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Abstract

Purpose With increasing use of PSMA PET/CT in the staging and restaging of prostate cancer (PCa), the identification
of non-prostate cancer tumours (NPCaT) has become an increasing clinical dilemma. Atypical presentations of PSMA
expression in prostate cancer and expression in NPCaT are not well established. Understanding the normal and abnormal
distribution of PSMA expression is essential in preparing clinically relevant reports and in guiding multidisciplinary discus-
sion and decisions.

Methods Retrospective review of 1445 consecutive '*F-DCFPyL PSMA PET/CT studies by experienced radiologists and
nuclear medicine physicians. Lesions indeterminate for PCa were identified. Correlation was made with patient records,
biopsy results, and dedicated imaging. Lesions were then categorized into four groups: 1. Confirmed prostate cancer, metas-
tases, 2. NPCaT 3. Benign, and 4. Indeterminate lesions.

Results 68/1445 patients had lesions atypical for prostate cancer metastases. These comprised 8/68 (11.8%) atypical prostate
cancer metastases, 17/68 (25.0%) NPCaT, 29/68 (42.6%) indeterminate, and 14/68 (20.6%) benign. In the context of the
entire cohort, these are adjusted to 8/1445 (0.6%), 17/1445 (1.2%), 29/1445 (2.0%), and 14/1445 (1.0%) respectively. With
the exception of Renal Cell Carcinoma (RCC), NPCaT demonstrated no or low PSMA expression. A similar trend was also
observed for indeterminate and benign lesions. Conversely, most atypical PCa metastases demonstrated intermediate or high
PSMA expression.

Conclusion '8F-DCFPyL PSMA PET/CT detection of NPCaT is low. Lesions demonstrating intermediate to high PSMA
expression were exclusively prostate cancer metastases, aside from RCC, and lesions detected in organs with high back-
ground expression.

Keywords '®F-DCFPyL - PET/CT - PSMA - Prostate cancer - Biochemical recurrence

Introduction

This article is part of the Topical Collection on Oncology - Genitourinary.

] Prostate cancer (PCa) is the second most commonly diag-
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nosed cancer in men and is the sixth leading cause of cancer
death [1]. Imaging of prostate cancer both at initial stag-
ing and at recurrence has been revolutionized by the advent
of positron emission tomography (PET) tracers targeted to
prostate specific membrane antigen (PSMA) which have
shown superiority in comparison with conventional imag-
ing comprising CT and bone scintigraphy [2—4].

PSMA is a transmembrane glycoprotein with high expres-
sion in most prostate cancer cells although can be expressed
in endothelial cells in non-prostate cancer tumours (NPCaT),
particularly in the context of neovascularization [5]. There
are several PSMA PET probes available, of which Gallium
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68 probes are most widely used. Newer Fluorine 18 probes
confer some advantages with longer half-life, opportunity for
large scale batch production, and higher target to background
resolution. '®F-DCFPyL is a commercially available PSMA
PET probe used at our institutions.

This wide adoption of PSMA PET/CT with increasing
availability of tracers has seen a substantial increase in its
use which, along with expanding applications of PSMA in
the realms of initial diagnosis, biochemical recurrence, and
treatment follow-up, the identification of NPCaT is likely
to increase accordingly. The physiological expression of
PSMA, expression in benign pathology, and typical pat-
terns of expression in prostate cancer are well documented
[6]; however, atypical presentations of PSMA expression
in prostate cancer and expression in NPCaT are less estab-
lished. Understanding the normal and abnormal distribu-
tion of PSMA expression is essential in preparing clinically
relevant reports and in guiding multidisciplinary discussion
and decisions.

Our multicenter international retrospective study is
designed to detect the incidence and types of NPCaT
detected on '*F-DCFPyL PSMA PET/CT in patients with
PCa and describe their imaging characteristics. The primary
outcome was the incidence of newly diagnosed NPCaT
detected in this cohort. We also aimed to evaluate character-
istics of atypical prostate cancer metastases and indetermi-
nate lesions. Benign lesions outside the realms of abdominal
incidentalomas and incidental lung nodules determined suit-
able for follow-up protocols were also examined.

Materials and methods
Study population

Retrospective multicenter international study using com-
bined data from Pacific Radiology Canterbury, New Zea-
land (PRC) and St Vincent’s Hospital, Melbourne, Australia
(STV). Institutional ethics approval has been granted for the
maintenance of a prostate cancer database, from which the
study data was derived. Our database includes consecutive
patients who have had 'F-DCFPyL PET/CT between Janu-
ary 2016 and December 2020. Repeat studies for the same
patient were excluded. For patients with multiple studies,
only the first showing a suspected NPCaT was included. The
patient cohort consisted of patients having a '*F-DCFPyL
PET/CT for initial staging (35.6%), re-staging (5.1%), and
biochemical failure post treatment (59.3%).

Case selection and imaging analysis

All imaging reports were reviewed to identify patients with
suspected incidental NPCaT. Typical prostate cancer-related
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lesions were defined as PSMA expression greater than
background in the expected distribution for prostate cancer
within prostate/prostate bed, nodes, bone and visceral loca-
tions [6]. Typical sites of nodal involvement include obtura-
tor, iliac stations, and retroperitoneum. Although mesorectal
nodes have been described as rare or atypical, these were
included in the expected distribution as they are increas-
ingly recognised. Distant nodal, liver, and thoracic metas-
tases were also considered typical distributions. Although
visceral metastases are described in the absence of nodal or
bone involvement, extra-prostatic disease limited to these
sites required clarification [6]. These studies were reviewed
by either an experienced genitourinary radiologist with sub-
specialist PET/CT practice or an experienced genitourinary
radiologist in consultation with an experienced nuclear med-
icine physician. Imaging features of the incidental lesions
and standardized uptake values (SUVmax) were recorded
and categorised according to PROMISE miPSMA expres-
sion score. Terminology used in this paper reflecting these
guidelines were no expression (below blood pool, score 0),
low expression (equal to or above blood pool and lower than
liver, scorel), intermediate expression (equal to or above
liver and lower than parotid gland, score 2) or high expres-
sion (equal to or above parotid gland, score 3) [7]. Histology
reports were obtained from medical records and pathologic
databases, follow-up imaging from the institutional PACS
database, and clinical management from the patient’s medi-
cal records.

Non-avid incidental lung lesions were assessed by a chest
radiologist with > 10 years’ experience. Those less than
10 mm with no PSMA expression and without features sug-
gesting atypical adenomatous hyperplasia/adenocarcinoma
spectrum which fitted adopted follow-up guidelines were
excluded [8, 9]. Known lesions which had already been iden-
tified and investigated on prior imaging were also excluded.

Abdominal ‘incidentalomas’ with no PSMA expres-
sion, including adrenal adenomas, liver and renal cysts,
were assessed by a subspecialist abdominal radiologist
with > 10 years’ experience and those fitting criteria for fol-
low up under ACR white paper for follow-up of inciden-
talomas were recorded but excluded from end point analysis
[10-13].

Patient records were retrieved and subsequent biopsy
results, dedicated imaging, multidisciplinary team meeting
notes, follow-up clinic letters, and specialist consults were
noted. Based on this information in combination with imag-
ing characteristics, lesions were categorized broadly into
four groups: 1. confirmed prostate cancer metastases: lesions
either in an atypical distribution for PCa and/or considered
possible NPCaT, subsequently determined as PCa lesion
by histological or clinical confirmation; 2. NPCaT: lesions
either in an atypical distribution for PCa and/or considered
possible NPCaT, subsequently determined as NPCaT by
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histological or clinical confirmation; 3. benign: lesions not
excluded by lung nodule or incidentaloma criteria either in
an atypical distribution for PCa and/or considered possible
NPCaT, subsequently determined as benign by histologi-
cal or clinical confirmation; and 4. indeterminate lesions:
lesions not excluded by lung nodule or incidentaloma criteria
either in an atypical distribution for PCa and/or considered
possible NPCaT, without definitive histological or clinical
confirmation. The lesions classified as indeterminate were
sub-classified as a. likely benign and b. likely malignant.

Imaging protocols and reconstruction

E_DCPyL for both centres was sourced from Cyclotek
(Melbourne, Australia and Wellington, New Zealand) pro-
duced by the same method described previously [14].

PRC: Patients were required to drink 1-2L of water prior
to their appointment and void immediately prior to scan-
ning. No diuretics were administered. Patients were imaged
on a GE Discovery 690 (General Electric Medical Systems,
Milwaukee WI, USA). Low-dose attenuation correction
CT images were acquired and reconstructed to 3.75 mm
slice thickness with an increment of 3.27 mm using itera-
tive reconstruction (50% ASiR). All patients at both centres
were administered 250 MBq (+50 MBq) of 18F-DCFPyL
intravenously in accordance with reference standards out-
lined by the Australian Radiation Protection and Nuclear
Safety Agency (ARPANSA) [15]. Imaging was performed
at 120 min (+ 10 min) after injection. PET images were
acquired at 3.5 min/bed through the pelvis and 3.0 min/bed
to the lung apices. Images were reconstructed from time of
flight emission data using VUE Point FX and Q-Clear™
“GE Healthcare” iterative technique with a p value of 400.
Sharp IR function was applied with no Z-axis filter. PET
images were reconstructed on a 256 matrix.

STV: Patients were imaged on a GE Discovery 710
PET/CT (General Electric Medical Systems, Milwaukee
WI, USA). Otherwise the scanning protocol matched that
described above.

Statistical analysis

PSMA and pathological findings were assessed using bino-
mial categorical data from unmatched groups compared with
a chi-square test. Statistical analyses were conducted with
Jamovi software, version 1.2.22.0.

Results
A total of 1445 studies were performed using '*F-DCFPyL

(PRC =865 studies, STV =580 studies). One thousand
two hundred forty-three of these studies were excluded as

they had lesions typical for prostate cancer or no detect-
able lesion. Two hundred two studies remained for further
analysis. Of these studies, 85 related to lung nodules and 49
to incidentalomas, fulfilling the exclusion criteria. Out of 49
incidentalomas, 23/49 (46.9%) were hepatic cysts or heman-
giomas, 10/49 (20.4%) were adrenal adenomas, and 9/49
(18.4%) were renal cysts. The remaining 7/49 (14.3%) were
made up of pancreatic cysts, subcutaneous nodule, bone
island and incidental gastric mucosal thickening. A total of
68 studies were therefore included in our study (Fig. 1).

The remaining 68 lesions comprised 8/68 (11.8%) con-
firmed prostate cancer metastases, 17/68 (25.0%) NPCaT,
29/68 (42.6%) indeterminate, and 14/68 (20.6%) benign.
In the context of the entire cohort, these proportions are
adjusted to 8/1445 (0.6%), 17/1445 (1.2%), 29/1445 (2.0%),
and 14/1445 (1.0%) respectively.

Within our cohort, the number of false positives included
24/68 (35.3%) patients, who had avid lesions that were
proven to be benign either clinically or through biopsy. In
the context of the entire cohort, this adjusted to 24/1445
(1.7%) patients.

Confirmed prostate cancer metastases

5/8 (62.5%) of lesions subsequently confirmed as prostate
cancer metastases demonstrated intermediate to high PSMA
expression, 4 of which were lung metastases, with biopsy
confirmation, and one biopsy confirmed nodal metastasis.
The remaining 3/8 (37.5%) lesions were of low or no expres-
sion comprising two lung and one bone metastasis demon-
strating a range of PSMA expression from SUVmax of < 1
to 5.3 (Table 1).

Non-prostate cancer tumours

17/68 (25.0%) patients within our cohort had NPCaT. 2/17
(11.8%) lesions demonstrated intermediate to high hetero-
geneous PSMA expression and characteristic CT features of
renal cell carcinoma (RCC). The remaining 15/17 (88.2%)
lesions had no or low PSMA expression. Twelve of these
were classified as tumours with high malignant potential and
the remaining 3 as low malignant potential.

PSMA and pathological findings of NPCaT in our cohort
have been summarized in Table 2. 8/17 (47.1%) of these
patients were non-biopsy diagnoses. This was either based
on PSMA findings or subsequent imaging displaying char-
acteristic findings of non-prostate cancer; however, in some
patients, this diagnosis was made by multidisciplinary con-
sensus as further imaging or biopsy was not felt clinically
appropriate due to advanced patient age, performance status
or widespread metastatic malignancy.

9/17 (52.9%) patients had biopsy confirmation. Three
of these patients had lung lesions, all of which were
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Pacific Radiology Canterbury

(n = 865) (n = 580)

St Vincent’s Hospital Melbourne

Total studies

(n = 1445)
( Inclusion/Exclusion )

Criteria Applied

Lesions typical for PCa metastases
or studies without significant findings

Studies excluded
(n = 1243)

-

Lesions atypical for PCa
metastases
(n= 202)

_— ~ Studies excluded (n =134 )
)—’ Non-avidincidental lung lesions < 10mm
Y, without PSMA expression (n= 85)

Incidentalomas (n= 49)

( ’ Inclusion/Exclusion
Criteria Applied

Incidentalomas (n = 49)
Hepatic cyst or hemangioma (n = 23)
Adrenal ad (n=10)
Renal cyst (n =9)
Pancreatic cyst (n = 2)
Hydatid cyst, bone island, gastric mucosal
thickening, subcutaneous nodule, no lesion (n = 1)

A 4

Studies included
(n = 68)

Fig. 1 Study selection

biopsy-proven primary lung cancer. Two patients had focal
low PSMA expression within the colon, both of which had
biopsy-proven colonic adenocarcinoma, one of which had
additional biopsies confirming synchronous neuroendocrine
tumor within the terminal ileum, occult on PET/CT.

Histopathological assessment of a breast lesion with low
PSMA expression (SUVmax 2.8) was proven to be a recur-
rent ER positive grade 2 breast invasive carcinoma. The
remaining three had histopathology consistent with clear
cell RCC with no PSMA expression (SUVmax < 1), poorly
differentiated pancreatic adenocarcinoma with low PSMA
expression (SUVmax 4.8), and follicular lymphoma with
low PSMA expression (SUVmax 3.5).

Indeterminate lesions

25/29 indeterminate lesions demonstrated no or low PSMA
expression. 3/29 demonstrated intermediate to high expres-
sion but were located in organs with high background
expression (liver and spleen) or were secondary to sig-
nificant inflammation (sinusitis). 1/29 cases demonstrated

@ Springer

intermediate expression within the scrotum with repeat
imaging demonstrating no interval change over a period
of four years. 3/29 (10.3%) were considered most likely
prostate cancer metastases without PSMA expression, 7/29
(24.1%) suspicious for NPCaT, and 19/29 (65.5%) were
determined most likely benign (Table 3).

Benign lesions

Most benign lesions were within the thyroid (6/14) and skin
(4/14). 10/14 cases were biopsy proven and 4/14 cases were
clinically proven benign lesions. All lesions except a scrotal
lesion demonstrated no or low PSMA expression (Table 4).

Discussion

This study represents the largest cohort to date assessing
incidence of NPCaT detected by PSMA imaging and is
the only study exclusively examining this incidence with
8 F_.DCFPyL PET/CT. PSMA imaging is considered highly



European Journal of Nuclear Medicine and Molecular Imaging

dnoi3 sy ur papR[oUL US3Q SBY I0JIY PUE ‘[BDAN © IOPISUOD 03 INAIAL 23 PAI IO I O SISOUSEBIp JuadaI Ay} “190ued 33e3soid 10y [ed1dA) ST JUSWAAIOAUL [EPOU JO UOHNQLSIP SIY} YSnoyI[y

ewoydwA| [[90 g 9318 asnyIp 70g7( ‘A1931ns 91d0ds0orIOY) PAISISSE-03PIA §TVA 9qO[ oMo WYSLI 77y ‘Bwourd
-Ied [[90 [euonisuen D)y ‘AydoniadAy oneysoid uruaq ggg ‘sisouderp [enuatepip xqq ‘Aydeidowo; payndwoos 7 ‘9qoj Joddn 1J91 7777 ‘ueSnue sueiquiaw dyroads 9yeisoid yysd ‘9qof Joddn
WS 70y ‘AdeIdIOIpeI [y ‘9dULINDAI [BIIWAYD0I] y)g I10oued deisoid n)d 9qo] 1omo] 1Jo] 777 ‘Awoloarelsoid [eorper gy ‘onfea oyeidn pazipiepuels 4§ ‘udSnue oyads areisord ysqd

LeDAN
OPNJOXd ‘BWOUTWAS 10} 1Y d1A1ed
snoraaxd pue sasejsejowr Auoq

uorssardxa

VIAS MO[ ‘ssew anssn 3JOs Jueu
-TwopaId yitm oISy eIyl WYL
ONAT oqIsuedxe WIW ¢/ MIN "SOsB)

ured
o1A1ed Jy31I mou ‘xop

Ksdo1q suog 19130 03 ouereadde refrwissiq  -sejow auoq ) o[dninw umousy I €G 9'GHy Quog 0 -B[0OZUOBDJ ONBISEIIN 99 §
POPNOXd 9q P[NOYS
TOa1A Mq BDd A1 Isow , Sepou
PAIOPISUO)) "WNUIISBIPAUWL O} pauy o1a1ed 3391 pue onuoe exed 1591
UOISIOXd 9pou onJoe-ered 1Jo]  -u0d DG T JO SISOUSLIP JUIY uryim uorssardxe VNS USIH € Il V/N ©°PON #T Idxsodgd 99 £
Juow3as [eorde
TTY W ] X Z] 189S1e] ‘Uols
KoueuJiew -sa1dxo mo[ yym so[npou Areu
uono9saI Fpam SIVA  IOUI0 SnsIoA D onelserow X -ownd paSie[ud pue mau o[dnnj 0 01 V/N Sun g¢ ddwsodag 09 9
SUOIS[ QUOQ JNOIA[IS pue
DDL sopou d1a[od pagre[us uorssordxo
JOppe[q WOI) $SB)SL)AW JO )] m0T "uoissardxa moj Arewrid oY SpoN
UI[QI9S00) PUB [9XL1a00(] -so1d Jo Inown) QULIDOPUI-0INAU nq ‘uorssaidxa YINSd ou yim 79 suog
UM Paonpar sa[npou Jun| POIBNURIJJIPAP S UAAIS X so[npou Areuowrnd aydniny 0 01> 0Oy SunT 97 Suideyseniuy L. G
PapN[oxa 9q PInoys Jooued Suny
Arewirid -oseasIp sunj| paje[ar ewoasAydwo Areu
Sunjows JuedOyIUSIS pue IAYM -owrpnd y3im juaned e ur ofnpou
UOT}09sY -9S[9 9OUAILINIAI JO JOUIPIAS ON  AIBII[OS PaIe[nqol Ty Ww g1 X [ Z ST11 ¢'g 3Jung 977 Suideiseniuy 1L+
OPOU [£10210SOW }JO] W { UI
Kdexoy) papnjoxe uorssa1dxo [eo0AINbI ‘9ouarmodal
[euowzoy uo dn mo[[oy 9q p[noys 190ued Jun| Arewrig paq ayeysoxd oN o[npou T
1D UO UOISI[ JO UonNjosay *QIUMS[ IsBISIP [Bd0AINDT ww ()] uorssardxe YINSd YSIH € 0T V/N Sun €90 dysodag oL ¢
PIPNIOXa 29 P[NOYS QI9YMIS[o
Io0ued Suny Arewrid ‘9ouULIINOAI Q0UALINOAT B)J JO 90UIPIAD
Uuo103sAY 93pop JO $9)IS J2YJO OU JO JXIU0D U] ou ‘UuoISa] Y W § Arejros 7 911 V/N Sung €50 ddsod g 99 ¢
QIoUMaS[o
0URLINDAI 8D INOYIIM Juaned
YSII paseaIoul ur un| Bwourd sonberd [enard odnniy -o1oym
-Ieoouope 3unj Jo 9ANSa33ns -9S[@ 90UALINIAI BDJ JO 0UIPIAD 4 1sod
Asdorg soouereadde Teor3ojoydiopy ON ‘W ¢ d[npou T A1eyjos 4 9L V/N Sung ¢¢ Qoudysisiad [eotwoyoorg L |
Q100§
uorssaxdxyg ANS
AwodANQ Q[euoney [EedUID ssulpur]  VINSdW  ANS  Arewid IS VSd uonedpu] A8y ON

sase)Iseow Iaoued eisord pawIgjuod Jo sdnsudeIey) | 9|qel

pringer

a's



European Journal of Nuclear Medicine and Molecular Imaging

aIn[rey [edIWAYD0Iq /g ‘(JUSWSIS |, €) WNUSPONP £(7 “TUISLUW SOUBUOSAT dNRUTLW [ 9G0] JOMO[ JYSLI TTY 2q0[ 1m0 1Y 777 “Onfea dxeidn paziprepueis A/S

QuOq pue SIPOU JNIOE

BUWIOUTOIBD

-e1ed ‘sopou d1a1ed ur oyerdn UYSTH  [[90 [BUAI JOJ ONsLId)ORIRYD  [BIIUI]) SSBW [BUAI 3JO 4 01 6Ll Koupry d9 0oL LI
I9oued 3uny A[oyI] J[npou
N Y3ty “Ksdoiq 01 ajqeuowIB 0N [BOIUID) aqo[ Joddn o ww g7 I Ly 0 Suny d9 0L 91
£d o
(spou [ed1A J0119)50d UOISI ANSST) 1JOS
pue[3 ayeisoxd ur oxyerdn Y3t  -100) ewoydwAT remoro4  Asdorg  poquLIOSWNOIN WW 4] X 47 1 (S 1'86 9poN ydwi7 Suieisenmuy gL GI
KoueuZiTew dnje)se)ow
peaxdsopim Sunsrxo-aid
oyeydn peardsopipy yStH 0] onp paje3NSOAUT JON  [BOIUI]D uorso[ 9fod 1oddn 1301 I + €1 Koupryy JuiSeigrenuy ¢/ 1
Quoq
pue sopou d1A[ed ‘Soo1SoA BwIou
reurwas ‘oyeysoxd ur oxyerdn y3tg -oreooudpe Juny Arewtyy — Asdorg 9[npou TTY W €7 I Sz LTS Sun7 SuiSeisrenuy L. €]
rwoIse|[q
N YSIH  -onD — [N uenbasqng  [edruID UOISI] [eIueIoRnU] I Sy 0 urelg Suisers ey 65 I
BUWIOUIDIEOOUIPE O1JEI0 syonp
IIN Y3t -ued pojenuarofip Af1ood  Asdorg  9o[iq pue onearoued pajerig 1 Sy 9 seaoued SuideiSreniu] 9 [
BWOI3 uoIs9[
[N MOT  -UTUAN — [N Juenbasqng  [eatur)) Texodwe) totro)sod JySTy 0 1> VIN uterg 49 9 01
BSS0J O®RI[I Y11
N mog 9re00onw xipuaddy  [eowr) ur In3onys Ie[ngn) wo ¢ 0 1> V/IN uo[o) A9 €9 6
Jnown) QULIOPUOI
-NAU WNJ[I [BUTWLIS) pue
pue[3 9yeysoxd ur oxyeydn y3tg BUIOUIOIBOOUSpPE O1uo[0)  Asdorg UOIS[ UO[0D FUIPUAISY I 6C 966 uofo) SJuide)genm] 8§ 8
uoIs9|
opou [exoes-a1d ur oyerdny ySiy ruIOUIDIBOOUSPE O1UO[0)  Asdorg UO[00 9SIQASURI) [BISI 1 vy LTS uojo) A9 99 L
snwel oiqnd Jorredns o1 BUWIOUIPLOIORW
pue areysoxd urgm ayerdn moT Areymid — A Juenbasqng  [eoruI) juowagre[ua A1eymyig I 81 LT Areymig SuiSeisenuy 7L 9
ad£) reroads uors9[
[IN Y3ty ou Jo ewourdred aatseau]  Asdorg 19100 1oddn 3jo1 wwr O] I 8T V/IN jsearg A9 1L S
N yStH BWOUIOIED [[2D [BUSY  [BITUI]) OIS [BUAIT }JO] W 8/, € 661 (9 Aoupry SuiSmigenmy 66 ¥
[IN Y31y BWOUIDIRD [[Q0 [RUY  Asdorg UOISI[ [BUAT JYSLI WW ¢ 0 > V/IN Koupry] juouneanisod ¢. ¢
N yStH  1eoued Suny [[90 [[ews-uoN  Asdorg sseur TTY I 8 6T Sun d9 6L ¢
apou [eurngur rUIOU
pue J[OIsaA [eurwas ur ayeldn y3tg -1oreooudpe 3unf Arewtly — Asdorg 9[pou T W 6 1 8¢ V/N Jun A9 LL 1
[enuolod 100§ Xew
jueu uorssaxdxyg -ANS
SSUIpUL] VINSd [BUOBIPPY  -SIBIN £3ojoyred  owoomQO s3uIpuly VINSdW XewAns  Arewtig IN uonedIpu] 98y

sInown) 19oued djejsord-uou ym sjuaned jo s3urpuy [esr3ojoyred pue YINSd T d]qel

pringer

Qs



European Journal of Nuclear Medicine and Molecular Imaging

“dn-mof[oy 1oting

*9IRUIULINOPUT APOU JLINUISIA] 19oued d1esod 10f [eor

QPOU DLIDIUASIUW W | Ul UoIssaIdxo

Sunremy “Aderoporpey o1afed miim [V uo pasusunuo)  -d£) paropisuoo apou o1ajad pue deysoxd ur uorssardxe Y3y VINSd mo] pue sapou d1ajad ‘areysoxd ur oyerdny 1 1T 197 9poN Suidei§ renmg €L 01
71N UM S[NPOU W[ | Ul uoissardxo

*93e pue saNIpIqIOWod UdAIS dn mo[joy ON ‘ewouroresouspe Suny Arewrid Kayry VIASd Mol pue sopou d1afad “areysoxd ut oyerdn 1 LT 19z Sung SuiSeis renmg 18 6

pue[edyz “uoIsa[ [N A WU 10p
MON] O pue peoiqe juapisar juaned ‘dn mofjoj oN “Inown) 1oppe[q AIewrg pue sapou ‘ajejsord Surajoaur oyeidn peardsopipy *VIN  «V/N 6Ty  -peid SuiSeig-oy SL 8
InOwN) AULIDOPUIOINU

deredas woy sasejserowr peardsapim se dn mo[[oj ON 190uEd Aeysord onejselour 1o Arewrid Jo 90UPIA ON “uoIsa[ Y31y S ww( | 1 &4 VIN ups  Suideig enmp 69 L
o[npou Kreuownd sse[s

*dn mopjoy Suto3uQ “(syuow 4) 1. dn mof[oj uo djqeIs ‘Krewnid Suny ojqissod ‘oouroyrugis urerodun punois Ty ww] pue pue3 aeisoxd ur ayerdn I [N 17 Sung SuiSerg-oy €8 9
‘sopou d1A7d

“dn mo[[oy oN ewouroredoudpe Suny Arewnid Afoyry  uroyeidn 1Y uoiss] Areuownd wiw| Ien3aLiy 1 Ty g6y  Sung dysod 49 T S
71Ny ut 9[npou

*SANIPIqIOW0 pue o3k UdAIS dn mo[jo} ON ‘D) Sun| Arewrd snouoryouks Ajaxr7  Sunj pajenords wwg| pue pue[s oyeisoxd ur oyerdn I I'c V/N  Sung  SuiSeis [enmg S6 +

‘ALS 1 dn mo[[0J ON "pasIApe syjuour ¢ ur 1) dn mo[jo ‘D) Sunj Arewrid snouoryouks Kjayiy IO UIyIM d[npou sse[s punois wuwiy | I L'l V/N Sung  gywodydg 9L €
‘Krewrnid ueyy
uorssa1dxa Jomo[ yonw ‘wig | o} dn sapou ser

LAV UO Paouswwo)) ‘uonewyuod oN  Judutwoid [eraeqiq sdnnw pue aersoid ur axerdn 1 T 761 9poN SuiSeigrenmny 69 ¢

*saseISeIaW INVN
SISBISBIAW [BpOU BD SB PAJRAn) pue 2U0Q UBY) JOMO] yonw uorssardxa pue aseasip [epou -apou d1ajad 1y91 ur -OI'TVIN
QIOYMAIS[d SUOISI] 0) anp pansind Jou UONESNSIAUT oY1 I9Y10 0U Inq saseIsLIaW AU0q YIM BDJ OneIseEIoW umouy]  yeidp) -apou d1a1ad 1397 ut uorssaidxa VNS MO 1 61 76T  9PON Suiseis-oy 08 1 ATDIIT
21098
uorssardxg
QwoonQ Jeuoney [BIIUI) sSurpur VINSdIW  ANS  ANS Krewtig I uoneoipu a8y ON

SUOISQ[ dreuTwIApul Y syuaned jo sSurpuy [eor3ojoyed pue YINSd € 3|qelL

pringer

a's



European Journal of Nuclear Medicine and Molecular Imaging

uSiuaq PaIapISUOd ‘SAMNPOU [B10IOS

ur Sa3UBYO [BAIANUI ON "VINSJ 18adal aim 19je] s1eak QIOYMS[D wny
+ A9 'd¥ 01 papa3201d 1uane  "PLINSIAUL 10U SI[NPON aseasIp onejsord-enxa ou Inq saseiselaw ewAprpidy ¢, S3[NPOU JB[NONSI)-LIXA [BIOIS [RIR[Ig T s I'SI  -owg SuiSmigEenmy 79 61
a[npou prox
dn mo[[oj oN ‘a[npou uStuaq AT PIoIAY) 1JO] Wili;Z SNOAUST0IIAY JRUTULIDIOPU 1 L1 VIN -KyJ, dysod 4g €L 81
‘ALS & dn MO[[0] ON "PISIAPE s)2am g ul 1) dn mofjoq *sa8ueyd A1o1ewreyul A[y1] 10T ut Koedo Ayored e ur uotssardxe VINSd ON 0 1> V/N  Sung dygsod 49 SL LI
‘uorsa unys Surpregar dn moyjoy ‘uoIssa1dxa VNS MO[ (IIM 2[nNpou Snoadue)
U0 Juawod oy12ads oN VNS dn mofjo uo afueyd oN ‘uStuaq Afoy17  -nogns [eurdsered 3yo] pue puelS ajeisoxd ur ayerdn I e V/N uyS  SuiSeigenmy oS 91
J[npou
“19)e] sypuow ¢ 1) dn MO[[0J U0 paA[osay ‘uStuaq Ay paseq [emnofd wiwg| pue puels aeysoxd ur axyerdn 1 Ty 801 Sun7  SuiSeis renig €9 GI
[eou
-on
‘uo1sa[ [eauojtredonar jo dn mog -1od
-0 dy10ads oN “Aderayjorper 93eA[es JuamIapun Judned ‘uStuaq A[)I[ ISOIN ‘uo1s9[ [eauo)LIad-01101 ONSKO paf[em uIy ], 0 > V/IN -onoy dy1sod 49 19 41
dn mo[[0J O1UI[D JO SIBAK § JOAO [[oM SUTRWIAI JUSNIE] uo1sa] o1uayds asuopodAy wiw/, “uors
JUUNE2I) 2ATIOR 10 Juelon|al judned pue 9[qeIns 10N uo1S9] o1ud[ds SreuUrILINAPU] -521dX0 YIS MO] YIIM DUILINIAI [BPOU JIAJAJ ¢ €1 V/N ue9idg Jgwodgg 19 €1
*PI09 [BO0A 3s[e] WYSLI Xuk
*9OUB[[IOAINS [BOIUI[O (1M UOIssaISold oN -010003ukIe] WS A[@YIT  UIYIIM S[NPOU PI[OS PUE J[OISA [eurwas ur axyedn 0 > V/IN ey Jysodgg  yL Tl
* 1D 1uenbasqns uo paAjosay *SISEI0d[A)E papunor AJayI| ‘Suny oy urgm uorssardxe VNS ON 0 > V/N  Sung Jy1sod gg €8 11
-ayeidn ou 15/1Hd VINSd tuanbasqng "pasjosay *SI[NOTISAIP JO 9OUIPIAS [BIISO[OIPRI PUR [BIIUI[D) *uo[0d prowsIs uryim uolssardxs VINSd ON 0 > V/N uo[oD Jywsod g 95 01
93ueyd ou syjuow g1 190 dn mo[jog ‘Krewrtid ur uorssardxa Jueoyrusis ‘uorssordxo
*K)Ip1AR OU pajensuUOWap IAe| syoam g 1D/Ldd DA ‘uStuaq A[qissod ‘uoIs] AjUTULINNOPU] VINSd OU )M UOISI Je[e [e1oes JYSLI d1010[0S 0 > V/N ouog SuiSeisenwy (L 6
1918] s1eak ¢ SurSewr uo pajosal saSuey)) "UOISI] SNOTd *SSBW SNUTs
-1dsns ou unensuowap TYN/LD — LN Ym dn mofjog “Inown) apn[oxa ‘Krojewrepur [oyr| Krefrxeuw 1J9[ ur uorssa1dxa VIS AeIpauLIau] T S'L V/N  snuig Jywsodgg 69 8
“UOISI[ AUOq
onewoldwdse poureway “SurSew 1oymy oN ‘uo1s9[ uStuaq Ajayry Tesoduway 1397 9N019]s ur uoIssaIdxd VNS MOT 0 > V/N ouog dawsodig 6L L
‘SYIuou ¢ I9A0 padueyoun Kaupry 1y3u1 jo 9jod Jorrajur Sumnqge Kou
pue 1D aseyd ojdin pajesipap uo Surdueyua-uoN “BUWOIIES 9pN[OXo ‘UoIsa] dneydwA] 1o 1Ko uSuaq Afoyr] uo1s9] [eauotiodonar JYSLr snoouasoIlay Ww(g 0 1> VIN -pry Jd¥1sod g 9L 9
arnpou Kreuownd
*s1eaA 7 J9AO 10J SurSewr 2duR[[IAINS UO AFUBYD ON  "2[NPOU SUN[ JBUIILIDIAPU] "IUALINIAI dpou d1a[ed K1eirjos Te[nSoLIT Wl ur uolssardxa VNS [PWIuIA 1 91 V/N  Sung dJgwod 9 69 S
“uoIsa ur uoIs3] ugtuaq Io deysoxd [1]empou
98ueyo JuroyIuSIs ou pamoys 1a1e| s1eak 7 1D dn mojoq /19M0Q WO SISBISLIOW, PIAR (] SUOISI] PIOWTIS oM, Sunp TNy wwg| ur uoissaidxd VNS Mo I T V/N  Sunp dywsoddg 1L ¥
oejaLIe 10 uStuaq Ajoy1| QIOYMIS[d “TOAT]
ISOIN "VSd Sutst im VNS dn mo[[o] uo 1uasaid JON  9seasIp ue3Io PI[OS JOU ‘SISBISEIAU IAI] SNSIOA ASIOU dFew] Y JO 7 Juaw3as uryIm uolssaidxs VINSJ YSIH [ | V/IN  10Ar] dJgsod g 8 ¢
a3ueypd sse[3 punois 10T ul
*dn moj[oj oN ‘Korewrwreyur Kjoy1y ssa1dxo VNS mo] pue puelS aesoxd ur ayerdn I 6t L1 Sung  SuiSers eniug L z
a3ueyp sse[3 punoid TN ul NOINAL
*dn mo[[oj oN ‘K1oyewrregur A[oy1]  uorssaidxd VNS Mo pue pue[3 ayeysoxd ur ayeidn 1 9T Izt Sung dysod 49 6L 1 ATDIIT
21008
uorssardxg
AwoANQ deuoney| [edrury ssuIpur{ VINSdIW  ANS  ANS Arewtig aNs uonedipup 98y ON

(ponunuoo) ¢ 3jqey

b
L
o0
£
et
(=
w
&l



European Journal of Nuclear Medicine and Molecular Imaging

uadnue sueIquiaw dy1ads 9ye1sord Y ‘9qof Jomol Y31 77y ‘Awo)oae)sord [edIper gy ‘aInjrej [edrwoyooiq Jg ‘9qof 1oddn 3391 7777 ‘onfea oxeidn pazipiepuels oS

snruAprpide snojewonueld pamoys

QIYMIST OUALINIAL

uorssardxo YIASd Yim a[npou Je|

K3o103s1y “‘aeATes-a1d AwrojospIydI0 OU Jnq Sose)seIoW [ewWApIpIdy (  -NONSI)-BIIXS [€I0IOS JYSII [RIJRIU) 7 SL V/N WnoIog Asod 39 8S  ¥1
saImjedj SUONEOYIO[ed YIIM ProIAy) JySLI ur

u31ueq JO UONBWLIJUOD PUNOSBI() Pa1s933ns punosen|) 9[Npou AJSUIP SNOAUIFOIANAY Wl G I €1 V/N Proifyy,  Jgysodgg oL €1
SUONIEOYIO[ED Y)IM I[NPOU PIOIAY)

g[npou proiAy} uduaq uaroid Asdorg Pa1sad3ns YN F punosen|n 1J9] SNO0QUIF0IAIAY J)BUILULIDIIPU] I 9% G'¢ ploiAyy, Iy1sod4g 99 71
S2IN)B9y snwylst pro1Ayl Ay uIyiIm a[npou

uS1uaq JO UONRUWLIYUOD PUNOSBN]) pa1sa33ns punosen|n wu () & ur uotssardxa VINSd ON 0 1> GG ploikyy,  Jy¥soddg 69 11
9qo[
pro1&y} 1J91 jo ojod 1omo7 UT Ssewr

9[npou proiAy) usuaq usaoid Asdorg P91sa33ns YN F punosenyn SNOQUITOWOY PIOAO WW §T X §€ 1 9C V/N Pproifyj, ddsod g9 LS 01
SUOTIBIYIO[ED YIIM S[NPOU PIOIAY)

g[npou proiky) usruoq usaoxd Asdorg Pa1sa33ns YN, F punosenjn 3J9] SNOQUIT0IY JBUTULIJIPU] 1 ¢ {°GC  PIoIkyL Igwsodagg 99 6
SQIN)Bj Surmoireu [eayoen Jursnedo

u31u9q JO UOTJBWLIGUOD pUNoOsen[) omIo3 Ienpounnui u3ruaq 9[qeqoid JUSWIAZIR[US PIOIAY) JR[NPOUT) NIA I LT V/N Pproifyj, dgsodgg 19 8
Jorq Jomo|
159 SNOJLQAS pauLIL JYS1I ur unys o} doop uoISa] papunor

-UOD SUOISI[ JO UOTIBSI[BNSIA JOAI(] 15K9 9[qeqoId ww gz pue sapou d1ajed ur oyeydn 1 L1 VIN unlS Jywsodydd <9 L

BIISEWOD9RUAS SUTWIGUOD

pawojred Asdoiq pue weiSowwey BISBWOORUAS pojoadsng  Isealq 3Jof ur uorssardxa YINSJ MO I 87 €8G isearg SuideiS[eniuy] 89 9
uoIs[

ewordueway uaaoid Asdorg pa1sa33ns Asdorg Teurdsered 1ySi snooueInogns ww g 1 0¢ V/N un[s dywsodgg <9 ¢
Koueu3irew ou ‘s3urpuy UdWOpPQE [eIa)e] WYSLI IoMO[

ogroads-uou s pawrrojrad Asdorg P21sa33ns UONBZITENSIA JOII(] UOISI[ UIYS UT UOIssaIdxa YINSJ MO 1 1¢ V/IN unys Jqsodgg oL ¥
(ww § pue ww ¢) sa[npou
snoaueInoqns ul uoissardxa YINSd

rwodrjor3ue uaroid Asdorg Pa1so33ns UONBZI[BNSIA 109II(]  MO] PUB SOpOU [europqe ur ayeidn 1 S¥v 9 unjs dywsodgg L. €
(TTY ur ww 9 Jued
eUWO)IRWERH JUTULIY uorssardxa VNS -yrugis jsowr) sapnpou Areuownd

-UOD UOISI[ TTY JO UOINIASAI 98PaNy  MO] UAAIS suolsa] udiuaq pajoadsng [e10A9s pue sapou d1A[ad ur ayeidn 0 €1 ST SunT  gywwoddd 7L ¢
Surdewr dn morjoj uo 3z1s 0T UM SUOIS9[

ur paonpay] “ewonueld usaoxd Asdorg  AoueuSiew oruadoyouoiq pajoadsng w7z pue pue[S yeysoxd ur ayerdn 1 97 68 Sun SuiSeisenmy G9 |

Q100§
uorssardxyg
AwodnO Q[euoney [es1uIy SSUIpuL VINSdIW ANS ANS Arewiig AUS uonedsipu] 98y ON

suors9[ ugruaq uaaoid Aresrurpd 1o Asdorq ynm syuaned jo sSurpuy reorsojoyied pue VNS + 91qel

pringer

A's



European Journal of Nuclear Medicine and Molecular Imaging

specific for prostate cancer although this specificity is only
realized in combination with a comprehensive knowledge
of the physiological and abnormal expression of PSMA.
Physiological expression and distribution of typical prostate
cancer related abnormal expression is well documented. [6]

Atypical PCa metastases are seen in less than 5% of cases
but can affect most organs. Atypical metastases are rare in
isolation and are often observed in the context of a typical
pattern of disseminated metastatic PSMA expressing PCa.
In addition, PCa metastases are described as focal with high
PSMA expression whereas NPCaT expression is more likely
to be low and non-focal [6, 16]. All lesions in our cohort
categorized as PCa metastases were in expected sites for
metastatic disease but NPCaT required exclusion due to their
structural features or clinical presentation (Table 1). The
majority of lesions confirmed to be PCa metastases dem-
onstrated intermediate to high PSMA expression, with two
cases of multiple lung lesions demonstrating no expression.
This echoes the study by Damjanovic et al. which concluded
that 27.5% of prostate cancer metastases demonstrated no
PSMA expression. (Damjanovic 2018) Our study dem-
onstrated that lesions with intermediate to high PSMA
expression were more likely to be PCa metastases rather
than NPCaT regardless of their CT morphology. All of the
NPCaT in our group (except for two RCC cases) demon-
strated no or low PSMA expression (SUV <5). These find-
ings correlate with literature describing PSMA expression in
RCC [17, 18]. Although some cases in our cohort were not
followed up due to factors including patient age, comorbid-
ity, and extensive tumour burden, many lesions were sub-
ject to MDM discussion, clinical and radiological follow-up,
and/or biopsy. This approach is valid and necessary in the
clinical workup of these patients particularly in the context
of advancing treatment options for patients with oligometa-
static disease.

Numerous benign lesions are also known to express
PSMA; however, from our cohort, the indeterminate and
benign lesions largely demonstrated no or low PSMA
expression (SUVmax < 5) [16, 19]. Pulmonary nodules in
this patient cohort were common and the majority were
assigned to follow-up based upon established guidelines
[8, 9]. Lung nodules comprised the majority of the inci-
dental potentially malignant group although these were
larger (11-40 mm) with more complex imaging features
and some demonstrated low PSMA expression. We found
that lung nodules with intermediate or high PSMA expres-
sion were exclusively PCa metastases in our cohort whereas
no biopsy-proven lung cancer demonstrated intermediate or
high PSMA expression, despite PSMA expression in lung
cancer described in the literature [20]. Our study has dem-
onstrated that PCa metastases are substantially more fre-
quent than NPCaT in the context of thoracic lesions with
intermediate to high PSMA expression. These findings are

@ Springer

further substantiated when considered in the context of exist-
ing structured reporting systems. For example, the European
Association of Nuclear Medicine, including authors of both
PROMISE data and PSMA-RADS, has recently provided
guidelines for standardised reporting using E-PSMA five-
point scale. The majority of the indeterminate and NPCaT
lesions in our cohort comply with category 3 E-PSMA
(indeterminate) lesions and the majority of benign lesions
correspond to category 2 E-PSMA (likely benign). Further-
more, many lesions later confirmed to be PCa metastases
arguably fell under E-PSMA 5, which would correctly allo-
cate them to PCa metastases, but additional findings beyond
this definition prompted clinical uncertainty, such as mor-
phology, solitary site of disease, and other malignancy and
predisposing factors for second primary [7, 21, 22].

The ability to differentiate PCa metastases from NPCaT
is vital as further investigation can lead to morbidity, delays
in therapy and incurs additional medical costs. In our cohort,
8% of patients with benign incidental findings underwent a
biopsy as part of further investigation while of 19 patients
with lung nodules over 10 mm, 13 (68%) were biopsied.
Recognizing these patterns in context of established stand-
ardised reporting criteria can give PET/CT specialists the
ability to make a confident diagnosis, thus avoiding escalat-
ing investigation, cost and therapeutic delays [7]. Impor-
tantly we would emphasise that guidelines and structured
reporting systems allow for reduced variation of interpreta-
tion and clear communication however overall interpretation
critically relies upon multiple factors and a multidisciplinary
approach to diagnosis and management is paramount [7, 22].

The incidence of NPCaT in our PSMA cohort (1.7%) is
substantially less than the incidence of significant incidental
non-FDG avid findings on FDG PET/CT (22.6%) [23]. There
are a number of potential reasons for this, including differing
demographics, definitions of ‘major’ clinical significance,
stricter evidence-based criteria used in our study, the use
of subspecialist radiologists to exclude benign pathologies
along with our exclusion of pre-existing known pathologies.

PSMA expression in NPCaT is more commonly associ-
ated with tumours which undergo neovascularization such as
RCC, breast, glial tumours, gastrointestinal, pancreatic and
lung tumours, all of which were represented in our cohort
[24-29]. Further tumours reported to express PSMA not rep-
resented in our study include oral SCC, salivary ductal carci-
noma, medullary thyroid carcinoma, small cell lung cancer,
osteosarcoma, gynaecological malignancies, and adenoid
cystic tumours [30, 31]. Such expression is variable but has
significant clinical implications. PSMA imaging may provide
an investigative tool for such tumours, with particular recent
interest in clear cell RCC and in detection and characteri-
sation of metastatic diseases [18, 32—-35]. The potential for
PSMA targeted radiopharmaceuticals in non-prostate tumours
is vast and the degree of PSMA expression may prospectively
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select treatment candidates and monitor response. Treatment
monitoring, in particular drugs targeting neovascularization,
e.g. bevacizumab and tyrosine kinase inhibitors, is a further
potential application. PSMA expression in NPCaT may aid
prognostication, for example, PSMA expression in non-met-
astatic triple negative breast cancer confers worse prognosis
with higher relapse and reduced response to androgen recep-
tor inhibition [25, 30]. In contrast, PSMA expression in non-
small cell lung cancer (NSCLC) is associated with earlier
stage tumours. It is noteworthy that these concepts remain
in the realm of research and the full clinical impact of these
applications is yet to be determined [24, 36].

This study benefited from a large number of consecutive
patients in a multicenter international setting. A limitation of
this study was its retrospective design. The largest impact of
this was that many patients did not have histological confirma-
tion and/or did not have conclusive follow up, leading to inde-
terminate findings in a cohort of patients. Selection of patients
based on initial reports can introduce subjectivity and bias;
however, the initial reports were generated by subspecialty
trained experienced radiologists and nuclear medicine physi-
cians. The imaging centers used different scanners albeit two
consecutive generations of the same product, however this may
have affected SUVmax measurements. Low numbers of indi-
vidual non-prostate cancer tumours limit the ability to provide
specific recommendations. There is always a degree of subjec-
tivity when categorizing the significance of incidental findings
and no perfect system exists although we have attempted to
mitigate this by using experienced subspecialist radiologists
and by considering the opinion of multidisciplinary meetings.

Conclusion

Our work is the largest study to date examining incidence
of NPCaT detected by PSMA PET/CT and is the only study
exclusively examining incidence in "®F-DCFPyL PET/CT.
PSMA imaging of PCa is highly specific with the detection
of PSMA expressing NPCaT exceedingly rare. NPCaT in
our cohort generally demonstrated low or no PSMA expres-
sion. Although PSMA expression was noted in RCC, this
was lower and less focal than typical PCa metastatic disease.
We found that significant PSMA expressions at sites typical
for prostate cancer metastases were exclusively PCa metas-
tases rather than NPCaT.
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