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With the largest high-risk prostate cancer (PCa) cohort to date
undergoing 68Ga-prostate-specific membrane antigen (PSMA) PET/
CT primary staging, we aimed to, first, characterize the metastatic
spread of PCa in relation to tumor $8Ga-PSMA uptake and the
D’Amico classification and, second, compare ¢8Ga-PSMA PET/CT
findings with radical prostatectomy and pelvic lymph node dissec-
tion (PLND) histopathology findings. Methods: The study included
691 consecutive newly diagnosed, biopsy-proven, treatment-naive,
D’Amico high-risk PCa patients primary-staged by 68Ga-PSMA
PET/CT. PSMA SUV,,.x and metastatic findings were compared
with prostate-specific antigen level, International Society of Urolog-
ical Pathology (ISUP) grade, and clinical stage as traditional risk
stratification parameters. Moreover, 88Ga-PSMA PET/CT findings
were compared with histology findings in radical prostatectomy pa-
tients undergoing PLND. Undetected lymph node metastases
(LNMs) underwent immunohistochemical PSMA staining. Results:
Advanced disease (N1/M1) was observed in 35.3% of patients (244/
691) and was associated with increasing prostate-specific antigen
level, ISUP grade, and clinical stage. LNMs (N1/M1a) were detected
in 31.4% (217/691) and bone metastases (M1b) in 16.8% (116/691).
Advanced disease frequencies in patients with ISUP grades 2 and 3
were 10.8% (11/102) and 37.1% (33/89), respectively. Risk of ad-
vanced disease for cT2a, cT2b, and cT2c tumors was almost equal
(24.2%, 27.9%, and 22.4%, respectively). We observed a weak
correlation between SUV,x and biopsy ISUP grade (p = 0.21;
P < 0.001) and a modest correlation between SUV,,,, and post-
prostatectomy ISUP grade (p = 0.38; P < 0.001). Sensitivity, spec-
ificity, positive and negative predictive value, and accuracy for LNM
detection on 8Ga-PSMA PET/CT in the PLND cohort were 30.6%,
96.5%, 68.8%, 84.5%, and 83.1%, respectively. Undetected LNMs
either were micrometastases located in the lymph node border or
were without PSMA expression. Conclusion: In this high-risk PCa
cohort, we identified advanced disease in about one third at diag-
nosis. ISUP grade was the superior predictor for advanced disease
at diagnosis. We found a significant difference in frequency of ad-
vanced disease between ISUP grades 2 and 3, as supports the
Gleason score 7 subdivision. Interestingly, we observed no signifi-
cant differences in risk of advanced disease when comparing the
different cT2 stages. The undetected LNMs were either PSMA-neg-
ative or micrometastases.
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Prostate cancer (PCa) is the second most frequently diagnosed
cancer and the fifth leading cause of cancer death among men world-
wide (I). Accurate primary staging is one of the most important
issues for clinical management of PCa patients (2). Prostate-specific
membrane antigen (PSMA) is a promising target for personalized
medicine in PCa. PSMA is a type II transmembrane glycoprotein
upregulated in almost all PCa cells (97.6%) compared with its sparse
distribution in benign prostate tissue (3). Thus, PSMA is a very
attractive target for imaging and therapy with radionuclides (4).
68Ga-PSMA PET/CT has been demonstrated to outperform conven-
tional imaging modalities for detection of metastasis and recurrent
disease (5,6). Detection of biochemical recurrence is the focus of
most studies with %¥Ga-PSMA PET/CT (7), and the advantage of
68Ga-PSMA PET/CT is especially evident in patients with low pros-
tate-specific antigen (PSA) levels (<1 ng/mL) (8). However, ®Ga-PSMA
PET/CT is increasingly used for primary staging of intermediate-
and high-risk PCa (6). In a recent review by Koschel et al. (9), 11
studies using %8Ga-PSMA PET/CT for primary staging were in-
cluded; only a single study, by Yaxley et al. (10) with 1,253 patients,
including 597 at high risk, has achieved a cohort of over 200 men.
68Ga-PSMA PET/CT has been used in clinical routine in PCa
patients at our department since April 2016, with a high propor-
tion of primary staging. The aim of the present, retrospective,
study was to characterize the metastatic spread of PCa on ®3Ga-
PSMA PET/CT for primary staging of high-risk PCa in relation to
tumor °8Ga-PSMA uptake and the D’ Amico classification. Addi-
tionally, a correlative analysis of ®®Ga-PSMA PET/CT findings
with histopathology findings was performed on the subgroup of
patients undergoing radical prostatectomy (RP) with pelvic lymph
node dissection (PLND). Finally, we described undetected lymph
nodes (LNs) through immunohistochemical PSMA staining.

MATERIALS AND METHODS

Patient Population
Between April 2016 and March 2019, 1,101 ®®Ga-PSMA PET/CT
scans were performed at the Department of Nuclear Medicine and
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FIGURE 1. Study flow for 8Ga-PSMA PET/CT primary staging of high-
risk PCa patients.

PET Centre, Aarhus University Hospital, Denmark. The inclusion
criteria were newly diagnosed, biopsy-proven, treatment-naive, high-
risk (D’Amico classification (/7)) PCa patients referred for primary
68Ga-PSMA PET/CT staging. All 691 high-risk patients were included
(Fig. 1). ¥Ga-PSMA PET/CT scans with extraprostatic extension or
metastasis were discussed at multidisciplinary team conferences with
board-certified oncologists, radiologists, urologists, pathologists, and

nuclear medicine physicians. PSA level and clinical stage based on
digital rectal examination were available for all men. International So-
ciety of Urological Pathology (ISUP) grade group (/2) evaluation of
biopsies was available for 99.9% of patients (690/691). In total, 247
patients underwent RP, with 177 patients having a PLND within the
standard template of resection according to the European Association of
Urology criteria (/3). Seventy patients did not undergo PLND because
they had a low preoperative risk of LN involvement (<7%) as assessed
by the nomogram of Briganti et al. (/4). The number of LNs resected
and the number of malignant LNs on histopathology examinations were
available for all 177 patients. ®*Ga-PSMA PET/CT findings were com-
pared with histopathology findings. Pathology reports were gathered
through medical records. The Central Denmark Region Committees
on Health Research Ethics approved this retrospective study, and the
requirement to obtain informed consent was waived.

68Ga-PSMA PET/CT

All %8Ga-PSMA PET/CT scans were performed approximately
60 min after intravenous injection of 2.14 MBq of %¥Ga-PSMA (®3Ga-
Glu-CO-Lys(Ahx)-HBED-CC) per kilogram of body weight, with low-
dose CT for anatomic localization and attenuation correction. All patients
were scanned on a Biograph TruePoint PET/CT scanner (Siemens).

TABLE 1
Study Group Characteristics and Odds Ratios (ORs) for Having Advanced Disease Compared with Reference

Study group Advanced disease

Univariate ORs of Multivariate ORs

Characteristic (n = 691) on %Ga-PSMA PET/CT advanced disease of advanced disease
Age (y)
Median 70.4
Range 45.2-87.2
Time from biopsy
to scan (mo)
Median 0.7
Range 0.1-5.1
Prescan PSA (ng/mL)
<10 200 (28.9%) 37 (18.5%) Reference = 1 Reference = 1
10-20 194 (28.1%) 58 (29.9%) OR; = 1.88 (1.17, 3.01) OR; = 1.45 (0.86, 2.47)
>20 297 (43.0%) 149 (50.2%) OR, = 4.44 (2.90, 6.77) OR; = 4.32 (2.66, 7.12)
Unknown 0 (0.0%)
ISUP grade in biopsies
1 41 (5.9%) 1 (2.4%) Reference = 1 Reference = 1
2 102 (14.8%) 11 (10.8%) OR; = 4.84 (0.89, 89.87) OR; = 3.75 (0.67, 70.51)
3 89 (12.9%) 33 (37.1%) OR, = 23.57 (4.76, 427.76) OR, = 19.67 (3.84, 361.15)
4 262 (38.0%) 81 (30.9%) OR; = 17.90 (3.79, 320.27) OR3; = 25.55 (5.21, 462.70)
5 196 (28.4%) 117 (59.7%) OR,4 = 59.24 (12.47, 1061.62) OR,; = 53.17 (10.79, 964.19)
Unknown 1(0.1%)
Clinical stage*
cT1 123 (17.8%) 13 (10.6%) Reference = 1 Reference = 1
cT2 246 (35.6%) 60 (24.4%) OR; = 2.73 (1.47, 5.40) OR; = 2.18 (1.13, 4.45)
cT3 314 (45.4%) 165 (52.5%) OR, = 9.37 (5.23, 18.11) OR, = 7.13 (3.80, 14.29)
cT4 8 (1.2%) 6 (75.0%) OR3 = 25.38 (5.25, 186.23) OR; = 17.26 (2.82, 160.69)
Unknown 0 (0.0%)

*Digital rectal examination.

Qualitative data are numbers followed by percentages in parentheses; continuous data are OR followed by 95% ClI in parentheses.

68GA-PSMA FOR STAGING IN PROSTATE CANCER  ®

Klingenberg et al. 215



TABLE 2
Primary Tumor SUV,.x with 95% CI in Relation to ISUP
Grade and Advanced Disease

Parameter SUVnax in primary tumors

ISUP grade in biopsies

1 =41) 13.07 (10.48, 16.31)
2 (n = 102) 15.36 (13.59, 17.36)
3(n =89 22.86 (20.04, 26.07)
4 (n = 262) 16.58 (15.20, 18.08)
5(n = 196) 24.31 (22.09, 26.75)
ISUP grade in RP specimens
1 =10 9.79 (6.33, 15.15)
2 (n = 96) 10.57 (9.38, 11.92)
3 (n = 60) 17.60 (14.84, 20.87)
4 (n = 47) 16.65 (13.72, 20.20)
5(n = 34) 19.87 (16.62, 23.75)
Advanced disease
No (n = 447) 15.86 (14.87, 16.91)
Yes (n = 244) 25.75 (23.76, 27.91)

Data are median followed by 95% CI in parentheses.

Images were reconstructed with all available corrections applied (attenu-
ation, scatter, and point-spread function) using the TrueX reconstruction
algorithm (4 iterations and 21 subsets; Siemens), a 3-mm gaussian post-
processing filter (xyz), and a voxel size of 2 X 2 X 2 mm.

Image Analysis
All PET/CT scans were analyzed by experienced, board-certified
specialists in nuclear medicine, knowing common pitfalls in %8Ga-

TABLE 3
SUV ax Of Different Lesion Sites
Lesions
Lesion site measured (n) Median SUV ax
Primary tumor 691 19.5 (range, 3.1-140.5)
LNs (regional and 1,222 21.1 (range, 2.2-136.3)
nonregional)
BMs 386 17.3 (range, 1.8-137.9)
Visceral metastases 40 8.1 (range, 3.2-48.0)

PSMA PET/CT (15). Image analysis was performed using Hybrid
Viewer (Hermes Medical Solutions AB). Images were interpreted
according to the PSMA-RADS criteria, version 1.0 (/6). SUV .«
was measured in primary prostate tumors. Primary tumors were
considered avid for °®Ga-PSMA uptake on visual evaluation with-
out a predefined SUV threshold. Regional pelvic LN metastases
(LNMs) below the common iliac artery bifurcation taking up *8Ga-
PSMA were considered positive as N1 disease according to the
PROMISE criteria (/7). Similarly, nonregional LNMs above the
common iliac artery bifurcation taking up °*Ga-PSMA were con-
sidered positive as M1a disease (extrapelvic). PSMA-avid lesions
thought to represent bone metastases (BMs) were reported as M1b
disease. Lastly, lesions suggesting visceral metastases were con-
sidered Mlc disease. The number of metastases was recorded
along with the SUV,,x for each lesion. Advanced disease was
defined as having at least 1 extraprostatic PSMA-positive lesion
(N1/M1 disease).

Immunohistochemical PSMA Staining
Fourteen formalin-fixed, paraffin-embedded tissue sections (pri-
mary tumors and LNs from RP procedures) 4.0 wm thick were used
for immunohistochemical staining with monoclonal anti-PSMA
(Dako; Agilent Technologies) at a 1:50 dilution. Antigen was re-
trieved using heat-induced epitope retrieval at
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ing reagent.

Data Analysis

All variables were summarized using de-
scriptive statistics; values without a normal
distribution were described as median and
range, with log-transformation and 95% con-
fidence intervals (CIs) in analyses. Univariate
and multivariate logistic regression analyses
provided odds ratios. Sensitivity, specificity,
positive and negative predictive value, and
accuracy were calculated according to stan-
dard definitions. The names of the statistical
tests are provided in the Results section. P
values of less than 0.05 were considered sta-
tistically significant.
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FIGURE 2.
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(A) Correlation between SUV,,,x of primary tumors and ISUP grade from transrectal
ultrasound—-guided or MRI-guided biopsy. Data are median. (B) Correlation between SUV, .« oOf
primary tumors and RP ISUP grade. Data are median. (C) Primary tumor SUV .« in correlation
with advanced disease (N1/M1). Data are median. (D) Correlation between SUV,,.x of primary
tumors and PSA at diagnosis. Data are line of best fit with 95% CI. *Radical prostatectomy.

SUV,..x Measurements

Patient characteristics are summarized
in Table 1. Focal PSMA uptake in the pros-
tate was observed by visual evaluation in
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FIGURE 3. Occurrence of advanced disease (N1/M1) (A), LNMs (N1/M1a) (B), and BMs (M1b) (C) according to PSA interval.

97.3% of men (672/691), whereas 2.7% of men (19/691) had
negligible ®Ga-PSMA activity in the primary tumor. Histopath-
ologic assessment of biopsy samples from patients with negligi-
ble PSMA uptake revealed adenocarcinomas with no phenotypic
deviations from the PSMA-positive patients. Likewise, PSA
level, ISUP grade, and clinical stage parameters matched those
of PSMA-positive disease. Correlations between SUV ., and
biopsy ISUP grade and between SUV,,,, and postprostatectomy
ISUP grade are provided in Figures 2A and 2B, respectively.
Area under the receiver-operating-characteristic curve for SUV-
max to predict an ISUP grade of 2 or less and an ISUP grade of
more than 2 in biopsies was 0.65 (95% CI, 0.56-0.74). With an
optimal SUV,,,, cutoff of 11.4, the sensitivity and specificity
were 51.2% and 77.4%, respectively. Primary tumor SUV .«
was significantly higher in patients with at least 1 PSMA-posi-
tive metastatic lesion than in patients with localized disease only,
with a median ratio of 1.62 (95% CI, 1.47-1.80) (Fig. 2C). Median
SUVax with 95% CI for primary tumors in relation to ISUP
grades and advanced disease is provided in Table 2. SUV.
and PSA level were moderately positively correlated (Fig. 2D).
Median SUV ,,, for primary tumors and different metastatic sites
is accessible in Table 3. A relatively uniform PSMA uptake across
different tissues was observed, with lower uptake in visceral me-
tastases as the only exception.

Advanced Disease

Advanced disease was observed in 35.3% of patients (244/691)
and increased greatly with increasing PSA level, ISUP grade, and
clinical stage (Figs. 3A, 4A, and 5). Odds ratios (univariate and
multivariate logistic regression) for the increasing risk of advanced
disease per increase in measurement (PSA level, ISUP grade,
and clinical stage) are provided in Table 1.

LNM

Regional and nonregional LNMs were detected in 31.4% of
patients (217/691). Of these patients, 50.7% (110/217) presented
with regional pelvic LNMs alone (N1, M0) whereas 49.3% (107/
217) had nonregional LNMs. Only a single patient (0.5%, 1/217)
had nonregional LNMs without having concurrent regional LNMs
(NO, M1a). Similar to advanced disease in general, increasing PSA
level, ISUP grade, and clinical stage were associated with increased
risk of LNMs (Figs. 3B and 4B).

Bone and Visceral Metastasis

BMs (M1b) were identified in 16.8% of men (116/691), and
only 22.5% of these men (26/116) presented with BMs exclusively.
Most patients (77.6%, 90/116) with BMs had concurrent LNMs. BMs
were present to a larger extent in patients with increasing PSA levels,
ISUP grades, and clinical stages (Figs. 3C and 4C). Two percent of
patients (13/691) presented with visceral metastases (M1c); 12 of
these had clinical stage cT3a-cT4, and 10 of these had an ISUP
grade of at least 4.

PLND

RP with PLND was performed on 177 patients. All RP specimens
confirmed PCa. In terms of preoperative biopsy ISUP grade, 38.1%
of patients (94/247) were downgraded after RP, and 18.2% of
patients (45/247) were upgraded. More than 2,500 LNs were
resected and histologically assessed. The calculated per-patient
sensitivity, specificity, positive and negative predictive value, and
accuracy for detection of LNMs in this subgroup on °8Ga-PSMA
PET/CT are provided in Table 4. The median histologic size of
LNMs in the 11 patients identified on PET/CT (7.0 mm; range,
2.0-16.0 mm) was larger than in the 25 patients with no visible
68Ga-PSMA uptake in LNMs (3.0 mm; range, 1.0-11.0 mm), with a
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FIGURE 4. Incidence of advanced disease (N1/M1) (A), LNMs (N1/M1a) (B), and BMs (M1b) (C) according to ISUP grade.
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median ratio of 2.07 (95% CI, 1.39-3.10) (Wilcoxon Mann—
Whitney U test; P = 0.003).

An LNM true-positive for °8Ga-PSMA uptake and its corre-
sponding primary tumor on PET/CT (Fig. 6) was immunohisto-
chemically stained for PSMA expression. In addition, this was
also performed on the 6 histopathologically verified LNMs larger
than 5.0 mm that went undetected on %8Ga-PSMA PET/CT and
their corresponding primary tumors. One undetected cancer was
PSMA-negative in both primary tumor and metastasis, and the
remaining undetected LNMs were micrometastases characteristi-
cally located in the border of the LN cortex.

DISCUSSION

With 691 patients, the present study included the largest—to
our knowledge—high-risk cohort reported to date using ®3Ga-
PSMA PET/CT for primary PCa staging and furthermore had a
high proportion of patients with metastatic disease. Hence, the
study was able to characterize the metastatic spread of PCa
assessed by %8Ga-PSMA PET/CT and the relationship with tradi-
tional risk stratification parameters (PSA level, biopsy ISUP grade,
and clinical stage).

The SUV,,.x of the primary tumor in °®Ga-PSMA PET/CT
has previously been proposed as a surrogate marker of clini-
cally significant PCa, with higher values in tumors of higher
ISUP grade than in tumors of lower ISUP grade (/8). In our
cohort of high-risk patients only, we found a trend toward an
increasing median SUV ., with increasing ISUP grade in both

biopsies and RP specimens. However, when plotting all pa-
tients, we clearly saw that there was a massive overlap between
groups. The fact that even the lowest SUV ,, can correspond to
ISUP grades of 4 and 5 questions the applicability of °8Ga-
PSMA SUV..x as a marker of aggressiveness (Figs. 2A and
2B). Uprimny et al. (/9) found a greatly increased SUV,,,x in
patients with ISUP grades of 4 or 5, compared with ISUP grades
of 3 or less, with medians of 19.5 (range, 5.3-65) and 6.8
(range, 2.7-35.1), respectively. In accordance with Demirci et
al. (18), the natural separation in our cohort would be between
ISUP grades 2 and 3, as the SUV,,,, of ISUP grade 3 was as
high as that of ISUP grade 5. Similarly, primary tumor SUV .«
was 62% higher in patients with advanced disease than in pa-
tients with localized disease in our cohort (Fig. 2C). Further-
more, PSA level correlates greatly with total metastatic burden
in the body and is not dependent solely on the activity in the
primary tumor as included in our analyses (Fig. 2D). This is a
potential confounder in the correlation between SUV ., and
PSA level.

Approximately 35% (244/691) of patients presented with
advanced disease. As seen in Table 1, odds ratio steadily increased
for rising ISUP grade and turned out to be the far superior pre-
dictor for advanced disease at diagnosis. ¢T3 and cT4 disease on
digital rectal examination was also an apparent predictor of ad-
vanced disease. On the other hand, PSA level was clearly inferior
to the other 2 stratification parameters in predicting advanced
disease in our cohort, because of the relatively high rate of me-
tastasis (18.5%, 37/200) in the reference group, with a PSA level
of less than 10 ng/mL.

We observed a striking difference in the rate of advanced
disease between patients with ISUP grade 2 (10.8%, 11/102) and
patients with ISUP grade 3 (37.1%, 33/89). This difference
supports the subdivision of Gleason score 7 into ISUP grades 2
and 3 (Gleason score 3 + 4 and 4 + 3, respectively) (20,21),
with ISUP grade 3 potentially needing to be treated as a higher-
risk disease. According to the classification of D’Amico et al.
(11), the subdivision of ¢T2 by digital rectal examination strat-
ifies patients into low-risk (cT2a), intermediate-risk (cT2b), and
high-risk (cT2c) groups. Interestingly, we observed no differences
in the risk of advanced disease when comparing the different cT2
stages (Fig. 5). This observation indicates that a 3-way subdivi-
sion of ¢T2 may not provide additional information on the risk of
advanced disease once high-risk disease has already been
established.

We identified LNMs (N1/M1a) in 31.4% of patients (217/
691), a markedly higher percentage than in a recent study
by Yaxley et al. (/10) (8.5%, 107/1,253), yet they included

TABLE 4
Histopathologic Coherence Between PSMA-Positive or -Negative LNs and Pathologic Verification in Patients with PLND

Histology (n = 177)

68Ga-PSMA
PET/CT Positive (n = 36) Negative (n = 141) Index
Positive (n = 16) n = 11 (30.6%) n =5 (3.5%) PPV 68.8%
Negative (n = 161) n = 25 (69.4%) n = 136 (96.5%) NPV 84.5%
Index Sensitivity 30.6% Specificity 96.5% Accuracy 83.1%

PPV and NPV = positive and negative predictive values, respectively.
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FIGURE 6. (A) Primary prostate tumors. From left: $8Ga-PSMA PET/CT (arrow), PSMA-positive immunohistochemical staining of primary
tumor from previous image, PSMA-negative immunohistochemical staining of primary tumor, and PSMA-positive immunohistochemical
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border of the LN cortex.

intermediate-risk patients as well. We observed only a single
patient (0.5%, 1/217) who had nonregional LNMs without hav-
ing concurrent regional LNMs (NO, M1a), consistent with the
traditional LN spreading pattern from the pelvis and upward via
regional lymphatic vessels (22). With 16.8% of patients having
BMs (116/691), this was by far the most common site of hema-
tologic spread. In a recent cross-sectional study of 220 patients
with newly diagnosed PCa (23), 3.2% of patients (4/124) with a
PSA level of less than 10 ng/mL and 9.6% (5/52) of patients with
a PSA level of 10-20 ng/mL displayed BMs, compared with
8.0% (16/200) and 11.3% (22/194), respectively, in our high-
risk—only cohort.

In the subcohort of patients who underwent RP with
concomitant PLND, we achieved a consistently high per-
patient specificity of 96.5%, as reported in most previous
papers (>90%) (24). Conversely, °8Ga-PSMA PET/CT de-
tected only 11 of 36 of the histologically confirmed LNMs in
our population, revealing a per-patient sensitivity of 30.6%.
However, this was a highly selected subpopulation with a mas-
sive selection bias, as the patients scheduled for surgery are
usually deemed free of metastatic disease by °®Ga-PSMA PET/
CT beforehand. Our sensitivity was on a par with comparable
studies (RP with PLND) reporting sensitivities spanning from
33% to 42% (25-28). This selection bias is illustrated by the
much higher sensitivity found by Hofman et al. in their recent
prospective study of °Ga-PSMA PET/CT in a less preselected
group (6). Furthermore, we observed a large difference in me-
dian histologic size for the LNMs that were detected (7.0 mm;
range, 2.0-16.0) and undetected (3.0 mm; range, 1.0-11.0) by
68Ga-PSMA PET/CT. In a study by Budius et al. (28), the
median size of LNMs detected and undetected by 3Ga-PSMA
PET/CT was 13.6 versus 4.3 mm (P < 0.05). On histopathol-
ogy examination of the undetected LNMs larger than 5.0 mm,
we observed 1 PSMA-negative metastasis seeded from a
PSMA-negative primary tumor (Fig. 6). Characteristic of the
rest of undetected LNMs was the fact that the metastasis
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infiltrated only the border of the LN cortex (Fig. 6). Even
though the pathologic measurement of this particular LNM
was 8.0 mm in longitudinal diameter, the actual volume of
the metastasis was relatively small and hence apparently under
the detection limit of °8Ga-PSMA PET/CT. A recent study by
Jilg et al. (29) has also described the importance of the volume
of tumor deposits within the LN for 8Ga-PSMA positivity on
PET/CT.

There are some limitations to the present study. First, the
retrospective nature of the study may infer potential bias. More-
over, our population was high-risk—only, and hence the findings
are not valid for all PCa patients. Third, many metastases reported
on %Ga-PSMA PET/CT were without confirmatory biopsies; thus,
we relied solely on imaging, with the known pitfalls considered.
However, in the subgroup with PLND histology, LNs were
available.

CONCLUSION

We identified extraprostatic disease in 35.3% (244/691) of high-
risk PCa patients at the time of diagnosis. As expected, the
proportion of advanced disease increased with higher PSA level,
ISUP grade, and clinical stage. However, ISUP grade turned out to
be the far superior predictor for advanced disease at diagnosis. We
found a striking difference in the proportion of advanced disease
between ISUP grade 2 (3 + 4) and 3 (4 + 3) (10.8%, 11/102, and
37.1%, 33/89, respectively), which supports a subdivision of Glea-
son score 7. Interestingly, we observed no differences in the risk of
advanced disease when comparing the 3 different clinical T2
stages.
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KEY POINTS

QUESTION: What characterizes the initial metastatic findings of
68Ga-PSMA PET/CT for primary staging of high-risk PCa, and
which traditional risk stratification parameters predict the risk of
having advanced disease at diagnosis?

PERTINENT FINDINGS: In a retrospective study comprising 691
newly diagnosed, high-risk PCa patients referred for primary
68Ga-PSMA PET/CT staging, advanced disease was observed in
35% at diagnosis, with ISUP grade being the superior predictor. A
significant difference was observed between ISUP grades 2 and 3,
yet no significant differences were found when comparing the
different cT2 stages.

IMPLICATIONS FOR PATIENT CARE: The present study pro-
vided knowledge about risk stratification parameters, which may
help improve the future prediction of advanced disease.

REFERENCES

1.

220

Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer
statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for
36 cancers in 185 countries. CA Cancer J Clin. 2018;68:394-424.

. Pomykala KL, Farolfi A, Hadaschik B, Fendler WP, Herrmann K. Molecular

imaging for primary staging of prostate cancer. Semin Nucl Med. 2019;49:271-279.

. Tsourlakis MC, Klein F, Kluth M, et al. PSMA expression is highly homogenous

in primary prostate cancer. Appl Immunohistochem Mol Morphol. 2015;23:449-455.

. Wester H-J, Schottelius M. PSMA-targeted radiopharmaceuticals for imaging

and therapy. Semin Nucl Med. 2019;49:302-312.

. Han S, Woo S, Kim YJ, Suh CH. Impact of ®®Ga-PSMA PET on the management

of patients with prostate cancer: a systematic review and meta-analysis. Eur
Urol. 2018;74:179-190.

. Hofman MS, Lawrentschuk N, Francis RJ, et al. Prostate-specific membrane

antigen PET-CT in patients with high-risk prostate cancer before curative-intent
surgery or radiotherapy (proPSMA): a prospective, randomised, multicentre study.
Lancet. 2020;395:1208-1216.

. Ware RE, Williams S, Hicks RJ. Molecular imaging of recurrent and metastatic

prostate cancer. Semin Nucl Med. 2019;49:280-293.

. Kulkarni SC, Sundaram PS, Padma S. In primary lymph nodal staging of patients

with high-risk and intermediate-risk prostate cancer, how critical is the role of
gallium-68 prostate-specific membrane antigen positron emission tomography-
computed tomography? Nucl Med Commun. 2020;41:139-146.

. Koschel S, Murphy DG, Hofman MS, Wong L-M. The role of prostate-specific

membrane antigen PET/computed tomography in primary staging of prostate
cancer. Curr Opin Urol. 2019;29:569-577.

. Yaxley JW, Raveenthiran S, Nouhaud F-X, et al. Risk of metastatic disease on

8gallium-prostate-specific membrane antigen positron emission tomography/
computed tomography scan for primary staging of 1253 men at the diagnosis
of prostate cancer. BJU Int. 2019;124:401-407.

. D’Amico AV, Whittington R, Malkowicz SB, et al. Biochemical outcome after

radical prostatectomy, external beam radiation therapy, or interstitial radiation
therapy for clinically localized prostate cancer. JAMA. 1998;280:969-974.

. Epstein JI, Egevad L, Amin MB, Delahunt B, Srigley JR, Humphrey PA. The

2014 International Society of Urological Pathology (ISUP) consensus conference

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

on Gleason grading of prostatic carcinoma: definition of grading patterns and
proposal for a new grading system. Am J Surg Pathol. 2016;40:244-252.

. Mottet N, Bellmunt J, Bolla M, et al. EAU-ESTRO-SIOG guidelines on prostate

cancer. Part 1: screening, diagnosis, and local treatment with curative intent. Eur
Urol. 2017;71:618-629.

. Briganti A, Chun FK-H, Salonia A, et al. Validation of a nomogram predicting

the probability of lymph node invasion based on the extent of pelvic lymphade-
nectomy in patients with clinically localized prostate cancer. BJU Int. 2006;98:
788-793.

. Sheikhbahaei S, Werner RA, Solnes LB, et al. Prostate-specific membrane anti-

gen (PSMA)-targeted PET imaging of prostate cancer: an update on important
pitfalls. Semin Nucl Med. 2019;49:255-270.

. Rowe SP, Pienta KJ, Pomper MG, Gorin MA. PSMA-RADS version 1.0: a step

towards standardizing the interpretation and reporting of PSMA-targeted PET
imaging studies. Eur Urol. 2018;73:485-487.

. Eiber M, Herrmann K, Calais J, et al. Prostate Cancer Molecular Imaging Stan-

dardized Evaluation (PROMISE): proposed miTNM classification for the inter-
pretation of PSMA-ligand PET/CT. J Nucl Med. 2018;59:469-478.

. Demirci E, Kabasakal L, Sahin OE, et al. Can SUVmax values of Ga-68-PSMA

PET/CT scan predict the clinically significant prostate cancer? Nucl Med Com-
mun. 2019;40:86-91.

. Uprimny C, Kroiss AS, Decristoforo C, et al. ®®Ga-PSMA-11 PET/CT in primary

staging of prostate cancer: PSA and Gleason score predict the intensity of tracer
accumulation in the primary tumour. Eur J Nucl Med Mol Imaging. 2017;44:
941-949.

Burdick MJ, Reddy CA, Ulchaker J, et al. Comparison of biochemical relapse-
free survival between primary Gleason score 3 and primary Gleason score 4 for
biopsy Gleason score 7 prostate cancer. Int J Radiat Oncol Biol Phys. 2009;73:
1439-1445.

Chan TY, Partin AW, Walsh PC, Epstein JI. Prognostic significance of Gleason
score 3+4 versus Gleason score 4+3 tumor at radical prostatectomy. Urology.
2000;56:823-827.

Miki J, Yanagisawa T, Tsuzuki S, et al. Anatomical localization and clinical
impact of sentinel lymph nodes based on patterns of pelvic lymphatic drainage
in clinically localized prostate cancer. Prostate. 2018;78:419-425.

Ozgiir BC, Gultekin S, Ekici M, Yilmazer D, Alper M. A narrowing range of
bone scan in newly diagnosed prostate cancer patients: a retrospective compar-
ative study. Urol Ann. 2015;7:193-198.

Corfield J, Perera M, Bolton D, Lawrentschuk N. ¢8Ga-prostate specific mem-
brane antigen (PSMA) positron emission tomography (PET) for primary stag-
ing of high-risk prostate cancer: a systematic review. World J Urol. 2018;36:
519-527.

Yaxley JW, Raveenthiran S, Nouhaud F-X, et al. Outcomes of primary
lymph node staging of intermediate and high risk prostate cancer with
68Ga-PSMA positron emission tomography/computerized tomography com-
pared to histological correlation of pelvic lymph node pathology. J Urol.
2019;201:815-820.

Cytawa W, Seitz AK, Kircher S, et al. ®®Ga-PSMA 1&T PET/CT for primary
staging of prostate cancer. Eur J Nucl Med Mol Imaging. 2020;47:168-177.
van Kalmthout LWM, van Melick HE, Lavalaye J, et al. Prospective validation of
gallium-68 prostate specific membrane antigen-positron emission tomography/
computerized tomography in primary staging of patients with prostate cancer. J
Urol. 2020;203:537-545.

Budius L, Leyh-Bannurah S-R, Salomon G, et al. Initial experience of %Ga-
PSMA PET/CT imaging in high-risk prostate cancer patients prior to radical
prostatectomy. Eur Urol. 2016;69:393-396.

Jilg CA, Drendel V, Rischke HC, et al. Detection rate of '8F-choline PET/
CT and 8Ga-PSMA-HBED-CC PET/CT for prostate cancer lymph node metasta-
ses with direct link from PET to histopathology: dependence on the size of tumor
deposits in lymph nodes. J Nucl Med. 2019;60:971-977.

THE JOURNAL OF NUCLEAR MEDICINE * Vol. 62 ¢ No. 2 ¢ February 2021



