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DETAILS RELATIONS

Table. Representative Radiotracers Targeting Membranous Receptors and Metabolic Pathways of Renal Tumors

Radiotracer Receptor/metabolic pathway targeted Indications'*

" Journal of Urology

THE JOURNAL Tracers targeting membranous biomarkers

l . R( )l ( )( . \ VOIUme 21 1 _|ssue 6 cG250 (girentuximab) mAb ligand for CA-IX

V\M4-037 Small-molecule ligand for CA-IX
Jun 2024 XYIMSR-06 Small-molecule ligand for CA-X

Diagnosis of primary RCC, detection of metastatic RCC, and
assessment of response to TKI

Preclinical data suggest utility for detection of metastatic RCC

Improved pharmacokinetics than other radiotracers targeting CA-IX;
preclinical data suggest utility for diagnosis of primary RCC and
detection of metastatic RCC; compatible with SPECT/CT

Ga-PSMA-11 Small-molecule ligand for PSMA Detection of metastatic RCC

'8F.PSMA-1007 Small-molecule ligand for PSMA Potential utility for diagnosis of primary RCC, detection of
metastatic RCC, and assessment of response to TKI and ICI

"SF-DCFPYL Small-molecule ligand for PSMA Detection of metastatic RCC

897r-bevacizumab mAb ligand for VEGFA Assessment of response to antiangiogenic treatment

B971-atezolizumab mAb ligand for PD-L1 Assessment of response to ICI

Tracers targeting metabolic pathways

8 EDG Glucose uptake and phosphorylation Surveillance for recurrent and metastatic RCC, and assessment of
response to TKI and ICI

¥mT¢-sestamibi Uptake in cells with high mitochondrial Differentiation of renal oncocytomas and HOCTs from other renal

content and low MDR pump expression masses
"C-acetate Lipid synthesis Diagnosis of primary RCC
YC-choline Cellular membrane synthesis Diagnosis of primary RCC
ARTICLE "C-methionine Amino acid metabolism RCC staging and prognosis prediction
'8F42S,4R})-4-flucroglutamine Amino acid metabolism Detection of glutamine-dependent RCC
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85.9% for detecting primary ccRCC lesions, superior
to 75.5% and 46.8% for CT.° Since '**I-labeled
radiotracers tend to accumulate in the thyroid,
89Zr-labeled ¢G250 has been developed. Recently, a
prospective, multicenter, phase 3 study (ZIRCON)
evaluated the utility of ®%Zr-cG250 for diagnosing
primary ccRCC. In 284 patients, 8Zr-cG250 achieved
a sensitivity of 85.5% and specificity of 87.0% for
identifying primary ccRCC lesions, exceeding the
study’s predetermined sensitivity and specificity
targets.® Furthermore, 39Zr-cG250 has shown utility
for detecting metastatic RCC. In a prospective study
of 42 patients with metastatic ccRCC, **Zr-cG250
PET/CT combined with CT detected 91% of meta-
static lesions, significantly higher than 56% by CT
alor;e and 84% by combined *F-FDG PET/CT and
CT.

Currently, efforts are underway to develop and
validate radiotracers of lower molecular weights
than mAb ligands, in order to achieve better pene-
tration to solid tumors, shorter circulation time, and
therefore more rapid attainment of a high tumor-to-
blood ratio convenient for real-world use. VM4-037

dual-motif small-molecule ligand for CA-IX, is
particularly promising. In RCC xenograft models,
54Cu-XYIMSR-06 PET/CT demonstrated superior
pharmacokinetics compared to existing radiotracers
targeting CA-IX and most notably achieved an
average tumor-to-kidney ratio of 7.1 at 24 hours
post injection.® Therefore, $4Cu-XYIMSR-06 may be
the first small-molecule ligand for CA-IX appro-
priate for diagnosing primary RCC. Clinical evalu-
ation of ®*Cu-XYIMSR-06 is ongoing.

SPECT/CT RADIOTRACERS

All radiotracers discussed thus far have been
applied in PET/CT imaging. Another opportunity in
molecular imaging of renal tumors is to develop
radiotracers for use with SPECT/CT. Currently,
PET/CT remains expensive and not widely avail-
able, whereas SPECT/CT requires low costs and can
be performed in most hospitals. A successful
example of a SPECT/CT radiotracer employed for
renal tumor imaging is *Tc-sestamibi, a widely
used radiotracer anoroved for imagcinge of multinle
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Study Need and Importance: Advanced prostate
imaging with MRI has greatly increased personal-
ized medicine by shifting to a lesion-based approach.
This lesion-based approach has enabled targeted bi-
opsy and refinement of surgical plans for both focal
therapy and radical prostatectomy. For radical
prostatectomy, predicting extraprostatic extension
(EPE) is critical to safely select men for nerve-
sparing surgery and continence-sparing approaches
such as Retzius sparing. However, enthusiasm for
MRI has been tempered with real-world sensitivity
for EPE near 60%. Prostate cancer is difficult to
image with anatomy-based modalities (ultrasound,
CT, MRI, etc). %®Ga—prostate-specific membrane
antigen—11 positron emission tomography CT
(PSMA-PET) offers the advantage of molecularly
targeted tracers with high sensitivity for lesions
likely to have EPE (Gleason >4+3). We hypothe-
sized that PSMA-PET, when compared to MRI,
would have increased sensitivity for EPE.

What We Found: Fifty patients were prospectively
enrolled, and the population was weighted toward
EPE (44%) and high-risk with Gleason grade 3 + 4
(30%), 4 + 3 (30%), and 4 + 4/4 + 5 (38%). Radiol-
ogists knew patients were scheduling for prostatec-
tomy, but they reviewed anonymized images with no
clinicopathologic information (blinded). The sensi-
tivity was higher for PSMA-PET when compared to
MRI (86% vs 57%, P = .03), while specificity was
similar. The PSMA-PET changed the surgical plan
from nonnerve sparing to nerve sparing in 20 (40%)
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MRI PET Whole-mount

Possible bilateral EPE Left EPE

No EPE at NVB

Figure. This patient had PSA of 4.9, prostate size 48 cm® (PSA
density: 0.10), and Gleason biopsy worst core of 4 + 4. His
final pathology showed Gleason 3 + 4 and pT3a. Gleason
patterns 3 and 4 are listed by lesion. The MRI did not predict
extraprostatic extension (EPE), while the ®Ga—prostate-specific
membrane antigen—11 positron emission tomography CT (PET)
interpretation  showed possible bilateral extraprostatic
extension. Final pathology showed left-sided extraprostatic
extension. NVB indicates neurovascular bundle.

cases and from nerve sparing to nonnerve sparing in
5 cases. The Figure demonstrates the ability of
PSMA-PET to locate tumors near the prostate
capsule at risk for EPE. The positive margin rate was
not increased in patients with treatment change to-
ward nerve-sparing.

Limitations: This is a single-institution study with
expert radiology interpretations. Imaging accuracy
could vary based on the quality of PET scanner and
experience of the radiologists.

Interpretation for Patient Care: In this prospective
trial, PSMA-PET resulted in higher sensitivity for
EPE and increased the nerve-sparing rate during
radical robotic prostatectomy without increasing
positive margins.

https://doi.org/10.1097/JU.0000000000004032
Vol. 212, 290-298, August 2024
Printed in U.S.A.
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Purpose: Survivors of surgically managed prostate cancer may experience uri-
nary incontinence and erectile dysfunction. Our aim was to determine if **Ga—
prostate-specific membrane antigen—11 positron emission tomography CT
(PSMA-PET) in addition to multiparametric (mp) MRI scans improved surgical
decision-making for nonnerve-sparing or nerve-sparing approach.

Materials and Methods: We prospectively enrolled 50 patients at risk for
extraprostatic extension (EPE) who were scheduled for prostatectomy. After
mpMRI and PSMA-PET images were read for EPE prediction, surgeons pro-
spectively answered questionnaires based on mpMRI and PSMA-PET scans on
the decision for nerve-sparing or nonnerve-sparing approach. Final whole-mount
pathology was the reference standard. Sensitivity, specificity, positive predictive
value, negative predictive value, and receiver operating characteristic curves
were calculated and McNemar’s test was used to compare imaging modalities.

Results: The median age and PSA were 61.5 years and 7.0 ng/dL. The sensitivity
for EPE along the posterior neurovascular bundle was higher for PSMA-PET than
mpMRI (86% vs 57%, P = .03). For MRI, the specificity, positive predictive value,
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negative predictive value, and area under the curve for the receiver operating characteristic curves were 77%,
40%, 87%, and 0.67, and for PSMA-PET were 73%, 46%, 95%, and 0.80. PSMA-PET and mpMRI reads differed
on 27 nerve bundles, with PSMA-PET being correct in 20 cases and MRI being correct in 7 cases. Surgeons
predicted correct nerve-sparing approach 74% of the time with PSMA-PET scan in addition to mpMRI

compared to 65% with mpMRI alone (P = .01).

Conclusions: PSMA-PET scan was more sensitive than mpMRI for EPE along the neurovascular bundles and
improved surgical decisions for nerve-sparing approach. Further study of PSMA-PET for surgical guidance is
warranted in the unfavorable intermediate-risk or worse populations.

ClinicalTrials.gov Identifier: NCT04936334.

Key Words: pathology, PET scan, prostate cancer, prostatectomy, quality of life

SURGICAL resection of prostate cancer (PCa) involves
the balance of resection to achieve negative margins
and preserving sexual and urinary function.'? Pa-
tient satisfaction is often related to being cancer-free
and maintaining normal urinary and erectile func-
tion.> Preoperative imaging with multiparametric
(mp) MRI to predict extraprostatic extension (EPE)
of PCa has been unreliable.®” Finding a more accu-
rate diagnostic imaging platform to detect the extent
of PCa would be helpful in surgical planning.

Recently, %®Ga-prostate-specific membrane
antigen—11 positron emission tomography CT (PSMA-
PET) scans have demonstrated higher sensitivity for
EPE and the ability to detect more aggressive fea-
tures.®'3 Herein, a prospective study was designed to
compare mpMRI and PSMA-PET performance in EPE
prediction in patients with intermediate- to high-risk
disease. Using the final whole-mount pathology after
surgical resection as a reference standard, our aim was
to determine if PSMA-PET added value in preopera-
tive planning to help surgeons better define the nerve-
sparing or nonnerve-sparing approach.

METHODS

Patient Selection

With Institutional Review Board approval (IRB No.
11330, NCT04936334), we enrolled patients in a pro-
spective, pilot, single-arm, single-institution clinical trial.
All enrolled patients were diagnosed with intermediate-
risk or worse PCa by the National Comprehensive Can-
cer Network guidelines and elected radical prostatectomy
(RP). One patient was enrolled due to concern for EPE on
MRI that did not meet eligibility criteria due to 3 + 3
Gleason grade. We defined patients with unfavorable
intermediate-risk disease as having any grade Gleason
score 4 + 3 = 7 disease, or > 50% positive cores of
Gleason score 3 + 4 = 7 disease in accordance with
guidelines.'* This was recorded for both whole gland and
per side (left and right).

Radiology Interpretation

Included patients received a mpMRI within 6 months of
surgery and a subsequent PSMA-PET with a 4.95 + 0.10
mCi (183.2 + 0.4 MB1) dose of ®®Ga-PSMA-11 (radio-
chemical purity = 99.6 + 0.4%).1>'® PSMA-PETs were

RIGHTS L

obtained on a Siemens Biograph Vision camera and
reconstructed with the manufacturer’s 3D Iterative
(OSEM 2i5s) algorithm with time-of-flight.

Our dedicated radiology team included a board-
certified nuclear medicine specialist (M.T.) who read all
PSMA-PETs, and a fellowship-trained MRI radiologist
(J.K.S.) read all mpMRIs. Image interpretation evaluated
EPE likelihood at 4 locations deemed to be important for
surgical guidance: (1) bladder neck, (2) posterior hemi-
sphere along right nerve bundle, (3) posterior hemisphere
along left nerve bundle, and (4) anterior apex near the
dorsal venous complex and sphincter. Each reader was
blinded to the other imaging modality and to all patient
demographic and clinical parameters.

The PSMA-PET criterion for prostatic tumor involve-
ment was focal or diffuse PSMA accumulation above the
intraprostatic background. The PSMA-PET was consid-
ered positive for EPE when PET lesion contact length
with prostate capsule, as measured on CT, was > 5 mm;
this was chosen as whole-mount tissue sections were
uniformly 5 mm in thickness. The core images of our
clinical 3 T mpMRI protocol included small field of view
T2-weighted images, diffusion-weighted imaging with
apparent diffusion coefficient maps, and dynamic
contrast-enhanced imaging. EPE detection by MRI has
been previously validated using the sum of risk factors
where a composite score of > 1 is considered positive:
curvilinear contact length of more than 1.5 ¢cm, capsular
bulge, and capsular irregularity.!”1®

Surgical Interpretation

Three surgeons (C.D.B., R.S.B., M.0O.K.) included in the
study completed questionnaires regarding planned
resection approach (nonnerve-sparing vs nerve-sparing)
and extended lymph node dissection (for concern of
lymph node involvement) based on each imaging mo-
dality. A correct surgical approach was defined as
selecting the appropriate nerve-sparing approach based
on EPE. Partial nerve sparing was counted toward
nonnerve sparing as this was performed due to concern
of EPE. All surgeons were asked about surgical approach
based on mpMRI prior to seeing the PSMA-PET. Sub-
sequent questionnaires were completed following the
PSMA-PET and immediately after surgery. The whole-
mount pathology from the final surgical specimen was
used as a gold standard to determine whether the pre-
operative imaging was predictive of EPE.

Copyright © 2024 American Urological Association Education and Research, Inc. Unauthorized reproduction of this article is prohibited.
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Primary and Secondary Outcomes

The primary objective of the study was to measure any
difference in sensitivity and specificity for imaging pre-
diction of posterior EPE at the left and right nerve bundle.
This included calculation of sensitivity, specificity, posi-
tive predictive value (PPV), negative predictive value
(NPV) of PSMA-PET, and mpMRI for EPE at the apex,
bladder neck, and bilateral nerve bundles. Secondary end
point included assessing the differential ability of the 2
imaging modalities to predict seminal vesicle invasion
(SVI) and pelvic lymph node involvement was also stud-
ied. Additional analysis of surgeon surveys after both MRI
and PET-CT were evaluated to determine the PSMA
added value to mpMRI was more helpful for selecting
patients for nerve-sparing or nonnerve-sparing approach.

Statistical Analysis

The sample size was based on the primary end point of
identifying the sensitivity and specificity for PSMA-PET
compared to mpMRI. A sample size of 50 patients gener-
ated 100 evaluable neurovascular bundles with each pa-
tient contributing 2. Based on preliminary data, the
prevalence of EPE was estimated at 0.35.1° The sensi-
tivity of PSMA-PET was anticipated to be 0.90. A sample
size of 80 would provide a 2-sided 95% sensitivity confi-
dence interval with a width of at most 0.23. The specificity
of PSMA-PET was anticipated to be 0.75.'° A sample size
of 80 would provide a 2-sided 95% specificity confidence
interval with a width of at most 0.25. All calculations were
based on the simple asymptotic method with continuity
correction.

Descriptive statistics included medians and inter-
quartile ranges were used for continuous variables, while
frequency statistics were tabulated for categorical vari-
ables. Wilcoxon signed-rank test was used to compare
medians between continuous clinical variables and %2
tests were used to compare categorical clinical variables to
compare specimens with and without EPE. Proportions
were tabulated for correct prediction based on radiologist
and surgeon questionnaires for each imaging modality
and compared using McNemar’s test. Sensitivity, speci-
ficity, PPV, and NPV for PSMA-PET and mpMRI were
calculated for EPE and compared with McNemar’s test as
well to assess any differences in imaging modalities.
Statistical analysis was performed using SAS 9.4, and an
o value of .05 was considered significant.

RESULTS

Patient Population and Demographics

Fifty-three patients meeting inclusion criteria were
identified between June 2021 and July 2022 of
whom 50 were enrolled (2 refused and 1 had con-
cerns for metastases), with 100 neurovascular
bundles (left and right side) and followed until final
pathology resulted after surgery. Clinical and
pathologic characteristics for all patients are sum-
marized in Table 1. mpMRI and PSMA-PET imag-
ing characteristics are listed, but notably did not
have any significant differences between the path-
ologic EPE and no EPE groups, although a trend
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was noted toward more aggressive features in the
EPE group. There were 22 patients with pathologic
EPE and 28 patients without pathologic EPE, and
when considering both right and left posterior
hemispheres of the prostate, there were 21 posterior
hemispheres with EPE and 79 without EPE. Most
patients were intermediate risk with either Gleason
score 7 (3 + 4 or 4 + 3) on biopsy with a median
PSA of 7.0 ng/mL (interquartile range: 5.5-8.7).
Patients with EPE had significantly higher Gleason
score on biopsy pathology (P < .01) and positive
surgical margins (P = .01).

Comparison of Imaging

Table 2 compares the predictive testing ability of
PSMA-PET and mpMRI with sensitivity, specificity,
PPV, NPV, and area under the curve for the
receiver operating characteristic curve. When
considering both sides of the prostate for a total of
100 potential areas for EPE along the neurovascular
bundles, PSMA-PET had higher sensitivity for
EPE (0.87 vs 0.57, P = .03). The specificity was
similar for both PSMA-PET and mpMRI (0.77 vs
0.73, P = .49). Receiver operating characteristic
curve analysis for EPE demonstrated that for PSMA-
PET, the area under the curve was 0.80 compared to
0.67 for mpMRI (P = .07). Figure 1 illustrates an
example of one patient’s mpMRI (with both a false-
negative and positive on 2 lesions) and PSMA-PET
with a comparison to the final whole mount.

A Sankey diagram (Figure 2) also highlights dif-
ferences between PSMA-PET and mpMRI in pre-
dicting EPE. Patients were categorized as favorable
(<50% of cores Gleason score <3 + 4), or unfavor-
able disease (more than 50% of cores Gleason score
>3 + 4), on each prostate hemisphere. Of the 48
sides with favorable-risk disease on biopsy, only 2
patients had EPE. With favorable-risk disease,
there were 6 false-positives with PSMA-PET
compared to 7 with MRI, but no false-negatives
were noted with either imaging modality (Supple-
mentary Figure 2, https:/www.jurology.com). For
patients with unfavorable intermediate-risk disease
or worse on biopsy, PSMA-PET had significantly
higher sensitivity: mpMRI had an NPV of 0.71 (9
false-negatives) compared to NPV of 0.86 (3 false-
negatives) for PSMA-PET. Although PSMA-PET
had fewer false-negatives, mpMRI predicted a
higher overall number of patients without EPE. In
the same cohort of unfavorable-risk patients, the
false-positive rate is much higher: mpMRI’s PPV
was 0.48 compared to PSMA-PET’s PPV of 0.52.
Supplementary Figure 1 (https:/www.jurology.com)
demonstrates cases where the MRI and PSMA-PET
had disagreement with regard to EPE.

Referring to Table 2, the ability to predict EPE at
the bladder neck and apex are reported; however, no

Copyright © 2024 American Urological Association Education and Research, Inc. Unauthorized reproduction of this article is prohibited.
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Table 1. Patient Characteristics Based on Extraprostatic Extension Status

Extraprostatic extension

Characteristics No Yes P value
No. 28 22
Age at surgery, median (IQR), y 61.5 (56.5, 66.5) 62.0 (58.0, 67.0) 88
Family history of prostate cancer, No. (%) 20
No 23 (82.1) 20 (90.9)
Yes 5 (17.9) 1 (4.5)
Unknown 1 (4.5)
BMI, median (IQR), kg/m? 287 (26.6, 33.5) 305 (254, 349) .76
Race, No. (%) 14
African American 5 (17.9) 1 (4.5)
Caucasian Al (75.0) 21 (95.5)
Other 2 (7.1)
PSA, median (IQR) 7.1 (4.9, 82) 6.9 (5.6, 9.2) 57
PET noncancer SUVmax, median (IQR) 22 (1.9-3.2) 25 (2.1-3.1) 22
PET dimension, median (IQR), cm 13 (1.0, 1.5) 17 (1.1, 2.3) 13
PET SUVmean, median (IQR) 5.0 (33, 7.5) 5.8 (5.0, 9.6) 14
PET SUVmax, median (IQR) 71 (40, 16.0) 97 (6.0,135) 19
PET contact length, median (IQR), cm 78  (45,17.0) 120 (8.0, 18.0) 33
PET primary score, No. (%) .36
1 4 (14.3) -
2 1 (3.6) 1 (4.6)
3 2 (7.1) 3 (13.6)
4 13 (46.4) 9 (40.9)
5 8 (28.6) 9 (40.9)
MRI dimension, median (IQR), cm 14 (1.3, 2.0 16 (15, 2.1) 39
MRI contact length, median (IQR), cm 15.5 (10.5, 22.0) 16.0 (11.0, 20.0) 73
MRI ADC, median (IQR) 582.0 (493.0, 753.0) 737.0 (551.0, 807.0) 19
MRI PIRADS, No. (%) 43
3 7 (25.0) 6 (27.3)
4 16 (57.1) 9 (40.9)
5 (17.9) 7 (31.8)
Grade Group pathology, No. (%) AN
1 1 (3.6)
2 12 (42.9) 3 (13.6)
3 7 (25.0) 8 (36.4)
4 5 (17.9) 4 (18.2)
5 3 (10.7) 7 (31.8)
TNM pathology stage, No. (%) < .01
T2 25 (89.3)
T3a 12 (54.5)
T3b 3 (10.7) 10 (45.5)
Pelvic LN positive, No. (%) Ak
No 25 (89.3) 16 (72.7)
Yes 2 (7.1) 6 (27.3)
None removed 1 (3.6)
Surgical margins, No. (%) 01
Positive 3 (10.7) 9 (40.9)

Abbreviations: ADC, apparent diffusion coefficient; IQR, interquartile range; LN, lymph node; PET, positron emission tomography; PIRADS, Prostate Imaging Reporting and Data
System; SUVmax, maximum standardized uptake value; SUVmean, mean standardized uptake value.

patients had EPE at the bladder neck and only 1
patient had EPE at the apex. It is worth noting that
10 patients had SVI which mpMRI had 1.00 sensi-
tivity, but the PSMA-PET only had 0.50 sensitivity
(P = .03) and 0.93 specificity (P = .25). For lymph
nodes, PSMA-PET had a sensitivity of 0.44
compared to 0% for mpMRI as the mpMRI did not
identify any cases with lymph node involvement
(P = .05).

Surgeon Questionnaires

Surgeons were also asked prior to RP whether a
nerve-sparing or a nonnerve-sparing procedure
would be performed based on EPE prediction of
mpMRI, then subsequently asked on a separate

Wy

questionnaire based on EPE prediction of PSMA-
PET. Forty-eight surveys were completed for
PSMA-PET for analysis. As demonstrated in
Table 3, the addition of PSMA-PET resulted in
surgeons choosing the correct surgical plan more
frequently when compared to the mpMRI-based
plan alone (P = .01). When there was a discrep-
ancy between PSMA-PET and mpMRI (27 sides in
total), the added PSMA-PET allowed surgeons to
correctly choose the appropriate nerve-sparing sur-
gical procedure in 20 of the cases compared to 7
cases in favor of mpMRI (P = .01). In 22 of 27 sides
(81%), surgeons elected to change from a nonnerve-
sparing procedure to a nerve-sparing RP with the
addition of PSMA-PET findings and were able to
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Table 2. Sensitivity, Specificity, Positive Predictive Value, and Negative Predictive Value of MRI and 58 Ga-Prostate-Specific Membrane
Antigen-11 Positron Emission Tomography CT in Preoperative Disease Staging

Imaging Sensitivity Specificity PPV NPV AUC
Outcome modality (95% Cl) (95% Cl) (95% Cl) (95% Cl) (95% Cl)
EPE at neurovascular bundle MRI 0.57 (0.36-0.78) 0.77 (0.68-0.86) 0.40 (0.22-0.58) 0.87 (0.79-0.95) 0.67 (0.55-0.79)
region, left and right
(N = 100)
PET 0.86 (0.71-1.00) 0.73 (0.64-0.83) 0.46 (0.31-0.62) 0.95 (0.90-1.00) 0.80 (0.70-0.89)
Difference (95% Cl) —0.29 (—0.54 to —0.03) 0.04 (—0.10 to 0.17) —0.12  (—0.26 to 0.01)
P value? .03 49 07
Seminal vesicle invasion MRI 1.00 (1.00-1.00) 1.00 (1.00-1.00) 1.00 (1.00-1.00) 1.00 (1.00-1.00) 1.00 (1.00-1.00)
PET 0.50 (0.19-0.81) 0.93 (0.84-1.00) 0.63 (0.29-0.96) 0.88 (0.78-0.98) 0.71 (0.54-0.88)
Difference (95% Cl) 0.50 (0.19-0.81) 0.07 (—0.01 to 0.16) 0.29 (0.12-0.46)
P value? .03 25 < .0
Lymph node involvement MRI 0.00 (0.00-0.00) 0.98 (0.93-1.00) 0.00 (0.00-0.00) 0.82 (0.71-0.92) 0.51 (0.49-0.54)
PET 0.44 (0.12-0.77) 0.98 (0.93-1.00) 0.80 (0.45-1.00) 0.89 (0.80-0.98) 0.71 (0.54-0.88)
Difference (95% Cl) —0.44 (-0.77to —0.12) 0.00 (—0.07 to 0.07) —0.20 (—0.37 to —0.02)
P value® .05 1.00 .03

Abbreviations: AUC, area under the curve; EPE, extraprostatic extension; NPV, negative predictive value; PET, positron emission tomography; PPV, positive predictive value.
Bolded text indicates o < .05.
#McNemar's test was used to evaluate difference.

better predict in 19 of the cases. In the remaining 5 the positive margin rate was not increased in the 20
cases, surgeons elected to go from a nerve-sparing to patients who went from a nonnerve-sparing to
a nonnerve-sparing RP but were only concordant nerve-sparing approach, when compared to the

with pathology in one of those cases. Importantly, overall study rate (25% vs 24%, P = .89). Notably,

SUV;ax=65

SUV,0=3.02

SUV.=10.1

Figure 1. Comparison of multiparametric MRI, PSMA-PET (¥Ga-prostate-specific membrane antigen—11 positron emission tomography
CT), and whole mount for 2 cases. The first case (A to C) demonstrates a 74-year-old with PSA 14.3 ng/mL and a 53-cm? prostate (PSA
density 0.27) with biopsy showing 4 + 4 prostate cancer (3 cores in left mid and apex). The MRI (A) was read as left anterior apical lesion
without extraprostatic extension (EPE) at the neurovascular bundle while the PSMA-PET (B) was read as likely left-sided EPE at the
neurovascular bundle. The final pathology (C) confirmed left EPE. The second case (apex: D-F, base: G-lI) demonstrates a 66-year-
old with PSA 6.8 ng/mL and a 42-cm® prostate (PSA density 0.16) with biopsy showing 3 + 3 at the right apex and 4 + 3 at the
base. The MRI (D) was read as right apical EPE, while the PSMA-PET (E) and final pathology (F) did not show EPE at the apex. The
MRI (G) did not predict EPE at the base, while the PSMA-PET (H) and final pathology () showed EPE at the left base. SUVmax
indicates maximum standardized uptake value.
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Figure 2. Sankey diagram of 50 patients evaluating each hemisphere (N = 100). Surgical planning for patient biopsy-classified as
“favorable risk” (A) is unlikely to benefit from either advanced prostate imaging (multiparametric MRI or ®®Ga-prostate-specific
membrane antigen—-11 [PSMA] positron emission tomography [PET] CT]). However, for unfavorable-risk patients, PSMA-PET may
improve further insight into extraprostatic extension (EPE) prediction as multiparametric MRI had 9 false-negatives compared to 3

false-negatives with PSMA-PET (B and C).

surgeons followed the recommended procedure from
the radiologist in 0.89 of cases with PSMA-PET
compared to 0.78 with mpMRI (P < .01).

DISCUSSION

In this prospective trial of patients undergoing RP
who received both PSMA-PET and mpMRI, the
PSMA-PET had higher sensitivity for predicting
EPE. The PSMA-PET was helpful in selecting pa-
tients at low risk of EPE (NPV = 0.95) and resulted
in 40% of patients having increased preservation of
the neurovascular bundles. As highlighted by
Figure 1, patients with favorable-risk disease on
biopsy (Gleason score 3 + 3 = 6 or low volume 3 +
4 = 7) were nearly always free of EPE. Therefore,
combined PSMA-PET and mpMRI imaging is un-
likely to benefit surgical planning for favorable
intermediate-risk disease. However, patients with
unfavorable intermediate-risk disease or worse on
biopsy (Gleason score 7, either >4 + 3 or > 50% 3
+ 4 cores per side) had significant treatment
change with the PSMA-PET (P = .01). Additionally,
mpMRI had higher sensitivity for SVI (P = .03).

The results of this study suggest PSMA-PET may
have utility in surgical planning for unfavorable
intermediate-risk or higher-risk patients, especially
when considering a nerve-sparing approach.
Preoperative mpMRI is currently utilized for
surgical planning, but studies have lacked reason-
able accuracy in predicting organ-confined PCa.?%-23
de Rooij et al published a meta-analysis of 75
studies and found the EPE 0.57 sensitivity and 0.91
specificity.® Jansen et al reported on 430 patients
undergoing mpMRI prior to prostatectomy and
found a consistently low sensitivity rate (0.45).”
Although there are fewer reports with PSMA-PET,
our group previously published on retrospective
data and found that the sensitivity of EPE was
significantly higher with PSMA-PET (0.90)
compared to mpMRI (0.60, P = .02).'° Muehlemat-
ter et al also found improved sensitivity for PSMA
PET-MRI compared to mpMRI. For EPE, the
sensitivity was 0.69 compared to 0.46 (P = .04) and
the specificity was 0.75 (mpMRI) vs 0.67 (PET-MRI)
(P = .19). For SVI, the sensitivity was 0.35 for
mpMRI vs 0.55 for PET-MRI (P = .20) and 0.98 for
mpMRI vs 0.94 for PET-MRI (P = .07).2* In

Table 3. Surgeon Responses to Questionnaire for Surgical Plan Based on Multiparametric MRI and the Addition of ®Ga-Prostate-

Specific Membrane Antigen—11 Positron Emission Tomography CT

Surgeon concordance
based on MRI, No.,
proportion

Surgeon concordance based
on addition of PET, No.,
proportion

Surgeon concordance
during surgery, No.,
proportion

Difference in surgeon
concordance based on
MRI vs PET, proportion

Outcome (95% CI of proportion) (95% Cl of proportion)® (95% CI of proportion) P valug” (95% Cl of proportion)°

EPE at neurovascular bundle region, 65, 0.65 (0.55-0.74) 74, 0.77 (0.67-0.85) —0.12 (—0.25 to 0.00) .01 76, 0.76 (0.66-0.84)
left and right (N = 100)

Seminal vesicle invasion 39, 0.78 (0.64-0.88) 39, 0.81 (0.67-0.91) —0.03 (—0.19 to 0.13) 1.00 42, 0.84 (0.71-0.93)

Lymph node involvement 40, 0.80 (0.66-0.90) 42, 0.88 (0.75-0.95) —0.07 (—0.22 t0 0.07) 10 42, 0.84 (0.71-0.93)

Abbreviations: EPE, extraprostatic extension; PET, positron emission tomography.

N = 96 available data points for left 4- right; N = 48 available data points for other outcomes.
® McNemar's test was used to evaluate difference in surgeon concordance based on MRI vs PET.
“Based on surgeon postoperative questionnaire.
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contrast, studies have also found that mpMRI had a
higher ability to detect EPE (0.79 vs 0.59, P < .01) or
for SVI (0.84 vs 0.63, P < .01), although the vast
majority of these patients had high-risk disease.?’
While both the Sonni?® and Muehlematter® et al
studies demonstrated consistent reliability between
radiologists with mpMRI, there was significantly
more variability with reading PSMA-PET in the
Sonni et al study compared to mpMRI.

The high sensitivity in PSMA-PET may be
related to its ability to detect regions with high
percentage Gleason primary patterns 4 and 5.26%7
Several studies have demonstrated that increased
standardized uptake value (SUV) signal intensity
with PSMA-PET may be correlated with worse
Gleason score.®® Demirci et al found that there
was a correlation between maximum SUVs and
grade groups for PCa (Pearson = 0.66) and those
with high-risk disease had significantly higher
maximum SUV than those with low-risk disease
(18.9 + 12.1 vs 7.16 £ 6.2, P < .01).® Perhaps the
correlation of signal intensity with higher-risk
disease may help surgical planning insofar as
PSMA-PET may focus on clinically significant
components within a larger tumor. Thus, PSMA-
PET may allow for closer assessment of higher-
risk parts of the tumor that may be associated
with EPE thereby reducing false-negatives and
higher sensitivity, despite lower soft tissue resolu-
tion of PSMA-PET imaging. This feature of identi-
fying higher-risk tumors at risk for EPE with
PSMA-PET, such that if a high-risk tumor did not
show EPE on PSMA-PET, surgeons could reliably
convert from nonnerve-sparing to nerve sparing,
but not vice versa. The findings in this study are
unique in that this is the first prospective study
which allowed both radiologists and surgeons to
predict EPE and the approach to nerve-sparing RP
based on imaging. The PSMA-PET’s high sensitivity
allowed for the better surgical planning in sparing
neurovascular tissue without compromising the
positive margin rate. Specificity may be lower in
this study as these patients had more favorable
disease and were candidates for nerve-sparing.

Our results should be viewed in the context of
certain limitations. While this is a prospective study,
this study was conducted at a single institution with
a dedicated mpMRI and nuclear imaging radiologist
limiting interobserver variability. As shown in prior
studies, better standardization of PSMA-PET
(acquisition and interpretation) is necessary to
minimize the variability with interpreting PSMA-
PET. Additionally, standardization of mpMRI may
also improve EPE prediction, as mpMRIs can
frequently underestimate tumor size.2®3° Another
potential cause of variability is that the PET-CT
scanner used for these scans (Biograph Vision,

RIGHTS L

Siemens Healthcare) across different centers may
contribute to difference in the quality of images. This
could limit reproducibility at other sites; however, as
there are updates to scanner capabilities, our anal-
ysis is highly relevant when considering standardi-
zation of PET-CT quality across centers. On a similar
note, advances in prostate biopsy using transperineal
techniques should be standardized as well to mini-
mize variability across centers.

These limitations notwithstanding, this study
highlights the adjunctive potential of PSMA-PET as
a diagnostic tool in surgical planning for PCa. While
mpMRI has previously been shown to be unreliable
in predicting EPE, PSMA-PET may be useful due to
the high sensitivity. As demonstrated in this study,
when there were discrepancies between imaging
modalities and surgeons elected to perform a nerve-
sparing RP based on PSMA-PET, they were signif-
icantly more concordant with pathology. This utility
of PSMA-PET in the preoperative setting may
further improve standardization between radiolo-
gists and institutions. These findings should be
replicated at other centers and with larger
numbers; a nomogram with clinical factors such as
Gleason score on biopsy, PSA serum levels, tumor
size, and genomic data may further improve the
ability to predict extension of disease to provide the
appropriate surgical intervention for patients. A
randomized trial is currently in year 2 out of 5 at
our institution comparing PSMA-PET and mpMRI
treatment planning for prostatectomy. Perhaps
future studies to combine both PSMA-PET and
mpMRI can have an additive benefit and improve
sensitivity as demonstrated in studies to identify
candidates for focal therapy.®!

CONCLUSIONS

In this prospective trial, we enrolled 50 patients
who underwent both mpMRI and PSMA-PET prior
to RP. We found that the sensitivity (0.87 vs 0.57)
for EPE was significantly better with PSMA-PET,
although specificity was not significantly different
(0.77 vs 0.73). When there was a discrepancy be-
tween mpMRI and PET CT scan (27 sides in total),
the addition of PSMA-PET allowed the surgeon to
appropriately choose surgical technique in 20 of the
cases compared to 7 for mpMRI. While patients with
biopsy-based favorable intermediate-risk disease
were unlikely to benefit from the addition of mpMRI
or PSMA-PET scan, there was added benefit from
the use of advanced imaging in unfavorable
intermediate-risk disease. Further studies using
additional radiologists and surgeons are necessary
to validate the generalizability of our findings and
further evaluate the utility of PSMA-PET imaging
for surgical planning.
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Purpose: Our goal was to review the pathway and pertinent materials leading to
approval of prostate-specific membrane antigen (PSMA) scanning by the U.S.
Food and Drug Administration (FDA).

Materials and Methods: Beginning with the pivotal trials and working backward,
we summarize the evolution of PSMA scanning, beginning with the discovery of
the molecule, the mechanism of action to identify prostate cancer, the route to the FDA = US. Food and Drug
present-day test and some of the major publications leading to each step of the Administration

sequence. From the thousands of PSMA articles listed on PubMed®, the present mpMRI = multiparametric mag-

Abbreviations
and Acronyms

BCR = biochemical recurrence
CT = computerized tomography

review is focused on the 4 large U.S. trials incorporating university studies of the netic resonance imaging
gallium-68 compound and commercial studies of the fluorine-18 compound. The MRI = magnetic resonance
review further focuses on the role of PSMA scanning for both initial staging of imaging

prostate cancer and diagnosis of recurrent prostate cancer. NCCN® = National Compre-
Results: PSMA is a transmembrane-bound glycoprotein which is overexpressed by hensive Cancer Network®
100—1,000-fold in prostate cancer cells. Preclinical PSMA studies at Cornell and PCa = prostate cancer
Johns Hopkins in the 1990s were followed by early human studies in Germany in PET = positron-emission

the early 2010s, then pivotal clinical trials at University of California, Los Angeles tomography

and University of California, San Francisco, leading to the first FDA approval in PPV = positive predictive value

December 2020 (°®Ga-PSMA-11). In January 2021, a commercially available
product (*®F-DCFPyL) was approved on the basis of multisite registration trials
(CONDOR and OSPREY). Sensitivity and specificity of PSMA scanning exceeds
that of any other imaging method currently available for initial staging of prostate
cancer and diagnosis of recurrent disease. The accuracy of PSMA scanning is

PSA = prostate specific antigen

PSMA = prostate-specific mem-
brane antigen

RLT = radioligand therapy

attributed to the great image contrast (high signal-to-noise ratio), a property SUV = standardized uptake value
deriving from the high PSMA tracer uptake by prostate cancer cells. That property UCLA = University of California,
can be estimated quantitatively by a metric, the standardized uptake value. A Los Angeles

follow-on PSMA compound, the theranostic lutetium-177, is currently pending UCSF = University of California,
FDA approval for treatment of metastases. San Francisco

Conclusions: PSMA scanning is a disruptive technology that promises to trans-
form the way prostate cancer is initially staged, recurrence is diagnosed and some
advanced cases are treated.
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Key Words: prostate, prostatic neoplasms, glutamate carboxypeptidase, positron-emission tomography,
molecular imaging

“BECAUSE of increased sensitivity and specificity, PSMA-
PET/CT or PSMA-PET | MRI can serve as an.. .effective
front-line imaging tool for initial staging and to detect
biochemical recurrence of prostate cancer.”

NCCN Guidelines®, September 10, 20211

Prostate cancer (PCa) imaging based on prostate-
specific membrane antigen (PSMA) is a disruptive
innovation; its use has transformed diagnosis, staging
and even treatment of PCa. PSMA is over-expressed
by the great majority of PCa cells. PSMA-targeting
small molecules can be bound to a radionuclide (eg
gallium-68 or fluorine-18) and the conjugate can thus
be visualized in vivo by scanning with positron-
emission tomography (PET) scan. Anatomical locali-
zation of PSMA uptake is established by computerized
tomography (CT) scanning overlay (PSMA PET/CT).
Metastases and intra-prostatic cancer, not apparent
by conventional imaging, may be seen. Use of PSMA
PET/CT has redefined the patterns of PCa spread,
resulting in a profound transformation of PCa man-
agement. PSMA PET/CT scanning was added to the
National Comprehensive Cancer Network® (NCCN®)
Guidelines® v1.2022 on September 10, 2021.! The
following provides an overview of PSMA PET/CT im-
aging (not a systematic review), which was recently
approved by the U.S. Food and Drug Administration
(FDA) through use of the radiotracers %Ga-PSMA-11
and ®F-DCFPyL. Numerous systematic reviews
(PRISMA) are available on PubMed® (75 as of
January 2022). Herein we focus on the works most
directly involved in the path to approval by the FDA.

BIOLOGY OF PSMA AND BASICS OF PSMA
PET/CT IMAGING

PSMA (glutamate carboxypeptidase, folate hydro-
lase) is a transmembrane-bound glycoprotein, native
to prostate epithelial cells and overexpressed by
100—1,000-fold in PCa cells (fig. 1).2 The normal
function of PSMA remains unclear, but it may have
a role in signaling and activating molecular path-
ways.® When malignant transformation occurs,
PSMA expression increases.*”” The PSMA gene
is located on the short arm of chromosome 11, a
region not commonly deleted in PCa.® The molecule
has a unique 3-part structure consisting of an
extracellular domain (707 amino acids), a trans-
membrane domain (24 amino acids) and an intra-
cellular domain (19 amino acids; fig. 1).° Since 95%
of the molecule is extracellular, PSMA is readily
accessible for binding of antibodies or low-molecular-
weight ligands. PSMA-ligands can be labeled with
radionuclides such as gallium-68 or fluorine-18 to
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form a radiotracer. After injection, the PSMA-targeted
radiotracer is rapidly cleared from the blood to the
PSMA-binding sites, internalized and accumulated
into the PSMA-expressing PCa cells.'®!!
Physiological PSMA expression may be seen in
extraprostatic tissue, such as duodenum, small intes-
tine, colon, kidney, salivary, lacrimal glands, nonmye-
linated ganglia and the vascular supply of other
cancers,'? but not in the common sites of PCa metas-
tasis (lymph nodes, bone).% Thus, with little background
signal, allowing great contrast with PSMA-avid lesions,
PET/CT visualization and localization of PCa is possible
with accuracy not previously possible. A review by
Maurer and associates, who were early investigators,
provides extensive detail on the biology of PSMA.'?

EVOLUTION OF PSMA-TARGETED IMAGING
Major milestones in the development of today’s PSMA
scan are shown in figure 2. The proximate forerunner
of today’s PSMA scan was ProstaScint® (capromab
pendetide/7E11-C5).1* The ProstaScint scan (FDA
approved 1996) employed a monoclonal antibody spe-
cific to the intracellular epitope of PSMA, radiolabeled
with the gamma-emitter indium-111. Using gamma-
camera imaging at 3 days of followup, the Pros-
taScint scan allowed visualization of PCa, including
metastases. However, as the target was intracellular
and ProstaScint could only bind to dying cells, the low
signal/noise ratio reduced accuracy of ProstaScint
scans. This and the poor image quality of indium-111
led to limited use and acceptance. The production of
ProstaScint was discontinued in the U.S. in 2018.

In 1997, Neil Bander and others at Cornell discov-
ered monoclonal antibodies to the extracellular epitope
of PSMA (J591), conferring increased radiotracer up-
take.'®® At about the same time, Martin Pomper at
Johns Hopkins reported that an enzyme in brain
was homologous to PSMA and could be targeted with
radiolabeled low-molecular weight ligands to image
PCa.'” Thus was born modern interest in PSMA tar-
geted scanning for diagnostic applications. Details of
the preclinical discoveries are available elsewhere.'®1?

In 2012, researchers in Heidelberg, Germany re-
ported the first patient imaged with a %Ga-labeled
PSMA PET compound using the ligand PSMA-11.2°
Between 2012 and 2020 more than 1,700 studies on
PSMA PET were published. On December 1st, 2020,
nearly 10 years after its discovery, ®®Ga-PSMA-11 was
cleared by the FDA as the first PSMA-targeted
radiopharmaceutical for PET imaging of PCa.?! The
FDA approval was originally restricted to the 2 centers
where the ®*Ga-PSMA-11 radiotracer was manufac-
tured in the pivotal trials (University of California, Los

Copyright © 2022 American Urological Association Education and Research, Inc. Unauthorized reproduction of this article is prohibited.
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68Ga-PSMA-11

> J591 Antibodies
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Recognition Site
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Figure 1. Molecular structure of PSMA. The transmembrane molecule consists of 3 parts: a short intracellular domain (19 amino acids), a
transmembrane domain (24 amino acids) and a long extracellular domain (707 amino acids). The extracellular domain contains an active
substrate-recognition site (blue square) which is targeted by the PSMA ligands, eg 8Ga-PSMA-11 and "8F-DCFPyL. %8Ga-PSMA-11 and "8F-
DCFPyL attach to the extracellular epitope of the PSMA, like the J591 antibodies. During binding, a process of internalization occurs,
resulting in intracellular accumulation of the bound radioligand.'

Angeles [UCLA] and University of California, San clearance of the first commercially available PSMA
Francisco [UCSF]). However, widespread availability PET radiotracer (Pylarify®, pifluflostat-18, Progenics/
of PSMA PET imaging is expected, following FDA Lantheus) in May 2021.22 The 4 studies of PSMA PET

PSMA Milestones 1087 (P 7E11-C5

Monoclonal antibody to intracellular
epitope of PSMA, leading to Prostascint
J591 ——) 1997 scan (FDA approval, 1996) (14)
Monoclonal antibody to extracellular
domain of PSMA (15,16)

20005 ( p———— PSVA
First report of PSMA as target to image

PCa, leading to a PSMA PET agent (17)

PSMA in humans —) 2012
First patient imaged employing a

88Ga-labeled PSMA PET compound

using the ligand PSMA-11 (20)

2016 ( re— 177 LU-PSMA-617
PSMA-targeted therapy (49)

68Ga-PSMA-11 FDA approval ) D ber 2020

Radio-pharmaceutical for PET/CT

imaging of PCa (UCLA and UCSF)

21 May 2021  ( Je PiflUfolastat 18 FDA approval
Commercially available F 18-labeled
PSMA PET imaging agent for PCa (22)

NCCN Updated Guidelines {) \ber 2021
PSMA PET/CT added to NCCN

guidelines for initial staging and

biochemical recurrence of PCa (1)

September 2021  ( f———— 177-Lu-PSMA-617 Vision trial
FDA awards breakthrough status for
radioligand treatment of PCa (51);

- )
CMS coverage ) October 2021 full FDA approval expected in 2022

Medicare coverage of 58Ga-PSMA-11 PET

Figure 2. Milestones in development of current PSMA PET/CT scan. CMS, Centers for Medicare and Medicaid Services.
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Pivotal PSMA studies used in application to FDA

Indication

BCR:
Author Fendler et al?® Morris et al (CONDOR)*®
Yr 2019 2021
No. pts 635 208
Radiotracer 88Ga-PSMA-11 '8F_DCFPyL
Median age (range) 69 (44—95) 68 (43—91)
Mean ng/ml PSA (range) 2.1(0.1=1,154) 0.8 (0.2—98.4)
% Sensitivity 90—92 Not available
% Specificity Not available Not available
% PPV by histopathology/correlative imaging/PSA response 84/not available/not available 93/89/100
% PPV by composite reference standard 92 Not available
% PPV by region (prostatic/pelvic/extrapelvic) Not available 80/67/67
% Neg predictive value Not available Not available
Inter-reader agreement (Fleiss k) 0.65—0.78 0.58—0.73
% Whole body detection rate 75 85—87

Pretreatment staging:
Author Hope et al*® Pienta et al (OSPREY)*
Yr 2021 2021
No. pts 277 252
Radiotracer 8%Ga-PSMA-11 '8F-DCFPYL
Median age (range) 69 (63—73) 64 (46—84)
Mean ng/ml PSA (range) 11.1 (6.5—18) 9.7 (1.2—125.3)
% Sensitivity 40 31—-42
% Specificity 95 96—99
% PPV 75 78—91
% Neg predictive value 81 81—84
Inter-reader agreement (Fleiss k) 0.46—0.71 0.71—0.85
% Accuracy of pelvic nodal metastases detection 80 82—84

imaging, which were used in the registration trials for
the 2 applications to the FDA, are shown in the table
and discussed below.

Examples of PSMA PET/CT scans used for initial
staging of PCa and to detect recurrence after treat-
ment are shown in in figure 3 (staging) and figure 4
(recurrence). In figure 5, the sensitivity of PSMA
PET/CT for detection of metastatic PCa is contrasted
with that of CT scanning alone.

GENERAL CHARACTERISTICS OF PSMA SCANS
The following are characteristics that apply uni-
versally to PSMA PET/CT scans.

Scan Performance

PET/CT scans are performed in the nuclear medicine
department. Radiotracer is administered intravenously.
Following tracer uptake (50—100 minutes), PET scan-
ning is performed over the next 20—40 minutes
depending on patient size and weight. Fully diagnostic
CT is also performed, and the PET/CT images are fused
and interpreted. The entire procedure ordinarily takes
less than 2 hours including tracer uptake period.?®

Safety Profile

PSMA PET scan includes a radiation dose from the
isotope of approximately 4 mSv and an average dose
from the CT of 12 mSv. For adults over 50 years of
age, the low-dose radiation exposure falls below con-
cerning levels. No serious adverse effects of PSMA
scanning have been reported.*
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PSMA PET Interpretation
Interpretation for PSMA PET imaging relies on stan-
dardized criteria (PROMISE criteria, PSMA-RADS,

I::>Primary lesion in prostate

ﬂ Lymph node

-Bone

Figure 3. ®Ga-PSMA PET/CT scan (left) and corresponding CT scan
(right) obtained for primary staging in a 77-year-old patient presenting
with PSA of 7.1 ng/ml and prostate biopsy showing Gleason score of
445=9. Note clarity of cancerous lesions on PET/CT scan. PSMA
expression is seen in the primary tumor (yellow arrow), lymph
nodes (blue arrows) and in bone (sacrum, red arrow). NCCN
Guidelines for 2021 have included PSMA PET/CT scanning for
initial staging and to detect recurrence after primary treatment.”
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Figure 4. Lymph node metastases. ®Ga-PSMA PET/CT scan obtained for recurrent PCa in a 68-year-old patient with PSA of 24 ng/ml
6 years following radiation therapy for Gleason score 4+4=8 PCa. Note visualization of lymph node metastases in left supraclavicular
region (a), mediastinum (b), retroperitoneum (c) and pelvis (d). Radiotracers, which bind to the extracellular epitope of PSMA, allow
detection of PCa at various sites throughout the body; lymph node involvement by PCa was often undetectable prior to the advent of
PSMA scanning. Uptake of ®Ga in the kidneys (shown here) is physiological.

E-PSMA).**%?" The PSMA PET reader follows a
“TNM-like” structure. PSMA uptake is analyzed visu-
ally and compared to the surrounding background and
organs of reference (blood, liver, salivary glands).

Standardized Uptake Value (SUV)

SUV is a metric used to estimate from the PET images
the amount of radiotracer in a region. The intensity of
PSMA PET signal using SUV can be graded as low
(2—4.9), intermediate (5—10) and high (>10). How-
ever, SUVs cannot be used as an absolute indicator of
PCa. The intensity of PSMA PET signal in a PCa
lesion is related to the volume of the lesion and the
level of PSMA expression which is correlated with the
Gleason score.*”” A high SUV (>10) observed in a
location compatible with a PCa lesion on CT is high-
ly specific for PCa. On the other hand, in lesions
with low SUVs (2—4.9), there is overlap of PCa and
other processes (inflammation, bone trauma, gran-
ulomatosis, ganglia, other neoplasms). As for any
other PET imaging technique, the visual analysis of
the signal-to-background ratio is usually more infor-
mative than the absolute intensity of the signal. The
SUV represents only 1 parameter among others to
make a final diagnosis and should only be used as a
complement to the visual analysis.

Inter-reader agreement of interpretation of PSMA
PET/CT scans among nuclear medicine physicians
is substantial (kappa values 0.6—0.8).2%?° This is
explained by the very high signal-to-noise ratio
observed in PCa lesions, higher than with any other
PET imaging technique.>°
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Reproducibility of PSMA PET signal studies re-
ported that when separate scans were performed some
2 weeks apart, the findings were nearly the same.
Within-subject coefficient of variation was 12%—14%
for bone and lymph node lesions,®! establishing that
serial scanning may furnish important clinical infor-
mation, ie in followup and after treatment.

Performance characteristics of PSMA PET/CT
scanning are similar with both FDA-approved scans
and are directly related to serum prostate specific
antigen (PSA) levels (fig. 6 and text below).

DATA FROM EARLY CLINICAL TRIALS

The peer-reviewed literature on PSMA PET/CT
scanning is increasing rapidly, with more than 800
publications listed on PubMed just in the year 2021.
Among the first large patient cohorts gathered were
those of Afshar-Oromieh®” and Eiber®® et al in Ger-
many. The value of PSMA PET/CT scanning has been
indicated in these and subsequent large, single-arm
studies.’®3* 37 Among the universally-accepted con-
clusions are that PSMA PET/CT scanning 1) detects
PCa lesions—including local recurrences and distant
metastases (lymph nodes, bone and viscera)—with
greater sensitivity than conventional imaging; 2) dem-
onstrates great specificity for PCa; 3) retains its value
during disease progression and androgen deprivation
therapy, though with very low serum PSA levels
detection rate decreases; 4) identifies intra-prostatic
PCa; 5) provides correlation of uptake intensity with
PCa disease severity and 6) paves the way for radio-
ligand therapy (RLT) of PCa as a theranostic.
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Figure 5. Increased sensitivity of PSMA PET/CT for bony lesion
(arrows). CT scan (top) shows no abnormalities, but a lesion
of PCa with high PSMA expression (bottom) is apparent in the
right ileum. Even in retrospect, the CT scan was unrevealing.
Because of the increased sensitivity and specificity, PSMA
PET/CT has been added to the NCCN Guidelines for 2021."

PATH TO APPROVAL BY FDA

Among the clinical data most thoroughly vetted are the
pivotal trials leading to recent FDA approvals (see
table). The original trials, upon which the first FDA
clearance was based, comprised a wunique co-
development effort led by imaging specialists at
UCSF (Thomas Hope) and UCLA (Johannes Czernin),
who were the primary investigators.?®*° Fendler re-
ported the UCLA experience with biochemical recur-
rence (BCR); Hope reported the UCSF experience with
pretreatment staging (see table); the imaging agent
(%Ga-PSMA-11) and the scanning methods were the
same at both study sites. For detection of BCR (PSA
>0.2 ng/ml), the scan identified the recurrence in 475/
635 patients (75%); positive predictive value (PPV) by
histopathological validation was 84%.% For presurgical
staging, the scan identified positive pelvic lymph
nodes with a sensitivity of 40% and a specificity of
95%, the low sensitivity attributable to undetected
micro-metastases.?
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Each institution submitted similar Investigational
New Drug Applications in late 2016, then matching
New Drug Applications in late 2019; ®®Ga-PSMA-11
was manufactured at each place locally. On December
1, 2020 FDA clearance was received by each institution,
marking the first PSMA-targeted PET/CT imaging
approvals for PCa. The FDA action cleared ®*Ga-
PSMA-11 for use in PET imaging for men with PCa
and (1) suspected metastases who are candidates for
initial therapy (2) suspected recurrence based on
elevated serum PSA levels. Full details of the path to
original FDA approval are available elsewhere.*®

FLUORINE-18 PSMA SCAN (PYLARIFY)
A second form of PSMA PET/CT scan, employing the
isotope fluorine-18 with the radiotracer *F-DCFPyL,
entered U.S. clinical trials in 2016 (CONDOR) and
2018 (OSPREY) under sponsorship of Progenics, Inc.
(now Lantheus following merger in 2020). Trial results
were similar to those in the ®Ga-PSMA-11 academic
trials above. In the CONDOR trial of BCR (208 pa-
tients), detection rate was 59%—66% and PPV was
78%—93%.%° In the OSPREY trial of metastatic/
recurrent patients (93), detection rate was 96% (all
biopsied) and PPV was 82%; in the OSPREY trial of
men with high-risk PCa at initial staging (252), sensi-
tivity for pelvic lymph node detection was 40% (again
micro-metastases) and specificity was 98%.“° On the
basis of these data, FDA clearance was issued to Pro-
genics for *F-DCFPyL-PSMA in May 2021 with the
same indications as %Ga-PSMA-11. A commercial
product is now marketed as Pylarify (piflufolastat F-18).
In figure 6, performance characteristics of the
gallium-68 and fluorine-18 based PSMA PET radio-
tracers are compared in results from separate meta-
analyses.***> While a head-to-head comparison of the 2
radiotracers is not available, detection rates appear
similar and are directly related to serum PSA levels.
The 2 compounds *F-DCFPyL and %Ga-PSMA-11
both target the extracellular domain of PSMA with
great affinity, which explains their excellence as imag-
ing agents for PCa. The main difference is the longer
half-life of "*F-DCFPyL (110 minutes) vs that of *Ga-
PSMA-11 (68 minutes), which favors supply and
distribution of the commercialized product. Kit-based
approaches are also available permitting on-site pro-
duction of the ®Ga-labeled compounds.

PSMA VS "8F-FLUCICLOVINE

The 2 PSMA radio-tracers for PET/CT imaging are
not to be confused with the PET imaging agent '°F-
fluciclovine (FACBC, Axumin, Blue Earth Di-
agnostics, Inc., Burlington, Massachusetts), which
lacks affinity for PSMA. ®F-Fluciclovine is an amino
acid analog which detects increased amino acid
metabolic activity of cancer. It has been commercially
available since FDA approval in 2016. A prospective
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Figure 6. Performance characteristics of 2 FDA-approved versions of PSMA scanning. Dark blue bars represent ®Ga-PSMA (version from
UCLA and UCSF) and light blue bars represent 8E_DCFPyL (version commercialized by Lantheus Corp.). Note that cancer detection rates

of the 2 PSMA scans are similar and both are directly related to serum PSA levels. Data compiled from meta-analyses.*'4?

comparison of ®F-fluciclovine (Axumin) vs %Ga-
PSMA-11 PET/CT in 50 patients with early
biochemical recurrent PCa after radical prostatec-
tomy (PSA <2.0 ng/ml) found ®®*Ga-PSMA-11 to be a
superior imaging modality for overall detection rate of
recurrent disease (56% vs 26%).%° %*Ga-PSMA-11 also
had a significantly better detection rate for pelvic
Iymph nodes (30% vs 8%), extra-pelvic nodes (6% vs
0%), bone metastases (8% vs 0%), metastases in other
organs (4% vs 0%) and extra-pelvic lesions (16% vs
0%). '®F-fluciclovine was found to have a slightly
better detection of lesions in the prostatic bed (18% vs
14%). The lower target-to-background ratio of fluci-
clovine (up to 8 times lower than for PSMA) is likely to
account for differences in diagnostic performance.*
Thus, PSMA appears to be the preferred PET tracer
for diagnosis of recurrent PCa.

INTRAPROSTATIC LOCALIZATION OF
CANCER

In addition to imaging metastases, PSMA PET/CT
scanning may also help localize cancer within the

b. PSMA PET/CT

prostate. Using whole-mount pathology as a reference
standard, Donato and colleagues showed an 80%
overall concordance for index lesion detection be-
tween PSMA PET scans and magnetic resonance
imaging (MRI).*®* PSMA PET/CT scans detected 13%
of tumors missed by MRI; MRI detected 4% of tumors
missed by PSMA PET/CT; with the combination,
only 2% of index tumors were missed.*® Similar re-
sults have been reported in a study employing F-18/
PSMA scans.** Using the “gold standard” of whole-
mount pathology for correlations, Sonni and col-
leagues recently showed that the combination of
PSMA PET/CT+multiparametric MRI (mpMRI)
provided intraprostatic tumor delineation better
than either modality alone.*® Thus, pending avail-
able technology, PSMA PET/MRI or the fusion of
PSMA PET/CT and mpMRI (PSMA PET+mpMRI)
deserves further study for localization of primary
PCa.

The potential for performing a biopsy, which targets
a PSMA-avid spot, was first shown in 2015.%¢ Subse-
quently, a fusion system was used to sample a PSMA-
avid spot (PET/CT-ultrasound), thus diagnosing a

>
N

d. Targeted Biopsy

% s '(

=~

c. Lesion Contour

Figure 7. Example of PSMA-guided prostate biopsy in a 71-year-old patient with PSA of 8.5 ng/ml and prostate volume of 25 cc. MRl and
systematic biopsy were negative (a). PSMA PET/CT scan shows 2 %Ga-PSMA-expressing lesions in prostate (b). CT overlay identifies
intraprostatic lesions, which are contoured (c). Combining PET/CT with real-time ultrasound allows targeted biopsy using image-fusion
device (d).*’ Biopsies of larger lesion revealed Grade Group 3 PCa.
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Figure 8. RLT for advanced PCa. Survival curves (A, progression-free; B, overall) show comparison of standard treatments alone (broken
lines) and standard treatments with addition of '”’Lu-PSMA-617 (solid lines), the radioligand targeting PSMA. Standard treatments
included both androgen deprivation and taxanes in all patients. Addition of the radioligand significantly extended progression-free
survival and overall survival (p <0.001). Data are reconstructed from Morris et al*® and Sartor et al.?’

serious PCa that could not be detected otherwise.*” An
example of prostate biopsy successfully detecting an
occult PCa by targeting a PSMA-avid lesion is shown
in figure 7.

In a large prospective trial (PRIMARY) which
compared MRI and PSMA-scanning with biopsy re-
sults, Emmett and colleagues found the 2 imaging
modalities to provide additive information.®® False-
negative rate for clinically significant PCa was
17% with MRI and 10% with PSMA; but only 5/291
men were falsely negative by both, suggesting the

': q' 'a ;'

o °° :>

%

’
v ° »

+ 4 cycles
177Lu-PSMA

Figure 9. Theranostic application of PSMA PET/CT using ""’Lu-
PSMA in a 77-year-old patient with castration-resistant, metastatic
PCa and PSA of 27 ng/ml (left). After 4 cycles of ""’Lu-PSMA over
a 63-week period, metastases are no longer apparent (right), and
PSA decreased to 0.02 ng/ml. The theranostic is a beta-emitter,
which binds to the extracellular epitope of PSMA like the pure
imaging agent. At the time of this writing, the PSMA theranostic
is under review at FDA.
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possibility of deferring biopsy in such cases. All men
with SUV >12 had clinically significant PCa.?® The
value of pre-biopsy imaging, as described in this
important paper, deserves further study.

A PSMA-BASED THERANOSTIC
The word “theranostic” is derived from a combination
of the words diagnostic and therapeutic, indicating
the joint utility of an imaging agent and a thera-
peutic agent that both target the same receptors.
The first theranostic was radioiodine. The gamma-
emission of I-131 is detectable by a scanner, and
the beta-emission form provides a targeted RLT.*®
Thus theranostics allow the possibility to treat can-
cer lesions in a specific and tumor-selective manner.

PSMA-617 is a small molecule that, like PSMA-11,
binds with high affinity to the extracellular domain of
PSMA. It can be labeled with the beta-emitter lute-
tium-177 (**Lu) for RLT. The first prospective results
of Y""Lu-PSMA-617 therapy were reported by Hofman
and associates in 2018.%° Retrospective analysis of the
German compassionate-use program determined that
the RLT was effective in patients with metastatic
castration-resistant PCa.”®

Sartor and colleagues confirmed safety and efficacy
of Y""Lu-PSMA-617 therapy in a large multinational,
randomized trial.>! The landmark VISION  trial,
which involved 831 men with metastatic castration-
resistant PCa, compared standard care alone with
standard care plus the RLT in men with metastases
visible on ®*Ga-PET/CT. Treatment with '""Lu-PSMA-
617 was administered every 6 weeks for 4—6 cycles.
When lutetium was added to standard care, significant
gains were observed in progression-free survival
(8.7 vs 3.4 months) and overall survival (15.3 vs 11.3
months; p <0.001). Survival data from the trial are
shown in figure 8. Most commonly reported side effects
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of lutetium included dry mouth, nausea and fatigue,
but overall quality of life was not affected.®’ With
these results the sponsor Novartis filed a “new drug
application” with the FDA. On September 28, 2021
the agency granted “breakthrough” status for ""Lu-
PSMA-617—a designation reserved for potentially
transformative innovations. An example of a dramatic
response to ""Lu-PSMA-617 is shown in figure 9
(patient not from the trial). Approval of the thera-
nostic is expected in 2022.

THE FUTURE

Assuming real-world experience resembles the
clinical trial outcomes, PSMA PET/CT scanning is
likely to be widely adopted. A barrier to adoption is
availability of the radiotracer. However, according
to the manufacturer of Pylarify (Lantheus Medical
Imaging, Inc., North Billerica, Massachusetts), as
of January 2022 the product is available in the U.S.
within a 2-hour drive of 90% of men who might
require it (380 facilities, most in metropolitan
areas). In the European Union and Australia, the
product is available at approximately 150 sites.
Another barrier might be availability of PET
scanners, but currently some 2,400 PET scanners
are in place in the U.S. (versus 12,000 MRI ma-
chines). The affordability barrier should come
down soon, as Medicare has issued a permanent
HCPCS code (Fluor-18, A9595) for the FDA-
approved indications (initial staging and biochemical

recurrence), and private payors are expected to
follow.

Numerous unmet PCa needs await solutions that
may be provided by widespread adoption of PSMA
scanning and evaluation in future clinical trials.
Improved accuracy of PCa staging is one such need. Use
of bone scans and abdominal CT scans would give way
to the new imaging procedure, more accurate than the
current staging scans. Earlier treatment for recurrent
and metastatic disease would be possible, including
redefinition of the oligometastatic condition. Some pri-
mary cancers, which remain undiagnosed even by MRI,
would be found, especially if PET/MRI evolves; earlier
curative treatments would be possible. Improved
recognition of lesions suitable for partial gland ablation
(or not) is another need, which is only partly resolved by
current methods. The progression rate of active sur-
veillance might be reduced, if a PSMA scan were
negative up-front. For metastatic disease, the arma-
mentarium of treatments would be expanded by thera-
nostics providing reduced toxicity and improved
outcomes compared to what is currently available.
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Study Need and Importance: Positron emission
tomography (PET) scans are not recommended for
the primary staging of testicular germ cell tumors,
although PET is commonly used in practice. Its
utility has been hampered by rates of false-positive
scans and a paucity of data on its true accuracy. A
new frontier in testicular cancer—primary surgi-
cal treatment in seminoma with retroperitoneal
lymphadenopathy—allows a window into the ac-
curacy of PET scans. The SEMS (Surgery in Early
Metastatic Seminoma) trial prospectively evalu-
ated retroperitoneal lymph node dissection to treat
testicular seminoma with limited retroperitoneal
adenopathy and included a PET radiographic
correlate.

What We Found: From the 55 patients enrolled in
the trial, PET scans were performed in 26 patients
and compared with surgical pathology at the time
of retroperitoneal lymph node dissection. PET per-
formed favorably in the ability to predict positive and
negative retroperitoneal lymph nodes when compared
with pathology specimens. The Figure presents the
accuracy of PET stratified by radiographic and patho-
logic positivity. There were no extraretroperitoneal
PET findings that represented seminoma on follow-up.
Limitations: The study evaluated PET accuracy in
isolation, although the actual value of a study is in
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Figure. Diagnostic accuracy of 18F-fluorodeoxyglucose positron
emission tomography (PET) in identifying metastatic seminoma
compared with pathologic confirmation. NPV indicates negative
predictive value; PPV, positive predictive value.

its ability to improve disease detection beyond
currently clinical, radiographic, and pathologic fac-
tors. All patients in the SEMS study were treated at
tertiary care facilities with multidisciplinary teams
and high pretest probability of positive retroperito-
neal disease; thus, the added benefit of the PET
scan in clinical assessment was limited.
Interpretation for Patient Care: Despite the accu-
racy of in patients with early clinical stage IIA-B
seminoma, the use of PET scan to evaluate for
cancer is not recommended. More robust evaluation
of PET scanning is required before integrating this
study into clinical staging.
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Purpose: Recent clinical trials on primary retroperitoneal lymph node
dissection (RPLND) for testicular seminoma highlight inaccuracies in conven-
tional imaging for lymph node staging. Limited data exist on the accuracy of
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positron emission tomography (PET) in patients with chemotherapy-naive testicular seminoma. We evaluated
the accuracy of 18F-fluorodeoxyglucose (FDG) PET for the detection of metastatic disease within the SEMS
(Surgery in Early Metastatic Seminoma) trial.

Materials and Methods: The SEMS trial is a phase 2 prospective study evaluating efficacy of primary RPLND
in patients with testicular seminoma with limited retroperitoneal lymphadenopathy. 18F-FDG PET scanning
was performed as a radiographic correlate in addition to standard axial imaging before surgery. PET findings
were based on local interpretation, and the results were compared with surgical pathology.

Results: Of the 55 patients enrolled in the trial, 26 (47%) underwent PET. Twenty (77%) scans were reported
as positive with lymph nodes in the retroperitoneum, pelvis, or inguinal region. Of the positive PET scans, 18
had pathologically positive lymph nodes (positive predictive value 90%) at the time of RPLND. Six PET scans
were negative with 5 of these patients having surgically confirmed pNO disease (negative predictive value
83%). Sensitivity of PET for detecting lymph node metastatic seminoma was 95% and specificity was 71%. The
average standardized uptake values of the PET-positive lymph nodes and pathologically positive lymph nodes
were 7.0 (range 2.6-18.8) and 6.8 (range 1.53-18.8), respectively. No PET-positive lesions outside of the ret-
roperitoneum or pelvis were found to represent metastatic seminoma on clinical follow-up.

Conclusions: In patients with testicular seminoma, 18F-FDG PET findings correlated with both pathologi-
cally positive and negative retroperitoneal lymph nodes in most cases. Further research is needed to deter-
mine if PET can improve on the already good predictive performance of conventional imaging and clinical
expertise.

Key Words: seminoma, positron-emission tomography, diagnosis, neoplasm staging, predictive value of
tests

WitH advances in the management of testicular
cancer, survival outcomes are excellent, but pa-
tients can be burdened with long-term morbidity.'-?
These morbidities are often treatment-related, and
efforts at improving testis cancer survivorship by
avoiding unnecessary treatment or testing remain
an area of emphasis. Improving the accuracy of
staging could yield significant benefits for patients
with testicular cancer as current staging modal-
ities have limitations. Surgical studies of primary
retroperitoneal lymph node dissection (RPLND) for
stage II germ cell tumors have found that pNO
rates are as high as 22% for seminoma and 53% for
nonseminomatous germ cell tumors depending on
selection criteria for surgery.®* Among patients
with stage I germ cell tumors, up to 30% will
develop metastases that potentially could have
been detected earlier with more sensitive imaging
or blood-based markers.’ Refinement in the accu-
racy of clinical staging could lead to equivalent
excellent therapeutic outcomes with a reduced pa-
tient burden.

18F-fluorodeoxyglucose (FDG) positron emission
tomography (PET) is sometimes used in the man-
agement of metastatic seminoma to assess residual
postchemotherapy masses, although operating
characteristics are poor and robust evidence of
clinical utility is lacking.! In the more common
setting of initial staging in either seminoma or
nonseminoma, PET scan is not recommended and is
hampered by high false-positive and false-negative
findings. Despite this, PET scanning as an initial
staging modality is performed at some centers.

The Surgery in Early Metastatic Seminoma
(SEMS) study is a North American, multi-
institutional single-arm prospective phase 2 clin-
ical trial.® Twelve sites were qualified before
beginning enrollment through review of institu-
tional surgical volumes of open RPLND and intra-
operative photography. It evaluated the efficacy of
primary RPLND to treat patients with testicular
seminoma and enlarged retroperitoneal lymph nodes
(1-3 cm). As a secondary objective, the trial provided
a unique opportunity for evaluation into the accuracy
of PET for staging. Patients were prospectively
enrolled, and all underwent RPLND with resultant
surgical pathology. In this study, we report the
diagnostic accuracy of 18F-FDG PET imaging in
testicular seminoma through pathological assess-
ment of specimens obtained in the setting of thera-
peutic primary RPLND as well as through clinical
follow-up for recurrence.

METHODS
In the SEMS trial, the decision for inclusion and assess-
ment of lymphadenopathy was based on conventional
abdomen/pelvis axial imaging performed in high-volume,
surgical centers of excellence. Before RPLND, 18F-FDG
PET was performed as an optional radiographic correlate
to enrollment. The PET was performed at the discretion of
the site investigator, and scans were performed and
interpreted at the tertiary care institution. Patients were
then treated with open RPLND by qualified urologic on-
cologists with lymph nodes being sent for pathologic review
in packets according to anatomic location.

Lymph node size, lymph node number, location of
positive lymph node, maximal standardized uptake value
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(SUV), and other incidental findings on PET were
reviewed. The interpretation of PET scan positivity was
based on radiologic interpretation from each of the 12
high-volume germ cell tumor centers. The PET findings
were compared with the RPLND pathology report and
clinical follow-up. Descriptive results were synthesized,
and the sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV) of PET scans
were calculated. Associations between PET positivity and
serum tumor markers status or time between orchiectomy
and RPLND were evaluated with the Fisher exact test
and the Mann-Whitney U test, respectively.

RESULTS

Of the 55 patients enrolled in the SEMS trial, 26/55
(47%) had a PET scan performed at an average of
22 days (range 1-90) before surgery. Twelve SEMS
sites had at least 1 patient included in this study.
Twenty of the 26 patients with PET scans (77%)
were reported as positive with disease limited to
lymph nodes in the retroperitoneum, pelvis, or
inguinal region. A solitary lymph node was re-
ported as positive in 14/20 patients (70%), while 6
patients had > 1 positive lymph node. Figure 1
shows a representative CT scan with an enlarged
retroperitoneal lymph node and corresponding
PET scan with a solitary positive lymph node
uptake. The average SUV of a positive lymph node
on PET was 7.0 (range 2.6-18.8). The average SUV of
pathologically positive lymph nodes was 6.82 (range
1.53-18.8).

When compared with surgical pathology, 18 of
the 20 positive PET scans were confirmed to be true
positives for retroperitoneal spread of seminoma,
yielding a PPV of 90%. The size of the metastatic
deposits was variable with a median size of 2.1 cm
(range 0.3 mm-6 cm). Of the 6 patients with nega-
tive PET scans, one was found to have a metastatic

CT

(SN

|

retroperitoneal lymph node on pathology, yielding a
NPV of 83%. None of the patients with negative
PET scan and pNO disease experienced a recurrence
of seminoma (median follow-up 37 months). Sensi-
tivity of PET in detecting retroperitoneal spread
of seminoma was 95% and specificity was 71%.
Figure 2 is a 2 x 2 contingency table demonstrating
the sensitivity, specificity, PPV, and NPV of 18F-
FDG PET in identifying metastatic seminoma to
the retroperitoneum. Patients who had a negative
PET scan were more likely to have negative serum
tumor markers when compared with those who had
a positive PET (83% vs 65%, P = .63). The timing of
retroperitoneal lymphadenopathy was shorter in
patients who had a negative PET, although this was
also not statistically significant (median 2.5 months
vs 8.2 months, P = .14).

Radiographic findings outside of the retroperito-
neal and pelvic lymph nodes were notable in several
patients. One patient had 3 ipsilateral inguinal
lymph nodes 8 to 10 mm in size that had SUVs
ranging from 1.5 to 2.1. This was in addition to
having multiple lymph nodes in the paraaortic and
external iliac region between 7 and 10 mm with
SUV from 1.3 to 4.0. The patient’s PET was reported
as positive for metastatic seminoma, although the
patient had no cancer at time of RPLND, did not
undergo an inguinal lymphadenectomy, and did not
experience disease recurrence during follow-up.
Another patient had a 3.1-cm lung lesion with air
bronchograms and SUV max of 10.3. This was
interpreted as either infectious or neoplastic and
depending on clinical correlation. Given no clear
interpretation in favor of cancer, the chest finding
was categorized as negative. Five scans (19%) re-
ported on incidental findings, and most of these
were cervical lymph node or tonsillar uptake, not
suspicious for metastasis. None of the 7 patients

PET

Figure 1. CT scan showing a single enlarged retroperitoneal lymph node in a patient with seminoma and corresponding positron
emission tomography (PET) scan showing enhancement. Surgical pathology was consistent with metastatic seminoma.

Copyright © 2025 American Urological Association Education and Research, Inc. Unauthorized reproduction of this article is prohibited.



276 PET ACCURACY IN EARLY METASTATIC TESTICULAR SEMINOMA

Pathologic Node + Pathologic Node -
PET + 18 2 PPV 90%
PET - 1 5 NPV 83%
Sensitivity 95% Specificity 71%

Figure 2. Diagnostic accuracy of 18F-fluorodeoxyglucose positron emission tomography (PET) in identifying metastatic seminoma compared
with pathologic confirmation. NPV indicates negative predictive value; PPV, positive predictive value.

with findings outside of the abdomen or pelvis were
found to have extraretroperitoneal testicular semi-
noma on follow-up (median 27 months).

Three scans were discordant from final pathol-
ogy. One patient had a 1-cm left internal iliac lymph
node with mild reactivity (SUV 4.2) that favored a
metastatic lymph node, but interpretation was
confounded by potential avidity from the adjacent
ureter. The second patient was previously discussed
with multiple small retroperitoneal, pelvic, and
inguinal lymph nodes with mild avidity SUV (range
1.5-2.6) that was interpreted as positive for meta-
static seminoma. The third patient with a 0.8-cm
retroperitoneal lymph node with a maximum SUV
of 1.53, which was less than liver activity and
interpreted as negative. At the time of RPLND, he
was found 2 metastatic lymph nodes, the largest
with a 1.1-em metastatic deposit with extranodal
extension. The PET was performed 41 days before
RPLND which was longer than the mean for the
entire cohort (22 days). The 5 true negative studies
were performed on average 10 days before RPLND
(range 2-23 days).

When correlating the PET findings to pathologic
findings, PET scan accurately identified the number
of positive lymph nodes only 50% of the time. As
pathology typically reported the size of the largest
lymph node, not all positive lymph node sizes were
known. When reported, the size of the missed met-
astatic lymph nodes ranged from 0.7 mm to 1 cm.
Reported anatomic sites of lymph node involvement
on PET scans were correct in 16 of 19 patients (84%)
when compared with locations of metastatic nodes
in the resected surgical specimens.

DISCUSSION

Our study revealed that PET findings correlated well
with retroperitoneal surgical pathology in testicular
seminoma in a prospective clinical trial. This nonin-
vasive, readily available imaging had operating

characteristics comparable with standard and more
broadly available clinical decision-making tools
available at expert centers with a PPV of 90% and
NPV of 83%. In this study population with isolated
clinically positive retroperitoneal lymph nodes, a
PET scan performed in parallel did not detect an
instance of extraretroperitoneal metastatic disease
on clinical follow-up. PET was also not accurate in
predicting the number of positive retroperitoneal
lymph nodes. There are several potential reasons for
this but most likely related to adjacent nodes being
interpreted as a single lymph node, small volume
non-FDG avid metastasis, or potentially artifact
from surgical excision and pathological processing.
While the accuracy of PET within our study was
good, it should not be interpreted as an endorse-
ment of PET in the primary setting. The true impact
of a study lies in its ability to augment staging
beyond current clinical, radiographic, and patho-
logical variables. The accuracy of PET within this
study overlaps with the operating characteristics
of clinical staging with conventional imaging
and clinical expertise.>’ Importantly, the patients
enrolled in SEMS were diagnosed and treated at
highly selected centers with rigorous multidisci-
plinary teams and with a high pre-PET scan prob-
ability of disease. Other groups have studied PET
in the primary setting and found good PPV, fair
NPV, and noted that the PET results that had
minimal to no impact on clinical decision making.?°
Confounding by inflammatory processes and poor
performance in low volume disease (<5 mm) repre-
sent obstacles to its adoption and a reason why PET
for primary staging is not recommended. 112
Closer evaluation of the discordance between
PET and surgical pathology helps to understand the
weaknesses of the study and the potentially the
biology of metastatic seminoma. Within this radio-
graphic correlate with SEMS, there were 2 false-
positive studies and 1 false-negative study with
reasons potentially related to the test itself, the

Copyright © 2025 American Urological Association Education and Research, Inc. Unauthorized reproduction of this article is prohibited.



PET ACCURACY IN EARLY METASTATIC TESTICULAR SEMINOMA 277

interpretation, or metastatic seminoma occurring
between the time of the test and surgery. One pa-
tient with a false-positive study had multiple
inguinal, pelvic, and retroperitoneal lymph nodes
with mild uptake (SUV 1.5-2.6) that were inter-
preted as metastatic. There is no clear cutoff for a
positive lymph node with respect to SUV, and
indeed, this study identified a pathologically posi-
tive lymph node with SUV as low as 1.53. In a PET
with mild reactivity, interobserver variability is
higher and reliance on knowledge of the natural
history of metastatic seminoma becomes empha-
sized. With the benefit of hindsight, the PET with
diffuse mild uptake in lymph nodes including the
inguinal region should have favored an inflamma-
tory of physiologic etiology over cancer. The other
false-positive PET in this study identified a lesion
that was interpreted as a metastatic lymph node
over an adjacent ureter. This case provides an
excellent example of the nuances in clinical staging
and how difficult it can be to determine the utility of
one study, in isolation. A radiographic interpreta-
tion from one study is insufficient, and clinical
staging should be performed with multidisciplinary
input evaluating all clinical, pathologic, and radio-
graphic factors. Finally, the false-negative study
may not have been due to inaccuracy of PET. The
false-negative study was conducted 41 days before
RPLND which was longer than the mean for the
entire trial (22 days).

The strength of this study was its ability to
correlate PET findings in a homogenous group of
patients to histopathologic findings after primary
RPLND in a prospective fashion. Entry into the
SEMS clinical trial requires that all patients have
pure seminoma, retroperitoneal lymphadenopathy
< 3 cm on CT, were chemotherapy naive, and un-
derwent primary RPLND based on conventional
imaging and expert surgical/multidisciplinary
judgement. Importantly, PET scans were per-
formed in parallel to conventional imaging, and
treatment decisions were made based on conven-
tional imaging and clinical expertise. Therefore, the
risk of the PET findings resulting in selection or
treatment bias was minimal.

Although adoption of PET imaging in primary
seminoma is not recommended, this study had
several notable findings. There was good correlation
between the PET and intraoperative lymph node
mapping in 84% of cases. This finding may eventu-
ally prove helpful in surgical planning as the
optimal template in seminoma has yet to be defined
and differences in nodal distribution have been
described.'® Although RPLND in early metastatic
seminoma is in its nascent stages, some have opted
for a bilateral dissection in most cases. PET per-
formed poorly in detecting the number of positive

lymph nodes with the number of PET-positive
lymph nodes correlating with pathology in just half
of cases. This was especially true in those with a
second positive lymph node metastatic deposit < 1
cm and argues for high-quality axial imaging to
better determine the number of enlarged lymph
nodes. Outside of the retroperitoneum and pelvis,
PET findings in the chest, inguinal region, and
tonsillar activity did not correlate with the presence
of active cancer on follow-up. Suspicion for false-
positive extraretroperitoneal lesions is needed in
seminoma with a low volume metastatic burden.

The study, however, is not without limitations.
The sample size (n = 26) is relatively small and not
all patients on the SEMS trial underwent a PET
scan. The time between RPLND and PET scan was
variable and long in some patients. Finally, the deter-
mination of positive or negative imaging was based on
local radiology. This methodology was chosen given the
lack of consensus of what avidity defines a positive
lymph node and a dearth of radiologists familiar with
interpreting PET imaging in the primary setting.
Central review could provide more uniform interpre-
tation, although decrease the generalizability of the
findings. Given the variations in PET utilization be-
tween academic and community centers, this emphasis
on generalizability becomes accentuated.

The unmet need for a more accurate staging test
in testicular seminoma is becoming more apparent.
Recently, the Swedish Norwegian Testicular Cancer
Study Group published favorable results of a pro-
spective, large population-based study of RPLND as
primary management of low volume clinical stage II
seminoma.'* These findings add to 3 prospective
clinical trials and signal a shift toward a surgical
management of early metastatic seminoma.51516
This change toward RPLND highlights both the
understaging and overstaging of conventional im-
aging. The pNO rates of in the prospective trials
range from 3% to 16%, and subset of patients in
these studies had more advanced disease than
anticipated from clinical imaging. In SEMS, 44%
had more advanced pathology than predicted and
5% were found to have pN3 disease.>® Not only does
RPLND offer an alternative treatment with
improved long-term morbidity compared with
chemotherapy and radiotherapy, but histopathology
serves as important feedback for clinical staging.

When discussing methods to improve diagnostic
accuracy, it is important to consider new biology-
based adjuncts to the novel biomarker miR371a-3p
that is highly specific for GCTs and correlates with
presence of active germ cell malignancy.!”!® SWE-
NOTECA evaluated 24 patients with seminoma who
underwent RPLND and found sensitivity of 74%,
specificity of 100%, PPV of 100%, and NPV of 21%.%°
In the COTRIMS study, miR371a-3p predicted
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active disease in 12/13 patients and benign disease
in 3/3 cases.!® Other groups have reported on
similar accuracy with miRNA in primary seminoma
using RPLND histology.2%?2 Large prospective in-
vestigations to define the biomarker’s clinical utility
are nearing completion. The miR371a-3p represents
a possible noninvasive adjunct in predicting malig-
nant retroperitoneal histology in germ cell tumors.

CONCLUSIONS

This study demonstrates favorable operational
characteristics of 18F-FDG PET in detecting posi-
tive and negative retroperitoneal lymph nodes in
patients with testicular retroperitoneal seminoma.
The accuracy of PET seems to be similar to the
predictive performance of conventional
sectional imaging and clinical expertise.

Cross-
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EDITORIAL COMMENT

Guidelines support 18-fluorodeoxyglucose (FDG)
positron emission tomography (PET) scans only for
retroperitoneal masses > 3 cm after chemotherapy
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for seminoma. However, in clinical practice, PET
scans are occasionally used in the primary workup
despite limited supporting data. Anecdotally, this
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seems to be more frequent when the initial workup
is driven by medical oncology.

The Surgery in Early Metastatic Seminoma trial
was a landmark effort validating primary retroperito-
neal lymph node dissection (RPLND) for well-selected,
low-volume metastatic pure seminoma patients." Trial
design allowed pretreatment PET scans at the discre-
tion of the treating institution, offering an opportunity
to explore their utility. Although the numbers are
small and these data probably change very little in
clinical practice, prospective, chemo-naive retroperito-
neal surgical data in pure seminoma are uncommon
and deserve attention.

Notably, missed metastatic lymph nodes ranged
in pathological size from 0.7 cm to 1 cm. This il-
lustrates a potential weakness associated with
PET imaging. As commented on in prior research
by Chang et al,? lesions smaller than 1 cm might
not show high 18F-FDG uptake and could
contribute to rates of false negatives because of
partial volume effect. The authors conclude that

PET scans correlate reasonably well with patho-
logical specimens; however, comparisons to stan-
dard contrasted CT scans are challenging because
of the absence of primary RPLND seminoma sur-
gical data. We look forward to better examining
this question as primary RPLND for early-stage
seminoma becomes more common.

Others have described the utility of PET staging.
Cook et al® found that in patients with equivocal
staging CT, a negative 18F-FDG PET was helpful in
management decisions. However, we agree that this
does not represent an endorsement for the use PET
imaging solely for primary staging. Similarly, the
data presented by Hu et al* suggest that PET im-
aging may be useful as adjunct information and
warrants further investigation as we adopt primary
RPLND for stage I to II seminoma.

John C. Norton' and Charles C. Peyton'’
"Department of Urology, The University of Alabama at Birmingham
Birmingham, Alabama
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Purpose: We determined the diagnostic performance of ®F-FDG (fluorodeox-
yglucose) positron emission tomography/computerized tomography for detecting
nodal metastases in patients with muscle invasive urothelial bladder cancer
before radical cystectomy.

Materials and Methods: Preoperative ®F-FDG positron emission tomography/
computerized tomography scans (208) were retrospectively reviewed. Scans
were routinely performed in 185 patients with muscle invasive urothelial bladder
cancer between August 2012 and February 2017, all of whom underwent radical
cystectomy and pelvic lymph node dissection. Analyses were stratified by clin-
ical node involvement and chemotherapy status. The diagnostic performance of
IBF_FDG positron emission tomography/computerized tomography was assessed
according to sensitivity, specificity, positive predictive value and negative pre-
dictive value.

Results: Lymph node metastases at time of pelvic lymph node dissection
were present in 21.8% of those without suspicious nodes on computerized
tomography (clinically node negative) and 52.6% of those with suspicious
nodes on computerized tomography (clinically node positive). Median meta-
static focus size was 5 mm. In clinically node negative cases *F-FDG positron
emission tomography/computerized tomography rarely detected nodal me-
tastases (sensitivity 7% to 23%). In clinically node positive cases negative
I8P _FDG positron emission tomography/computerized tomography was useful
in ruling out lymph node metastases (sensitivity 92% to 100%). This study
was limited by its mixed population and focus on pelvic nodal metastases
only.

Conclusions: ®F-FDG positron emission tomography/computerized tomography
appears to be most useful for better characterization of enlarged nodes identified
by computerized tomography. Routine preoperative ®F-FDG positron emission
tomography/computerized tomography has limited utility in clinically node
negative cases.

Key Words: neoplasm staging, positron-emission tomography, cystectomy,
lymph node excision, urinary bladder neoplasms
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8P FDG PET/CT is being increasingly used before
radical cystectomy for staging of high risk bladder
cancer. From 2004 to 2011 the proportion of patients
with stage II or III bladder cancer undergoing
I8F-FDG PET/CT increased from 1% to 15% in the
SEER (Surveillance, Epidemiology, and End Re-
sults) registry.! This increasing use of *F-FDG
PET/CT occurred without endorsement by the
American Urological Association® or European As-
sociation of Urology guidelines.?

The utility of '*F-FDG PET/CT rests in its ability to
potentially identify lymph node metastases before
radical cystectomy. In the advanced stage setting, a
study from our center found **F-FDG PET/CT to have
a sensitivity of 92% with a specificity of 81% for lymph
node metastases.* Nonetheless, diagnostic properties
in the metastatic setting may not necessarily apply to
the radical cystectomy population due to a lower
inherent metastatic burden. Current studies of
I8F_FDG PET/CT before radical cystectomy are sum-
marized in a recent meta-analysis of 13 studies,
among which the average number of patients was 49
and the average proportion with pathology confirmed
lymph node metastases was 30%.° Sensitivity ranged
from 33% to 100% (n-weighted mean 55%) and spec-
ificity from 58% to 100% (n-weighted mean 93%). The
wide ranges of these values result from the hetero-
geneous nature of these studies, which generally
pooled patients regardless of preoperative chemo-
therapy status, nodal size on CT or extent of PLND.
Based on these data it remains unclear whether
18F_FDG PET/CT is useful before radical cystectomy
and, if so, under which clinical circumstances.

Uncertainty surrounding the value of *F-FDG
PET/CT in the radical cystectomy candidate led us
to perform this study. From 2012 to 2017 we began
routinely offering F-FDG PET/CT before radical
cystectomy in patients with high risk invasive bladder
cancer. We conducted a re-review of these data by a
dedicated genitourinary radiologist to determine the
diagnostic accuracy of F-FDG PET/CT in several
distinct populations of patients who undergo radical
cystectomy. Our goal was to assess whether routine
18F.FDG PET/CT use had value and to more precisely
define the population that would benefit.

METHODS

Eligibility Criteria and Patient Characteristics
Patients were eligible for study inclusion if they had
MIBC and underwent 8F-FDG PET/CT before radical
cystectomy, and underwent a templated RC-PLND as
described between August 2012 and February 2017. Pa-
tients were excluded if they had primary urethral cancer,
nonurothelial bladder cancer, concurrent active malig-
nancy other than MIBC, did not receive a templated
extended PLND or underwent '®F-FDG PET/CT more
than 60 days before RC-PLND or chemotherapy.

Planned stratifications for this study included clinical
node status (cNO or ¢N+) and timing of **F-FDG PET/CT
relative to chemotherapy (pre-chemotherpy, post-
chemotherapy and no chemotherapy). cN+ disease was
defined as the presence of an enlarged pelvic lymph node
with short-axis diameter of 10 mm or greater on a con-
ventional CT with contrast performed before PET/CT.
Conventional CT and *F-FDG PET/CT were interpreted
by a genitourinary radiologist at our institution.

8F.FDG Positron Emission Tomography/
Computerized Tomography

BF.FDG was administered intravenously approximately
60 minutes before imaging on dedicated PET/CT scanners
(GE Medical Systems, Waukesha, Wisconsin) from the
mid skull to the mid thigh. Images were obtained for 3 to 5
minutes per bed position depending on patient size. All
18F.FDG PET/CT studies were reviewed and annotated in
detail for the purpose of this study by an experienced
genitourinary radiologist using picture-archiving work-
stations that display CT, PET and PET/CT fusion image
sets in various orthogonal planes. SUVmax, normalized
to patient lean body mass, were recorded using a
3-dimensional tool placed over sites of abnormal *F-FDG
uptake. ¥ F-FDG PET/CT findings were characterized as
abnormal/suspicious for malignancy if uptake intensity
was greater than that of adjacent blood pool or normal
gluteal muscle activity (background) and not explained by
physiological processes (eg urinary F-FDG excretion in
the ureters/bladder). The locations of all areas of suspi-
cious radiotracer uptake were recorded and cataloged.

Pathological Assessment of Lymph Nodes
All patients underwent RC-PLND. The templated PLND
involved bilateral removal of all nodal tissue with associ-
ated fibroadipose tissue and skeletonization of vessels from
the genitofemoral nerve laterally, node of Cloquet caudally,
pelvic floor inferiorly and cranially to include at least the
aortic bifurcation. Additional lymph nodes in the presacral
space and fossa of Marcille were also removed. Lymph
nodes were sorted by anatomical region (right common
iliac, left common iliac, right pelvic, left pelvic, presacral
and para-aortic nodes) and submitted for pathology sepa-
rately to ensure detailed evaluation and accurate mapping.
Pathological specimens were processed and reviewed
in the standard fashion by an experienced genitourinary
pathologist. The number of positive lymph nodes in
addition to the total number of lymph nodes was reported
in each anatomical region. The diameter of the largest
metastatic lesion in each region was also measured.

Statistical Analysis

The sensitivity, specificity, positive predictive value and
negative predictive value were calculated for *F-FDG
PET/CT detection of pathologically positive lymph nodes
on a per patient (a positive PET in a patient with pN+)
and per anatomical region (whether the site on PET pos-
itive finding was in the region of a pathologically positive
node) basis among patients with clinically node negative
disease, defined as lymph nodes less than 10 mm short
axis on preoperative CT. The regional analysis was con-
ducted to more accurately identify the diagnostic proper-
ties of PET/CT by reducing chance associations that might
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relate to analysis on a patient level. Confidence intervals
were estimated based on the Rao-Scott method to take
into account multiple scans per patient.® We did not
re-review baseline CT of patients included in our previous
report on the diagnostic properties of 1*F-FDG PET/CT for
patients with nodal metastatic disease,® nor did we
perform a per region analysis among patients with c¢cN+
disease. All statistical analyses were performed in soft-
ware packages SAS® 9.4 or R version 3.4 (The R Foun-
dation for Statistical Computing).

RESULTS

Patient Characteristics

The study cohort comprised 185 patients, from
whom 208 ¥F-FDG PET/CT scans were collected
and analyzed. Baseline characteristics are detailed
in table 1. Most (170, 82%) scans were from patients
classified as having ¢cNO disease based on CT and 38
(18%) were from those classified by CT as having
cN+ disease.

Among patients with ¢cNO disease nodal metastases
were pathologically confirmed (pN+) after surgery in
21.8%, compared with 52.6% of those with ¢cN+ dis-
ease. In pN+ cases the median metastatic focus size
was 5 mm and a median of 2 nodes were positive.

Diagnostic Characteristics of '®F-FDG PET/CT

Among patients with c¢NO disease (170 scans)
8P FDG PET/CT had very poor sensitivity for
detecting nodal metastases, ranging from 7% in
patients who had received chemotherapy before
imaging to 23% in those who had not yet received

chemotherapy. However, its specificity was high,
ranging from 89% to 99% (table 2). This finding was
consistent across all subgroups of patients regard-
less of chemotherapy status or whether the analysis
was conducted on a per patient or per region basis.
Similarly, the positive predictive value was low
(25% to 37%) and the negative predictive value was
modest (7% to 83%) on a per patient level.

Our cohort included 38 patients with ¢cN+ dis-
ease (table 1). Among the 13 patients who did not
receive preoperative chemotherapy '*F-FDG PET/
CT had a sensitivity of 100% (95% CI 47.8—100)
and a specificity of 62.5% (95% CI 20.8—91) for
detecting nodal metastases. We did not evaluate the
diagnostic performance of pre-chemotherapy and
post-chemotherapy scans due to the potential con-
founding effects of chemotherapy exposure on im-
aging findings and final pathology in the setting of a
limited number of events (supplementary table 1,
https://www.jurology.com).

Pre-Chemotherpy and Post-Chemotherapy PET/CT
Analysis

To determine if either stability or a change in
metabolic response could predict negative final pa-
thology, we analyzed the ®F-FDG PET/CT scans of
23 patients who underwent imaging before and
after preoperative chemotherapy (supplementary
figure, https://www _jurology.com). We found no evi-
dence that either metastatic lesion stability or
change in metabolic response correlated with pN+
status. In this exploratory analysis the rate of

Table 1. Patient, disease and preoperative chemotherapy characteristics

cNO cN+
Pt characteristics
Median age (IQR) 67 (59-—74) 67  (59—74)
No. female (%) 32 (19) 8 (21)
Disease characteristics
No. pathological tumor stage at cystectomy (%):
T0 28 (16) 3 (8)
Tis 18 (11) 3 (8)
Ta 2 (1) 1 (3)
T 5 (3) 1 (3)
T2 37 (22) 6 (16)
T3 77 (45) 23 (61)
T4 3 (2) 1 (3)
Median lymph node count (IQR) 28 (20-37) 36 (23—49)
No. pN+ disease (%) 37 (22) 20 (53)
Median pos node count (IQR) 2 (1—8) 2 (2—5)
Median cm largest metastatic focus in pN-+ cases (IQR) 0.5(0.2—0.9) 0.6 (0.3—0.8)
Preop chemotherapy characteristics
No. preop chemotherapy received (%) 114 (67) 25 (66)
No. chemotherapy regimen (%):
Gemcitabine + cisplatin 97 (85) 18 (72)
Other 17 (15) 7 (28)
No. scan timing relative to chemotherapy (%):
No chemotherapy 56 (33) 13 (34)
PET/CT before chemotherapy 60 (35) 18 (47)
PET/CT after chemotherapy 54 (32) 7 (18)
Median days PET/CT to first chemotherapy dose (IQR) 13 (7—21) 15 (10—22)
Median days from last chemotherapy dose to PET/CT (IQR) 28 (14—42) 32 (24-51)
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Table 2. Diagnostic properties of "8F-FDG PET/CT for detecting nodal metastases in patients without abnormal nodes on CT

Sensitivity (%) 95% Cl

Specificity (%)  95% Cl Pos Predictive Value (%) 95% Cl

Neg Predictive Value (%)  95% Cl

Per pt:
No chemotherapy 10.0 0.8—58.0 935
Post-chemotherapy 7.1 0.7—-44.0 95.0
Pre-chemotherapy 23.0 6.3—57.0 89.4

Per region:
No chemotherapy 9.0 0.8—53.0 98.7 96.6—100.0
Post-chemotherapy Not applicable Not applicable 99.0 96.9—100.0
Pre-chemotherapy 10.0 0.9-55.0 98.5

80.9—98.0
81.1-99.0
76.2—96.0

96.0—99.0

25.0 0.4—-96.0 82.7 69.4—91.0
333 0.0—100.0 745 60.4—85.0
375 8.6—79.0 80.8 67.3—90.0
333 2.0-92.0 939 87.8—96.0
Not applicable Not applicable 91.3 85.2—95.0
20.0 0.7-89.0 96.6 93.3—98.0

discrepant findings ranged from 33% (pathologically
confirmed metastases following stable negative
PET/CT) to 100% (no metastatic lymph nodes after
conversion from negative to positive PET/CT).

Incidental Findings

To better understand the implications of routinely
performing *F-FDG PET/CT before RC-PLND we
assessed the incidental findings identified in pa-
tients not receiving chemotherapy (69). We excluded
patients receiving chemotherapy because they
received multiple imaging tests and we could not
ascribe the origin of the incidental findings.
Numerous investigations and procedures were
prompted by ®F-FDG PET/CT detected lesions
(supplementary table 2, https://www.jurology.com).
Two unrelated malignancies were diagnosed and it
is uncertain if these would have been detected by
conventional modalities.

DISCUSSION
Routine '*F-FDG PET/CT was not useful in identi-
fying lymph node metastases in patients with c¢NO
disease on CT. This finding arises from the observed
low sensitivity (7% to 23%) in this group. The low
sensitivity is likely a result of the low burden of disease
in these patients, where the median metastatic focus
size within the involved lymph node was only 5 mm.
The main use of ®F-FDG PET/CT is likely in
better evaluating clinically suspicious lymph nodes
identified by conventional CT. We found that a
negative *F-FDG PET/CT in this group ruled out
lymph node metastases due to the high sensitivity of
'F-FDG PET/CT in this group. Our findings
corroborate those of an earlier study from our center
supporting the high sensitivity of '*F-FDG PET/CT
in patients with lymph node metastases.* Among 51
suspicious lymph nodes on |F-FDG PET/CT,
sensitivity was 92% (95% CI 74—99) and specificity
was 81% (95% CI 61—93). Together these results
indicate that a suspicious lymph node identified on
CT that is not PET-avid can be presumed to be
pathologically negative. Management of a PET-avid
suspicious node is less clear. Other risk factors
along with the degree of certainty required for
clinical decision making will influence whether this
is presumed to be truly positive or a percutaneous

biopsy is performed. Alternatively, those with a
PET-avid node could receive a preoperative chemo-
therapy regimen that does not differ based on sus-
picion of metastatic disease, such as 6 cycles of dose-
dense gemcitabine and cisplatin.”

We did not find any suggestion that '*F-FDG PET/
CT had clinical utility in any other scenarios that we
studied. Post-chemotherapy scans have exceedingly
low sensitivity and positive predictive value, pre-
venting their use in informing decisions on whether
to perform consolidative RC-PLND. Additionally, we
saw no evidence that either stable **F-FDG PET/CT
findings before and after chemotherapy or conversion
from positive to negative predicted pN+ status.
These findings all reaffirm extended PLND as the
only accurate lymph node staging method presently
available for patients with MIBC.

Data prior to our study were presented in a
recent meta-analysis of 13 studies, demonstrating a
wide range of sensitivities from 33% to 100% and
specificities from 58% to 100%.° We hypothesize
that these heterogeneous findings are likely attrib-
utable to differences in study design. By separately
analyzing data from ¢cNO and cN+ cases, we iden-
tified major differences in sensitivity, allowing clear
conclusions regarding clinical utility in these
distinct settings. This is a practical stratification
because clinical nodal status is generally known
before ®F-FDG PET/CT. Other strengths of our
investigation included the lack of selection bias
resulting from routine use of F-FDG PET/CT
during this period and consistent re-review of all
scans by a dedicated genitourinary radiologist.

This study was limited by the mixed population
with respect to chemotherapy exposure and the
timing of '®F-FDG PET/CT relative to chemotherapy.
Chemotherapy could impact our findings if lymph
nodes completely responded, leading to pathologi-
cally node negative status despite positive *F-FDG
PET/CT findings. Nonetheless, we do not believe
this limitation impacts our overall conclusions. We
were also limited in our ability to assess the utility of
18R FDG PET/CT in detecting distant metastases
before RC-PLND. This limitation arises from the fact
that these patients would ultimately not undergo
radical cystectomy and, thus, not be included in our
study cohort. Finally, we were limited in our ability
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to assess the value of SUVmax in distinguishing
positive from negative lymph nodes because of study
size. As a higher SUVmax PET lesion is more likely
to be pathologically positive,® a higher cutoff could
improve specificity. The ideal SUVmax cutoff should
be defined in future research.

One of the broader implications of this study is that
routine ®F-FDG PET/CT in the radical cystectomy
candidate, particularly with clinically negative lymph
nodes, is unnecessary. Most patients with MIBC will
have already undergone conventional CT, which is
more widely available, less expensive, involves lower
radiation exposure and has a shorter acquisition time
compared with ®F-FDG PET/CT. Additionally,

18R FDG PET/CT leads to a higher rate of incidental
findings, prompting more invasive investigations,
anxiety and costs. Thus, '*F-FDG PET/CT use should
be limited to patients in whom it has clinical utility,
namely those with abnormal nodes on CT.

CONCLUSIONS

1BF_FDG PET/CT should not be used as a routine
test before radical cystectomy. Its main utility is in
evaluating equivocal lymph nodes seen on conven-
tional CT. Further research is required to clarify the
role of ®F-FDG PET/CT in assessing chemotherapy
response.
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EDITORIAL COMMENT

For many solid organ tumors *F-FDG PET/CT
(PET/CT) sensitivity is superior to conventional
CT, making it part of the routine staging assess-
ment.! Perhaps by extrapolation PET/CT for
bladder cancer is on the rise despite absence of
supporting data. In fact, PET/CT has become so
universally ensconced in clinical practice that pa-
tients question the thoroughness of their evaluation
if they have not had one. Dason et al retrospectively
examined 208 patients with muscle invasive uro-
thelial cancer who underwent PET/CT prior to
radical cystectomy with extended pelvic lymph node
dissection between 2012 and 2017. Two-thirds of the
cohort received neoadjuvant chemotherapy.

Overall 82% had clinically negative nodes on con-
ventional CT imaging. Of these, 22% were found to
have occult pathological nodal disease at time of sur-
gery. The sensitivity of PET/CT for detecting occult
disease ranged from a dismal 7% after chemotherapy
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to only 23% for those without prior chemotherapy. The
authors conclude that, unlike with other solid organ
tumors, PET is not indicated in the setting of a normal
conventional CT. This finding should inform more
efficient and responsible use of health care dollars.

In contrast, of 13 patients who had suspicious
nodes on conventional CT without prior chemo-
therapy, only 52% were positive at surgery. PET/CT
predicted positive nodes with 100% sensitivity and
62.5% specificity, suggesting that there may be a
role for this minority to help identify patients un-
likely to benefit from surgery. There remains an
unmet need for accurate preoperative staging of
bladder cancer and novel radiotracers represent a
promising avenue of research toward this objective.

Jodi K. Maranchie
University of Pittsburgh
Pittsburgh, Pennsylvania
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REPLY BY AUTHORS

Bladder cancer is one of the costliest cancers and
understanding the nuances of appropriate imaging
is necessary in our stewardship of limited health
care resources. Our study demonstrates that the
routine patient undergoing radical cystectomy is
unlikely to benefit from *F-FDG PET/CT (PET/CT)
for lymph node staging over conventional imaging.
The best data for PET/CT are in the setting of sus-
pected metastatic disease where the PET avidity of
a CT visible lesion can provide clarity as to the na-
ture of this lesion. A prior study from Memorial
Sloan Kettering Cancer Center supported the utility
of PET/CT in the metastatic setting due to its
excellent diagnostic properties and clinical utility in
guiding further therapy (reference 4 in article).
Corroborating this, surveys showed that clinicians
changed their planned management in 68% of cases
based on the PET/CT findings.

Our study emphasizes that advances in muscle
invasive bladder cancer imaging need to focus on

@ CrossMark

improving sensitivity for small lymph node metas-
tases. This will be accomplished by either improving
the scanner or the imaging agent. Digital PET/CT
has shown some promise in improving PET/CT
resolution.! Additionally, advances in urothelial
carcinoma therapeutics targeting specific molecular
alterations like FGFR-3 and Nectin-4 support the
possibility of targeted urothelial carcinoma molec-
ular imaging,?® a concept which has become stan-
dard in prostate cancer treatment. Shifting away
from the nuclear medicine approach, other imaging
modalities such as ultrasmall paramagnetic iron
oxide particles and magnetic resonance imaging
have been previously shown to improve detection of
metastasis and may also leverage magnetic reso-
nance imaging for local tumor staging.* Our study
reminds us that it will be essential that novel im-
aging modalities demonstrate a clear improvement
over our current standard before they are widely
adopted.
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