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[ Abstract] Objective In this study, we retrospectively analyzed the imaging characteristics of dual-tracer
®Ga-prostate specific membrane antigen (PSMA) and '*E-flurodeoxyglucose (FDG) positron emission tomography
(PET)/computed tomography (CT) in metastatic prostate cancer (mPCa) patients. We analyzed the uptake modes of the
dual tracers, explored clinical pathological parameters affecting the '*F-FDG uptake in the lesions, and evaluated their
prognostic implications for prostate specific antigen progression-free survival (PSA-PES). Methods A total of 41 mPCa
patients who underwent dual-tracer PET/CT (*®*Ga-PSMA and "*F-FDG) scans between September 2021 and January 2024
were retrospectively enrolled. One patient had negative uptake of both PSMA and FDG. According to the uptake patterns
of the 2 tracers, the other patients, 40 in total, were categorized in 2 groups, including group A consisting of 33 cases who
showed PSMA and FDG dual and those who showed FDG only avidity, and group B consisting of 7 cases who showed
PSMA avidity only. Comparative analyses of clinical pathological characteristics between group A and group B were
conducted. The relationship between various parameters and PSA-PFS was analyzed by the Kaplan-Meier method.
Results A total of 26 patients (63.4%) were diagnosed with metastatic castration-resistant prostate cancer (mnCRPC),
and 38 cases (92.7%) had a Gleason score of 8-9. Bone metastasis, the predominant type of distant metastasis, occurred in
36 cases (87.8%). The skeletal and distant lymph node metastases mostly showed a dual positive uptake pattern for both
PSMA and FDG (85.7% [24/28] and 81.8% [9/11]). 37.5% (3/8) of the metastases to organs showed FDG only positive
uptake pattern. The serum levels of prostate specific antigen (PSA) in group A were significantly higher than those in

group B (P=0.013). A total of 13 patients of special pathological classification (intraductal carcinoma and neuroendocrine
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differentiation) were all found to be in group A. Among the 41 cases, 16 were lost to follow-up. Of the 25 patients who

completed follow-up, 9 patients, with a median PSA value of 104 ng/mL, experienced PSA progression, while the 16 other

patients, with a median PSA of 0.34 ng/mL, did not incur any PSA progression. There was significant difference in the

median PSA between patients showing PSA progression and those who did not show PSA progression (P<0.001). Kaplan-

Meier survival analysis revealed that the median PSA-PFS of patients of specific pathological classifications was 7 months,

which was shorter than the 16 months of the patients with typical prostate cancer, with the difference between the two

groups being statistically meaningful (P=0.043). The median PSA-PFS for group A was 30 months. With more than half of

the patients in the group not experiencing any PSA progression, group B did not reach the median PSA-PFS (P=0.645).
Conclusion Dual-tracer PET/CT imaging with “*Ga-PSMA and ""F-FDG commonly exhibits avidity for both tracers in

mPCa. Serum PSA level is a reliable biomarker for predicting FDG-positive lesions. mPCa presented with intraductal

carcinoma and neuroendocrine differentiation tends to exhibit FDG avidity and is more susceptible to PSA progression.
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Table 1 Clinicopathological characteristics of patients with metastatic

prostate cancer (n=41)

o .
Clinicopathological characteristic Case (%) or median

(Py5-Pys)

Hormonal status

mCRPC 26 (63.4)

mHSPC 15 (36.6)
Agelyr. 64 (58-75)
PSA level/(ng/mL) 3.92 (0.51-40.20)

<10 25 (61.0)

=10 16 (39.0)

Gleason score

7 3(7.3)
8 16 (39.0)
9 22 (53.7)
ISUP/WHO grade
2 1(24)
3 2(4.9)
4 16 (39.0)
5 22 (53.7)

Specific pathological type

Intraductal carcinoma 6 (14.6)
Neuroendocrinization 7 (17.1)
Metastatic sites
Distant lymph nodes 15 (36.6)
Bone 36 (87.8)
Organs’ 9(22.0)
Liver 4(9.7)
Lung 6 (14.6)
Other organs 3(7.3)
Local recurrence 20 (48.8)
Metastasis
Oligometastasis 20 (48.8)
Polymetastasis 21 (51.2)
Previous systemic treatment
Radical surgery+radiotherapy+ADT 14 (34.1)
Radical surgery+radiotherapy*ADT+NHA 14 (34.1)
Radical surgery+radiotherapy+ADT+other 13 (31.8)

(chemotherapy)

mCRPC: metastatic castration-resistant prostate cancer; mHSPC:
metastatic hormone-sensitive prostate cancer; PSA: prostate specific
antigen; ISUP: International Society of Urological Pathology; ADT:
androgen deprivation therapy; NHA: novel endocrine therapy. * Some
patients have multiple organ metastases at the same time, such as liver and
lung metastases, while others have liver, or lung, or other organ metastases
alone. The table is calculated according to one metastatic site, so patients
with both liver and lung metastasis are recorded as 1 liver metastasis and 1
lung metastasis, respectively. ' Oligometastasis is defined as 1-5 metastases
found on PET imaging. Polymetastasis is defined as PET imaging showing
more than 5 metastases.
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Fig 1 Dual-tracer uptake patterns of metastatic prostate cancer on %Ga-
PSMA and "°F-FDG PET/CT
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% . Gleasoni¥-7; S BETEIAYT Jr A5 2 18] 22 5w 3 T ge i+
B, BRI,

r ; e -
(C) (D) ‘

2 —fI#%E"Ga-PSMAN "F-FDG PET/CTH&RIL A PSMA™FDG KBTS BRSE £.5 (GleasoniT 5y 4+5=95% , RIBHEL A BB B A MEHEE R AML )
Fig2 PAMS™FDG" lesions on **Ga-PSMA and "*F-FDG PET/CT in a patient (Gleason score: 4+5=9, focal adenocarcinoma with neurodocrine

differentiation) with metastatic prostate cancer

A, The maximum intensity projection of "*F-FDG PET; B, the maximum intensity projection of °Ga-PSMA PET; C, the uptake of "*F-FDG in the hepatic lesion was

abnormally increased (arrow), with a SUVmax of 18.32; D, no abnormal uptake of “Ga-PSMA was observed in the hepatic lesion (arrow); E, the uptake of "*E-FDG in the

5" Jumbar vertebra was abnormally increased (arrow), and the SUVmax was 18.21; F, no abnormal uptake of %Ga-PSMA was observed in the 5" lumbar vertebra (arrow).
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Fig3 PAMS'FDG™ lesions on **Ga-PSMA and '*F-FDG PET/CT in a patient (Gleason score: 4+5=9, adenocarcinoma) with metastatic prostate cancer

A, The maximum intensity projection of '*F-FDG PET; B, the maximum intensity projection of “°Ga-PSMA PET; C, the high-density lesion in the 9" thoracic
vertebra had abnormally increased uptake “Ga-PSMA (arrow), with a SUVmax of 13.38; D, no abnormal uptake of "*F-FDG was observed in the 9" thoracic vertebra

(arrow); E, local recurrent uptake of ®Ga-PSMA in the prostate area was abnormally increased (arrow), with a SUVmax of 11.39; F, no abnormal increase in E_FDG

uptake was observed in the prostate area (arrow).

Bl 4 —fil7E"Ga-PSMAFI *F-FDG PET/CTR I PSMA'FDG' IR 71 B S (Gleason 53 4+5=9%y, FRIZTh fSE)
Fig 4 PAMS'FDG" lesions on **Ga-PSMA and '*F-FDG PET/CT in a patient (Gleason score: 4+5=9, adenocarcinoma) with metastatic prostate cancer
A, The maximum intensity projection of ‘*F-FDG PET; B, the maximum intensity projection of ®Ga-PSMA PET; C and D, the uptake of "*F-FDG (C) and **Ga-
PSMA (D) in multiple pulmonary nodules increased abnormally (arrows), and the SUVmax was 3.98 and 8.40, respectively; E and F, the uptake of *F-FDG (E) and *Ga-

PSMA (F) in lesions of bilateral pubis increased abnormally (arrows), and the SUVmax was 12.90 and 7.11, respectively.
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Fig 5 Dual-tracer uptake patterns in different metastatic sites (A) and comparison of the maximum SUVmax of the two tracers (B)
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£ 2 Group A5Group BABIEKFEZER
Table 2 Relationship between the clinicopathologic characteristics of

patients in Group A and Group B

Parameter Group A (n=33) Group B (n=7) P
Hormonal status/case 0.679
mCRPC 22 4
mHSPC 11 3

Age/yr., median (P,5-P;s) 68 (58-77) 60 (57-71)  0.249

PSA level/(ng/mL), median (P,5-P;s) 4.80 (1.02-100) 0.34 (0.09-2.50) 0.013

Gleason score/case 0.689
8+7 15 4
9 18 3

Pathological classification/case 0.074
Typical 20 7
Specific 13 0

Previous therapy/case >0.05
Bicalutamide+NHA 12 5
Others 11 2

All abbreviations are explained in the note to Table 1.
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Table 3 Kaplan-Meier analysis of median PSA-PFS of patients with

different clinicopathological features

Non-PSA

Clinicopathological feature Ps?nzlgg/ZZZiion EJ:lz%rGe)jila(;rel f;fk P

Dual-tracer uptake patterns 0.212 0.645
Group A 8 12
Group B 1 4

Hormonal status 1.644 0.200
mCRPC 9 9
mHSPC 0 7

PSA level/(ng/mL) 3.305 0.069
<10 4 14
=10 5 2

Gleason score 0.048 0.826
8+7 2 8
9 7 8

Pathological classification 4.081 0.043
Typical 2 12
Specific 7 4

Previous therapy 2.003 0.157
Bicalutamide+NHA 3 13
Others 6 3

All abbreviations are explained in the note to Table 1.
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Fig 6 PSA-PFS survival curves of patients with metastatic prostate cancers in different groups

At the start of follow-up, there were 20 cases in group A, 5 in group B, 14 cases in the typical pathology type group, and 11 cases in the specific pathology type group.

PSA-PFS is defined as the time from the start of a PET/CT examination to the PSA progression or death due to PCa. PSA progression is defined as an increase in PSA of at

least 25% from baseline.
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I PSMARRLT CUE SE A7 1 K mCRPCHE 5 HillJ5 1Y
YEHIY, RLTH ZRYT AR MRS IR e kA PSMA R IL®
B2 B T Z i 22 236 97 AR A ) 2 00 S v, iR
PSMA 1) 35 Al ik s/ sk & 2k o A R 5% W/ 9 AL
FDG'PSMA 475 JIeg 81 HAZ 280k HL s AER >, &
mCRPCHZ RLTIAYT G AE A7 0 B $5000 BXL 7, PR A
FIRLTI FRAF 75 HEBRFDGBH M Y s 5 2o A 5T X 22
AT RIS AL, R IAEAER AL FDG IR M R R 3 &
A= PSAE R I LU AL FDGIFIPE Y 835 i, (AT RE R R B 1
BFIE A, FEAC AN 2, AR RN R A G4

RWFFAFAE— 8 SR BRI B e AR S — A [l i
PIIRRYEMIGY . B THEAC R A/D, FDGHLHE R B H
A1, PRI TE s U ARIZ 2 8 5 PSMA B B8 & i IR
SRR . HRAEHEA T PSA-PESTI I 20 A7 7 T 43 BT 14 5%
i PR 2 A /0, AR A — BB B4R 2 an 43 T B A5 B, Tl
J BT AT, (A5 B Rk BRI R M PSA- PRSI
J&, A& BRFDG A PE2H 8 35 5 5 PSMA B FH 26 X J31) 55
HA sz K2, IBOTCE# T e 2 2 2R 0. IAhxF
T*F-FDG J¢**Ga-PSMA FH Mg AL i) I Wibr o H i o4 —
Bt G5 BB AE Iy o DR S5 AR A, 3
RAFEA T, 48 4 0T 4 T Y11 R B2 s BRAT ., AT HTBE
WF5E,

M2, mPCaZ £ H*Ga-PSMAFIF-FDGXUR i 7]
IR, ML PSAZK & s kL FDGRH MR AT S d8 45 . A7
TE S48 Wi S 2 N 43 W53 (R PCadi &t 5 R LW FDG
FHIE H 5 PLPSATEE .

* * *

FEETIRED] R G STERT AT BT BIR SR
AN 2 2R S A, BEBURE B0 5T 2 SRR IS BEET I A I
G, WA ST AR S, G905 T AR, 161 A3
PSP IANIL B 38 %, SRR SRS Bl g . IEN AT, F
FEHAGH, BT IR SRR B S A S . AR T &R

TR SCTEARSCIA AT, HXPR B R R RA AT e 22 i, FE R X T
VERI BT I 5% .
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