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Abstract Objective: To review the risk of prostate cancer (PCa) in men with incidentally re-
ported increased intraprostatic uptake at 2-deoxy-2-[18F]fluoro-D-glucose positron emission to-
mography/computed tomography (18F-FDG PET/CT) ordered at Department of Urology, The
Wesley Hospital, Brisbane, QLD, Australia for non-PCa related pathology.
Methods: Retrospective analysis of consecutive men between August 2014 and August 2019
presenting to a single institution for 18F-FDG PET/CT for non-prostate related conditions was
conducted. Men were classified as benign, indeterminate, or malignant depending of the re-
sults of prostate-specific antigen (PSA), PSA velocity, biopsy histopathology, and three-Tesla
(3 T) multiparametric MRI (mpMRI) Prostate Imaging Reporting and Data System score, or gal-
lium-68-prostate-specific membrane antigen (68Ga-PSMA) PET/CT results.
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Results: Three percent (273/9122) of men demonstrated 18F-FDG avidity within the prostate.
Eighty-five percent (231/273) were further investigated, including with PSA tests (227/231,
98.3%), 3 T mpMRI (68/231, 29.4%), 68Ga-PSMA PET/CT (33/231, 14.3%), and prostate biopsy
(57/231, 24.7%). Results were considered benign in 130/231 (56.3%), indeterminate in
31/231 (13.4%), and malignant in 70/231 (30.3%). PCa was identified in 51/57 (89.5%) of the
men who proceeded to biopsy, including 26/27 (96.3%) men with Prostate Imaging Reporting
and Data System scores 4e5mpMRI and six menwith a positive 68Ga-PSMA PET/CT. Themost com-
mon Gleason score on biopsy was greater than or equal to 4þ5 (14/51, 27.5%). 68Ga-PSMA PET/CT
was concordant with the 18F-FDG findings in 26/33 (78.8%). All 13 men with a positive concordant
18F-FDG, 3 T mpMRI, and 68Ga-PSMA PET/CT had PCa on biopsy. There was no statistically signif-
icant difference in the 18F-FDG maximum standardized uptake value between the benign or ma-
lignant groups (5.7 vs. 6.1; pZ0.580).
Conclusion: In this study, after an incidental finding of an avid intraprostatic lesion on 18F-FDG
PET/CT, 70 of the 231 cases (30.3%; 0.8% of the entire cohort) had results consistent with PCa,
most commonly as Gleason score greater than or equal to 4þ5 disease. Unless there is limited life
expectancy due to competing medical co-morbidity, men with an incidental finding of intrapro-
static uptake on 18F-FDG should be further investigated using principles of PCa detection.
ª 2024 Editorial Office of Asian Journal of Urology. Production and hosting by Elsevier B.V. This is
an open access article under theCCBY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
1. Introduction

Within oncology, 2-deoxy-2-[18F]fluoro-D-glucose (18F-FDG)
is the most commonly used radiotracer for positron emis-
sion tomography/computed tomography (PET/CT) imaging
[1]. 18F-FDG is taken up by high-glucose-using cells, which
can be physiologic, inflammatory, or malignancy in aeti-
ology. Within malignant cells, this is due to shifted energy
production from mitochondrial respiration to glucose
metabolism, a near-universal phenomenon known as the
Warburg effect [2]. 18F-FDG PET/CT is commonly utilised
for the staging and restaging of various non-prostate ma-
lignancies [3]. Clinicians can be faced with the challenge of
interpreting foci of increased 18F-FDG uptake in unex-
pected locations including the prostate [4]. Multiple
studies have shown a lack of clinical utility of 18F-FDG
PET/CT in the evaluation of men with prostate cancer
(PCa) [5,6]. This is because PCa does not undergo aerobic
glycolysis, but instead relies on metabolism of lipids and
other energetic molecules [7]. However, use of 18F-FDG
PET/CT has been shown to detect additional disease and
improve patient selection for radioligand therapy in
castrate-resistant disease [8,9].

For primary tumours, incidental prostate 18F-FDG uptake
is relatively uncommon, reported to be 1.8% according to a
systematic review with meta-analysis of 47 925 patients
[10]. Of the 121 men who proceeded to biopsy, 62% were
diagnosed with PCa. Current publications present conflict-
ing findings with regards to the significance and appropriate
workup of men with incidental 18F-FDG uptake within the
prostate. The significance of finding an incidental avid
prostate area on 18F-FDG PET/CT and a decision to further
investigate is balanced against the prognosis of the primary
condition.

The aim of this study was to review a contemporary
cohort of men with incidental 18F-FDG intraprostatic uptake
on PET/CT at our institution and review what urological
34
workup was performed to differentiate between a benign
or malignant intraprostatic 18F-FDG focus. We also aimed to
examine the significance of the 18F-FDG PET/CT intensity
and the findings on subsequent analysis with a three-Tesla
(3 T) multiparametric MRI (mpMRI) and analyse concor-
dance with gallium-68 prostate-specific membrane antigen
(68Ga-PSMA) PET/CT and finally the histological results of
men who proceeded with prostate biopsy.

2. Patients and methods

2.1. Methods

Ethics approval was obtained for this retrospective study
from the UnitingCare Health Human Research Ethics Com-
mittee (study reference: 2019.32.310) and the requirement
to obtain informed consent was waived. We reviewed the
images of consecutive patients at the Wesley Hospital,
Brisbane, QLD, Australia noted to have incidental prostatic
avidity, on 18F-FDG PET/CT scans with intravenous
contrast-enhanced CT performed for oncologic purposes or
medical conditions not related to prostate disease between
August 2014 and August 2019. The results of prostate in-
vestigations were collected from July 2013 until June 2021.

2.2. Patients

During the study period, 16 768 patients including 9122 men
underwent 18F-FDG PET/CT scans at our institution. No
retrospective review of the 18F-FDG was performed, with
the decision to review patient files based on the original
18F-FDG PET/CT report of a suspicious avid focus within the
prostate. Men were included for analysis if the 18F-FDG avid
area within the prostate was described as statements
including abnormal, focal intense, suspicious, or prostate
investigation suggested. The men with incidental uptake
within the prostate on 18F-FDG PET/CT had their charts
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reviewed for investigations relating to PCa including
prostate-specific antigen (PSA) levels, 3 T mpMRI, 68Ga-PSMA
PET/CT, or transperineal prostate biopsy (TPBx). If men had
more than one 18F-FDG PET/CT scan during the study period,
incidental prostate findings were only included once. The
avid 18F-FDG area was classified as benign, indeterminate,
or malignant based on subsequent investigations as outlined
in Fig. 1.

2.3. Outcome classification

Men were classified as malignant if a TPBx confirmed cancer.
Men who did not have histopathological confirmation were
considered most likely malignant if a 3 T mpMRI Prostate
Imaging Reporting and Data System (PIRADS) 4e5 lesion was
concordant with either an avid lesion on
68Ga-PSMA PET/CT, or associated with PSA of more than
20 mg/L [11,12]. Men without a 3 T mpMRI or 68Ga-PSMA PET/
CTscan were classified asmalignant if they were commenced
on androgen deprivation therapy by their clinician for a clin-
ical diagnosis of PCa [13], or the PSA was persistently greater
than 20mg/L and increasing, or associatedwith a PSA doubling
time (PSADT) of less than 3 years [14].

Men were classified as benign if a TPBx was negative for
malignancy. In men without a TPBx, they were also classified
as most likely benign if the PSA was less than 2 mg/L, or
2e<3 mg/L associated with a negative 3 T mpMRI
(PIRADS 1e2), negative 68Ga-PSMA PET/CT, and/or a PSADT
Figure 1 Flow diagram of distribution of groups by definition
emission tomography/computed tomography; PSA, prostate-specifi
prostate-specific membrane antigen; TPBx, transperineal prostate
Reporting and Data System; ADT, androgen deprivation therapy; 3
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greater than 3 years. If the PSA was between 3 mg/L and
<10 mg/L without further investigations, this group was
categorised as benign if the PSADT is greater than 5 years.
The remaining men were classified as an indeterminate-risk
of PCa.

For men without further urological investigations of the
intraprostatic 18F-FDG avid area, the ordering physician was
contacted to confirm that further prostate investigation
was not performed due to the poor prognosis of the primary
condition.

2.4. Imaging modalities

All men underwent 18F-FDG PET/CT scans with either the
Philips Ingenuity camera (Philips Healthcare, Best, the
Nederland) with 128-slice CT or the GE Discovery MI (GE
Healthcare, Waukesha WI, USA) with a 128 slice inlay scans.
The Philips camera uses time of flight and GE has both time of
flight and filtered back projection. The minimum uptake time
was 45e60 min following administration of an average injec-
ted dose of 300 MBq 18F-FDG using 3e4min frames over 12e13
frames (head, neck, chest, abdomen, and pelvis) with low
dose CT for attenuation correction and anatomical local-
isation scanners within our hospital. The 68Ga-PSMA PET/CT
scans were performed on the above-described scanner pro-
tocol with an average injected tracer dose of 200 MBq of
GlueNHeCOeNHeLys (Ahx)-HBEDCC.Allmenhad amaximum
standardized uptake value (SUVmax) reported.
s. 18F-FDG, 2-deoxy-2-[18F]fluoro-D-glucose; PET/CT, positron
c antigen; mpMRI, multiparametric MRI; 68Ga-PSMA, Gallium-68
biopsy; PSADT, PSA doubling time; PIRADS, Prostate Imaging
T, three-Tesla.
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All patients’ 3 T mpMRI scans included T2 weighted, diffu-
sion weighted (b1400) and Gadolinium contrast-enhanced
image sequence, and T1 weighted images (Skyra; Siemens
healthcare, Erlingen, Germany). All mpMRI scans were per-
formed prior to the TPBx as per the protocol at our hospital for
many years. The images were reported using PIRADS version 1
and subsequently version 2 by experienced radiologists, with
Wesley Medical Imaging reporting between 180 mpMRI and
200 mpMRI prostate scans per month. The second read was
performed by the treating urological surgeon and discussed at
the uro-radiology multidiscipline meeting if there was
discordance between the findings. If no TPBx was performed,
men were only considered for assessment as malignant if they
hadat least twoof the followingabnormalities: anabnormal 3T
mpMRI, 68Ga-PSMA PET/CT, and/or very high PSA (>20 mg/L).

2.5. Histopathological analysis

On cognitive fusion TPBx histology, the location and number
of biopsy cores taken in each case and the number of cores
positive for carcinoma were recorded [15]. The extent of
cancer in each core was given as a percentage, cancer
length in millimetres, or both. A Gleason score was recor-
ded for each core. During the study period, the Gleason
score reflected the changes in cancer grading based on the
grading criteria of the modified Gleason grading system [16]
and the 2014 International Society of Urological Pathology
grading system [17].

The prostatectomy specimens were handled according
to established protocols at the uropathology centre. Prior
to sectioning, each prostate gland was weighed and
measured. The prostate gland was sectioned and
embedded in its entirety. The body of the prostate was
sectioned at 3e4 mm intervals in a transverse plane
perpendicular to the rectal surface.

2.6. Statistical analysis

Descriptive statistics were performed using Microsoft Excel
Professional Plus 2013 (Windows 10 Enterprise; Microsoft,
Redmond, WA, USA) and IBM SPSS version 25 (IBM, Armonk,
NY, USA). The Mann-Whitney U-test was undertaken to
determine if the SUVmax between benign and malignant
Table 1 Summary of outcomes between groups (nZ231).

Characteristic Malignant

Patient, n (%) 70 (30.3)
Age, median (range), year 75 (47e97)
PSA, median (range), mg/L 9.6 (1.2e100.0)
FDG SUVmax, median (range) 6.1 (2.8e49.9)
mpMRI, n (%) and percent of abnormala 35 (50.0); 88.6
68Ga-PSMA, n (%) and percent of abnormala 30 (42.9); 90
TPBx, n (%) and percent of abnormala 51 (72.9); 100

FDG, fludeoxyglucose; PSA, prostate-specific antigen; SUVmax, m
68Ga-PSMA, Gallium-68 prostate-specific membrane antigen; TPBx,

a Abnormal mpMRI defined as PIRADS of greater than or equal to 3.
equal to 3.

36
groups was statistically significant, with a significant
p-value set at less than 0.05.

3. Results

3.1. Screening results of patient population

Of the 9122 men who underwent 18F-FDG PET/CT for
oncologic purposes not related to prostate disease at our
institution between August 2014 and August 2019,
273 (3.0%) men were identified as having incidental focal
intraprostatic 18F-FDG avidity within the prostate gland and
had no known history of PCa. The median age was 74 (range
32e97) years. The median PSA was 3.6 mg/L (range
0.07e100.0 mg/L, interquartile range [IQR] 1.3e7.3 mg/L).
The most common indications for 18F-FDG PET/CT were
lymphoma (69/273, 25.3%), lung cancer (67/273, 24.5%),
and colorectal cancer (43/273, 15.8%).

3.2. Follow-up investigations for PCa

Two-hundred and thirty-one (231/273; 84.6%) men had PCa
investigations within 1 year of their 18F-FDG PET/CT as seen
in Table 1 (median follow-up 3.6 years, range 1.0e6.1
years). The majority of the cohort had PSA results available
(227/231, 98.3%). A 3 T mpMRI was performed in 29.4%
(68/231) men, including four men without an accompanying
PSA level. A 68Ga-PSMA PET/CT scan was performed in
14.3% (33/231) men and a TPBx of the prostate in 24.7%
(57/231) men. The median number of TPBx biopsy cores
was 21 (range 16e31), including cognitively guided biopsies
of the 18F-FDG avid area. The median number of positive
cores was 9 (range 4e14). The median time between
18F-FDG PET/CT and first subsequent PCa-related investi-
gation was 12 weeks. Of the 57 men that proceeded with
prostate biopsy, 35 were investigated with a pre-biopsy
mpMRI, of which 27 had a PIRADS 4e5 lesion. The treating
physicians confirmed 42 men were not investigated for their
abnormal 18F-FDG PET/CT prostate avidity because of the
poor prognosis of their primary malignancy, the long-term
outcome of which would not be altered by a diagnosis or
treatment of PCa.
Benign Indeterminate Total

130 (56.3) 31 (13.4) 231 (100)
73 (40e97) 79 (59e92) 74 (32e97)
1.6 (0.07e13.0) 5.0 (2.1e52.0) 3.6 (0.07e100.0)
5.7 (2.8e54.0) 6.8 (2.7e60.6) 5.9 (2.7e60.6)
21 (16.2); 4.8 12 (38.7); 16.7 68 (29.4); 50
3 (2.3); 0 0 (0); 0 33 (14.3); 81.8
6 (4.6); 0 0 (0); 0 57 (24.7); 89.5

aximum standard uptake value; mpMRI, multiparametric MRI;
transperineal prostate biopsy.
Abnormal SUVmax on

68Ga-PSMA defined as SUVmax greater than or



Table 2 Relationship between SUVmax on FDG PET and
Gleason score on biopsy.

FDG
SUVmax

Biopsy Gleason score Total

Benign 3þ3 3þ4 4þ3 4þ4 �4þ5

<6 2 6 5 5 2 11 31
6e10 3 1 4 4 4 1 17
>10 1 1 4 1 0 2 9
Total 6 8 13 10 6 14 57

FDG, fludeoxyglucose; PET, positron emission tomography;
SUVmax, maximum standard uptake value.
Note: data are expressed as number.
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3.3. Cancer classification

Overall, 30.3% (70/231) men met inclusion criteria for PCa.
The median age was 75 (range 47e97) years and the median
PSA was 9.6 (range 1.2e100.0) mg/L. The median SUVmax on
18F-FDG PET/CT was 6.1 (range 2.8e49.9, IQR 4.6e8.3),
with 87.1% (61/70) demonstrating focal peripheral zone
avidity. TPBx was performed in 57 men, of which 51 (89.5%)
were diagnosed with prostate adenocarcinoma. Six of the
22 (27.3%) men with a PSA greater than 20 mg/L proceeded
to biopsy, all of which were positive for malignancy. Among
227 men with available PSA results, 98 had a PSA of less
than 3.0 mg/L and 28 proceeded to further investigations
with either prostate biopsy, mpMRI, and/or PSMA. Only
6.1% (6/98) of men with low PSA were proven to have PCa
following prostate biopsy. Ductal carcinoma in addition
to adenocarcinoma was identified in 3.9% (2/51)
participants, one at prostate biopsy, and another found on
robotic-assisted laparoscopic radical prostatectomy (RALP)
histology. The median Gleason score was 4þ3;
however, Gleason score �4þ5 was the most frequently
diagnosis (14/51, 27.5%). During the follow-up period, 15
men underwent RALP with all histopathology demonstrating
Gleason score �3þ4 PCa (median Gleason score 4þ3) and
most being localised to the prostate (median pT2, range
pT2epT3b).

Of the 27.1% (19/70) men considered malignant who did
not undergo TPBx, 36.8% (7/19) had an abnormal 3 T mpMRI,
68Ga-PSMA PET/CT, and/or very high PSA (>20 mg/L)
(2þ criteria required). About 57.1% (4/7) men with an
abnormal 3 T mpMRI demonstrated PIRADS 5 lesions;
85.7% (6/7) also had an abnormal concordant 68Ga-PSMA
PET/CT; and all but one (6/7, 85.7%) had a PSA greater than
20 mg/L.

Of the 17.1% (12/70) remaining men considered likely
malignant, 50.0% (6/12) had a persistent PSA of greater
than 20 mg/L. One commenced androgen deprivation ther-
apy for a clinically malignant prostate and the remaining
five had a median PSADT of 1.0 (range 0.2e2.9) years. A
95-year-old gentleman had a PSA of 100 mg/L and a further
five men with a PSA between 10 mg/L and 20 mg/L (median
15.0 mg/L) had a median PSADT of 1.1 years.

3.3.1. Clinically significant PCa
Of the 51 men with biopsy proven PCa, 84.3% (43/51) had
Gleason score �3þ4 PCa. Gleason score �4þ5 PCa was
most frequently diagnosed (14/51, 27.5%), followed by
Gleason score 3þ4 (13/51, 25.5%) PCa, and then Gleason
score 4þ3 (10/51 19.6%) PCa. We did not find a correlation
between the SUVmax on 18F-FDG PET/CT and the Gleason
score on TPBx (rZ�0.0961, pZ0.48, Table 2).
Twenty-three (23/51, 45.1%) men were treated with either
a RALP (15/51, 29.4%), radiation therapy (7/51, 13.7%), or
focal therapy with NanoKnife irreversible electroporation
(1/51, 2.0%). Five (5/51, 9.8%) men were managed with
androgen deprivation therapy. Of the 125 men aged over 75
years, 22 were proceeded to biopsy. Only two were benign;
two had low-grade disease; and 18 (18/22, 81.8%) had
Gleason score of greater than or equal to 3þ4 prostate
adenocarcinoma.
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3.3.2. Benign classification
About 56.3% (130/231) men were classified as benign ac-
cording to our classification. On average, they were 2 years
younger than men with PCa (median 73 years, range 40e97
years; pZ0.0114), and had a lower median PSA (median
1.6 mg/L, range 0.07e13.0 mg/L; p<0.001) and more central
zone avidity (57/130, 43.8%, p<0.001). The median
18F-FDG SUVmax was 5.7 (range 2.8e54.0, IQR 4.4e8.4),
which was not statistically different to the malignant group
(median SUVmax 6.1) (pZ0.580).

About 4.6% (6/130) men had benign histology on TPBx
and 56.2% (73/130) men had very low PSA (<2.0 mg/L).
There were an additional 10.0% (13/130) men who had a
PSA between 2 mg/L and 3 mg/L of whom 10 had a PSADT of
greater than 3 years and three had a low risk 3 T mpMRI
(PIRADS 1e2). Of 130 men, 38 (29.2%) men with a PSA be-
tween 3 mg/L and 10 mg/L had long PSADT of greater than 5
years and were therefore considered most likely benign, or
at low risk of a clinically significant malignancy.

3.3.3. Indeterminate for malignancy
Totally 13.4% (31/231) men were unable to be categorised
into benign or malignant groups and were therefore
classified as indeterminate. The median PSA was 5.0 (range
2.1e52.0) mg/L. About 9.7% (3/31) men with a PSA of greater
than 20 mg/L had no further urological investigations;
38.7% (12/31) had 3 T mpMRI scans performed in this cohort,
of which 83.3% (10/12) were normal (PIRADS 1e2). Two had
abnormal high-risk PIRADS 5 lesions, but unfortunately, there
was insufficient further supporting PSA data or other in-
vestigations to meet our malignant or benign criteria.

For men with only PSA data (19/31, 61.3%), 10.5% (2/19)
had low PSA values (2e3 mg/L) with PSADT (less than
3 years). There were 63.2% (12/19) men with PSA values
between 3 mg/L and 10 mg/L (median 5.8 mg/L, range
3.2e9.2 mg/L) who had a median PSADT of 2.6 (range
1.3e4.6) years.

3.4. Correlative imaging

3.4.1. Outcomes with 68GA-PSMA PET/CT
About 14.3% (33/231) men had both a 68Ga-PSMA PET/CT
and a 18F-FDG PET/CT scan: 90.9% (30/33) were classified as
malignant based on a positive biopsy (24/30, 80.0%),
PIRADS 5 mpMRI (3/30, 10.0%), or a PSA of greater than
20 mg/L (3/30, 10.0%). The median SUVmax on 68Ga-PSMA
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PET/CT of the men with PCa was 8.4 (range 1.5e37.9)
compared to 2.7 (range 2.4e3.4) for those men without
PCa. The 68Ga-PSMA PET/CT was positive in 84.8% (28/33)
men and 78.8% (26/33) had lesions concordant with the
18F-FDG PET/CT findings. Prostate biopsies were performed
in 75.8% (25/33), of which 96.0% (24/25) confirmed PCa,
with Gleason score of greater than or equal to 4þ5 being
the most common (7/25, 28.0%) histological diagnosis. Five
of the thirty-three men who had both PET/CT had a nega-
tive 68Ga-PSMA PET/CT study. Of these five men, four un-
derwent TPBx of which 75.0% (3/4) confirmed PCa. Six of
the 231 (2.6%) 18F-FDG scans had evidence suggestive of
likely prostate metastatic disease based on bony metastatic
distribution classical for PCa. Three of the six men also
underwent PSMA PET, which all demonstrated disease
concordant with 18F-FDG PET/CT, as well as additional
metastatic disease identified with one man on PSMA
compared to 18F-FDG PET/CT.

3.4.2. Outcomes with 3 T mpMRI
The 3 T mpMRI was performed in 64.9% (37/57) men who
proceeded to prostate biopsy. All 15 PIRADS 5 on 3 T mpMRI
and 91.7% (11/12) PIRADS 4 scans had biopsy proven PCa.
However, 62.5% (5/8) of PIRADS less than or equal to 3 were
also positive on prostate biopsy. About 90.9% (30/33) of
mpMRIs demonstrating PIRADS 4e5 lesions were concordant
with their 18F-FDG findings.

3.4.3. Outcomes with both 68Ga-PSMA PET/CT and 3 T
mpMRI
Both 68Ga-PSMA PET/CT and 3 T mpMRI were performed in
10.0% (23/231) men, of which 69.6% (16/23) were concor-
dant. TPBx was performed in 81.2% (13/16) men and all 13
were positive for PCa, with a positive predictive value of
100% for the combination of 18F-FDG, 3 T mpMRI, and 68Ga-
PSMA PET/CT. The concordance between the 18F-FDG PET/
CT scan and subsequent urological specific investigations
are outlined in Table 3.

4. Discussion

We identified an incidental intraprostatic avid area in 3% of
the 9122 men who were investigated, which is similar to
Table 3 Concordance between prostate findings on18F-FDG, m

Characteristic 3 T mpMRI

Positive Nega

Concordant Non-concordant

Patient, n (%) 30 (90.9a) 3 (9.1a) 35 (
Biopsy, n 24 3 8
PCa, n 23 3 4
csPCa, n 19 3 2
18F-FDG, 2-deoxy-2-[18F]fluoro-D-glucose; 68Ga-PSMA, gallium-68 pro
PET/CT, positron emission tomography/computed tomography; PCa, p

a Percentage calculated as number of concordant or non-concordan
of positive imaging modality undertaken.

b Percentage calculated as number of negative imaging modality (m
undertaken.
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other series [3,4,18]. Malignancy was confirmed on biopsy
or highly likely based on a combination of 3 T mpMRI, PSA,
and 68Ga-PSMA PET/CT in 30.3% (70/231), or 0.8% (70/9122)
of the entire cohort. These are consistent with the findings
of Reesink et al. [19] on cysto-prostatectomy of 43 men
with incidental intraprostatic 18F-FDG PET/CT avid lesions
on PET/CT identified following investigation of bladder
cancer. The most common histological diagnosis was
high-grade Gleason score of greater than or equal to 4þ5
adenocarcinoma. 68Ga-PSMA PET/CT was concordant with
the 18F-FDG PET/CT findings in 78.8%. The PSA levels were
predictably higher in the malignant cohort (9.6 mg/L vs.
1.6 mg/L), but there was no statistically significant differ-
ence between the SUVmax of the malignant and benign
groups in this primary diagnostic setting. When a 3 T mpMRI
scan identifies a PIRADS 4e5 lesion, or a 68Ga-PSMA PET/CT
identifies a suspicious and concordant avid lesion, there is a
very high probability of PCa on biopsy (91.7%e100.0%) [20].

In the systematic review and meta-analysis of 444 men
by Bertagna et al. [10], the risk of malignancy was esti-
mated at 17%, increasing to 65% in the 121 men that pro-
ceeded to prostate biopsy. In one of the largest published
multicentre series of 280 men with incidental prostate
uptake, PCa was identified on biopsy in 55.6% (35/63) [21].
We found a higher risk of PCa on biopsy (89.5%, 51/57) than
other publications, which may represent different physi-
cian indications for biopsy, particularly in the era of 3 T
mpMRI and 68Ga-PSMA PET/CT.

In our cohort, high-grade Gleason score of greater than or
equal to 4þ5 cancer was identified in 27.5% of patients. This
is higher than the 16% of men with high-grade cancer diag-
nosed on TPBx [22], or on radical prostatectomy histology
(16.8%) at our institution [23]. These suggest that FDG posi-
tive cancer could be associated with a higher-grade malig-
nancy; therefore, the finding of an incidental intraprostatic
FDG avid area should be investigated. In men with PCa,
18F-FDG PET/CT intraprostatic uptake has been associated
with higher grade prostate malignancy [1,24,25], higher risk
of post-surgery progression [26], and also progression to
metastatic castrate resistant PCa [27]. In men with
high-grade Gleason score (�8) cancer, intraprostatic 18F-FDG
uptake with the SUVmax of greater than 4.6 is associated with
twice the risk of biochemical recurrence following surgery
pMRI, and 68Ga-PSMA PET/CT.
68Ga-PSMA PET/CT

tive Positive Negative

Concordant Non-concordant

51.5b) 25 (78.1a) 7 (21.9a) 5 (13.5b)
18 7 4
18 6 3
17 4 1

state-specific membrane antigen; mpMRI, multiparametric MRI;
rostate cancer; csPCa, clinically significant PCa; 3 T, three-Tesla.
t imaging modality (mpMRI vs. PSMA PET) divided by total number

pMRI vs. PSMA PET) divided by total number of imaging modality
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[1]. However, in the incidental primary diagnostic setting,
the significance of intraprostatic 18F-FDG PET/CT uptake
remains uncertain, and the ability of the SUVmax to differ-
entiate between benign and malignant is not robust [4e6]. In
the series by Hwang et al. [5], 65.2% (120/184) men had
further evaluation and TPBx was performed in 31.7% (38/
120). PCa was identified in 19.2% (23/120) of the evaluated
men, including 60.5% (23/38) who proceeded with biopsy.
There was no statistical difference in the SUVmax in the
cancer group compared to the benign group
(mean 5.7 [standard deviation, SD 5.1] vs. 4.8 [SD 2.7],
pZ0.37). In our series, we also found no difference in the
18F-FDG SUVmax between men classified as malignant versus
benign (median 6.1 [IQR 4.6e8.3] vs. 5.7 [IQR 4.4e8.4],
pZ0.58). Therefore, in the diagnostic setting there is no
useful 18F-FDG SUVmax that can be recommended to triage
which men will require a prostate biopsy.

Of those who did not proceed to biopsy, there was
varying repeat 18F-FDG PET/CT undertaken including many
(68.8%) with PSA less than 1 mg/L demonstrated ongoing
intraprostatic avidity. This is suggestive that many men
display non-malignant causes for FDG avidity within the
prostate, which is in keeping with our cohort where 70%
were not classified as malignant. It is very unlikely that
these changes reflect intraprostatic metastases related to
the primary malignancy due to its rarity and none of the
patients biopsied in our study had non-primary prostate
malignancy.

There is lack of international consensus regardingwhat PSA
level correlates with benign pathology. Our criteria of a PSA
less than 2 mg/L is based on nomogram data showing that
approximately 90% of men with a PSA of less than 2 mg/L had
benign histology on prostate biopsies [28]. PCa on biopsy of
men with incidental 18F-FDG uptake with a PSA of less than
2.5 mg/L was identified in only 3.8% in the biopsy series of 99
men by Kwon et al. [3]. Minamimoto et al. [29] evaluated the
outcome of a 12-core systematic TPBx in 50 men with 18F-FDG
avid prostate lesions. PCa was diagnosed in 25 (50.0%), with
the highest odds ratio for PCa diagnosis at a PSA cut-off at
12.0 (odds ratio 10.77, 95% confidence interval 2.78e48.78)
mg/L and a PSA of less than 2 mg/L highly unlikely to be asso-
ciated with finding PCa in a 18F-FDG avid intraprostatic lesion.
When considering a traditional PSA cut-off for investigation of
less than 3.0 ug/L, of the 28 men investigated, 21.4% (6/28)
had biopsy proven PCa, and only 3.6% (1/28) had a high-grade
PCa. Therefore, if the PSA is less than 3.0 ug/L, it would seem
appropriate to avoid any further investigation unless there are
risk factors such as family history, concerning PSA velocity,
abnormal digital rectal examination, or other clinical factors.

Using a 3 T mpMRI alone to establish the diagnosis of PCa
without histological confirmation in an 18F-FDG PET/CT avid
area is contentious. However, in the PSA screening popu-
lation, PCa was diagnosed in 73.0%e85.0% and 92.0%e95.2%
of men with a 3 T mpMRI of PIRADS 4 and 5, respectively, at
our institution [15]. In a small series comparing the whole
gland histological sector analysis of 17 men, the combina-
tion of incidental 18F-FDG PET/CT prostate uptake and
abnormal mpMRI had a positive predictive valve for malig-
nancy of 0.83 [30]. Our results showed that 96.3%
(26/27) men with a PIRADS 4e5 mpMRI that proceeded to
biopsy had PCa. In our current series, we also required a
high PSA or abnormal 68Ga-PSMA PET/CT to accompany the
39
PIRADS 4e5 lesion before considering the 18F-FDG PET/CT
avid lesion as likely to be malignant. Recently the PRIMARY
study has demonstrated that 97% of cases were mpMRI and
68Ga-PSMA PET/CT positive, and that PCa was identified at
biopsy [20].

The limitations of the study include the retrospective
data collection and inconsistencies due to the large cohort
(biopsy confirmation, clinical staging, and clinical infor-
mation such as immune or testosterone suppression and
urological history). We were unable to reliably determine
the 18F-FDG PET/CT indications (e.g., primary investiga-
tion of non-prostate pathology and treatment response) or
perform blinded image review. It is possible but unlikely
that FDG uptake in men considered benign due to PSA less
than 2.0 ug/L could be due to high-grade (e.g., ductal
variant is very rare) [31]. Furthermore, 15.4% of men sus-
pected to have PCa were not confirmed, likely due to
treating physician discretion (e.g., poor life expectancy
not warranting a diagnosis). While lack of histological
diagnosis is a limitation, abnormal mpMRI result was used
for cancer classification, without biopsy, due to the high
performance of mpMRI for PIRADS 4 (73%e85%) and
PIRADS 5 (89.8%e90.5%) findings in our institution, also
providing confidence in the T3 rate (8/68, 11.8%) [15].
Similarly, 68Ga-PSMA PET/CT was used due to high
concordance with significant cancer, enhanced in combi-
nation with mpMRI (97.9% of all clinically significant index
lesions according to prostatectomy histology) [32].
Conversely, the potential for false positive cancer classi-
fication with the imaging criteria is offset by the indeter-
minate classification where underlying PCa may be
present. Finally, we included PSADT as a criterion as it is a
dynamic model of prostate tumour biology which, when
low (<3 years), is predictive of aggressive disease
[14,33,34] and, when high (>4 years), is associated with a
low-risk progression on active surveillance [35]. However,
PSADT is limited by unclear accuracy in predicting un-
treated PCa progression [36] and diagnosis [37].

5. Conclusion

In view of our findings, it is recommended that men with
incidental 18F-FDG PET/CT intraprostatic uptake be referred
for further urological investigation including a digital rectal
examination and a PSA test, providing their primary malig-
nancy does not limit short- to intermediate-term
life expectancy. If further investigation is required, our re-
sults show that a combination of an avid 18F-FDG
PET/CT with a concordant 68Ga-PSMA PET/CT and a PIRADS
4e5 on 3 T mpMRI is associated with a 100% probability of a
histological diagnosis of PCa. This finding requires further
prospective evaluation with larger patient cohorts.
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