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1.
Abstract:

I ntroduction: Prostate SpecifiMembrane Antigen (PSMA) positron
emission tomography (PET) is amerging imaging modality in prostate
cancerHowever *®GaPSMA-PET may also have diagnostic utility in

the setting/of renal cell carcinoma (RC®Je investigatehe differential
role_of*¥F-fluorodeoxyglucos¢FDG) and PSMAPET/CT scanning in
patients Wwith oligometastatic RC@. particular, we focus on the utility

of PSMA-PET for diagnostic evaluation of isolated or limited metastases

planned for local surgery or radiatias well as the potential utility of
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PSMA-PET for therapeutic response assessment in patients receiving

stereotactic ablative body radiotherapy (SABR).

Methads. We present eaetrospectiveseries of 8 patients in which
comparative imaging modéks are evaluatealgainst PSMAPET
scanningFDG-PET and PSMAPET scans were performed prior to
definitive treatment (either surgery or SABR) of limited recurrent

disease. Response assessment after SABR was performed with both PET

imaging'modalitiesat multiple time pointén a subset of patients.

Results: PSMA uptake is typically more intense than FDG in RCC. In all
but two casesyne of which was papillargarcinomaFDG-PET and
PSMAPET are concordant faletection of sites of diseas#/e
demonstrate for the first time the differential kinetics of ficstment
response using PSMA and FERET, with a more rapid metabolic
responsesebserved on FERET. Both modalities demonstrate response

earlierthansmorphological appearances on CT or MRI imaging.

Conclusions: Our series suggesthat PSMA shows early promise as
diagnaestic.and therapeutic response assessment tool in patients with

metastatic'RCCeceiving definitive local therapies

K eyweords:
positren emission tomographkidney cancermetastasisstaging;
radiotherapy; SABR
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Introduction:

The utilitysef PSMA directed radionuclide tracers for diagnostic purposes
in prostate‘eancer is being increasingdgognisedDespite the specificity
implicit in its nomenclatureR SMAs highly expressed in the cell surface
of the gumeur microvasculature of several solid tumours includi@g

(1). This"entity isvery heterogeneous, with a broad spectrum of
presentations ranging from indolent to aggressipedjiferativedisease

A subgroup of patients with limited metastatic burden from RQ@\ed
oligometastatic disease, is increasingly being managed with definitive
local therapies. Treatments such as extirpation, thermal ablation and
stereotactic ablative body radiotherapy (SABR) are delivered with the
aim of longterm disease control and perhaps even jreldentifying
those patients with truly isolated or limited metastatic spread n&tessi
improved-modalities over conventional computed tomography (CT) or
whole body bone scan. In this context, PSIMMET may allow for
improveddiagnostic sensitivityor otherwise radiologically occult
metastatic./diseasBrior to this analysis, a sum total of seven patients
have pbeenreported in the literature via case reports addressing the
diagnostic utility PSMAPET for metastatic RC(3-5).

SABRu.is-ashighprecision radiotherapy technique that involves delivery
of ablative doses of radiation in a single or few treatment sessidah. In
context ofeligometastatic RCGABRappears to bassociated with

high rates of tumour control with relatively few associated side effects
(6). The investigation of local treatment modalities in these patients,

including SABR, is the subject of numerous scientific enquiries. In this
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caseseries we report the diagnostic utility®6GaPSMA-PET/CT for
evaluation of disease extent in patients iitative oligometastatic
diseasén comparison witttonventional and’F-FDG-PET/CT imaging.
Additienally, we focus on the role of response assessusémy post
therapy*using PSMACET.

M aterjalstand M ethods:

This descriptive report outlines the impacfi@aPSMA-11 (HBED-

CC) PET/CT on the management of a series of eight patients who
underwent screening and/or response assessmestigationsThis was

a retrospective case series of consecutive patierfioligiometastases
plannedifor definitive local therapiesll patients were discussed at a
multidisciplinary tumour board and were recommended for SABR when
medicallysinoperable, or when surgery was considerelanically high

riskior=everlymorbid. A list of the patient cases can be found able 1.

®®Ga was eluted from an onsffi&ef®Ga generator (Isotope

Technologies Garching, ITM, Germany or iThemba LABS, South Africa)
and compounded esite with HBEDPSMA11 (Advanced Biochemical
CompoundsABX, Germany) using a manual technique. The product was
released following quality control including high performance liquid
chromategraphy (HPLC). 150 MBg-#0 MBq of®*GaHBED-PSMA11
was.administered intravenously. Following 60 minutes, images were
obtained'on a hybrid PET/CT device (General Electric Discovery 690 or
Siemen’s Biograph 64).

Casel
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76 year old female with a suspected isolated renal bed recuokace
Fuhrman grade 2 clear cell carcinarR®G-PET demonstrated three

sites of disease drpatient was considered a candidate for SABR. The
subseguent PSMARET demonstrated a total of five sites of disease, and

patientwas subsequently referred for systemic thef@pyre 1).

Case 2

60 year old male who initially underwent left nephrectomy laftdower
lobectomy for synchronous presentation of solitary metastasis of a
Fuhrman grade 3 clear cell carcinoma. At nine months after the initial
presentation he received SABR for tiusther pulmonary metastases,

and at 18 months he presented with an enlarging left adrenal mistastas
This lesion was mildly FD&vid and intensely PSMAvid (Figure 2),
without"evidence other sites of disease, and subsequently received a
single fraction of 26 §of SABR. This lesion demonstrated a complete

PSMAPET response at nine months.

Case 3

78 year old female with liopsy provenight renal bed recurrence of
Fuhrman grade 3 clear cell carcinoiflagure 3). The cancer had low
FDG-avidity, and intens®SMA-avidity. After treatment with 4%y in 3
fractions of SABR, slowly evolving reduction in PSMA activity is

demonstrated over 12 months.

Case4

73 year oldman with two left lower lobe pulmonary metastases from
Fuhrman grade 3 clear cell carcinomigated with 48y in 4 fractions
of SABR. The cancers were moderately FBd and intensely PSMA

avid at baselineyith a differential pattern of response at 3 and 9 months
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on both imaging modalitiegnflammatory PSMA and FDG uptake in

surrounding lungparenchyma pos$ABR was notedFigure 4).

Case 5

60 year'old female witkolitary biopsy confirmed.5 metastais with
synchrenous*75mrAuhrmangrade 4 left primarglear cell carcinoma
PSMAPETdemonstratethtense aviditywithin L5 and excluded occult
metastatieydisease, and therefore this leaias treatedvith 30Gy in 3
fractions'of SABRnN an effort to obtain durable local contr@omplete
resolution_of the patient’'s neuropathic pamdangoingeduction of
PSMA activity at 3 and 6 monthgas noted despite stalderrelative
MRI appearancegFigureb)

Case6

70 year old presented with an enlarging 40mm right adrenal metastasis
after previgous clear cell carcinoma resected 17 years pespiteno
uptakeen-both FDG and PSMARET scan, a core biopsy confirmed
Fuhrmangrade 2 clear cell carcinoma. The patient was deemed medically
inoperable due to cardiovascular and respiratory comorbiditines.

patient subsequently underwent SABR to a dose of 42 Gy in 3 fractions.

Case 7

52 year.old male presentedth asymptomatic metastasis in left greater
trochante@nd synchronous Fuhrman grade 3 right princéegr cell
carcinomaThe metastasis was isolated and avid with both FDG and
PSMA-PET: scans, with greater FDiGtensity.Patientunderwent
cytoreductive nephrectomgeceived 30 Gy in 3 fractions oABR with
symptomatic improvemermtnd hacho evidence of disease recurrence 8

months later on surveillance with FERET.

This article is protected by copyright. All rights reserved



Case 8

50 year old female with a 45mm renal bed recurrence 4 years after
nephrectomy for a right papillalRCC. The lesion was isolated and
FDG-avidishowever, the lesion was neichon PSMAPET scanning.
The patient'subsequently underwent surgical resetttediconfirmed

recurrent papillary RCC.

Discussion:

Published literature regarding the utility of PSNPAT in metastatic

RCC is scarce. A case 8GaPSMA avid biopsy confirmed lymph nodal
metastases from RCC was recently reported in the contextatiest
havingrreeurrent prostate carcinoBx Another single patient report
describedfore intens&®GaPSMA than FDGavidity in sites of
metastase®l). In 5 patients with metastatic RCESMA-PET detected
more-sites-of disease than conventional imaging. Similar to our series, a
broad variability of PSMA uptake intensity was obser{&dreflecting

the inherent biological heterogenedayRCC.

A unigue aspect of our series is that we directly comparedidlgaostic
utility of FDG and PSMA radiotracers in the evaluation of disease extent.
While EDG-PET/CT can reliably identifextrarenalsites ofRCC with a
reported.pooledensitivity of 91% and specificity of 88% ometa

analysis indeterminatdesions are still common, particularly as lesion

size decreased and with lower tumour gréelt is not in common use

for RCC as FDG production is expensivesource intensive and requires
the use of cyclotron based radiopharmaceutical production. By

comparison®Ga generators are cheap, easy to manufacture and readily
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available with production analogous to tiearubiquitous Technetium
generators founth mostnuclear medicine departmer{&. In our series,

of the patients who had boRETimaging modalitiesri(=7), the majority
(n=6) had concordant discrete sites of metastases on both FDG and
PSMAgscans. However, in one case the detection of additibesiod
metastasesthrough PSMZET had a significant impact @tinical
management, as this patient was offgyalliative systemit¢herapy rather
than lgealised SABR-urthermore, weypically observed higher uptake
on PSMA"uptake as compared to FDG uptdkeis from a diagnostic
perspective®®’GaPSMA-PET and may be potentially more sensitive than
FDG-PET for RCC whilst being easier and cheaper to performmen

with elevated serum PSA readings and PSMA avid bone metastases,
particularly when sclerotic, bone biopsy could be considered in order to

exclude“the differential diagnosis of prostate cancer.

Forithesfirst time, we report the different kinetics of treatment response
with FDG and PSMAPET after radiotherapyVhilst monitoring
treatment response with FDEET in metastatic RCC may have some
utility,.its role has not clearly been establisf@dIn particular, we
obseryedthat ifFDG-avid metastase®PET responseypically occurred
within_3-4 months postreatment. By comparison, the evolution of
PSMA-PET responses were delayed, with ongoing decreastSNMA
intensity.-noted €2 months postreatment. Whilst the biological
processes underlying these functional imagiiffgrences are yet to be
elucidatedpwe postulate that metabolic processes appear to be more
sensitive taearlydisruption by ablative doses of radiation than
established tumour neovasculature. This is consistent with well

established observations of morphologicakysistenRCC metastases
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after stereotactic radiotherapy including contrast enhancament
vasculatue on CT or MRIdespiteapparent longerm tumour catrol
(10).

Increased metabolic uptake in surrounding normal tissue as demonstrated
on FDGPET is a welrecognised effect of SABR. We have previously
shownsdos@lependent increase in the FE@idity of normal lung
parenchyma routinelgredateshe radiological appearance of fibrosis on

CT (11)./Whilst the increased FDG uptake is explainednayabolic
inflammati@n the biological mechanism of increased PSMA uptake in
normal tissuesecondary to radiation is npetunderstoodnd warrats

furtheninvestigation

This preliminary case series demonstratesuthiey of PSMAPET/CT
for imaging metastatic disease in R@@portantly in the context of this
cohort-ef<RCC, often with planned or prior nephrectomy, PSR
scanning was not associated with nephrotoxidityis is becauseSMA-
11 is a peptiddike compound administered in microgrétracer” doses.
Similarly, no adverse events have been reported in the literature or
clinicalexperience in the more common setting of prostate cancer.
PSMA-avidity was typically more intense than FEXSidity, which is
particularly.important in the context of oligometastatic disedsere
improved.diagnostisensitivitymayimpact onmanagemerdecisions
regarding local therapie&iven that production is considerably easier
than FDGuas it does not require a cyclot®88aPSMA-PET/CT is an
attractive alternative for diagnostic functional imaging of patients with
limited recurrence of RCQ\evertheless, FD@&ET may remain

complementaryn the context of assessment of treatment response due to
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earlier reduction in podteatment etivity. At present rither imaging

technique is curreht standard in RCC, but might be promisifigne high

uptake on PSMA observed in some patients also suggests possible utility
of Lu-177-RSMA radionuclide therapy, an emerging treatment for
prostate“eancer, in selected patients with RCC and widespread disease not

amenable“tdocal therapies.

Figure©egends

Figure =76 year old female with a suspected isolated renal bed recurrence.
FDG-RET (left panels) demonstrated three sites of disease and pai&en
considered a candidate for SABR. The subsequent RBERA (middle panels)
demonstrated a total of five sites of disease, and patient wesgsigmntly

referred for systemic therapy. The right panels display the hybrid CT
component of the PET scademonstrating the anatomical correlates of PET

active disease.

Figure 2=60 year old male who initially underwent left nephrectomy laftd
lower lebectomy for synchronous presentation of solitary metastasis of a
Fuhrman grade 3 clear cell carcinoma. At mmanthsafter the initial
presentation he received SABR for tiuother pulmonary metastases, and at
18 months_he presented with an enlarging left adrenal mesa@girasws).

This lesionwas mildly FD&vid and intensely PSMAvid (left and middle
panels)gzand subsequently received a single fraction of 26(GGABR, with
complete RSMA PET response demonstrated at nine miattem right).

Figure 3 - 78 year old female with a right renal bed recurrendeubirman

grade 3 clear cell carcinoma. FERET/CT images are shown on top panels
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and PSMAPET/CT images demonstrated below. The cancer had low FDG
avidity, and intense PSMaAvidity (arrows). After treatment with 42Gy in 3
fractions of SABR, slowly evolving reduction in PSMA activity is

demonstrated over 12 months.

Figure4 - 73 year old man with two left lower lobe pulmonary metastases
fromeFuhrmargrade 3 clear cell carcinoma, treated with 48 Gy in 4 fractions of
SABRrThecancers were moderately FA@Gd and inénsely PSMAavid at
baseline, with increased FDG and PSklAdity at the inferior lesion at 3
months.despite a complete response at the superior lesion.&femgsponse

was subsequently demonstrated in the inferior lesion on @& dnd PSMA

at 9 month.A pattern of normal pulmonary parenchymal FDG and PSMA
uptake_surrounding the treated lesions at 3 and 9 months pB& SA
corresponds to radiological fibrosis observed on CT and is singgeslung
inflammation post SABR, which correlated clinically with a mildigh and

dyspnoea.

Figure 5—-60 year old female with solitary L5 metastasis and large left rena
mass. Biopsy of L5 confirmed metastatic clear cell carcinoma. RBERA
demonstrated intense avidity within Ualige arrow) but only a rim of

modeate avidity with central photopenia in the left renal magdste arrow).
Cytoreductive nephrectomy revealed a 75mm Fuhrman grade 4 dlear ce
carcinema with no gross areas of necrosis evident. L5 was treie80/Gy

in 3 fractions of SABR with complete resolution of the patient'soeathic

pain andcontinued slow reduction of PSMA activity at 3 and 6thso MRI

appearances remain stable.

Table 1 —Patient Characteristics
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Case | Age Sex Fuhrman SUVmax SUVmax
grade on PSMA on FDG
1 76 F 2 5.3 7.0
2 60 F 4 26.5 -
3 78 F 3 15.9 3.4
4 73 M 3 8.6 3.1
5 60 M 3 6.7 4.0
6 70 M 2 0 0
7 52 M 3 5.6 5.4
8 50 F N/A (papillary) | O 3.6
References
1. Baccala A, Sercia L, Li ], Heston W, Zhou M. Expression of prostate-specific

membrane antigen in tumor-associated neovasculature of renal neoplasms.
Urology. 2007;70(2):385-90.

2. Loh |, Davis ID, Martin |M, Siva S. Extracranial oligometastatic renal cell
carcinoma: current management and future directions. Future oncology
(London, England). 2014 Apr;10(5):761-74. PubMed PMID: 24799057.

3. Einspieler I, Tauber R, Maurer T, et al. 68Ga Prostate-Specific Membrane
Antigen Uptake in Renal Cell Cancer Lymph Node Metastases. Clinical nuclear
medicine:2016 May;41(5):e261-2. PubMed PMID: 26859205.

4. Demirci E, Ocak M, Kabasakal L, et al. (68)Ga-PSMA PET/CT imaging of
metastatic clear cell renal cell carcinoma. European journal of nuclear medicine
and molecular imaging. 2014 Jul;41(7):1461-2. PubMed PMID: 24756358. Epub
2014/04/24%eng.

5. Rowe SP, Gorin MA, Hammers HJ, et al. Imaging of metastatic clear cell

renal cell carcinoma with PSMA-targeted (1)(8)F-DCFPyL PET/CT. Annals of

This article is protected by copyright. All rights reserved



nuclear medicine. 2015 Dec;29(10):877-82. PubMed PMID: 26286635. Pubmed
Central PMCID: 4666821.

6. Kothari G, Foroudi F, Gill S, Corcoran NM, Siva S. Outcomes of stereotactic
radiotherapy for cranial and extracranial metastatic renal cell carcinoma: a
systematic review. Acta oncologica. 2015 Feb;54(2):148-57. PubMed PMID:
25140860.

7. Wang HY, Ding HJ, Chen JH, et al. Meta-analysis of the diagnostic
performance of [18F]FDG-PET and PET/CT in renal cell carcinoma. Cancer
imaging the official publication of the International Cancer Imaging Society.
2012;12:464-74. PubMed PMID: 23108238. Pubmed Central PMCID: 3483599.
8. Velikyan I, Maecke H, Langstrom B. Convenient preparation of 68Ga-
based PET-radiopharmaceuticals at room temperature. Bioconjugate chemistry.
2008;19(2):569-73.

9. Galdarella C, Muoio B, Isgro MA, Porfiri E, Treglia G, Giovanella L. The role
of fluorine=18-fluorodeoxyglucose positron emission tomography in evaluating
the response to tyrosine-kinase inhibitors in patients with metastatic primary
renal cell carcinoma. Radiology and oncology. 2014 Sep;48(3):219-27. PubMed
PMID:25177235. Pubmed Central PMCID: 4110077.

10. Mori Y, Kondziolka D, Flickinger JC, Logan T, Lunsford LD. Stereotactic
radiosurgery for brain metastasis from renal cell carcinoma. Cancer.
1998;83(2):344-53.

11.  Sivas§, Callahan JW, Kron T, et al. Respiratory-gated (4D) FDG-PET detects
tumourandsormal lung response after stereotactic radiotherapy for pulmonary

metastases. Acta oncologica. 2015 Sep;54(8):1105-12. PubMed PMID: 25833329.

This article is protected by copyright. All rights reserved



Figgera 1

ara_12590_f1.jpg

This article is protected by copyright. All rights reserved



Figure 2

FDG

PSMA g PSMA

Baseline Baseline 9 months

ara_12590_f2.jpg

This article is protected by copyright. All rights reserved



Fijime J

| FDiG -

Bl 3 monbhs 12 moriths

ara_12590_f3.jpg

This article is protected by copyright. All rights reserved



Fljuc 3

Bazeline Baceline 3 months & momths

CLIL
&)l

a
L]

Author I\/Iang;

ara_12590_f4.jpg

This article is protected by copyright. All rights reserved



Figure 5

MRI

Baseline Baseline 3 months & months

ara_12590_f5.jpg

This article is protected by copyright. All rights reserved



