nodal and/or soft-tissue lesions. For sample 2, the estimated 
PPV of DCFPyL PET/CT for sites of recurrence in men 
with biochemical recurrence was 89% (95% CI: 75, 97).

Of the 20 men in sample 2 with DCFPyL foci suspicious 
for sites of recurrence that were not biopsied, two underwent 
follow-up prostate MRI 
that suggested a true-
positive prostate DCF-
PyL focus and three 
underwent follow-up 
prostate or pelvic MRI 
that did not demon-
strate an anatomic cor-
relate to a DCFPyL fo-
cus. The latter patients 
may have had benign  
DCFPyL foci, as no le-
sion was apparent for 
biopsy. These five men 
with imaging follow-up 
were not included in 
calculations of biopsy-
proven results. In 15 
other men with DCF-
PyL foci suspicious for 
sites of recurrence, the 
focus was interpreted as 
not amenable to image-
guided biopsy (n = 6), 
the lesion was within a 
previously radiated field 
and pathologic proof 
would not affect fur-
ther management (n = 
2), the participant had 
a pacemaker or stimula-
tor preventing further 
MRI evaluation of pros-
tate and/or prostate bed 
foci (n = 2), and the par-
ticipant deferred biopsy  

(n = 5). Examples of DCFPyL PET/CT foci that were con-
firmed to be malignant and benign at biopsy are provided in 
Figures 2 and 3, respectively.

Post Hoc Statistical Analysis
After protocol completion, the data were reviewed to determine 
the results by retrospectively defining the PSA groups (Table 
2). In sample 1, for men with a PSA level of 20 ng/mL or lower, 
14 of 67 (21%) had a site suspicious for distant metastasis at  
DCFPyL PET/CT. Thirteen of the 14 men underwent bi-
opsy, with eight of 13 (62%) demonstrating malignancy. 
For men with a PSA level greater than 20 ng/mL, 11 of 25 
(44%) had a site suspicious for distant metastasis at DCF-
PyL PET/CT. Ten of the 11 men underwent biopsy, with 
nine of 10 (90%) demonstrating malignancy. In sample 
2, for men with a PSA level of 1 ng/mL or less, 21 of 51 
(41%) had a site suspicious for recurrence at DCFPyL PET/
CT. Twelve of the 21 men underwent biopsy, with 10 of 12 
(83%) demonstrating malignancy. For men with a PSA level 
greater than 1 ng/mL, 36 of 41 (88%) had a site suspicious 
for recurrence at DCFPyL PET/CT. Twenty-five of the 36 

Figure 2: (continued) (E–H) DCFPyL maximum intensity projection image (E), axial CT scan (F), axial fused DCFPyL PET/CT scan 
(G), and CT scan obtained during image-guided biopsy (H) of a DCFPyL-avid (standardized uptake value, 11.2) biopsy-proven 
subcentimeter left pelvic sidewall node in a 65-year-old man with prostate cancer after prostatectomy and salvage radiation. PSA 
level was 0.6 ng/mL (Fig 2 continues).
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men underwent biopsy, with 23 of the 25 (92%) demon-
strating malignancy.

There were 21 biopsy-proven sites of bone metastases in 
the two samples. The median PSA level for these men was 12.0  
ng/mL (range, 0.4–1956 ng/mL). The median PSA level for 
the 15 men in sample 1 was 28.2 ng/mL (range, 5.1–1956 
ng/mL), and the median PSA level for the six men in sample 
2 men was 1.9 ng/mL (range, 0.4–6.7 ng/mL). Four of these 
osseous metastases were in men in sample 2 with a PSA level 
less than 2.0 ng/mL (rib metastasis, PSA level of 0.4 ng/mL; 
spine metastasis, PSA level of 0.9 ng/mL; spine metastasis, 
PSA level of 1.8 ng/mL; and scapula metastasis, PSA level 
of 1.9 ng/mL).

Discussion
Prostate-specific membrane antigen PET is becoming a 
standard method of evaluating patients with newly diag-
nosed high-risk and biochemically recurrent prostate can-
cer. Although studies have suggested high specificity of 
2-(3-{1-carboxy-5-[(6-[(18)F]fluoro-pyridine-3-carbonyl)-
amino]-pentyl}-ureido)-pentanedioic acid (DCFPyL), several 
false-positive findings and tumor mimics have been identified, 

and most studies to date do not include a large proportion of 
patients for whom histologic confirmation was obtained for 
distant metastases or recurrence (4–16). In this prospective 
clinical trial, pathologic confirmation of DCFPyL-avid sites 
suspicious for distant metastases and recurrence was obtained 
to determine the positive predictive value (PPV) of DCFPyL-
avid lesions. Although DCFPyL PET/CT in our trial dem-
onstrated a biopsy-proven PPV of 74% for suspected distant 
metastases at initial diagnosis and 89% for recurrence, there 
were several anatomic sites with DCFPyL avidity yielding 
benign biopsy results, namely, solitary foci in ribs, in pelvic 
bones, and along pelvic nodal chains.

The benefits of DCFPyL PET/CT for staging were read-
ily apparent in our trial. DCFPyL helped detect suspicious 
osseous, nodal, and soft-tissue lesions that were not identi-
fied at CT and bone scanning. This included sites previ-
ously overlooked, such as the left supraclavicular nodes and 
CT-occult osseous, muscle, and penile lesions. Tiny lesions 
identified on DCFPyL scans, which were not considered 
suspicious at traditional anatomic imaging, proved to be 
sites of active malignancy upon biopsy. Malignant osseous 
foci were identified in men with PSA values as low as 0.4 ng/

Figure 2: (continued) (I–L) DCFPyL maximum intensity projection image (I), axial CT scan (J), axial fused DCFPyL PET/CT scan 
(K), and US scan obtained during image-guided biopsy (L) of a DCFPyL-avid (standardized uptake value, 9.6) biopsy-proven 
subcentimeter right anterior abdominal wall metastasis in a 72-year-old man with prostate cancer after prostatectomy and salvage 
radiation. PSA level was 2.7 ng/mL. There are four anterior abdominal wall foci seen on the maximum intensity projection image.
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mL, even though it is often believed that high PSA values 
are required for osseous metastases to be present.

Despite the apparent benefits of DCFPyL PET/CT, 
several anatomic sites were prone to false-positive results. 
Solitary rib foci on DCFPyL scans have been previously 
reported to be a source of false-positive findings (30). In 
our prospective trial, four of eight (50%) biopsied rib foci 
were false-positive findings. Rib lesions considered benign 
based on CT criteria, such as thin sclerotic margins associ-
ated with enchondromas (23), were deemed benign in our 
trial and not biopsied. However, even DCFPyL-avid rib 
foci without CT criteria defining them as benign were of-
ten benign at biopsy. Similarly, four of 14 (29%) biopsied 
pelvic osseous foci were false-positive findings. The benign 
pelvic osseous foci in our trial were all solitary. Small pel-
vic nodal and/or nodule foci were another source of false-
positive findings, although most pelvic foci in men in our 
trial, as well as in participants of the OSPREY trial, were 
true-positive findings. The majority of benign biopsy results 
were in men with lower PSA values (20 ng/mL in sample 
1 and 0.5 ng/mL in sample 2). These benign findings at 
pathologic examination should give pause in the interpreta-
tion of some DCFPyL foci, particularly when not supported 

by additional foci confirming malignancy. Solitary DCFPyL 
foci in the ribs and pelvic bones and small nodes and/or 
nodules should not be presumed to be malignant, and tissue 
sampling may still be needed.

As has previously been reported, DCFPyL uptake may be 
seen in malignancies other than prostate cancer (23,25,27). 
In our trial, of 50 biopsy-proven sites of malignancy, two 
(4%) were metastases from nonprostate malignancies. The 
OSPREY trial (15) provided outstanding data with histo-
pathologic comparison on the detection of local nodal dis-
ease. Our trial did not contain an evaluation of local nodal 
disease to this level of precision. Similarly, our trial did not 
contain a thorough confirmation and localization of pri-
mary prostate malignancy in sample 1. The advantages of 
our trial include its prospective design and use of histopath-
ologic examination as the standard of proof.

Several limitations deserve mention. First, only one site 
per participant was biopsied. This is due to ethical and logisti-
cal issues with multiple biopsies per participant. Second, the 
possibility of false-negative biopsy findings must be consid-
ered, particularly in the case of small lesions. Third, in some 
men, biopsy was not performed because the DCFPyL-avid 
foci were deemed not amenable to biopsy. These men were 

Figure 3: Examples of 2-(3-{1-carboxy-5-[(6-[(18)F]fluoro-pyridine-3-carbonyl)-amino]-pentyl}-ureido)-pentanedioic acid 
(DCFPyL)–avid lesions with benign pathologic findings at biopsy. Red arrows highlight the lesions with benign biopsy results.  
(A–D) DCFPyL maximum intensity projection image (A), axial CT scan (B), axial fused DCFPyL PET/CT scan (C), and CT scan ob-
tained during image-guided biopsy (D) of a DCFPyL-avid (standardized uptake value, 6.9) right second rib sclerosis in a 68-year-
old man with prostate cancer after prostatectomy and salvage radiation. Prostate-specific antigen (PSA) level was 1.0 ng/mL  
(Fig 3 continues).
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not included in the calculations of biopsy-proven results. 
Fourth, as there were no biopsy specimens available for men 
without suspected distant metastases or sites of recurrence, 
the negative predictive value of DCFPyL PET/CT could not 
be evaluated. Fifth, DCFPyL scans underwent single reader 
assessment. Sixth, the results of this study may only be ap-
plicable to a population with similar prevalence of disease as 
ours. Finally, the analysis of results according to PSA groups 
was not prespecified in the trial, but rather a post hoc analysis.

In conclusion, in this prospective trial of men with newly 
diagnosed and biochemically recurrent (BCR) prostate cancer, 
2-(3-{1-carboxy-5-[(6-[(18)F]fluoro-pyridine-3-carbonyl)-
amino]-pentyl}-ureido)-pentanedioic acid (DCFPyL) PET/
CT demonstrated biopsy-proven positive predictive values of 
74% for distant metastases at initial diagnosis and 89% at 
sites of recurrent malignancy in BCR prostate cancer. How-
ever, there were areas of DCFPyL avidity with a higher pro-
pensity for false-positive results (ribs, pelvic bones, and small 
nodal foci). Thus, foci should not be presumed to always 
represent malignancy. Caution should be exercised, particu-
larly when encountering solitary lesions in ribs, pelvic bones, 
and small nodal foci. Tissue sampling may still be needed 

before selecting optimal therapies. Both clinical application 
and future trials of DCFPyL PET may benefit from increased 
pathologic correlation of imaging findings.
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Figure 3: (continued) (E–H) DCFPyL maximum intensity projection image (E), axial CT scan (F), axial fused DCFPyL PET/CT scan 
(G), and CT scan obtained during image-guided biopsy (H) of DCFPyL-avid (standardized uptake value, 12.7) left inferior pubic 
ramus sclerosis in a 59-year-old man with newly diagnosed prostate cancer (Gleason score, 8; PSA level, 19.7 ng/mL)  
(Fig 3 continues).
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Figure 3: (continued) (I–L) DCFPyL maximum intensity projection image (I), axial CT scan (J), axial fused DCFPyL PET/CT scan 
(K), and CT scan obtained during image-guided biopsy (L) of a DCFPyL-avid (standardized uptake value, 4.7) subcentimeter right 
external iliac node in a 61-year-old man with prostate cancer after prostatectomy. PSA level was 0.4 ng/mL. In each of these men, 
the biopsy results were benign.

Table 2: Results according to PSA Group

Sample and PSA Level  
(ng/mL) No. of Participants

Suspicious for Distant Metastasis 
(Sample 1) or Site of Recurrence 
(Sample 2) at DCFPyL PET/CT Biopsy Performed

Biopsy Result

Malignant Benign
Sample 1
 10 44 7 7 5 2
 .10–20 23 7 6 3 3
 .20–40 16 7 6 5 1
 .40 9 4 4 4 0
  Total 92 25 23 17 6
Sample 2
 0.5 31 11 7 5 2
 .0.5–1 20 10 5 5 0
 .1–2 11 9 6 5 1
 .2–5 10 9 7 6 1
 .5 20 18 12 12 0
  Total 92 57 37 33 4

Note.—DCFPyL = 2-(3-{1-carboxy-5-[(6-[(18)F]fluoro-pyridine-3-carbonyl)-amino]-pentyl}-ureido)-pentanedioic acid, PSA = prostate-
specific antigen.
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