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ABSTRACT

The aim of this study was to evaluate the correlation between uptake of the positron emission
tomography (PET) ligand ®8Ga-NOTA-AE105 targeting the urokinase-type plasminogen activator
receptor (UPAR) and Gleason score in patients undergoing prostate biopsy. Materials & methods:
Patients with clinical suspicion of prostate cancer (PCa) or previously diagnosed with PCa were
prospectively enrolled in this phase Il trial. A combined uPAR PET, multiparametric magnetic
resonance imaging (mpMRI) was performed and standardized uptake value (SUV) from primary
tumor, as delineated by mpMRI, was measured by two independent readers. Correlation between
SUV and Gleason score obtained by biopsy was assessed. Results: A total of 27 patients had
histologically verified PCa visible on mpMRI and constituted the study population. There was a
positive correlation between SUVmax and Gleason score (Spearman’s rho= 0.55; p=0.003). Receiver
operating characteristics analysis showed an area under the curve (AUC) of 0.88 (95%Cl: 0.67-1.00) in
discriminating Gleason score >3+4 from <3+3. A cut-off for tumor SUVmax could be established with a
sensitivity of 96% (79-99%) and specificity of 75% (30-95%) in detecting Gleason Scores >3+4. For
discriminating Gleason score > 4+3 vs. < 3+4, a cut-off could be established for detecting Gleason
score > 4+3 with a sensitivity of 93% (69-99%) and specificity of 62% (36-82%). Conclusion: SUV
measurements from uPAR PET in primary tumors as delineated by mpMRI showed a significant
correlation with Gleason score, and tumor SUVmax was able to discriminate between low-risk and
intermediate risk Gleason score profiles with high diagnostic accuracy. Consequently, uPAR PET/MRI
could be a promising method for non-invasive evaluation of PCa, which may in the future potentially

reduce the need for repeated biopsies, e.g. in active surveillance.



INTRODUCTION

Prostate cancer (PCa) is highly variable in nature ranging from a low-risk disease, which can be
monitored by active surveillance, to a more aggressive disease, which requires prompt definitive
treatment. Accurate methods for risk assessment are important in order to reduce the number of
unnecessary interventions in patients with low-risk disease, but also to avoid delays in potential
curative therapy (1-3). Current stratification is based on serum prostate specific antigen (PSA), clinical
tumor stage, and histopathological grading by Gleason score (GS) in biopsy material. Recently,
multiparametric magnetic resonance imaging (mpMRI) has also been incorporated in prostate cancer
guidelines for detection and as a tool for targeting biopsies (4,5). Using mpMRI for targeting biopsies
increase the number of clinically significant cancers detected, which is an important advancement in

the management of PCa (5-7).

During active surveillance, repeated biopsies to detect histopathological progression are
a key element. However, repeated biopsies may show results different from the primary biopsy as a
consequence of sampling error. To circumvent sampling error and to replace an invasive method with
a non-invasive method, molecular imaging targeting markers of aggressiveness, e.g. with positron
emission tomography (PET), could be an ideal method. The risk of sampling error in tissue biopsies is
overcome, as the entire tumor volume is assessed by imaging. In this context, combining PET and
mpMRI is an appealing option where mpMRI serves the goal of achieving a reproducible delineation

of the tumor to guide the PET readout.



Urokinase-type plasminogen activator receptor (UPAR) is a cell membrane protein
involved in extracellular matrix degradation. In addition to regulating proteolysis, uPAR activates
many intracellular signaling pathways that promote invasion, and proliferation through cooperation
with transmembrane receptors. uPAR is frequently overexpressed in malignant tissue and high
expression levels are associated with cancer invasion, metastatic potential and resistance to
chemotherapy (8-12). In clinical studies of prostatectomy specimens uPAR expression levels in tumor
tissue are associated with higher pathological tumor stage, higher GS, positive surgical margins and
shorter biochemical recurrence free survival (13,14). These observations support that non-invasive
evaluation of uPAR expression could become a clinically relevant prognostic imaging biomarker, with
the possibility of distinguishing indolent tumors from the invasive phenotype, which subsequently

could be used as a non-invasive replacement of biopsies during active surveillance.

For uPAR-PET, several radioligands based on the high affinity peptide antagonist AE105
have been developed (15-19). Phase | studies have been published both with ®Ga-NOTA-AE105 and
64Cu-DOTA-AE105 in patients with various cancer types — including PCa (20,21). Both ligands
accumulated in primary tumor lesions as well as metastases and the uptake corresponded with high
UuPAR expression in excised tumor tissue, thereby providing evidence for uPAR PET imaging being

target specific.

The aim of this exploratory phase Il study was to investigate the use of ®8Ga-NOTA-
AE105 uPAR-PET as a tool for evaluation of localized PCa. Accordingly, the predefined, primary
outcome measure was to study the correlation between uPAR ligand uptake in the primary tumor and

GS obtained from biopsy material.



METHODS

Study design

Between Nov. 2017 and Sept. 2019, we included 52 men fulfilling one of the two criteria;
either suspicion of PCa based on clinical findings or previously diagnosed PCa prior to re-biopsies in an
active surveillance program. Included patients underwent uPAR-PET/mpMRI before initiation of any
anti-tumor therapy. Exclusion criteria were obesity (body weight > 140 kg due to scanner safety
limits), severe claustrophobia or metallic foreign bodies not compatible with MRI. Eligible patients

were included after giving informed consent.

The PCa diagnosis was verified histologically following transrectal MRI-directed
cognitive-fusion guided biopsy. GS and localization of lesions from the pathology report served as

reference for the study outcome.

The study protocol was approved by the Danish Health and Medicine Authority (EudraCT
no. 2017-002276-37) and the Ethical Committee of the Capital Region of Denmark (protocol no. H-
17019311). Signature of written informed consent was obtained from all patients. The study was
registered in ClinicalTrials.gov (NCT03307460) and was performed in accordance with the
recommendation for Good Clinical Practice (GCP) including independent monitoring by the GCP unit

of the Capital Region of Denmark.



PET/mpMRI acquisition

68Ga-NOTA-AE105 PET and mpMRI was performed simultaneously using an integrated
whole-body PET/MRI system (Siemens Biograph mMR, Siemens Healthcare, Erlangen, Germany). PET
was performed as a 45 minutes scan starting at injection of approximately 200 MBq ®8Ga-NOTA-
AE105. Synthesis of the ligand was performed as previously described (21). Patients were asked to
void before the examination, no bladder catheter or rectal coil was applied. Patients had crossed arms

over the chest, and arms did not enter the FOV at the level of prostate.

PET was reconstructed using vendor-provided Dixon-based MR attenuation correction
(MRAC) with an atlas-based bone segmentation, and with absolute scatter correction (3D OP-OSEM, 3
iterations, 21 subsets, 4 mm Gaussian filter). Images used for interpretation and quantification were

reconstruction of data acquired 20-30 minutes post injection.

mpMRI protocol

3 T MRl included: Transverse T1-weighted Turbo Spin Echo (TSE) [TE 20 ms, TR 735 ms,
pixel size: 0.7x0.7 mm?, slice thickness 5.0 mm]; vendor provided Dixon-VIBE (volumetric interpolated
breath-hold examination) for PET attenuation correction [voxel size: 1.3x1.3x3.0 mm3]; sagittal T2-
weighted TSE [TE 101 ms, TR 5,590 ms, pixel size: 0.6x0.6 mm?, slice thickness 3.0 mm]; coronal T2
TSE [TE 101 ms, TR 6,050 ms, pixel size: 0.6x0.6 mm?, slice thickness 3.0 mm]; transverse T2 TSE [TE
104 ms, TR 7,480 ms, pixel size: 0.5x0.5 mm?, slice thickness 3.0 mm]; Diffusion Weighted (DW)

single-shot spin-echo echo-planar imaging [TE 60 ms, TR 5,700 ms, pixel size: 2.0x2.0 mm?, slice



thickness 3.0 mm, b-values: 0, 800 s/mm?] and [TE 66 ms, TR 5,700 ms, pixel size: 2.0x2.0 mm?, slice
thickness 3.0 mm, b-value: 1400 s/mm?]; Dynamic Contrast-Enhanced (DCE) VIBE [TE 1.78 ms, TR 5.18
ms, pixel size: 1.4x1.4x3.6 mm3, 35 repetitions, acquisition time 4 minutes 25 seconds, bolus of

Gadovist contrast agent (0.1 ml/kg, 1 mmol/ml) administered after 2nd repetition].

Image analysis

All image data was analyzed by two certified specialists in nuclear medicine and an
experienced certified specialist in MRI radiology. mpMRI was interpreted according to Prostate
Imaging Reporting and Data System 2.0 (PI-RADS) (22) and reviewed by the radiologist and treating

urologist together before mpMRI-directed cognitive-fusion guided biopsy was performed.

Blinded to PET results, volumes of interest (VOIs) corresponding to lesions identified on
mpMRI, were drawn on T2 weighted MR images using Mirada DBx (Mirada Medical, Oxford, UK).
Where necessary, the VOIs were subsequently adjusted by the nuclear medicine specialists to avoid
inclusion of signal from the urinary bladder. Uptake of the uPAR ligand in the MRI VOlIs was

parameterized as maximum standardized uptake value (SUVmax).

Statistical analysis

Patient characteristics were reported by descriptive statistics including age, PSA, clinical

tumor (cT) stage, and pathological tumor (pT) stage (when available). In case of multiple lesions per



patient, the lesion with the highest SUVmax was included in the analysis. Spearman rank correlation
was used to estimate correlation between SUV and pathological features measured on an ordinal
scale. Inter reader reliability of SUV-measurement was estimated using intraclass correlation
coefficient (ICC). Comparison of distribution of continuous data was performed with independent
samples T test. Determination of optimal cut-off in discrimination between GS 3+3 vs. > GS 3+4 and

GS < 344 vs. 2 443 was performed with an R-package developed by Budczies et al. (23).

A p-value of < 0.05 was considered statistically significant. Statistical analyses were

performed using IBM SPSS Statistics v. 22 (IBM Corp. Armonk, NY) and R (http://www.R-project.org).

RESULTS

A total of 52 patients were enrolled in the study. Due to exclusions and technical issues,
46 patients had both PET/MRI and histology available. Of these, 16 patients had no suspicious lesions
on mpMRI and further three patients had negative histology leaving a study population of 27 patients
for analysis (Figure 1). Of these, six patients were enrolled prior to re-biopsies in an active surveillance
program, while the remaining 21 patients were enrolled as they were scheduled to undergo biopsies

based on clinical suspicion of PCa. Patient characteristics are shown in Table 1.

Patients received an intravenous dose of approximately 200 MBq (median 211 MBq,
range: 154-234 MBq) ®8Ga-NOTA-AE105, which according to dosimetry calculations from the phase |
trial corresponds to an effective dose of approximately 3.1 mSv (21). None of the patients

experienced reactions or adverse events related to the administration.



Interobserver reliability in measurement of tumor SUVmax was excellent with an ICC of
0.90 (95% Cl: 0.79-0.95). There was a significant positive correlation between tumor VOI SUVmaxand
GS from biopsy material with a correlation coefficient of 0.55 (p=0.003) (Figure 2). Mean SUVmax based

on GS is displayed in table 2.

To estimate the ability of SUVmax for discrimination between GS groups, receiver
operating characteristic analyses were performed. For discrimination between GS < 3+3 vs. GS 23+4
area under the curve (AUC) for SUVmax was 0.88 (95% Cl: 0.67-1.00, p=0.017). Optimal cutoff for
achieving >90% sensitivity for detecting GS 23+4 was SUVmax = 2.75 (Figure 3). The suggested cut-off
showed a sensitivity of 95.7% (79.0-99.2%), specificity of 75% (30.1-95.4%), accuracy of 88.0% (67.7-
100.0%) and odds ratio of 7.5 (1.16-48.63 [p=0.005]) for detection of GS >3+4. Likewise, if a sensitivity
of > 90% for detection of GS > 4+3 is wanted, e.g. to identify high risk PCa during uPAR image-based
active surveillance then a cutoff of SUVmax = 3.725 could be applied (Figure 4). In discrimination of GS
> 443 vs. < 3+4 the suggested cut-off results in a sensitivity of 92.9% (68.5-98.7%), specificity of 61.5%
(35.5-82.3%), accuracy of 75.8% (56.7-95.0%) and odds ratio of 2.44 (1.08-5.53 [p=0.004]). Examples

of SUVmax readout in two patients with GS 8 and 3+4, respectively, are shown in Figure 5.

Seventeen patients underwent radical prostatectomy, where three (17.6 %) were
upgraded in GS compared to their biopsy results (two patients with GS 3+3 and one patient with GS
4+3), while two patients (11.7 %) were downgraded (one with GS 4+4 and one with GS 4+5). Applying
the suggested SUVmax cut-off for discriminating GS 2 4+3 vs. < 3+4 resulted in a sensitivity of 88.9%

(51.8-99.7), specificity of 62.5% (24.5-91.5) and accuracy of 76.5% (50.1-93.2). As only one patient had



GS 3+3in final histopathology, the suggested SUVmax cut-off for identifying GS > 3+4 has not been

tested in this subpopulation.

There was no significant correlation between SUVmaxand PSA or between GS and PSA.

DISCUSSION

The main finding and primary outcome measure of this phase Il clinical trial using the
uPAR-targeted PET ligand ®8Ga-NOTA-AE105 in PCa patients was a correlation between uPAR-PET
ligand uptake and GS obtained from biopsy material. This suggests that uPAR-PET potentially could
serve a role as a substitute for, at least part of the invasive biopsies. An SUVmax cut-off could be
established obtaining a high sensitivity for identifying patients with GS > 3+4 from patients with GS <
3+3, which holds important prognostic information regarding adverse surgical pathology, risk of
biochemical recurrence, metastasis and PCa specific mortality (24). Especially for patients in active
surveillance, this method may be a valuable tool to non-invasively evaluate the need for repeated
biopsies. Furthermore, addition of uPAR PET to mpMRI could be applied in biopsy guiding when

indicated in order to target the lesions with the highest SUVmax and thereby highest uPAR expression.

It should be noted that uPAR PET readouts should be performed in the tumor why fusion
with MRI or other tumor delineating imaging is needed. The tumoral ligand uptake, especially in low
GS tumors is not sufficient for delineation of the tumor on PET images alone as the strength of uPAR-
PET is the dynamic range leading to low uptake in low grade tumors. Also, and for the same reason,

uPAR-PET is unlikely to be useful for metastatic staging where other modalities should be applied.
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PET ligands targeted prostate-specific membrane antigen (PSMA) have also been
investigated for non-invasive evaluation of GS. Some clinical studies of PSMA PET find a correlation
between %8Ga-PSMA-11 uptake and GS, mainly driven by high uptake in GS 9-10 (25-27). However,
the published results show considerable overlap between all GS categories making meaningful cut-off
values impossible to establish. Furthermore, a PET/MRI study with prostatectomy histopathology as
reference found no correlation between %8Ga-PSMA-11 uptake and GS (28). Although PSMA PET
undoubtedly can play a major role in management of PCa patients, e.g. in staging, it cannot be

considered as an appropriate method for GS estimation.

It could be speculated whether the correlation with GS obtained by uPAR-PET could
have been obtained through mpMRI alone. Our study was not designed to answer this question and
we cannot rule out that mpMRI in these patients would have correlated with GS. However, if so, we
only see this as an advantage in particular if the combined information obtained from uPAR-PET and
mpMRI could lead to even better correlation with GS. Therefore, in future large scale studies we plan
a design that can compare the information obtained from uPAR-PET with that from mpMRI as well as
study the added value of combining the two modalities and whether this leads to an even stronger

correlation between imaging and GS.

As an exploratory, single center, phase Il clinical trial the present study has inherited
limitations. Due to the limited number of observations, the statistical analysis and diagnostic
performance have broad confidence intervals. However, results from the present study will serve as
an encouraging basis for designing future phase lll clinical trials with larger number of patients.

Further studies are needed before more firm conclusions can be drawn about the clinical utility and

11



potential of UPAR PET/mpMRI. Furthermore, when based on a much larger number of patients, the
SUVmax cut-off values can be more firmly established and the added value of an integrated

PET/mpMRI investigated.

Another issue to address is the selection of biopsies as reference for the PET/mpMRI
results. Biopsies are prone to sampling error, documented by a relatively frequent up- or
downgrading of GS in studies of prostatectomy specimens (29,30). Biopsies were chosen as primary
reference, as the purpose of the study was to investigate if uPAR-PET could serve as a non-invasive
alternative to the current biopsy regimen. Our study included patients with low-risk disease on active
surveillance, which is a population of particular interest in the context of non-invasive risk
stratification and where the utility of uPAR-PET may be highest. However, in these patients
prostatectomy is not routinely performed and therefore biopsies are the only accessible samples for
histological grading in all patients. Reducing the number of biopsies in active surveillance would be of
significant value as biopsies are not only uncomfortable for the patient, but also hampered by side-

effects such as bleeding and infection (31).

In our study population a subgroup did undergo prostatectomy and of these nearly 30 %
had a different GS on final pathology compared to the previous biopsy. Although based on a limited
number of patients, data from prostatectomies also supported our results regarding SUV cut-off for

discrimination of GS > 4+3 vs. < 3+4.

Another limitation of the study is the selection of index lesions. We selected only to

include lesions with a PI-RADS score of > 4 in the study, in order to reduce the number of false

12



positives. As the majority of patients with PI-RADS 4-5 lesions have clinically significant PCa, it could
be argued that the study population did not adequately represent patients with low-risk disease.
However, a substantial part of the included patients in our study were candidates for active
surveillance. Especially in these patients uPAR PET may aid to determine the need for close
monitoring. A planned future study will be specifically aimed at patients in active surveillance and

include lower grades of PI-RADS lesions.

As we used MRI-guided uPAR-PET, ideally the biopsies in the study cohort should also
have been performed as MRI-targeted fusion biopsy (software-assisted MRI-transrectal ultrasound
fusion or in-bore MRI target biopsy). However, at the time of inclusion of patients, equipment for
software-assisted fusion or in-bore biopsy was not available at our facility, which prompted the
application of MRI-directed cognitive registration. This method has been reported to yield lower
detection rates of PCa compared to the other MRI-targeted techniques (32,33). However, we expect

that such biopsies would most likely correlate even better with our uPAR-PET imaging biopsies.

In conclusion, this phase Il clinical trial of uPAR PET/MRI using ®3Ga-NOTA-AE105 showed
promising results for use in PCa patients. uPAR-PET ligand accumulation correlated with GS, which
indicates that non-invasive evaluation of prostate cancer may potentially replace, at least in part, the
biopsies in active surveillance. Based on the current data, a phase Il study is planned to further study
the utility in active surveillance. In addition, studies in various clinical settings of PCa are also planned

to investigate the independent prognostic value of uPAR PET/MRI.
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KEY POINTS

QUESTION: Is there a correlation between uptake of the positron emission tomography (PET) ligand
68Ga-NOTA-AE105 targeted urokinase-type plasminogen activator (uPAR) and Gleason Score in
prostate cancer?

PERTINENT FINDINGS: A phase Il clinical trial of uPAR PET/MRI in 27 patients with prostate cancer
found standardized uptake value (SUV) in tumor had a significant positive correlation with Gleason
Score obtained by biopsy. SUV thresholds could be established to discriminate between low- and

intermediate risk Gleason Score.

IMPLICATIONS FOR PATIENT CARE: uPAR PET/MRI could be a promising method for non-invasive
evaluation of PCa, which may in the future potentially reduce the need for repeated biopsies, e.g. in

active surveillance.
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Tables

Patients, N = 27

Age (years), mean (range)

66.6 (50.2-79.9)

PSA (ng/ml), mean (range)

28.8 (7.0-56.0)

Clinical tumor stage, n (%)

cT1 9(33.3 %)
cT2 9(33.3 %)
cT3 9 (33.3 %)
Gleason score, n (%)

343 4(14.8 %)
3+4 9(33.3 %)
4+3 5(18.5 %)
8 (4+4/3+5/5+3) 2(7.4%)

9 (4+5/5+4) 7 (25.9 %)
PI-RADS score, n (%)

4 10 (37.0%)
5 17 (63.0 %)

Table 1: Patient characteristics
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N Reader 1 Reader 2 Mean SUVmax
Mean SUVmax (SEM) | Mean SUVmax (SEM) | (SEM)
GS 343 4 2.48 (0.54) 2.83(0.53) 2.65(0.51)
GS 3+4 9 4.13 (0.46) 3.82(0.38) 3.98 (0.41)
GS 4+3 5 |4.80(0.91) 3.98 (0.22) 4.39 (0.56)
GS8 2 4.65 (0.25) 4.65 (0.25) 4.65 (0.25)
GS9 7 | 5.22(0.49) 4.86 (0.41) 5.04 (0.43)

Table 2. SUVmax values of Gleason score (GS) subgroups reported as mean and standard error of the

mean (SEM).
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Figures and legends:

Assessed for eligibility (n = 82)

Included (n = 52)

Failed screening (n = 30)

e  Not meeting inclusion criteria (n
=14)

e  Declined to participate (n = 10)

. Other reasons (n = 6)

PET/MRI performed (n = 49)

Excluded (n = 3)

. Could not complete PET/MRI due to
claustrophobia (n = 2)

. Failed radiopharmaceutical
production (n = 1)

PET/MRI and histology
available (n = 46)

Excluded (n = 3)
e  Declined biopsy (n = 2)

e  PET/MRI data flawed (n = 1)

Study population (n = 27)

PCa histologically confirmed
and identified on mpMRI

Excluded (n = 19)
e  PCa not identified on mpMRI (n = 3)
e  No PCa (histology) (n = 16)

Figure 1: Consort flow diagram of inclusion process
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Figure 2: Relation between uPAR-PET SUVmax and Gleason score. Values are mean +/- SEM.
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Mean SUVmax
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Patients

Figure 3: Waterfall plot of SUVmax in tumor for discrimination of GS < 3+3 vs. GS 2 3+4
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Mean SUVmax
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Specificity = 61.5% (35.5%-82.3%)

Patients

Figure 4: Waterfall plot of SUVmax in tumor for discrimination of GS < 3+4 vs. GS > 4+3
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Figure 5: Delineated tumor VOlIs in uPAR PET/MRI (transaxial T2w image) of a patient with Gleason

score 8 prostate cancer (upper panel; SUVmax = 4.6) and a patient with Gleason score 3+4 (lower

panel; SUVmax=2.8).
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