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With the largest high-risk prostate cancer (PCa) cohort to date
undergoing 68Ga-prostate-speciÞc membrane antigen (PSMA) PET/
CT primary staging, we aimed to, Þrst, characterize the metastatic
spread of PCa in relation to tumor 68Ga-PSMA uptake and the
D’Amico classiÞcation and, second, compare 68Ga-PSMA PET/CT
Þndings with radical prostatectomy and pelvic lymph node dissec-
tion (PLND) histopathology Þndings. Methods: The study included
691 consecutive newly diagnosed, biopsy-proven, treatment-na ¬õve,
D’Amico high-risk PCa patients primary-staged by 68Ga-PSMA
PET/CT. PSMA SUVmax and metastatic Þndings were compared
with prostate-speciÞc antigen level, International Society of Urolog-
ical Pathology (ISUP) grade, and clinical stage as traditional risk
stratiÞcation parameters. Moreover, 68Ga-PSMA PET/CT Þndings
were compared with histology Þndings 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-speciÞc 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 SUVmax and biopsy ISUP grade (ρ 5 0.21;
P , 0.001) and a modest correlation between SUVmax and post-
prostatectomy ISUP grade (ρ 5 0.38; P , 0.001). Sensitivity, spec-
iÞcity, positive and negative predictive value, and accuracy for LNM
detection on 68Ga-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 identiÞed advanced disease in about one third at diag-
nosis. ISUP grade was the superior predictor for advanced disease
at diagnosis. We found a signiÞcant difference in frequency of ad-
vanced disease between ISUP grades 2 and 3, as supports the
Gleason score 7 subdivision. Interestingly, we observed no signiÞ-
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 (1). 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 68Ga-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, 68Ga-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 68Ga-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 68Ga-
PSMA PET/CT for primary staging of high-risk PCa in relation to
tumor 68Ga-PSMA uptake and the D’Amico classification. Addi-
tionally, a correlative analysis of 68Ga-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 68Ga-PSMA PET/CT

scans were performed at the Department of Nuclear Medicine and
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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 (N0, 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, 68Ga-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 68Ga-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 68Ga-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 Budäus et al. (28), the
median size of LNMs detected and undetected by 68Ga-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

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 68Ga-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 68Ga-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 68Ga-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 1 4) and 3 (4 1 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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FIGURE 6. (A) Primary prostate tumors. From left: 68Ga-PSMA PET/CT (arrow), PSMA-positive immunohistochemical staining of primary
tumor from previous image, PSMA-negative i mmunohistochemical staining of primary tumo r, and PSMA-positive immunohistochemical
staining of primary tumor. (B) LNMs from corres ponding primary tumors in A. From left: LNMs on 68Ga-PSMA PET/CT (arrow), PSMA-
positive immunohistochemical staining of true-positive LNMs from previous image, PSMA-negative immunohistochemical staining of un-
detected LNMs, and PSMA-positive immunohist ochemical staining of undetected LN micrometa stasis, characteristically located in the
border of the LN cortex.
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