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Abstract

Objective—Complete surgical resection of metastatic sites has been shown to prolong survival in
select patients with oligometastatic RCC. This treatment strategy is dependent upon the accurate
characterization of a patient’s extent of disease. The objective of this study was to explore the
utility of PSMA-targeted 18F-DCFPyL PET/CT in patients with presumed oligometastatic clear
cell RCC.

Methods—This is a subset analysis of a prospective study in which patients with RCC were
imaged with 18F-DCFPyL PET/CT (ClinicalTrials.gov identifier NCT02687139). In the present
analysis, patients with oligometastatic clear cell RCC, defined as < 3 metastatic lesions on
conventional imaging, were evaluated. 18F-DCFPyL PET/CT scans were reviewed for sites of
disease and compared to conventional imaging.

Results—The final cohort included 14 patients with oligometastatic clear cell RCC.
Conventional imaging revealed 21 metastatic lesions and 3 primary tumors. 18F-DCFPyL PET/CT
detected 29 sites of metastatic disease and 3 primary tumors. Of the 21 metastatic lesions detected
on conventional imaging, 17 (81.0%) had radiotracer uptake. Additionally, all 3 primary tumors
had radiotracer uptake. In 4 (28.6%) patients a total of 12 more lesions were identified on
18F_.DCFPyL PET/CT than conventional imaging. Notably, 3 (21.4%) patients were no longer
considered oligometastatic. The detection rates of conventional imaging and 18F-DCFPyL PET/CT
for identifying sites of disease were 66.7% and 88.9%, respectively.
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Conclusions—PSMA-targeted PET/CT appears to aid in the identification of patients with
oligometastatic clear cell RCC. If borne out in future studies, this suggests that PSMA-targeted
imaging has the potential to help select candidates for metastasis-directed therapy.
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Introduction

Methods

It is estimated that 20-40% of patients with renal cell carcinoma (RCC) will develop
metastatic disease [1]. For patients presenting with a limited number of metastatic sites,
complete surgical metastasectomy is associated with improved overall and cancer-specific
survival [2, 3]. A major challenge of this approach, however, is accurate characterization

of a patient’s extent of disease. At the present time, anatomical imaging techniques such

as computed tomography (CT) and magnetic resonance imaging (MRI) are limited in

their ability to detect metastatic lesions, in particular lesions < 1 cm [4]. Thus, there is

a significant need for more sensitive imaging modalities in the management of patients with
RCC.

Molecular imaging with positron emission tomography (PET) offers a potentially more
sensitive alternative to conventional imaging. Despite the specificity implied by its name,
prostate-specific membrane antigen (PSMA) is a cancer-associated protein that is expressed
in the neovasculature of a number of solid tumors, including the clear cell subtype of RCC
[5-7]. In light of this, there has been growing interest in using PSMA-targeted PET imaging
in patients with metastatic clear cell RCC. We and others have preliminarily shown that
PSMA-targeted PET imaging may lead to improved detection of small volume sites of
disease in patients with metastatic clear cell RCC, while maintaining excellent specificity
[8-13].

In this study, we explored the utility of PSMA-targeted 18F-DCFPyL PET/CT in the
evaluation of patients with presumed oligometastatic clear cell RCC. We hypothesized that
a proportion of patients who were diagnosed with oligometastatic disease on the basis of
conventional anatomical imaging studies would be found to have more extensive disease on
PET/CT imaging, potentially impacting their disease management.

Study design and participants

The study cohort was comprised of a subset of patients who were originally enrolled in a
prospective study designed to broadly investigate the utility of 18F-DCFPyL PET/CT across
a range of RCC stages and histologies (Clinical Trials.gov identifier NCT02687139). The
study protocol was approved by the Institutional Review Board of Johns Hopkins Medicine
and all patients provided informed consent prior to enroliment. We have previously reported
on the subset of patients enrolled in this study with non-clear cell RCC [14]. The present
analysis was limited to patients with oligometastatic clear cell RCC. Given that there is no
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consensus on the definition of the oligometastatic state for clear cell RCC in the literature,
we used a conservative definition of < 3 metastatic lesions on conventional imaging. Patients
who had their primary tumor in place were included in the present analysis, while those who
had previously received systemic therapy were excluded.

All patients were diagnosed with oligometastatic clear cell RCC based on standard of care
conventional cross-sectional imaging with CT of the chest, abdomen, and pelvis or MRI

of the abdomen and pelvis with CT of the chest. Additional imaging of the brain was
performed as indicated based on clinical symptoms. Following study enroliment, patients
underwent an 18F-DCFPyL PET/CT. 18F-DCFPyL was synthesized at our institution as
previously described [15]. Patients fasted for 4-6 h prior to intravenous injection of
approximately 333 MBq (9 mCi) of 18F-DCFPyL. One hour after injection, patients were
asked to void and a whole-body PET/CT was performed from the mid-thighs to the vertex of
the skull.

18F_DCFPyL PET/CT images were reviewed by a single radiologist (S.P.R.) with 5 years

of experience in PSMA-targeted imaging. The location, size, and the maximum lean body
mass-corrected standardized uptake value (SUVnax) Of each detected lesion was recorded.
A lesion was considered positive on 18F-DCFPyL PET if there was focal radiotracer uptake
above background, after taking into consideration the known pitfalls of PSMA-targeted PET
imaging [16]. The detection rate of 18F-DCFPyL PET/CT was then compared to that of
conventional imaging. The total number of unique lesions detected on either modality form
the denominator for the calculation of the detection rates.

Between August 2015 and August 2017, 37 patients with RCC were enrolled in our
prospective study. Of these patients, 14 (37.8%) had oligometastatic clear cell RCC and

no prior history of treatment with systemic therapy. The median age of patients included

in this study was 59 years (range 34-76) and 9 (64.3%) were male. The median time

from diagnosis to metastasis was 7.5 months (range 0-164.5). Based on the International
Metastatic RCC Database Consortium prognostic model definitions [17], 7 (50.0%) patients
had favorable risk disease, 6 (42.9%) had intermediate risk disease, and 1 (7.1%) had poor
risk disease. Additional characteristics of the study cohort are listed in Table 1.

Patients underwent 18F-DCFPyL PET/CT at a median of 20.5 days (range 1-74 days)
following conventional imaging. Table 2 lists the sites of disease detected with either
conventional imaging or 18F-DCFPyL PET/CT, with lesions visible on only one imaging
modality indicated by italics. A total of 33 sites of metastatic disease were identified on
conventional imaging and 18F-DCFPyL PET/CT (Example case in Fig. 1). Conventional
imaging revealed that patients had a total of 21 metastatic lesions (median 1, range 1-3,
per patient) and 3 primary tumors. In contrast, 18F-DCFPyL PET/CT detected a total of
29 sites of abnormal radiotracer uptake consistent with sites of metastatic disease (median
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1.5, range 0-6, per patient) and 3 primary tumors. Of the 21 metastatic lesions detected
on conventional imaging, 17 (81.0%) had radiotracer uptake. Additionally, all 3 (100%)
primary tumors had radiotracer uptake. The median SUVax for metastatic sites was 2.7
(range 0.9-38.5) and the median SUV py,x for primary tumors was 9.6 (range 7.3-15.8). The
detection rate of conventional imaging for identifying sites of metastatic disease and any
sites of disease was 63.4%, and 66.7%, respectively. The detection rate of 18F-DCFPyL
PET/CT for identifying sites of metastatic disease and any sites of disease was 87.9%
and 88.9%, respectively. In 4 (28.6%) patients, a total of 12 more lesions were identified
on 18F-DCFPyL PET/CT than conventional imaging (Example case in Fig. 2). Notably, 3
(21.4%) patients were no longer considered oligometastatic due to the presence of more
widespread disease detected on 18F-DCFPyL PET/CT (Table 2).

Discussion

In this study, we evaluated the clinical utility of PSMA-targeted 18F-DCFPyL PET/CT
in patients with presumed oligometastatic clear cell RCC on the basis of conventional
anatomical imaging. We found that 18F-DCFPyL PET/CT had a high detection rate for
metastatic lesions, leading to the identification of a greater number of sites of metastatic
disease than conventional imaging. Most importantly, with these additional lesions, over
20% of patients in the cohort were no longer considered oligometastatic.

The findings of this study are consistent with prior observations on the diagnostic
performance and utility of PSMA-targeted imaging of patients with clear cell RCC. In

an earlier series of 5 patients with metastatic clear cell RCC, we observed that nearly all
sites of disease on conventional were identified on 18F-DCFPyL PET/CT, with overall more
lesions detected using this modality (94.7% versus 78.9% for conventional imaging) [10].
Additionally, in a phase | clinical trial of 10 patients, Rhee et al. reported a sensitivity of
92.11% with 8Ga-PSMA-11 PET/CT versus 68.6% with conventional imaging [13].

The apparent superior detection rate of PSMA-targeted imaging has important implications
for patient management. According to current guidelines, patients with oligometastatic RCC
should be considered for metastasis-directed therapy with surgery and/or tumor ablation,
while those with more widespread disease should be treated with systematic therapy [18,
19]. Metastasis-directed therapy offers patients with oligometastatic RCC an opportunity
for long-term disease-free intervals without the toxicity of current systemic therapies. A
recent systematic review showed that complete metastasectomy was associated with median
overall survival rates ranging from 36.5 to 142 months versus 8.4 to 27 months in patients
that underwent an incomplete or no metastasectomy [3]. In our cohort, 21.4% of patients
who met a stringent definition of oligometastatic disease would have no longer been
considered appropriate candidates for metastasis-directed therapy. Additionally, in 1 patient
who still met the criteria for oligometastatic disease, new sites of disease were revealed on
18F_DCFPyL PET/CT that would not have been addressed had treatment been delivered on
the basis of conventional imaging. Accordingly, PSMA-targeted PET/CT appears to have
the potential to aid in determining not only who should undergo metastasectomy, but also
ensuring more complete treatment in those meeting the definition of oligometastatic disease.
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Rhee et al. demonstrated this principle in 2 patients in whom the surgical template was
extended based on PSMA PET/CT findings, enabling complete metastasectomy [13].

Interestingly, four patients (Patients 1, 2, 3, and 10) had metastases seen on conventional
imaging, but not 18F-DCF-PyL PET/CT. Two possibilities for this phenomenon should be
considered. First, PSMA has previously been shown to be expressed at lower levels in clear
cell RCC than prostate cancer—a malignancy which is widely imaged with PSMA-targeted
imaging and is accepted as having imperfect sensitivity [20]. Thus, it is likely that some sites
of RCC lack sufficient PSMA expression for detection by 18F-DCFPyL PET/CT. A second
possibility for our observation is that sites characterized as metastases on conventional
imaging were not actually metastases. It is well documented that contrast-enhanced CT can
lead to the detection of false positives in patients with metastatic RCC. For instance, Rhee et
al. found CT had a specificity of only 88.46% (95% CI 76-95%) for identifying metastatic
sites [13].

In light of the shortcomings of currently available anatomical imaging techniques, the
collective body of data in support of PSMA-targeted PET imaging of RCC is quite
encouraging. This is in contrast to the literature on 2-deoxy-2-(18F)fluoro-p-glucose PET,
which is widely considered to be unsuitable for imaging renal cancers [18]. Another class
of molecular imaging agents that have shown promise in imaging RCC includes radiotracers
that target the transmembrane protein carbonic anhydrase IX (CAIX). CAIX maintains
extracellular pH balance and is overexpressed after loss of von Hippel-Lindau tumor
suppressor gene, a defining event in over 95% of cases of clear cell RCC [21]. Most

notable in this class of agents is the chimeric monoclonal antibody targeting CAIX known
as girentuximab (also known as G250). In human trials, this radiotracer has shown excellent
performance characteristics for imaging metastatic and primary RCC [22, 23]. The relative
performance characteristics of CAIX- and PSMA-targeted PET imaging is unknown at this
time, as no head-to-heard studies have been performed.

Our study is not without limitations. First, this study is comprised of a small number

of patients. Another limitation of our study, and the literature on oligometastatic RCC

in general, is the lack of a standardized definition for the oligometastatic state. We did,
however, employ a conservative definition of < 3 metastatic sites and one would expect that
with an increasing number of allowable sites on conventional imaging a greater proportion
of patients would have been found to harbor more extensive disease on PET/CT imaging.
Thus, the utility for confirming the diagnosis of oligometastatic RCC is likely understated
in our study. Perhaps the greatest limitation of our study is the lack of pathological
confirmation that areas of 18F-DCFPyL uptake were indeed sites of metastatic RCC. We
have, however, previously shown in a rapid autopsy study the exceptional specificity of the
radiotracer [12]. Additionally, Rhee et al. showed that over 97% of PSMA-positive lesions
that were biopsied were positive for RCC [13].

Conclusion

This study demonstrates a potential role for PSMA-targeted 18F-DCFPyL PET/CT in
patients with presumed oligometastatic clear cell RCC. This molecular imaging test detected
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a number of lesions not seen on conventional imaging, and thus offers the potential to impact
patient care by enabling more precise delivery of metastasis-directed therapies. Larger
studies with follow-up are needed to assess the clinical impact in such patients.
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Fig. 1.
Images of a patient with oligometastatic clear cell RCC confirmed with 18F-DCFPyL

PET/CT (Patient #12). a Whole-body 18F-DCFPyL PET maximum intensity projection
image demonstrates a solitary site of abnormal uptake (red arrowhead) in the region of the
left nephrectomy bed. b Axial, contrast-enhanced, venous-phase CT image demonstrates a
recurrence in the left nephrectomy bed with tumor invading and expanding the left renal vein
(red arrowhead). ¢ Axial 18F-DCFPyL PET and d axial 18F-DCFPyL PET/CT images show
focal radiotracer uptake in the lesion (red arrowheads)
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Fig. 2.
Images of a patient with presumed oligometastatic clear cell RCC found to have additional

sites of disease on 18F-DCFPyL PET/CT (Patient #2). a Whole-body 18F-DCFPyL PET
maximum intensity projection image demonstrates multiple foci of abnormal radiotracer
uptake, some of which are demonstrated in the accompanying panels (red arrowhead,

red arrow, and thin red arrow). b Axial, contrast-enhanced, arterial-phase CT image
demonstrates subtle arterial enhancement in a small subcarinal lymph node (red arrowhead)
that was not initially appreciated prior to PET imaging. ¢ Axial 18F-DCFPyL PET and d
axial 18F-DCFPyL PET/CT images show focal radiotracer uptake in the subcarinal lymph
node (red arrowheads), strongly suggesting this is a site of metastatic disease. e Axial,
contrast-enhanced, arterial-phase CT image demonstrates subtle abnormal enhancement in
the neck of the pancreas (red arrow) that was also not appreciated prior to PET imaging.

f Axial 18F-DCFPyL PET and g axial 18F-DCFPyL PET/CT images confirm radiotracer
uptake at the same site in the pancreas (red arrows), most compatible with this representing
an additional site of metastatic disease. h Axial, contrast-enhanced, arterial-phase CT image
showing an enhancing nodule in the right paracolic gutter (thin red arrow), compatible with
a site of metastatic disease and the original finding that had prompted PET imaging. At the
time of the CT, this was thought to be the only site of disease. i Axial 18F-DCFPyL PET
and j axial 18F-DCFPyL PET/CT images demonstrate focal radiotracer uptake in the right
paracolic gutter lesion (thin red arrows)
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