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Abstract: Purpose: to evaluate a unique subpopulation of radical prostatectomy (RP) candidates
with “negative” prostate ®®Ga-labeled prostate-specific membrane antigen (PSMA) positron emis-
sion tomography (PET) computed tomography (CT) imaging scans and to characterize the clinical
implications of misleading findings. Materials and Methods: This case-control retrospective study
compared the final histological outcomes of patients with “negative” pre-RP PSMA PET/CT prostate
scans (with a prostate maximal standardized uptake value [SUVmax] below the physiologic uptake)
to those with an “intense” prostatic tracer uptake (with a SUVmax above the physiologic uptake).
The patients underwent an RP between March 2015 and July 2019 in five academic centers. Data
on the demographics, comorbidities, prostate-specific antigen (PSA) and rectal exam findings, prior
biopsies, imaging results, biopsies, and RP histology results were collected. Results: Ninety-seven
of the 392 patients who underwent an RP had PSMA PET/CT imaging preoperatively. Fifty-two
(54%) had a “negative” uptake (in the study group), and 45 (46%) had a “positive” uptake (in the
control group). Only the lesion size and SUVmax values on the PSMA PET/CT differed between the
groups preoperatively. On the histological analysis, only the ISUP score, seminal vesicles invasion, T
stage, and positive margin rates differed between the groups (p < 0.05), while 50 (96%) study group
patients harbored clinically significant disease (ISUP > 2), with an extra-prostatic disease in 24 (46%),
perineural invasion in 35 (67%), and positive lymph nodes in 4 (8%). Conclusions: Disease aggres-
siveness generally correlated with an intense PSMA uptake on the preoperative PSMA PET/CT, but
a subpopulation of patients with clinically significant cancer and aggressive characteristics showed
a deceptively weak PSMA uptake. These data raise a concern about the unqualified application of
PSMA PET/CT for staging RP candidates.
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1. Introduction

The accurate staging of prostate cancer patients is a crucial step in therapeutic man-
agement, sometimes discriminating between a curable and non-curable disease. ®Ga-
labeled prostate-specific membrane antigen (PSMA) positron emission tomography (PET)-
computed tomography (CT) imaging plays an important role in the staging of disease and
the evaluation of its recurrence [1-4]. PSMA PET/CT was recently suggested as a suitable
replacement for conventional imaging by providing superior accuracy compared to the
combined findings of CT and bone scanning for staging patients with high-risk prostate
cancer before a curative-intent treatment. That alternative was considered an important
landmark that may affect future guideline recommendations [5].

While the PSMA is generally weakly expressed in normal prostate tissue, it is strongly
upregulated in prostate cancer. A PSMA PET/CT sensitivity is correlated with the Gleason
score, reaching as high as 84% for a Gleason score > 4 [6]. However, despite the high-level
sensitivity of PSMA PET/CT findings, it seems that some clinically significant prostate
cancers lack an intense PSMA expression. Silver et al. reported extracorporeal samples of
two of thirty-five primary prostate adenocarcinomas, one of eight lymph node metastases,
and ten of eighteen prostate tumors metastatic to the bone that did not display tumor cell
PSMA immunostaining [6], and Frumer et al. described findings suggestive of its limited
role in the clinical setting [7]. In the current work, we evaluated a unique subpopulation of
prostate cancer patients with “negative” prostate PSMA PET/CT scans, focusing upon the
clinical implications of such potentially misleading results.

2. Materials and Methods

Following Helsinki approval and waiver of informed consent, we retrospectively
reviewed the medical records of patients who underwent radical prostatectomy (RP) for
clinically localized prostate adenocarcinoma in 5 medical centers between March 2015 and
July 2019. Only patients who underwent PSMA PET/CT imaging before surgery were
included. We collected data on demographics, comorbidities, prostate-specific antigen
(PSA) levels, rectal exam findings, magnetic resonance imaging (MRI), PSMA PET/CT
results, and histology of former and current biopsies, as well as RP specimens.

The PSMA PET/CT scans were performed in the 5 participating medical centers
on integrated PET/CT scanners 50-60 min after injection of 3-5 mCi 68Ga—PSMA, as
previously described by our group [7]. Prior to the PET/CT study, an intravenous iodine
contrast medium was administered to all patients, except to those with known iodine
hypersensitivity or renal insufficiency. Diluted iodinated contrast material (800-1000 mL)
was administered orally for bowel opacification. Contrast-enhanced multidetector CT
was performed from the skull base to the mid-thigh. The acquisition time was 2 min per
bed position. The imaging studies were interpreted by experienced specialists in nuclear
medicine and radiology. Ga 68-PSMA activity was quantified by calculating a maximum
standardized uptake value (SUVmax) by manually generating a region of interest over the
sites of abnormally increased radioactive material activity. We defined a group of patients
with “negative” PSMA PET/CT prostate scans as those whose prostate SUVmax was below
physiologic uptake of 6.6 (the study group) [8]. Patients with PSMA PET/CT scans with
prostate SUVmax levels above physiologic uptake comprised the control group [8]. Patients
treated with androgen deprivation therapy prior to undergoing PSMA PET/CT imaging
were excluded from the analysis.

The RP was performed by means of either the DaVinci© robotic system (Intuitive
Surgical Inc., Mountain View, CA, USA), (n = 76, 78.3%) or by open surgery (n = 21,
21.6%). The RP histology specimens were processed by routine pathologic fixation with
formalin solution and evaluated by dedicated uropathologists blinded to preoperative
imaging findings. The clinically significant disease was defined as International Society
of Urological Pathology (ISUP) > 2. Baseline characteristics and imaging and histology
results were compared between the 2 groups.
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3. Statistical Analysis

The Chi-squared and Mann-Whitney tests were applied for all analyses (IBM SPSS
Statistics for Windows, Version 26.0. Armonk, NY, USA: IBM Corp) and a 2-sided p-value
of <0.05 was taken as significant.

4. Results

In total, the medical charts of 392 patients were reviewed, of whom 97 underwent
preoperative PSMA PET/CT imaging. Fifty-two (54%) patients fulfilled the study inclusion
criteria and formed the study group, and the remaining 45 (46%) comprised the control
group. The patients’ median age was 66 years (interquartile range [IQR], 62-70), and there
was no significant difference in the baseline comorbidities between the groups (Table 1).
The preoperative median PSA level was 8.5 (IQR 6.3-13). The prostate size and the finding
of a suspected prostate lesion per digital rectal examination did not significantly differ
between the study groups (Table 2).

Table 1. Patient characteristics.

Characteristic Shﬁy:(;;(;up Con(t;(;l g;oup Al(lnP:t;;;lts p-Value
Age (years)
(mean +/— SD) 65.8 £ 5.58 65.27 £ 5.54 65.54 + 5.54 0.646
Comorbidities (%)

IHD 10 (19.2) 9 (20) 19 (19.6) 0.88
DM 18 (34.6) 8(17.8) 26 (26.8) 0.07
HTN 32 (61.5) 23 (51.1) 55 (56.7) 0.30
BMI 28.67 £4.2 28.4 +4.76 28.52 + 4.46 0.625

SD, standard deviation; IHD, ischemic heart disease; DM, diabetes mellitus; HTN, hypertension; BMI, body
mass index.

Table 2. Preoperative patient characteristics.

PET/CT (%)

Study Group Control Group All Patients g
(n = 52) (n = 45) (n=97) p-Value
Preoperative PSA (ng/mL) (median, IQR) 7.82 (5.73-11.18) 9.25 (6.5-16.93) 8.5 (6.3-13) 0.059
Suspicious prostate on DRE (%) 27 (51.9) 31 (68.9) 58 (59.8) 0.215
Estimated prostate size (cc) (median, IQR) g .
(per DRE) 40 (30-50) 30 (30002D40) 36 (30-40) 0.12
No. of suspected lesions on preoperative
MRI (PIRADS > 3) (median, IQR) 1.39 £ 0.7 1.6 £0.8 1.52 +£ 0.7 0.269
Lesion size on MRI (mm) 10 (6.5-21) 15.5 (13.25-19) 14 (8-19) 0.227
Lesion size on PSMA PET/CT (mm) 11.5 (10-20) 23 (17-27) 16 (11-23) 0.015
Lesion SUV max (median, IQR) 3.9 (3.2-5) 11.5 (7.2-16.4) 5.15 (3.63-9.2) <0.001
ISUP preoperatively
ISUP 1 0 1(2.2) 1(1) 0.175
ISUP 2 21 (40.4) 15 (33.3) 36 (37.1)
ISUP 3 15 (28.8) 8(17.8) 23 (23.7)
ISUP 4 7 (13.5) 15 (33.3) 22 (22.7)
ISUP 5 5(9.6) 4 (8.9) 9(9.3)
NA 4(7.7) 2 (4.4) 6(6.2)
Suspected lymph nodes per PSMA 4(7.7) 7 (15.6) 11(11.3) 0223

PSA, prostate-specific antigen; IQR, interquartile range; DRE, digital rectal exam; PIRADS, prostate imaging
reporting and data system; MRI, magnetic resonance imaging; SUV, standard value uptake; ISUP, International
Society of Urological Pathology; PSMA PET/CT, ®Ga-labeled prostate-specific membrane antigen (PSMA)
positron emission tomography (PET) computed tomography (CT) imaging.

The preoperative MRI identified 76 suspected lesions defined as Prostate Imaging—
Reporting and Data System (PI-RADS) > 3, and there was no significant group difference
in the number of lesions graded PI-RADS > 3 (p = 0.269, Table 2). While lesion size did not
significantly differ between the study and control groups on the preoperative MRIs, the
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median lesion size on the preoperative PSMA PET/CT was significantly different: it was
11.5 mm (IQR 10-20) vs. 23 mm (17-27), respectively (p = 0.015).

A wide range of cutoffs was proposed to detect significant prostate cancer, ranging
from the SUVmax 3.15 to up to the SUVmax 9.1 [9-12]. In the current work, we applied
the SUVmax of 6.6 cutoff, as previously described by Uprimny et al. [8]. As dictated by
the study design, the median lesion SUVmax in the study group was significantly lower
compared to the SUVmax of the control group (3.9 [IQR 3.2-5] and 11.5 [IQR 7.2-16.4],
respectively, p < 0.001). None of the study group patients harbored a clinically insignificant
disease according to the preoperative histology results, and positive lymph nodes were
found in four (8%) of their preoperative PSMA PET/CT imaging studies (Table 3).

Table 3. Pathologic characteristics per group, per prostatectomy histology. Staging is defined per
National Comprehensive Cancer Network (NCCN).

Study Grou Control Grou All Patients
(ny= 52) ’ (n = 45) ’ (=97 p-Value
Prostate size on pathology
(g1) (mean + SD) 56.8 4 27.95 483 £ 26 0.083
Pathology T Stage (%) 0.016
T2x 17 (32.7) 8 (17.8) 25 (25.7)
T2a 1(1.9) 0 1(1)
T2b 0 1(2.2) 1(1)
T2¢ 10 (19.2) 8 (17.8) 18 (18.5)
T3x 2(3.8) 0 2(2)
T3a 20 (38.5) 19 (42.2) 39 (40.2)
T3b 2 (3.8) 9 (20) 11 (11.3)
Pathology N1 stage (%) 4(7.7) 3(6.7) 7(7.2) 1
Pathology ISUP (%) 0.009
ISUP 1 1(1.9) 0 1(1)
ISUP 2 28 (53.8) 17 (37.8) 45 (46.4)
ISUP 3 19 (36.5) 17 (37.8) 36 (37.1)
ISUP 4 1(1.9) 2(4.4) 3(3.1)
ISUP 5 2 (3.8) 8 (17.8) 10 (10.3)
NA * 1(1.9) 1(22) 2(2)
EPE (%) 24 (46.2) 27 (60) 51 (52.7) 0.173
SVI (%) 2(3.8) 10 22.2) 12 (12.4) 0.006
PNI (%) 35 (67.3) 38 (84.4) 73 (75.2) 0.213
Positive margins (%) 10 (19.2) 22 (48.9) 3(%53024'%2'%4 0.002
Postoperative PSA 0.04(0.0-0.07)  0.04 (0.0-0.17) 0.617

(ng/mL) (IQR)
* The prostatectomy histology was not available for 2 patients whose preoperative histology was ISUP2. T2x-2
pathologic stage, not farther defined; ISUP, International Society of Urological Pathology; EPE, extra-prostatic
extension; SVI, seminal vesicle invasion; PNI, perineural invasion; PSA, prostate-specific antigen; stdev, standard
deviation; and IQR, interquartile range.

The final prostatectomy pathology report stated that the average prostate size was
56.8 cc £ 27.95 for the study group and 48.3 cc = 26 for the control group (p = 0.083). The
control group had higher T stage levels (p = 0.016) and ISUP grades (p = 0.009), as well
as higher rates of seminal vesicle invasion (p = 0.006) (Table 3). Ten (19.2%) study group
patients and 22 (48.9%) controls had positive margins (p = 0.002) (Table 3). The examination
of other characteristics, such as the extra-prostatic extension and perineural invasion,
failed to reveal any significant group differences (Table 3). A lymph node dissection was
performed in 37 study patients (71.1%) and 35 controls (77.8%), and it identified similar
rates of a positive lymph node (stage N1) disease for both groups (Table 3). Finally, the
preoperative PET PSMA identified two of the four study patients and two of the three
controls as having an N1 stage disease.

5. Discussion

PSMA PET/CT has exhibited superior accuracy than the combined findings of CT
and bone scanning in staging patients with high-risk prostate cancer before a curative-
intent treatment [5]. The PSMA is generally weakly expressed in normal prostate tissues



J. Pers. Med. 2022, 12, 410

50f8

and strongly upregulated on PSMA PET/CT in prostate cancer specimens. There are,
however, some important exceptions of clinically significant malignancies in which the
uptake is deceptively low. We evaluated this unique subpopulation of prostate cancer
patients with “negative” prostate PSMA PET/CT scans, and our findings advocate caveats
to the unrestricted adoption of this innovative imaging technique. ®*Ga-PSMA PET/CT
detects the location and extent of primary prostate cancer [13] and is sensitive to PSA
kinetics [14]. Its superiority over conventional imaging modalities has been reported for the
staging and detection of recurrent disease [14]. Moreover, it adds important information
to standard CT/MRI studies, changing treatment strategies in a significant number of
patients [15]. Indeed, Gleason scores and PSA levels have been correlated with %8Ga-PSMA-
11 PET/CT tracer accumulation in primary tumors. For example, Uprimny et al. described
that prostate cancer patients with lower PSA values and Gleason scores of six and seven
showed a significantly lower ®®Ga-PSMA-11 uptake [8]. In addition to the primary tumor
evaluation on %Ga-PSMA-11 PET/CT images, the tracer accumulation was suggested as
being able to identify malignant nodal involvement, representing another crucial step in
preoperative staging and evaluation [16,17]. While these data support the application of
this modality in primary tumor staging, contradicting evidence limits the enthusiasm over
its immediate clinical acceptance. For example, Frumer et al. identified some limitations
of ¥Ga-PSMA-11 PET/CT in identifying lymph node involvement on the preoperative
evaluation [7].

Our current data generally reflected a correlation between the prostate cancer histology
and the ®Ga-PSMA-11 PET/CT uptake; however, they also identified a subpopulation
of patients with clinically significant prostate cancer that demonstrated only weak tracer
uptake in the index prostatic lesion. The fact that our “negative” PSMA group included
patients with significant cancer, and even high-risk characteristics, may point to a possible
caveat to its unqualified application. Furthermore, finding a similar percentage of the N1
disease among the “negative” PSMA group patients, while their preoperative PET PSMA
identified a similar, if not an even lower, rate of positive nodes, supports the presence of
limitations of this imaging approach in staging candidates for radical prostatectomies. An
example of a prostate cancer patient subpopulation that lacks a strong PSMA PET/CT tracer
uptake includes men with neuroendocrine histology, for which PSMA-targeted imaging
was described as being ineffectual [18]. In addition, patients with advanced castration-
resistant metastatic disease, especially after failing several lines of chemotherapy, exhibited
some sites of disease and lost PSMA expression [19]. These data suggest that some forms
of aggressive/resistant traits lack a PSMA uptake. The fact that PSMA functions as a
folate hydrolase and that it is expressed in a range of normal tissues and other benign
and malignant processes suggests “other end of the spectrum” false scans scenarios [19].
Prostate cancer heterogeneity, described both in the genomic and phenotypic/clinical level,
may suggest a possible mechanism explaining this imaging’s lacunae [20-22]. While tracer-
guided imaging is a well-accepted staging method in oncology, similar to our findings,
caveats were advised for its application in many other cancers, such as lung [23,24] and
thyroid [25]. We, therefore, suggest that prior to broadly adopting this imaging technique,
it must be borne in mind that a small proportion of prostate carcinomas exhibit no or only
minimal uptake on PSMA PET/CT.

Blood sugar levels have been correlated with a PET—fluorodeoxyglucose (FDG) uptake,
suggesting the need to follow special protocols in order to prepare diabetic patients for
undergoing PET-FDG imaging [26,27]. Although seen here only as a trend, our results
suggest a correlation between the diagnosis of diabetes and a lower prostate SUV uptake
on PSMA PET/CT (p = 0.07, Table 1). That finding is intriguing given that a PSMA PET/CT
tracer does not include fluorodeoxyglucose. One possible explanation may be that prostate
cancer patients with diabetes may represent a unique subpopulation in which the PSMA
expression correlates with both the androgen receptor expression as well as insulin and the
insulin growth factor receptor expression [28].
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We recognize that our study has several limitations in addition to its retrospective
nature. Our having gathered data from five medical institutes subjects it to interobserver
variability, including the radiology and histology analyses. The rarity of applying PSMA
PET/CT imaging for staging prostatectomy candidates, however, necessitated such a team
effort in order to assemble a large enough cohort of patients who complied with our study
inclusion criteria. The fact that radiologists and pathologists in all of the participating med-
ical centers are highly experienced and dedicated professionals may partially compensate
for this effect.

Looking forward, we hope that the introduction of new tracers, such as the 18F_PSMA-
1007, as well as the combination of PSMA PET/CT with MRI, may further contribute
to future precision in staging localized prostate cancer [29-32], possibly overcoming the
aforementioned caveat in applying PSMA PET/CT-guided imaging. Until this goal is
realized, we believe that the current application of PSMA PET/CT should be carried out in
full awareness of possible pitfalls in the unqualified staging of RP candidates.

6. Conclusions

Prostate cancer aggressiveness generally correlates with an intense uptake of the
PSMA on preoperative PSMA PET/CT; however, there is a subpopulation of patients with
clinically significant cancer and aggressive characteristics that show only weak PSMA
uptake. These data raise concern over the unqualified application of PSMA PET/CT for
the staging of RP candidates.

Author Contributions: B.R. and Z.A.D.—conceptualization and study design; RH., T.D., AL, M.H,,
J.G.,, S.G, S.S.,, AH., ON,, YFE and R.Z.—acquisition of data; B.R., RH., A.S.,, T.D. and Z.A.D.—
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