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18Role of F-DCFPyL PET/CT in patients with suspected 

prostate cancer          

Abstract
Objective: Fluorine-18-2-(3-{1-carboxy-5-[(6-18F-��uoro-pyridine-3-carbonyl)-amino]-pentyl}-ureido)-

18pentanedioic acid ( F-DCFPyL), a novel positron emission tomography/computed tomography (PET/CT) ra-
diotracer that binds to the prostate speci�c membrane antigen (PSMA), is increasingly used for biochemically 

18recurrent prostate cancer diagnostics. However, the F-DCFPyL characteristics of suspected prostate cancer 
(SPCa) have been even more rarely described. Herein, in this retrospective study, we describe the clinical 

18impact of F-DCFPyL PET/CT imaging in SPCa. Subjects and Methods: We retrospectively evaluated the da-
18ta of 56 SPCa patients who had undergone F-DCFPyL PET/CT studies. These patients were done for primary 

diagnosis/staging. Positron emission tomography/CT images were analyzed both qualitatively and quanti-
tatively (maximum standardized uptake value (SUVmax) and maximum SUV normalized by lean body mass 

18(SULmax)). Histopathologic diagnosis was taken as reference standard. The optimal cut-o� of F-DCFPyL was 
determined using receiver operating characteristic curve (ROC). Results: All the patients were con�rmed by 
histopathological examination via prostatectomy or prostate biopsy. Fluorine-18-DCFPyL PET/CT showed 
higher radiotracer uptake in prostate cancer than that in non-prostate cancer. When SUVmax 5.0 and SULmax 

184.0 were cut-o� points for determining prostate cancer, the sensitivity of F-DCFPyL was 90%, speci�city was 
100%, and accuracy was 91.2%. Furthermore, there were highly signi�cant positive correlations between 
SUVmax, SULmax and serum PSA. On comparison of areas under the curve, no signi�cant di�erence was seen 

18between SUVmax and SULmax in the sensitivity and speci�city of F-DCFPyL PET/CT for PCa identi�cation. 
However, delayed PET/CT did not improved accuracy in the term of uncertain PCa in the initial standard ima-

18ging. As for lymph node staging, the negative predictive value of F-DCFPyL PET/CT was 100%. Conclusion: 
Fluorine-18-DCFPyL PET/CT is a promising imaging modality for initial diagnosis and preoperative N staging 
in SPCa. 
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Introduction

Prostate cancer (PCa) is one of the most common malignant tumors in men world-
wide, with roughly 1,276,106 new cases and 358,989 deaths per year, ranking the 
third-leading cause of cancer deaths in men [1]. The morbidity and mortality of 

PCa have showed a clearly upward trend in China [2], probably due to increasingly mo-
dern Westernized lifestyle [3]. 

Prostate cancer was most no symptoms until it is incurable, and useful clinical scre-
ening techniques can not currently accurately di�erentiate between benign and malig-
nant tumors resulting in delaying diagnosis and treatment. Therefore, early diagnosis 
and accurate staging are key elements for prolonging survival.

Prostate-speci�c membrane antigen (PSMA), a 750 amino acid transmembrane pro-
tein presenting in all prostatic tissues and highly overexpressed (100- to 1,000-fold) on 
almost all PCa [4], has become increasingly attractive target for imaging and therapy. Ra-
diolabeled small-molecule ligands targeting PSMA can bind to extracellular PSMA ac-
tive sites to further internalize and recycle in PCa cells but quick clear in non-target tis-
sues, so as to ensure high tumor uptake and high image quality [5, 6]. Currently, several 

68studies have demonstrated that gallium-68 ( Ga)-labelled PSMA tracer (also named 
68Ga-PSMA) may be a promising positron emission tomography (PET) probe for imaging 
PCa including biochemically recurrent prostate cancer (BCR) [7-9]. However, compared 

68 18with Ga, �uorine-18 ( F) may improve imaging of PSMA-expression and is more su-
itable for clinical application because of a shorter positron range and higher positron yi-

18eld resulting in higher PET image resolution [10]. Rowe et al. (2016), reported that F-la-
belled PSMA tracers may better improve the detection of small metastases (e.g. at low 

68 18PSA values) than Ga-labelled PSMA traces [11]. Hence, F-labeled PSMA tracers have 
18been developed, most notably, F-PSMA-1007 ((3S,10S,14S)�1�(4�(((S)�4carboxy-2-
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18((S)�4�carboxy�2�(6� F��uoronicotinamido) butanami-
do)butanamido)methyl)phenyl)�3�(naphthalen�2�ylmethyl)�1,
4,12�trioxo�2,5,11,13�tetraazahexadecane�10,14,16�tricarboxyl

18 18ic acid), and F-DCFPyL (2-(3-{1-carboxy-5-[(6- F-�uoro-pyri-
dine-3-carbonyl)-amino]-pentyl}-ureido)-pent- anedioic acid). 

18 18Among these F-labeled PSMA traces [12, 13], F-DCFPyL, a 
novel PSMA radiotracer, has been indicated to o�er early de-
tection of lesions in patients with BCR, even at PSA levels 
<0.5ng/mL, and revealed enhanced localization of BCR, and is 
increasingly used in clinical practice of BCR [14, 15]. However, 
only minimal data are yet available on the diagnostic e�cacy 
in patients with suspected prostate cancer (SPCa) [12]. Hence, 

18the aim of this study was to determine F-DCFPyL PET/CT e�-
cacy for lesion detection and N staging in patients with sus-
pected prostate cancer. 

Subjects and Methods 

Patients 
18Fifty six SPCa patients who underwent F-DCFPyL PET/CT 

imaging between March 2020 and March 2021 were included 
in this retrospective study. Exclusion criteria were as followed: 
Participants with prostate related partial resection or medical 
treatment; severe patient's condition; unable to lie supine for 
imaging, unable to provide written consent, exceeding the 
safe weight of the PET/CT bed (227kg) or unable to �t thro-
ugh the PET/CT bore (70cm diameter). The patient's medical 
data were collected, including age, Gleason score, TNM-clas-
si�cation, prostate-speci�c antigen (PSA)-levels, pathology 

18results and clinical follow-up after the F-DCFPyL PET/CT 
scans. The diagnosis of PCa was con�rmed by histopatholo-
gical examination via prostatectomy or prostate biopsy. The-

18se patients were performed F-DCFPyL PET/CT for diagnosis 
and staging.

The study protocol was reviewed and approved by the Ins-
titutional Review Board of the First A�liated Hospital of Zhe-
jiang University. Moreover, the study was registered on clini-
caltrials.gov (NO. IIT20200015C-R1). All participants provided 
signed informed consent for participation.

18F-DCFPyL PET/CT imaging
Fluorine-18-DCFPyL was synthesized under good manufactu-
ring practice conditions via direct radio�uoration as previously 
described [12] at a Siemens Eclipse cyclotron (Siemens Medi-
cal Solutions, Knoxville, TN) in the PET center of the First A�li-
ated Hospital, College of Medicine, Zhejiang University.

Patient doesn't need any speci�c preparation before injec-
18tion of F-DCFPyL. A dose of 4.44MBq/kg (range 210~450 

MBq) was injected intravenously. After the patients rested in 
a quiet room for 45- to 60-minute, PET/CT imaging was done 
using a Siemens PET/CT Biograph 16 (Siemens Medical Solu-
tions). Semi-quantitative analysis was done using the maxi-
mum standardized uptake value (SUVmax), and maximum 
standardized uptake value of lean body mass (SULmax), 
SUVmax and SULmax were calculated using the Syngo volu-
me-counting program (Siemens Medical Solutions). Two ex-
perienced nuclear medicine physicians independently revi-
ewed all images. 

Statistical analysis
Statistical analysis was performed using SPSS 21.0 software. 
The nonparametric Wilcoxon signed-rank test was used for 
comparison of uptake values for 2 related samples. Pearson 
correlation analysis was used for continuous variables. Rece-
iver- operated characteristic (ROC) curve analysis was used 
to �nd the optimal cut-o� of SUV parameters. P<0.05 was 
considered signi�cant. 

Results

Patients' characteristics 
Of these 56 cases (median age, 68y; range, 43-83y), 50 cases 
(89.3%) were prostate cancer, 4 (7.1%) were normal prostate, 1 
(1.8%) was urothelial carcinoma, and 1 (1.8%) was prostatitis. 
Fluorine-18-DCFPyL PET/CT showed higher radiotracer up-
take in prostate cancer than that in non-prostate cancer. These 
patient characteristics and pathological results are shown in 
Table 1. 

Diagnostic accuracy 
18Of the 56 cases, 47 patients (83.9%) displayed enhanced F-

DCFPyL uptake in the prostate or metastasis in visual analysis 
(median SUVmax 12.8, range 2.8-84.7; median SULmax 8.8, 

18range 2.6-62.1). All the 47 patients with F-DCFPyL positive re-
sults were con�rmed prostate adenocarcinoma by histopa-
thology.

18Two patients received secondary biopsies after F-DCFPyL 
PET/CT, within a 2-weeks interval from the primary puncture, 
to de�nite diagnosis, since the primary specimens obtained 
under the guidance of ultrasound did not �nd cancer cells pa-

18thologically. Both 2 cases showed enhanced F-DCFPyL upta-
ke in the transitional zone next to the membranous urethra, 
consistent with the �nal puncture positive site (Figure 1). It 

18suggested that F-DCFPyL PET/CT may help to yield a high 
diagnostic success rate of biopsy. 

Nine patients (16.7%) exhibited uncertain uptake in the 
prostate by visual analysis, (median SUVmax 3.6, range 2.6-4.8; 
median SULmax 2.6, range 1.6-4.0). Imaging characteristics of 
these patients are listed in Table 2. Delayed imaging at 120min 
were acquired in 5 participants. The value of SUVmax and 
SULmax in delayed imaging decreased in 1 normal subject, 
whereas they increased in 1 prostatitis case (Figure 2), 1 PCa 
patient, 1 with urothelial carcinoma and 1 normal subject. The 
change of SUVmax (�SUVmax, SUVmax at 60min - SUVmax at 
120min) and SULmax (�SULmax, SULmax at 60min - SULmax 
at 120min) had no signi�cant di�erence between PCa and 
non-PCa.

Semi-quantitative analysis 
Receiver operating characteristic (ROC) curves were drawn as 

18Figure 3 only to evaluate the consistency between F-DCFPyL 
PET/CT semi-parameters (SUVmax and SULmax) and patholo-
gical �ndings. When the area under the curve (AUC) of SUVmax 
and SULmax were 0.922 and 0.925, respectively, the sensitivity 

18and speci�city of F-DCFPyL PET/CT for PCa identi�cation was 
no signi�cant di�erence (P>0.05). When the cut-o� points of 

18SUVmax and SULmax were 5.0 and 4.0, F-DCFPyL PET/CT had
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18Figure 1. A 74-years-old man patient with suspected prostate cancer (serum PSA 11.8ng/mL) underwent F-DCFPyL PET/CT (A-F) for primary diagnosis since the �rst spe-
cimens obtained under the guidance of ultrasound did not �nd cancer cells pathologically. There was a DCFPyL-avid lesion in the transitional zone next to the membranous 
urethra (white arrow) in PET images (A-C), axial (A), coronal (B), sagittal (C), and fused PET/CT images (D-F), axial (D), coronal (E), sagittal (F). Secondary ultrasound guided 
puncture on the DCFPyL-avid lesion (G) showed prostate adenocarcinoma (H). 

Table 1. Patient characteristics and pathological results.

Characteristics Evaluated Patients, No. Value (%)

No. of patients 56

Median age (y) 68 (range 43-83)

Median tPSA at scanning (ng/mL) 20.4 (range 1.9-1000)

tPSA(ng/mL)

<10 16 28.6

10-20 12 21.4

>20 28 50.0

Gleason Score

6 1 1.8

7 18 32.1

8 18 32.1

9 12 21.4

10 1 1.8

Unknow 6 10.7

Specimen acquisition method

Operation 25 44.6

Prostate puncture 31 55.4

Pathological Findings

PCa 50 89.3

Urothelial carcinoma 1 1.8

Normal prostate 4 7.1

Prostatitis 1 1.8



18Figure 2. A 67-years-old man patient with suspected prostate cancer (serum PSA 4.5 ng/mL) underwent F-DCFPyL PET/CT (A-F) for primary diagnosis. Images of axial 
PET (A) and PET/CT (B) at 60min after injection showed ambiguous uptake in prostate (white arrow) with SUVmax 4.5 and SULmax 3.4, delayed images of axial PET (C) and 
PET/CT (D) at 120min showed slightly increased radioactive uptake, with SUVmax 5.3 and SULmax 3.5. The histopathology of biopsies con�rmed prostatitis. 

Table 2. Imaging characteristics of these patients.

 Age (y) Patholoy
tPSA

(ng/mL)
SUVmax
(60min)

SUVmax
(120min)

SULmax
(60min)

SULmax
(120min)

50 Normal 3.6 3.6 (-) 2.6 (-)

49 Normal 2 4.8 3.7 4.0 2.2

66 Nomal 8.6 4.7 (-) 3.6 (-)

60 Normal 15.5 2.3 2.8 1.6 2.4

67 Prostatitis 4.5 4.2 5.3 3.4 3.5

79 PCa 28.3 2.5 (-) 2.2 (-)

43 PCa 29.1 2.9 (-) 2.2 (-)

56 PCa 1.9 2.8 3.6 2.6 2.5

75 Urothelial carcinoma 2.4 4 4.8 2.6 4.0
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true positive in 45 cases (80.4%), true negative in 6 cases 
(10.7%), false positive in 0 cases (0%), false negative in 5 ca-

18ses (8.9%). The sensitivity of F-DCFPyL was 90%, speci�city 
was 100%, and accuracy was 91.2%.

N (lymph node) staging determination
Of the 56 cases, 25 patients, (24 PCa and 1 urothelial carcino-
ma), underwent radical prostatectomy and regional lym-

18phadenectomy within one month after F-DCFPyL PET/CT. 
18Preoperative F-DCFPyL PET/CT showed one metastatic 

lymph node near the right iliac blood vessel (SUVmax 7.2 
and 0.6cm in diameter) in 1 PCa patient (Figure 4) and no 

metastatic in 23 PCa patients and 1 urothelial carcinoma. 
Furthermore, out of a total of 106 removed lymph nodes re-
sected, 95 lymph nodes in PCa were con�rmed non-metas-
tasis by pathology. The patient with false positive lymph no-

18de in F-DCFPyL PET/CT was followed up for 4 months, and 
no lymph node metastasis was found. Fluorine-18-DCFPyL 
PET/CT had true negative in 23 PCa patients, with a negative 
predictive value of 100%.

One of the 11 resected lymph nodes was con�rmed me-
tastatic lymph node by pathology in urothelial carcinoma, 

18but there was no F-DCFPyL uptake.

18Figure 4. A 49-years-old man patient with suspected prostate cancer (serum PSA 2.0ng/mL) undergoing F-DCFPyL PET/CT for primary diagnosis/staging. Positron emis-
sion tomography MIP (A) showed increased radioactive in prostate (B, C) and a small lymph node near the right iliac blood vessel (white arrow, D and E) (SUVmax 7.2 and 
0.6cm in diameter). Radical prostatectomy specimens demonstrated prostate adenocarcinoma (Gleason 4+5=9) pathologically, and no metastatic lymph node.

Figure 3. ROC curve of SUVmax and SULmax .



Correlation of SUVmax, SULmax and serum PSA 
Maximum SUV and SULmax in the patients with increased 
serum PSA (>10ng/mL) were signi�cantly higher than those 
in low serum PSA level (<10ng/mL) (6.95±3.95 vs. 20.3±15.9, 
P=0.009) and (5.32±3.01 vs. 14.52±14.19, P=0.013), respecti-
vely.  

According to the level of serum PSA, 56 patients were divi-
ded into normal PSA group (5 cases), PSA 4-10ng/mL group 
(11 cases), PSA 10-20ng/mL group (12 cases), and PSA 
>20ng/mL group (28 cases). Maximum SUV in normal PSA 

group, 4-10ng/mL group ,10-20ng/mL group, and >20ng/mL 
group were 4.0 (range 2.8-15.6), 6.3 (range 2.3-13.6), 12.3 
(range 2.3-53.4), 14.0 (range 2.9-84.7), and SULmax in the four 
group were 2.8 (range 2.2-12.3), 5.0 (range 2.2-9.8), 7.6 (range 
1.6-30.9), and 10.5 (2.2-62.1), respectively. The correlations 
between SUVmax, SULmax and serum PSA level were displa-
yed in Figure 5 and Figure 6. 

18The diagnostic accuracy of F-DCFPyL PET/CT in SPCa with 
increased PSA level (>10ng/mL) was 97.5% and 87.5% with 
low serum PSA level (<10ng/mL).

Figure 6. The correlations between SULmax and serum PSA level.

Figure 5. The correlations between SUVmax and serum PSA level.
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Discussion

The prostate-speci�c antigen (PSA), which is almost ex-
pressed in prostate, is secreted into the seminal �uid rather 
than into the circulation under normal physiological condi-
tions [16]. Increase serum PSA levels are commonly guided 
by benign prostate hyperplasia (BPH) or neoplasia, owing to 
the disruption of the prostate gland's architecture, followed 
by the leakage of PSA into the circulatory system. According 
to the commonly used cut-o� value of 4.1ng/mL, it has re-
ported a 6.2% false-positive rate and low sensitivity (20.5%) 
for detecting cancer cases [17]. Jemaa et al. (2013), found 
that PSMA was weakly expressed in BPH, which made PSMA 
more target potential than PSA in primary prostate carcino-
mas [18]. Fluorine-18-DCFPyL, as a promising radiotracer 
targeting PSMA, has been reported to o�er early detection 
and high detection rates in BCR, which could localize 47.6%-
60% positive recurrent prostate cancer even with PSA levels 
less than 0.5ng/mL [10, 14, 15]. Meanwhile, Wondergem et 

18al. (2021) reported that F-DCFPyL PET/CT detected 48% 
additional metastatic lymph nodes without enlarged sizes 
on CT and altered therapeutic management in 17% of pati-

18ents [19]. In this present study, F-DCFPyL PET/CT demon-
strates favorable diagnostic accuracy in SPCa diagnosis and 
100% negative predictive value in LN staging. As to urothe-
lial carcinoma, neither the primary focus nor the metastatic 
lymph node showed enhanced radioactive uptake, proba-
bly due to negligible tumor neovascularization and weak ex-
pression of PSMA [20]. 

Areas of the curves (AUC) of SUVmax and SULmax were 
0.922 and 0.925 respectively, showing no signi�cant di�e-
rence for PCa identi�cation. When SUVmax 5.0 and SULmax 
4.0 were cut-o� points for determining prostate cancer, the 

18sensitivity, speci�city and accuracy of F-DCFPyL were 90%, 
100% and 91.2%, respectively. One hundred twenty min de-
layed-time point images, which are mostly being used for 
distinction between in�ammatory and malignant diseases 

18in F-�uorodeoxyglucose (FDG) PET/CT [21], do not impro-
ve accuracy in the term of uncertain PCa in the initial stan-
dard imaging in this study. Necessary biopsies are still re-
commended for patients with negative results.

In this study, 3 patients with PCa (6%) did not demonstrate 
18enhanced F-DCFPyL radioactive uptake, consistent with 

the 5%-10% negative result in previous study [22]. There we-
re highly signi�cant positive correlations between SUVmax, 
SULmax and serum PSA. Almost identi�ed with the earlier 

68 68study of Ga labelled radiotracer ( Ga-PSMA-11) PET/CT, 
patients also exhibited statistically higher uptake in PSA 

68�10.0ng/mL than PSA <10.0ng/mL in Ga-PSMA-11 PET/CT 
18[23]. The detection rate of F-DCFPyL in BCR also increased 

with the rise of PSA levels [11]. These �ndings are further 
supported by previous literature demonstrating elevated 
immunohistochemical expression and enzymatic activity of 
PSMA in advanced PCa [24]. 

Two (4%) cases received secondary biopsies under the gu-
18idance of F-DCFPyL PET/CT due to the unrepresentative 

specimens by primary ultrasound guided puncture. The 
concerns on sample representativeness are always challen-
ges faced with pathology and a series of studies try to eleva-

te the accuracy of biopsies [25, 26]. Fluorine-18-DCFPyL 
PET/CT not only exhibited similar sensitivity and tumor de-
tection rate to multi-parameter MRI (mpMRI) in patients 
with high-risk PCa, (PET/CT, 90.9% and 80%; mpMRI, 86.4% 
and 88.4%; P=0.58/0.17), but also could detect tumors mis-
sed on mpMRI [27]. Gallium-68-PSMA-guided bone biopsies 
are reported to provide more success rate than CT-guided 
biopsy in metastatic PCa (70% vs. 40%) [28]. Importantly, the 

18time (2-week intervals) between biopsy and F-DCFPyL ima-
ging do not have any in�uence on the accuracy of image in-

18terpretation, suggesting that F-DCFPyL imaging is superior 
to mpMRI in the determination of imaging time after biopsy 
[29]. 

Major limitations of the present study are the retrospec-
tive design and the small number of patients enrolled from a 
single institution. A prospective multicenter trial with a lar-
ger cohort would make a strong argument on the exact role 

18of F-DCFPyL PET/CT for initial diagnosis and preoperative 
staging in SPCa. 

18In conclusion, F-DCFPyL PET/CT is a promising imaging 
modality for initial diagnosis and preoperative staging in the 
patients with prostate cancer. Necessary biopsies are still re-
commended for SPCa patients with negative results.
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