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ABSTRACT

BACKGROUND: The increasing availability of '*F-prostate-specific membrane antigen-1007 (*®F-PSMA-1007)for prostate cancer
staging highlighted its advantages, particularly its higher spatial resolution compared to analogs. Moreover, accumulating
scientific data indicate an increase in false-positive findings, predominantly in bones, which may lead to unwarranted upstaging
of the disease. Diffusion-weighted imaging may be used for the early detection of bone metastases.

AIM: This study aimed to assess and compare the diagnostic accuracy of whole-body '®F-PSMA-1007 positron emission
tomography combined with computed tomography and whole-body and pelvic bone diffusion-weighted imaging in patients
with prostate cancer.

METHODS: A retrospective single-center selective study was conducted. The imaging results of 119 patients with prostate
cancer were divided into two groups: group 1 comprised 40 pairs of '®F-PSMA-1007 positron emission tomography combined
with computed tomography and whole-body diffusion-weighted magnetic resonance imaging scans, and group 2 included
79 pairs of similar studies, with magnetic resonance imaging performed only for the pelvic bones. The diagnostic studies
were performed at an inter-study interval <14 days. The metastatic bone lesions detected in different anatomical regions was
counted using data from "®F-PSMA-1007 positron emission tomography combined with computed tomography and magnetic
resonance imaging. Lesions were considered true positives if confirmed by additional magnetic resonance imaging pulse
sequences and/or follow-up observation.

RESULTS: Whole-body diffusion-weighted imaging demonstrated higher specificity (58.1%) for detecting bone metastases
than "®F-PSMA-1007 positron emission tomography combined with computed tomography (51.06%). However, its sensitivity
was lower: 93.22% versus 97.55%.

CONCLUSION: Despite its advantages, '®F-PSMA-1007 positron emission tomography combined with computed tomography
shows a high rate of false-positive bone findings. These are most commonly noted in the ribs, vertebrae, and pelvic bones.
Suspicious bone lesions should be further evaluated to avoid unjustified disease upstaging. Thus, whole-body magnetic
resonance imaging with diffusion-weighted sequences and selective fat signal suppression can be used.

Keywords: prostate-specific membrane antigen; positron emission tomography; magnetic resonance imaging;
diffusion-weighted imaging; prostate cancer.
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CpaBHUTeNbHasA OLEHKA AMArHOCTUYECKOW TOYHOCTH
An$dy3uoHHO-B3BELUEHHbIX M306paXKeHUN Bcero
Tesla U NO3UTPOHHO-IMUCCUOHHOU TOMorpadum

¢ '"®F-npocTtaTocneuudnyHbIM MeMBpPaHHbIM
aHTureHoM-1007, coBMeLLEHHOK C KOMNbIOTEPHOM
ToMorpaduei, B BbisiIBJIEHUM KOCTHbIX MeTacTa3oB
NpyU paKe npeacTaTesibHOW XKenesbl

MN.5. Fenexe'?, P.B. PewetHukos', UN.A. Bnoxun', M.P. Kogexko'

! HayuHo-NpaKTM4ecKUi KIMHUYECKUI LIEHTP [MAarHoCTUKM U TeneMea LMHCKUX TexHonoruid, Mocksa, Poccus;
2 EBponeiickuii MeaMUMHCKuIA LeHTp, Mockea, Poccus

AHHOTALLUA

O6ocHoBaHue. [loBbileHMe AocTynHocTM '°F-npoctatocneunduyHoro Mem6paHHoro aHtureHa-1007 ("®F-TMICMA-1007)
ANA CTaAMpOBaHWA paKa npeacTaTeNlbHON Xene3bl LeMOHCTPUPYET ero NPeUMYLLIECTBa, U3 KOTOPBIX BaXHbIM ABNAeTCA bonee
BbICOKOE MPOCTPaHCTBEHHOE pa3speLueHue, YeM Yy aHanoroB. OJHOBPEMEHHO HaKanMBAKOTCA HayyHble JaHHble, CBUAETENb-
CTBYIOLUME O 3HAUMTENBHOM YBESIMYEHUM YMCNA JIOXKHOMONIOKMUTENbHBIX HAX0A0K, MPEUMYLLIECTBEHHO B KOCTSAX, 4TO MOMET
NpMBOAMTL K HeoHOCHOBAHHOMY 3aBbILLIEHMIO CTaAMM OHKONorMyeckoro npouecca. AuddysnoHHo-B3BeLLEHHbIE M30bpae-
HWS BO3MOKHO MCMONb30BaTh ANS PaHHEN AMArHOCTUKW METacTaTUYecKoro NopaxeHus KocTen.

LUenb wuccnepoBaHus. OueHKa [MArHOCTMYECKOM TOYHOCTM MO3UTPOHHO-3MUCCMOHHOWA ToMorpaduu Bcero Tena
¢ "®F-MCMA-1007, coBMelLLEHHOM C KoMnbloTepHo Tomorpadmeit (MIT/KT), B cpaBHeHUn ¢ AnddY3MOHHO-B3BELLEHHBIMM
n306pakeHnAMMW BCero Tena U KocTel Manoro Tasa y NauMeHToB C PakoM NpeaCcTaTenbHO Xese3bl.

MeTogpl. [lpoBefeHO peTpocneKTUBHOE OLHOLEHTPOBOE BLIBOpOYHOE UccefoBaHue. Pesynbrathl uccnepoadui 119 naum-
€HTOB C PaKOM NpeAcTaTeNbHOI Xene3bl, pasaeneHbl Ha ABe rpynnbl: 1-a rpynna — 40 nap aanHbIx N3T/KT ¢ ®F-NCMA-1007
M MarHMTHO-pe30HaHCHOW ToMorpadum ¢ AndPy3noHHO-B3BELLEHHBIMYU U306paXKeHNaMM BCero Tena; 2-a rpynna — 79 nap
aHanoruyHbIX MCCNe0BaHMiA, MPU 3TOM MarHUTHO-Pe30HaHCHY0 ToMorpaduio NPoBOAMAM TONBKO B 06nacTu KocTew Tasa.
[lnarHoctuyeckne mccnesoBaHWsA BbINOSHEHbI NPU COBMIOLEHMM BPEMEHHOIO MHTEpBaNa MeXay HUMU He Bonee 14 gHei.
OcyLLecTBAANM NOACHET KONMYECTBA BbIABMEHHBIX METACTaTUYECKUX 04aroB KOCTEN B PasfMyHbIX aHaTOMUYecKuX obnacTtsx
no AaHbiM M3T/KT ¢ "®F-NCMA-1007 1 MarHuTHO-pe3oHaHcHoN ToMorpadun. MICTUHHO MONOMKMTENbHBIMA CYMTAIOT OYary,
NOATBEPKAEHHBIE C MOMOLLBIO JOMOHUTESBHBIX MMMYMbCHBIX NOCNEA0BaTENbHOCTEN MarHUTHO-PE30HAHCHOW ToMorpadum
U/unu B pe3ynbTate AMHAMUYECKOro HabmoaeHus.

PesynbTtatbl. [JuddysnoHHO-B3BELLEHHaN BU3yanu3aLms BCEro Tena NpoLeMoHCTpupoBana bonee BbICOKYH0 cneumduyHocTb
B BbISIBIEHWM KOCTHbIX MeTacTa3oB (58,1%) no cpasHenuio ¢ NMIT/KT ¢ '®F-MCMA-1007 (51,06%). 0aHaKo YyBCTBUTENBHOCTD
OKa3sanacb Huxe — 93,22 npotus 97,55% co0TBETCTBEHHO.

3akstouenue. HecMoTps Ha u3BecTHble npeumyLlectsa, M3T/KT ¢ "F-MICMA-1007 AeMoHCTpUpYET BbICOKYIO YacToTy JIOXHO-
MONOXUTENBHBIX HAaX0[oK B KocTax. Haubonee yactas ux nokanusaums — pébpa, No3BOHKM, KOCTU Tasa. [na usbexaHus
HEOMpaBAAHHOrO 3aBbILLEHUS CTAWM PEKOMEHLLYETCS NPOBEAEHNE YTOUHAIOLLEN ANArHOCTUKM MOJ03PUTENbHBIX 04aroB KO-
cTei. B KauecTBe TaKoro MeToia MOXHO MCMOMb30BaTb MarHUTHO-PE30HAHCHYI0 ToMorpaduio Bcero Tena ¢ auddysmoHHo-
B3BELLEHHbIMU U306paXKEHUAMU U CENIEKTUBHBIM NMOAABAEHUEM CUrHANA OT MPOBOIA TKaHM.

KnioueBble cnoBa: I'IpOCTaTOCI'IELIM(bW-IHbIﬁ MeM6paHHbIﬁ aHTUreH; No3NTPOHHO-3MUCCUOHHAA TOMOFpad)VIFI; MarHuTHoO-
Pe30HaHCHaA TOMOFpaq)MH; ,U,Mq)q)y3MOHHO—B3BeLLIeHHbIe M306pa)KEHMFI; paK I'Ipe,U,CTaTEHbHOﬁ xenesbl.

Kak uutnpoBartb:

lenexe Mb., PewetHnkos P.B., Broxwn WA, KopeHko MP. CpaBHuTenbHas oOLEHKA AMArHOCTUHECKOW TOYHOCTM AUGQY3MOHHO-B3BELLEHHBIX
1306payeHnin BCero Tena M Mo3WUTPOHHO-3MMUCCMOHHOM ToMorpadum ¢ '®F-mpocTtatocneumduyHbM MeMBpaHHbIM - aHTureHom-1007, coBMeLLEHHOM
C KOMbIOTEPHOW TOMorpaduelt, B BbISBNEHUM KOCTHBIX METacTa3oB Npu pake npeActatenbHoi xenessl // Digital Diagnostics. 2025. T. 6, N° 2. C. 239-250.
DOI: 10.17816/DD633391 EDN: QXLAWR

Pykonucb nonyuena: 10.06.2024 Pykonucb opno6peHa: 06.12.2024 Ony6nukoBaHa online: 05.06.2025
y

9KOe®BEKTOP Cratba goctynHa no nuuer3un CC BY-NC-ND 4.0 International
© 3xo-BekTop, 2025


https://creativecommons.org/licenses/by-nc-nd/4.0/deed.ru
https://doi.org/10.17816/DD633391
https://elibrary.ru/qxlawr
https://doi.org/10.17816/DD633391
https://elibrary.ru/qxlawr

ORIGINAL STUDY ARTICLE Vol. 6 (2) 2025 Digital Diagnostics

DOI: https://doi.org/10.17816/DD633391 EDN: QXLAWR

SRR 2 B RIS S  F-RiFl RS R RN R-1007IEB F%
TR EEREIAS TR EEREERY RE B R Re
RIS B TE LTS

Pavel B. Gelezhe'?, Roman V. Reshetnikov', Ivan A. Blokhin', Maria R. Kodenko'

! Research and Practical Clinical Center for Diagnostics and Telemedicine Technologies, Moscow, Russia;
2 European Medical Center, Moscow, Russia

HE

WAE. B2 18F-F 1 s S MR JF - 1007 (SF-PSMA-1007) 7 1if 51) s 43 A v () )3 A I 25
K, TR IR 2 [R] R OB T R B ARG A R ORI AR A . SUEFEIR, HoREE
WFFte, %R BB T A SECREMR BRI, M AT RE 5] R 2 B A A 2R
ThiEr e UREUMBUSAZ ATV B #78 B2 W i —Fh o7 i

HE: P4 18F-PSMA-10074: & IE LT R S TH AL Z AR BEA TS AL 2345 (PET/CT)
ERT AR B, 54 5 RE 23 X IR IR EUMABUSRAG AR L, 758 R A4S 1 7 TH 1912 Wi v
g

Fike AW N—IEEYE. A OEETT L. LGN 11961 A 51 e B R A g5 1, JF
A NP : 140 405 8F-PSMA-1007 PET/CT 54> 5 R BN BUG R IRAG B 508 s 56
2H TN AR B PR, A R IR A AR T 2 X 3. A 12 W 1 A A 2 78 s (1] [ g
ANHEGT1ARIIFTHE R 58 . 4 18F-PSMA-1007 PET/CTRIRAILIR UL IS5 5, it A (A g
SRS B B e AR . DRGSR AR B ik vk e 0 R/ 8 sh 25 BE U 45 SRAE ARk
FfON TR0 Sk 40t A0 L B

R &G IREUNBURAGIEH F AR 7 T (1 Rr 72 14858, 1%, 15T 18F-PSMA-1007 ~ PET/CT
(1151, 06%. (HBUEREERZAR, 272893, 22%F197. 55%.

ik, REPF-PSMA-1007  PET/CTHEA CAIES, (HFEH B R B8 s B H A R
HH W B RN HEB B s . BRI o I i, UG AT B
BRI AT HE— 200G . AR & S REILIR RS, 45 A TR EUINBUSASR AN g B 14 R I 15 5 P
o, VEAERN TR L T

R AR YU IR T RS EALR B4R BRI SREUMBURE ;
I 5 B o

BIRAS:

Gelezhe PB, Reshetnikov RV, Blokhin 1A, Kodenko MR. SRECIIAN 4= 5 184% 55 '5F— 51 &) R4 S5 M BRI JER - 1007 1E B 7 R B S LIBTZ 845
AT E AL Z 3 F5 18 50 2 e - B A A I o 112 W B 14 B BE 1P 4. Digital Diagnostics. 2025;6(2):239-250. DOI: 10.17816/DD633391
EDN: QXLAWR

B 10.06.2024 52 06.12.2024 BATHHA: 05.06.2025
V-2
ECOSVECTOR Avrticle can be used under the CC BY-NC-ND 40 International License

© Eco-Vector, 2025

241


https://creativecommons.org/licenses/by-nc-nd/4.0/deed.en
https://doi.org/10.17816/DD633391
https://elibrary.ru/qxlawr
https://doi.org/10.17816/DD633391
https://elibrary.ru/qxlawr

242

ORIGINAL STUDY ARTICLE

BACKGROUND

Positron emission tomography/computed tomography
(PET/CT) with prostate-specific membrane antigen
(PSMA)-targeting radiopharmaceuticals is increasingly
widely used in clinical practice for prostate cancer staging.
PET/CT has become the preferred approach in the diagnosis
of biochemical recurrence in prostate cancer [1, 2].
Several clinical studies have confirmed that PET/CT with
PSMA-targeting radiopharmaceuticals outperforms magnetic
resonance imaging (MRI), CT, and radiolabeled choline
in detecting biochemical recurrence [3, 4]. Furthermore, PSMA
improves the accuracy of primary staging in intermediate-
and high-risk prostate cancer [5].

In the United States and Europe, gallium-68
is the most commonly used isotope in PSMA-targeting
radiopharmaceuticals. Specifically, ®®*Ga-PSMA-11 was the first
PET radiopharmaceutical approved in the United States
for patients with prostate cancer [6]. With advancements
in radiopharmacy, '®F-PSMA ligands, such as "F-PSMA-1007,
have become widely used.

The main technical advantages of ®F-PSMA ligands over
%8Ga-PSMA include a longer half-life (110 min vs. 68 min) and
the possibility of cyclotron production. Moreover, ®F-PSMA
has lower positron emission energy than ®Ga-PSMA
(0.6 MeV vs. 2.3 MeV), increasing the spatial resolution
of phantom scans [7]. Another advantage of ®F-PSMA-1007
is the radiopharmaceutical's low background activity
in the urinary tract [8].

However, as "F-PSMA-1007 becomes more widely used,
reports of false-positive findings in bones increase [9]. This
can lead to an unreasonable overestimation of the disease
stage, resulting in an ineffective treatment strategy.

The key advantages of MRI, which was introduced as
a diagnostic tool several decades ago, include excellent soft
tissue contrast and the absence of radiation exposure.

Diffusion-weighted imaging (DWI) is an MRI mode that
measures the microscopic movement of water molecules
at the cellular level. DWI provides both quantitative
(e.g., apparent diffusion coefficient) and qualitative
(e.g., signal intensity) data for the differential diagnosis
of benign and malignant neoplasms [10].

DWI was initially used in brain diseases, including
to detect cerebral infarction zones based on diffusion
restriction. Technical advances introduced in the late 1990s,
such as diffusion-weighted imaging with background
suppression (DWIBS), made it possible to use DWI to diagnose
extracranial disorders. The key advantage of DWIBS is quick,
free-breathing whole-body imaging, which opens up new
prospects for cancer staging [10].

However, given its low resolution, DWIBS alone
is insufficiently effective. The fundamental advantage
of DWIBS is that it detects lesions based on high signal
intensity at high b values [11]. To accurately determine
the anatomic site of the detected lesion, whole-body DWI
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must be supplemented by basic MRI sequences, such as T1
weighted images (T1WI), short tau inversion recovery (STIR),
and some others [12].

DWI is currently used to visualize metastases. Malignant
tumors typically have a more intense DWI signal than benign
ones. Diffusion restriction by tumor tissues may be caused by
a greater number of cells per unit volume, resulting in smaller
intercellular spaces. The advantages of whole-body DWI
include a short scan time (approximately 20 minutes), no
ionizing radiation, and no need for intravenous contrast.
Furthermore, DWI is a clarifying MRI sequence in whole-body
examinations in cancer, including the diagnosis of distant
metastases [13].

AIM

The work aimed to assess the diagnostic accuracy
of whole-body PET/CT with ™F-PSMA-1007 compared
to whole-body and pelvic DWI in patients with prostate
cancer.

METHODS
Study Design

A retrospective, single-center study was conducted.

Eligibility Criteria
Inclusion criteria:
« Prostate cancer with signs of biochemical recurrence;
 Multiparametric prostate MRI;
«  Whole-body DWI;
+  Whole-body PET/CT with ®F-PSMA-1007;
« Interval between MRI and PET of no more than 14 days.
Non-inclusion criteria: absence of one or more diagnostic
markers of prostate cancer.
Exclusion criteria: significant artifacts of pelvic DWI,
whole-body DWI, or whole-body PET/CT with "®F-PSMA-1007,
preventing proper assessment of findings.

Study Setting

Patients who underwent PET/CT with "F-PSMA-1007,
whole-body DWI, and prostate MRI were enrolled at the private
healthcare facility European Medical Center.

Study Duration

The study used electronic medical records obtained
between January 1, 2023, and June 1, 2023.

Intervention

Two datasets were generated at the first stage of the study:
« PET/CT with ®F-PSMA-1007 and whole-body DWI;
« PET/CT with "®F-PSMA-1007 and pelvic DWI.

The interval between MRI and PET was no more than
14 days.
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At the second stage, the number of metastatic bone
lesions at various anatomic sites was assessed using PET
with ®F-PSMA-1007 and MRI findings.

A Biograph® mCT scanner (Siemens Healthineers,
Germany) was used for PET/CT with ™F-PSMA-1007.
Whole-body (head-to-toes) PET/CT was performed.
The radiopharmaceutical activity was calculated as 3.0-
4.0 MBq per 1 kg body weight (mean: 250-350 MBq).
After receiving the radiopharmaceutical, patients rested
for 60 minutes. Oral hydration with 500 mL of water was
performed. The scan time per axial field of view (the area
corresponding to the patient's position on the scanner bed)
was 3 minutes.

PSMA-RADS-3," PSMA-RADS-4,2 and PSMA-RADS-5°
lesions are classified as doubtful or positive based on PET
findings [14]. To be classified as true-positive, a lesion must
be confirmed by additional MRI sequences, including:
 Axial in-phase and out-of-phase T1WIs, HASTE T2Wils,*

and sagittal T1WIs of the spine for whole-body MRI

findings;
« Axial in-phase and out-of-phase T1WIs, HASTE T2Wis,*
and dynamic contrast-enhanced T1WIs for pelvic MRI

findings [15].

Vol. 6 (2) 2025
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The scanning used a head coil, two flexible body coils,
and a spine coil. The overall scan time was determined by
the patient's anthropometric characteristics, but did not
exceed 50 minutes. Table 1 shows protocols for prostate MRI
and whole-body DWI.

Main Study Outcome

Detection of metastatic bone lesions using PET/CT with
BF-PSMA-1007 and whole-body and pelvic diffusion-weighted
imaging findings, confirmed by additional MRI sequences.

Subgroup Analysis
All findings were divided into two groups:

 Group 1: PET/CT with "®F-PSMA-1007 and whole-body
DWI findings;

 Group 2: PET/CT with "®F-PSMA-1007 and pelvic DWI
findings.

Outcomes Registration

The number of detected lesions was entered into a table,
indicating the anatomic site. To assess the distribution
by anatomic sites, metastases to cranial bones, scapulas,
ribs, pelvic bones, and vertebrae were counted individually.

Table 1. Protocols of whole-body and prostate diffusion-weighted magnetic resonance imaging

MRI sequence Slice orientation TE/TR, ms Field"(::nview, rf\hrrfe/ tohvigl:l';?;]

Multiparametric magnetic resonance imaging of the prostate
TSE T2-weighted image Sagittal 120/3800 250x250 3/03
TSE T2-weighted image Axial 110/3938 180x180 2.5/0
SS-EPI diffusion-weighted image Axial 87/2425 160x160 3/03
SS-EPI diffusion-weighted image Axial 59/5400 200x200 3/0
TSE T2-weighted image Coronal 110/2500 160x160 2.5/0
?Syr;amic contrast-enhanced T1-weighted image, temporal resolution Axial 23/4b 950x250 30
T1-weighted image after contrast enhancement Axial 13/23 400x350 4/0

Whole-body diffusion-weighted magnetic resonance imaging
SS-EPI diffusion-weighted image Axial 76/15 600 380x285 5/0
TSE T1-weighted image Sagittal 12/630 340340 4/0
HASTE T2-weighted image Axial 91/1400 385x313 6/0
VIBE DIXON T1-weighted image Axial 6.69/2.39-477  380x309 4/
TIRM T2-weighted image Axial 86/7200 230x201 5/0

Note. TSE, turbo spin echo; SS-EPI, single-shot echo planar imaging; HASTE, half-Fourier acquisition single-shot turbo spin echo; VIBE DIXON, volumetric
interpolated breath-hold examination with the Dixon method; TIRM, turbo inversion recovery magnitude; TE, echo time; TR, repetition time.

! PSMA-RADS-3 (Prostate-Specific Membrane Antigen Reporting and Data System 3): equivocal malignancy requiring further evaluation, according
to the standardized system for interpretation of imaging findings obtained with radiopharmaceuticals.

2 PSMA-RADS-4 (Prostate-Specific Membrane Antigen Reporting and Data System 4): high likelihood of malignancy, according to the standardized system

for interpretation of imaging findings obtained with radiopharmaceuticals.

¥ PSMA-RADS-5 (Prostate-Specific Membrane Antigen Reporting and Data System 5): very high likelihood of malignancy; high probability of clinically
significant cancer, according to the standardized system for interpretation of imaging findings obtained with radiopharmaceuticals.

“HASTE (Half-Fourier Acquisition Single-shot Turbo Spin Echo): a rapid sequence that enables acquisition of the entire image in a single radiofrequency pulse.
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Moreover, metastases to pelvic bones were counted
individually for whole-body and pelvic MRI findings.

Each lesion detected using PET/CT with "F-PSMA-1007
and whole-body and pelvic DWI findings was compared with
a reference test (MRI scans with additional MRI sequences).
Only lesions that met the diagnostic criteria for metastases
based on additional MRI sequences were classified as true-
positive. The additional MRI sequences included frequency-
selective fat suppression (in-phase and out-of-phase T1WIs)
for reliable detection of a metastatic lesion and a red marrow
reconversion zone [16, 17].

Ethics Approval

The study was approved by the Independent Ethics
Committee of the Center for Diagnostics and Telemedicine
(Minutes No. 10/2023 dated December 21, 2023).

Statistical Analysis

Sample size calculation

Given the lack of data for accurately predicting expected
effects, the sample size was calculated using the estimated
average effect size of 0.5 [18]. According to the Altman
nomogram, with the effect size of 0.5, significance level
of 0.05, and power of 0.8, the required sample size will be
120 patients [19].

Statistical methods

The diagnostic accuracy of the studied techniques was
assessed by calculating their sensitivity and specificity.
 Sensitivity (Se) was assessed as the proportion of true-

positive findings:

TP

Se = Tprrn W
where TP is the number of true-positive findings;
FN is the number of false-negative findings.

» Specificity (Sp) was assessed as the proportion of
true-negative findings:

Table 2. Number of metastatic bone lesions detected in group 1

Vol. 6 (2) 2025
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TN

SP = TN+FP’ 2
where TN is the number of true-negative findings;
FP is the number of false-positive findings.

The number of true-positive findings was defined as
the number of lesions at the examined anatomic site,
confirmed by additional MRI sequences. The number
of true-negative findings was defined as the number
of patients without lesions at the examined anatomic site
according to index and reference tests. If the number
of lesions at the examined anatomic site based on the index
test exceeded the number based on the reference test,
the difference was regarded the number of false-positive
findings. Otherwise, the difference was interpreted as
the number of false-negative findings. The sensitivity and
specificity of each index test for each anatomic site are
shown with 95% confidence intervals (Cls). The overall
sensitivity and specificity of each index test are presented
as means and interquartile ranges. The McNemar's test was
used to compare index and reference tests.

R 4.2.1° was used for all calculations [20].

RESULTS

Participants

The study included findings for 119 patients:

Group 1: 40 data pairs of PET/CT with ®F-PSMA-1007 and
whole-body DWI findings;

Group 2: 79 data pairs of PET/CT with ®*F-PSMA-1007 and
pelvic DWI findings.

Table 2 shows the total number of metastatic lesions
in group 1, confirmed by additional MRI sequences.

Table 3 shows the total number of metastatic lesions
in group 2, confirmed by additional MRI sequences. In addition
to bone metastases, group 2 showed signs of prostate cancer
recurrence near the vesicourethral anastomosis in 31 patients and
signs of pelvic lymph node involvement in 59 patients. In group 1,
signs of recurrence near the vesicourethral anastomosis were

Anatomic site | PET/CT with ®F-PSMA-1007, n

Whole-body DWI, n

| Lesions confirmed by other MRI sequences, n

Skull 53 50 35
Scapulas 59 55 46
Ribs 240 218 167
Vertebrae 225 220 176
Pelvis 135 131 114
Extremities 22 29 20

Note. PET/CT, positron emission tomography/computed tomography; PSMA, prostate-specific membrane antigen; DWI, diffusion-weighted image;
MRI, magnetic resonance imaging.

%R 4.2.1 [Internet]. R: The R Project for Statistical Computing; 2022. Available at: https://www.r-project.org/. Accessed on: April 10, 2024.
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Table 3. Number of metastatic lesions detected in group 2

PET/CT with "®F-PSMA-1007, n Whole-body DWI, n Lesions confirmed by other MRI sequences, n
Pelvis 18 80 79

Extremities 30 18 18

Note. PET/CT, positron emission tomography/computed tomography; PSMA, prostate-specific membrane antigen; DWI, diffusion-weighted image;

Anatomic site

MRI, magnetic resonance imaging.

found in 17 patients, and signs of retroperitoneal and pelvic
lymph node involvement in 28 patients.

Primary Results

The distribution (%) of metastatic lesions by anatomic

sites was as follows:

e 12.5% in cranial bones

e 42.5% in the spine

o 275% in the ribs

o 175% in the scapulas

«  42.5% in pelvic bones, and
o 175% in the extremities.

The maximum sensitivity and specificity of whole-body
DWI were 93.22 (95% Cl: 87.67-97.81) and 58.10% (95% ClI:
31.54-74.62), respectively. The maximum sensitivity and
specificity of whole-body PET/CT with ®F-PSMA-1007 were
97.55 (95% Cl: 95.13-100.00) and 51.06% (95% Cl: 20.35-
76.59), respectively. Table 4 shows the calculated diagnostic
parameters for selected anatomic sites. In group 2,
the sensitivity was 100% for both techniques, whereas
the sensitivity was 85.18% for whole-body PET/CT with
BF-PSMA-1007 and 100% for pelvic DWI (see Table 5).

Table 4. Diagnostic accuracy parameters in group 1

DISCUSSION

Summary of Primary Results

The main study outcome is a relatively low specificity
of both PET/CT with F-PSMA-1007 and whole-body DWI
in detecting bone metastases. Pelvic DWI obtained by
multiparametric prostate MRI showed higher specificity.
Whole-body DWI showed the highest specificity in detecting
skull, scapula, and femur metastases.

Discussion of Primary Results

The findings indicate low specificity of PET/CT with
®F-PSMA-1007 and whole-body DWI in detecting bone
metastases, which is confirmed by recent clinical studies,
including multicenter studies. Griinig et al. [21] reported
that PET/CT with "F-PSMA-1007 detected hyperfixation
foci in bones in 51.4% of patients, which are difficult
to interpret due to their unclear origin. One of the first
published works comparing the diagnostic accuracy of PET/
CT with "®F-PSMA-1007 and *®Ga-PSMA-11 found significant
differences in false positive rates in the bones (48% vs. 14.7%).
This is traditionally explained by the longer half-life of "F
compared to *Ga, which increases spatial resolution and

PET/CT with ®F-PSMA-1007

Whole-body DWI

Anatomic site

X p-value

Se, % (95% ClI)

Sp, % (95% Cl)

Se, % (95% Cl)

Sp, % (95% Cl)

Skull 100 (90.11-100) 64 (50.14-75.86)
Scapulas 100 (91.62-100) 63.83 (49.54-76.03)
Ribs 98.74 (95.53-99.65) 19.42 (12.94-28.1)
Vertebrae 95.93 (91.84-98.01) 20 (12.51-30.41)
Pelvis 96.36 (91.02-98.58) 38.3 (25.79-52.57)
Extremities 94.44 (74.24-99.01) 85.29 (69.87-93.55)

Note. PET/CT, positron emission tomography/computed tomography; PSMA, prostate-specific membrane antigen; DWI, diffusion-weighted image;

Se, sensitivity; Sp, specificity; Cl, confidence interval; Y, McNemar's test.

Table 5. Diagnostic accuracy parameters in group 2

Anatomic site

PET/CT with ®F-PSMA-1007

Se, % (95% ClI)

Sp, % (95% Cl)

Ta3

KoHeyHocTn

98.73 (93.17-99.78)
100 (82.41-100)

52.94 (42.43-63.19)
85.19 (75.87-91.32)

100 (90.11-100) 69.39 (55.47-80.48) 0.129 0.720
91.3 (71.68-96.57) 71.11 (56.63-82.27) 0.800 0372
98.74 (95.53-99.65) 31.46 (22.75-417) 3.645 0.057
95.93 (91.84-98.01) 2163 (18.84-38.58) 0.275 0.601
96.36 (91.02-98.58) 46.81 (33.33-60.77) 0.444 0.505
94.44 (74.26-99.01) 72.09 (5731-83.25) 4.455 0.035
Whole-body DWI
X p-value

Se, % (95% CI) Sp, % (95% ClI)
100 (95.36-100) 98.28 (90.86—99.69) 35103  <0.001
100 (82.41-100) 100 (95-100) 1.000  <0.001

Note. PET/CT, positron emission tomography/computed tomography; PSMA, prostate-specific membrane antigen; DWI, diffusion-weighted image;

Se, sensitivity; Sp, specificity; Cl, confidence interval; %, McNemar's test.
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improves signal-to-noise ratio [9]. Immunohistochemistry
found PSMA not only in prostate tissues, but also
in inflammation and neoangiogenesis foci [22]. Furthermore,
PSMA-based radiopharmaceuticals can target benign bone
lesions (see Fig. 1), such as red marrow hyperplasia,
which is frequently detected in the ribs [23] and vertebral
hemangiomas [24]. The interpretation of magnetic resonance
images of vertebral hemangiomas is rarely challenging,
and they are easily distinguished from prostate cancer
metastases. However, atypical hemangiomas frequently
require histological confirmation [25]. The exact mechanism
of PSMA-based radiopharmaceutical fixation in benign bone
lesions is unknown.

Restricted diffusion in benign lesions, such as red
marrow reconversion zones, is a significant challenge
for radiologists when interpreting bone DWI findings.
T1-weighted Dixon MRI sequences with frequency-selective
fat suppression can be used for differential diagnosis
of these lesions [26, 27]. Furthermore, degenerative
changes in the spine are frequently associated with
signs of restricted diffusion (see Fig. 2). MRI sequences
with frequency-selective fat suppression reliably detect
metastases and Schmorl's nodes [28].

Whole-body DWI is widely used in primary staging
of cancers with high risk for bone metastases,
including prostate cancer. According to Hottat et al. [29],
the diagnostic accuracy in detecting bone metastases can
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reach 92%. Whole-body DWI is not inferior to PET/CT with
®F-choline and outperforms bone scintigraphy in detecting
bone metastases in prostate cancer [30]. A meta-analysis
by Liu et al. demonstrated comparable diagnostic accuracy
of PET/CT with *Ga-PSMA and whole-body MRI [31].
Furthermore, international publications indicate that
whole-body DWI alone can be used to detect bone
metastases [32]. Sun et al. [33] conducted a study in patients
with different cancers and reported comparable sensitivity,
as well as positive and negative prognostic value, of whole-
body DWI and PET/CT with ™F-fluorodeoxyglucose.
The diffusion coefficient in benign bone lesions was
significantly higher than in metastases. Combined rapid
free-breathing MRI sequences without contrast are widely
used for cancer staging in all body systems. A combination
of TIWI, STIR, and DWI is typically used. Larbi et al. [34]
compared different combinations of MRI sequences for
detecting bone metastases in prostate cancer and found
that the diagnostic value of TIWI + DWI was comparable
to that of TIWI + STIR.

We found significant (p < 0.001) differences in diagnostic
accuracy between whole-body PET/CT with ®F-PSMA-1007
and pelvic DWI, which could be attributed to the broader
field of view in pelvic DWI (see Table 1). According to Park
et al. [27], pelvic DWI allowed for the differentiation of pelvic
bone metastases in prostate cancer from benign lesions, with
significant differences.

Fig. 1. Patient A., 56 years old, with mixed neuroendocrine prostate cancer T3aN1Mx, Gleason 8 (4 + 4). Condition after radical prostatectomy. Total

serum prostate-specific antigen elevated to 1.87 ng/mL. Tumor recurrence near the vesicourethral anastomosis: g, axial positron emission tomography/
computed tomography scan: a radiopharmaceutical hyperfixation focus in the left ilium, suspicious for metastasis; b and c, no focal lesions in the left ilium
according to diffusion-weighted (b) and T1-weighted images without fat suppression (c); d, a signal void corresponding to red marrow reconversion in the
radiopharmaceutical hyperfixation focus according to the T1-weighted image, without abnormal bone marrow infiltration; e, a hyperfixation focus near the
vesicourethral anastomosis according to positron emission tomography/computed tomography with "®F-prostate-specific membrane antigen-1007.
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Fig. 2. Patient B., 77 years old, with prostate adenocarcinoma T4N2M0,
Gleason 8 (4 + 4). Condition after comprehensive treatment, several
lines of hormone therapy, chemotherapy, and radiotherapy of the
prostate and regional lymph nodes. Total serum prostate-specific
antigen elevated to 0.4 ng/mL. Example of a false-positive finding:

a, axial positron emission tomography/computed tomography with
BF-prostate-specific membrane antigen-1007: a radiopharmaceutical
hyperfixation focus in the right LV arch, suspicious for metastasis;

b and ¢, — diffusion-weighted (b) and T2-weighted magnetic resonance
images (c): signs of arthritis of the right LV-SI facet joint with joint effusion
and moderate trabecular edema of adjacent articular surfaces.

Study Limitations

There is currently no non-invasive gold standard for
the compared techniques, making it difficult to eliminate
the effect of concordant findings on the results [21, 35, 36].
Notably, multiparametric MRI is not the preferred method
for detecting bone metastases; therefore, the use of other
MRI sequences as a reference test to assess the diagnostic
accuracy of PET/CT with "®F-PSMA-1007 and DWI is a significant
limitation of this study. Histological confirmation of all identified
metastatic lesions is impossible for technical reasons.
However, the approach used in this study is frequently applied
in international research. For example, Freitag et al. [37] and
Chen et al. [35] assessed the concordance between the findings.

This retrospective study only included patients with
confirmed prostate cancer; therefore, the distribution
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eLibrary SPIN: 4841-3234;

e-mail: gelezhe.pavel@gmail.com

PewetHukos PoMaH BnagumupoBuy, KaHz,. hu13.-MaT. Hayk;
ORCID: 0000-0002-9661-0254;

eLibrary SPIN: 8592-0558;

e-mail: ReshetnikovRV1@zdrav.mos.ru

bnoxud UBaH AHapeeBuY, KaH[. Me[l. HayK;
ORCID: 0000-0002-2681-9378;

eLibrary SPIN: 3306-1387;

e-mail: BlokhinlA@zdrav.mos.ru

KoaeHko Mapus PoMaHOBHa, KaHf, TEXH. HayK;
ORCID: 0000-0002-0166-3768;

eLibrary SPIN: 5789-0319;

e-mail: KodenkoM@zdrav.mos.ru
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