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88Ga-prostate-specific membrane antigen (PSMA) PET/CT is a pro-
mising diagnostic tool for patients with prostate cancer. Our study
evaluates SUVs in benign prostate tissue and malignant, intrapro-
static tumor lesions and correlates results with several clinical pa-
rameters. Methods: One hundred four men with newly diagnosed
prostate carcinoma and no previous therapy were included in this
study. SUVax was measured and correlated with biopsy findings
and MRI. Afterward, data were compared with current prostate-
specific antigen (PSA) values, Gleason score (GS), and d’Amico
risk classification. Results: In this investigation a mean SUV,,,x of
1.88 = 0.44 in healthy prostate tissue compared with 10.77 = 8.45
in malignant prostate lesions (P < 0.001) was observed. Patients
with higher PSA, higher GS, and higher d’Amico risk score had
statistically significant higher PSMA uptake on PET/CT (P < 0.001
each). Conclusion: PSMA PET/CT is well suited for detecting the
intraprostatic malignant lesion in patients with newly diagnosed
prostate cancer. Our findings indicate a significant correlation of
PSMA uptake with PSA, GS, and risk classification according to
the d’Amico scale.
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The glycosylated transmembrane protein prostate-specific
membrane antigen (PSMA) has higher expression in prostate cancer
cells than nonmalignant prostate tissue (/,2). In the last years, sev-
eral PSMA-targeting radiopharmaceuticals have been developed for
diagnostic or therapeutic use in prostate cancer. One of them, %8Ga-
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labeled PSMA-HBED-CC (PSMA-11), showed promising results in
first in vivo studies (3—5) and emerged as the most frequently used
PSMA-targeting tracer up to date. Currently, ®Ga-PSMA PET/CT
offers excellent diagnosis for prostate cancer in various clinical
scenarios. Although modern MRI techniques such as multiparamet-
ric MRI are likely to improve the detection of clinically significant
cancer, there are still conflicting results, for example, concerning
the role as a prebiopsy diagnostic tool (6,7). With a high sensitivity
and specificity of up to 70% and 100%, PSMA PET/CT is well
suited for assessing the extent of primary prostate cancer or the
detection of lymph node metastases and proved to be superior to
standard routine imaging (8,9). Even compared with '8F-choline
PET/CT, this modern diagnostic tool has high detection rates also
in patients with low prostate-specific antigen (PSA) values and
negative choline imaging (/0). Although prospective, validating
data are still missing, some retrospective studies reported on nu-
merous changes in TNM stage or treatment management after 8Ga-
PSMA PET/CT examination (//—13). One study with 57 patients
performed by Sterzing et al. observed a therapy change in 50.8% of
all cases (/2).

There is a positive correlation between PSMA expression and
Gleason score (GS). Several preclinical studies demonstrated that
high PSMA expression was significantly correlated with higher
GS (14,15). Perner et al. used tumor samples from 450 prostate
cancer patients and compared PSMA expression with different
clinical parameters. The authors concluded that high immunohis-
tochemical PSMA expression in primary tumor is able to predict
disease outcome independently (/6). To our knowledge, there is
only 1, larger study with robust in vivo data yet (/7). Most of the
published studies were based on tumor samples received from
surgery or biopsy.

Therefore, the aim of this study was to evaluate differences of
SUV measurements in healthy prostate tissue versus malignant
prostate lesions based on a high proportion of MRI/transrectal
ultrasound (TRUS)—fusion biopsy results in a large group of un-
treated patients with newly diagnosed prostate carcinoma under-
going PSMA PET/CT. In addition, we performed correlations for
SUV measurements and clinical parameters such as GS and
d’Amico scale.
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FIGURE 1. Box plot of SUV,,,ax from malignant (left) and normal (right)
intraprostatic tissue.

MATERIALS AND METHODS

Patient Characteristics

This study was approved by the local ethics committee (S-595/
2016). Between June 2011 and February 2017, PSMA PET/CT was
performed for 177 consecutive men with newly diagnosed, treatment-
naive, and biopsy-proven prostate cancer in the Department of Nu-
clear Medicine, University Hospital Heidelberg. Forty-eight patients
received androgen deprivation at the time of PSMA PET/CT. These
men were excluded from analysis because of possible effects of an-
drogens on PSMA uptake (/8-20). Because of an interval different
from 60 = 10 min between injection of the tracer and acquisition,
another 20 patients were not included in the study. We chose this
interval in clinical routine for better interindividual comparability.
From the remaining 109 men, sufficient clinical data were available
for a total of 104 patients included in this analysis. All 104 patients
underwent biopsy (48.1% multiparametric MRI/TRUS-fusion biopsy,
51.9% TRUS-guided biopsy) before imaging.

For 67 patients (64.42%), an additional multiparametric MRI scan
of the prostate was obtained—in most cases within the preparation for
biopsy. Twenty-eight men (26.92%) underwent surgery (radical pros-
tatectomy) after PSMA PET/CT. Only patients (n = 42) with addi-
tional MRI scans and histopathologic data from surgery and clearly
delineated, healthy tissue in the prostate were used for intraprostatic
SUV comparison between normal and malignant prostate tissue to
avoid incorrect measurements. For correlation with clinical parame-
ters, all patients (n = 104) were included except 1 patient with missing
current PSA value.

PSMA PET/CT Imaging

The synthesis of %3Ga-PSMA-11 (median, 200.5 MBgq; range, 92—
338 MBq) was done as described by Eder et al. (27). After intravenous
injection of the tracer (60 = 10 min), PET/CT imaging was performed
with a Biograph PET/CT 6 (n = 59) and mCT Flow (n = 45) scanner
(Siemens).

An unenhanced CT scan (130 keV, 80 mAs; CareDose) was
obtained for attenuation correction of the PET scan. Static emission
scans, corrected for dead time, scatter, and decay, were acquired from
the vertex to the mid thighs, requiring 8 bed positions with 3 min per
bed position. The images were reconstructed using an ordered-subset
expectation maximization algorithm with 4 iterations and 8 subsets
and gaussian filtering to an in-plane spatial resolution of 5 mm in full
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width at half maximum. The CT scan was reconstructed with a B30 or
B31 kernel to a slice thickness of 5 mm with an increment of 2.5 mm.
For comparability of SUVs between the Biograph 6 and mCT Flow,
we used the equivalence SUV provided by Biograph mCT-Flow—
related software syngo.

PSMA PET/CT images were evaluated by 2 board-certified nuclear
medicine physicians and 1 board-certified radiooncologist by consen-
sus. According to clinical routine at our institution, physicians were
not masked to patient characteristic. For imaging evaluation, SUV p,«
was measured in gluteal muscle, intraprostatic lesion, and for patients
with available MRI and pathology report in healthy prostate tissue.
For calculation of the SUV,,,, of intraprostatic lesions, we drew a
volume of interest around the area with the highest GS, indicated by
biopsy results. A volume of interest of 10 = 0.15 ¢cm? for gluteal
muscle and 1 = 0.06 cm? for healthy prostate tissue was chosen.

TABLE 1
Patient Characteristics

Characteristic All patients (n = 104)

Median age (y) 67.4 (range, 38-84)

Clinical tumor stage

T1a —
T1b —
Tic 39
T2a 1
T2b 1
T2c 25
T3a 7
T3b 26
T4 5
NO 72
N1 32
MO 82
M1a 3
M1b 17
Mic 2
GS (biopsy)
6 15
7a 24
7b 16
8 19
9 26
10 4
Current PSA
<10 ng/mL 35
10-20 ng/mL 30
>20 ng/mL 38
Unknown 1

d’Amico score (21)

Low risk 6
Intermediate risk 17
High risk 81
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52 patients (50.00%), 2 or more loci with
elevated SUV .« were observed; for 6 men
(5.77%) the exact number of foci couldn’t
be determined. For 65 men (62.50%), only
intraprostatic tracer uptake was detected.
Of the prostate cancer patients undergoing
PSMA PET/CT, 32.69% (n = 34) of pa-
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FIGURE 2. Box plot of SUVax according to GS in biopsy (A) and d’Amico classification (B).

Healthy prostate tissue was selected in correlation with MRI and, if
available, the pathology report after subsequent prostatectomy. For our
analysis we chose SUV,,,, because it offers a greater reproducibil-
ity than SUV ean, as it does not depend on the size of the volume of
interest (3).

Statistical Analysis

We used Excel 2016 (Microsoft Corp.) and GraphPad Prism
(version 7.0b for Mac OS; GraphPad Software, www.graphpad.com)
for statistical analysis. Graphs were created with Sigmaplot 12 (Systat
Software Inc.). We assessed the various PSMA SUV .., measurements
with the Kruskal-Wallis-test, Mann—Whitney-test, Dunn’s multiple-
comparisons test, and Wilcoxon signed-rank test. A P value of less
than 0.05 was considered statistically significant. To evaluate the
SUVax in different tissues and to generate a cutoff value to distin-
guish between normal intraprostatic tissue and malignant intrapro-
static tissue, a receiver-operating characteristic analysis was used.
The provided box plots show first and third quartile and median.
The ends of the whiskers represent the 10th and 90th percentiles.

RESULTS

68Ga-PSMA PET/CT was performed for 104 prostate cancer
patients without previous local or systemic therapy. Mean SUV ;.
of gluteal muscle was 0.60 = 0.10 for all prostate cancer patients.
Healthy prostate tissue had a mean SUV,,,, of 1.88 = 0.44 com-
pared with 10.77 = 8.45 for malignant intraprostatic lesions in
corresponding patients (P < 0.001; Fig. 1). The mean SUV ,,x in
all 104 patients was 14.47 = 13.87. Forty-six patients (44.23%)

38 bone metastases in 19 patients). Lymph
node metastases were located within the
pelvis for 17 patients (16.35%; Table 1).
One patient with lung metastases and 1 pa-
tient with a penile metastasis were diagnosed. When PSMA PET/
CT was compared with available MRI data, there was a match of
detection of intraprostatic tumor lesions with highest available GS
in 89.55%.

After correlation of intraprostatic, tumor-related tracer uptake
with clinical parameters, a mean SUV ., of 8.55 * 5.88 was
detected in patients with current PSA values of less than 10 ng/
mL compared with 14.97 = 16.20 for PSA values of 10-20 ng/mL
and 19.47 = 15.47 for PSA values of more than 20 ng/mL (P <
0.001). When SUV,,,,x and GS correlations were performed, pros-
tate cancer lesions from biopsy with GS 6 and 7 had a mean
SUVax of 6.74 *= 6.10 and 11.06 = 11.56, respectively (Fig.
2). The highest tracer uptake was found in intraprostatic lesions
with a GS of 9, with a mean SUV ., of 22.16 £ 18.46. Prostate
cancers with high GS (8-10) showed a statistically significant
higher PSMA uptake (mean SUV,x of 19.61 * 15.44) than tu-
mors with a GS of 6 or 7 (mean SUV,,,, of 9.88 = 10.49; P <
0.001). In ungrouped analyses, differences remained statistically
significant for GS 6-10 as well as for grading system according to
International Society of Urological Pathologists (P < 0.001 each;
Fig. 3). Significant differences were also observed for risk classi-
fication based on the d’Amico scale (22): patients with high-risk
tumors had higher intraprostatic PSMA uptake (mean SUV .« of
16.67 = 14.88) compared with tumors with low (mean SUV,,, of
5.97 = 3.69) and intermediate risk (mean SUV ., of 6.98 £ 4.11)
(P < 0.001; Table 2).

For subgroup analysis, correlations of intraprostatic SUV .«
with clinical parameters were performed considering histopatho-
logic data from surgery and biopsy type
(MRI/TRUS-fusion biopsy). Comparison

of clinical parameters with histologic re-
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sults obtained only from MRI/TRUS-
fusion biopsy also revealed statistically
significant higher uptake in tumors with
GS 8-10 than in those with GS 6-7 (mean
SUVnax, 11.24 = 12.9 and 19.45 * 17.24,
P = 0.004). From 28 men undergoing pro-
statectomy, mean SUV,. was 14.10 *=
11.07 (n = 15) for GS 7 tumors, compared
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with 20.41 = 11.51 (n = 13) for GS 8-10
tumors (Fig. 4). This difference of intra-
prostatic tracer uptake was only of border-

4
n=19

FIGURE 3. Box plot of SUV,,ax according to ungrouped GS in biopsy (A) and to International

Society of Urologic Pathologists (ISUP) grade in biopsy (B).
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line significance (P = 0.142; Table 3).
The correlation of histopathologic results
from surgery with malignant, intraprostatic
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TABLE 2 TABLE 3
Comparison of SUV,,,.x and Clinical Parameters Comparison of SUV,.x and GS in MR-Guided Biopsy and
Prostatectomy
Mean
Clinical parameter Median SUV.x SD P GS Median Mean SUV,,.x SD P
Current PSA (n = 103) <0.001 In MR-guided biopsy 0.004
10 5.98 8.55 5.88 (grouped; n = 50)
10-20 7.94 1497 16.20 7 7.59 11.24 12.9
20 14.77 19.47 15.47 8-10 13.12 19.45 17.24
GS in biopsy (grouped; <0.001 After prostatectomy 0.14
n = 104) (grouped; n = 28)
6-7 6.28  9.88 10.49 7 8.32 14.1 11.07
8-10 16.29 19.61 15.44 8-10 16.64 20.41 11.51
GS in biopsy (n = 104) <0.001
4.62 .74 A
6 6 6 6.10 DISCUSSION
7a 5.56 9.74 13.47
7b 1156 13.04 7.89 To our knowledge, this is the largest st.udy evaluatigg the role gf
%8Ga-PSMA PET/CT as a primary staging tool for intraprostatic
8 13.94 164 10.75 . . . . .
tumor lesions and the correlation with clinical and prognostic fac-
9 16.89  22.16. 18.46 tors. Together with MRI and postsurgery histopathologic data as a
10 16.88  18.30 12.45 reference test, we observed a statistically significant difference in
d’Amico score (n = 104) mean SUV,,,,, measurements between benign and malignant pros-
Grouped <0.001 tate tissue (P < 0.001). Intraprostatic lesions in 42 patients sus-
Low/intermediate risk  5.79 6.72 3.95 pected of having a malignancy showed a mean SUV ., of 10.77 =
Hiah risk 1297 1667 14.88 8.45, which is comparable to other findings. The average SUV . of
'gh s . . . histopathology-positive segments was 11.8 = 7.6 in a recently pub-
Ungrouped <0.001 lished study of 21 patients with biopsy-proven prostate cancer (23).
Low risk 5.12 5.97 3.69 Fendler et al. reported on a mean SUV,,,, of 4.9 = 2.9 for non-
Intermediate risk 5.79 6.98 4.11 diseased segments (23) in comparison with 1.88 * 0.44 in our
High risk 1297 16.67 14.88 study. Although a small cohort, a statistically significant difference

lesions obtained from %8Ga PSMA PET/CT leads to a calculated
PET sensitivity and specificity of 68% and 92%, respectively. For
PET/CT data correlating with MRI, there was a total or near-total
match of increased tracer uptake in the same prostate segments
in 91%.
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FIGURE 4. Box plot of SUV o« of GS (grouped) after prostatectomy.
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was also observed for intraprostatic prostate cancer lesions and
nonprostate cancer tissue in a group of 9 patients with histopatho-
logically proven primary carcinoma of the prostate who underwent
68Ga-PSMA PET/CT followed by radical prostatectomy (24). In
receiver-operating-characteristic analyses (data not shown), an
SUV,,x cutoff of greater than 2.73 would lead to a sensitivity
and specificity of 100% and 97.62% (95% confidence interval,
91.59%-100% and 87.43%-99.94%) in our cohort, respectively.
These results need to be treated with caution because of the rela-
tively small number of cases with histopathologic information and
the arguable SUV measurements based on multiparametric MRIL
Nevertheless, PSMA PET/CT seems to be a promising, diagnostic
tool for the identification of malignant segments in the prostate.

FIGURE 5. Different PSMA tracer uptake according to GS: 1 patient
with GS 6 prostate cancer and SUV,,,,, of 7.33 (A) compared with a GS 9
tumor and SUV,.« of 16.64 (B).
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P value of 0.012. However, no statistically
significant difference was reported for seg-
ments with a GS of 7 or more (23). The rel-
atively small-sized cohort (n = 21) and the
small number of patients with a high GS (GS
8, 3 men; GS 9, 7 men) might explain the lack
of difference compared with our findings.
Especially for definitive radiotherapy, identi-
fication of high malignant intraprostatic cancer

FIGURE 6. Relevant data for intraprostatic boost during radiotherapy: MRI of prostate with apparent
diffusion coefficient sequence (A), PSMA tracer uptake in PSMA PET/CT (B), and radiation plan with
irradiation of prostate and simultaneous integrated boost according to pretreatment imaging (C).

These findings are in accordance with results from 30 high-risk
prostate cancer patients undergoing PSMA PET/CT imaging before
radical prostatectomy. Buddus et al. reported that in 92.9% of pa-
tients, the intraprostatic tumor foci were predicted correctly (25).
Therefore, PSMA PET/CT may play an important role not only in
detecting metastases, but also in localizing tumor segments in the
prostate. Similar to MRI-supported biopsy, cancer lesions can be
traced with reference to PET imaging to avoid false-negative results
or understaging of the tumor regarding the detection of the highest
Gleason pattern. There might be a high potential to improve the
current standard TRUS-biopsy in the same way as MRI. Lower rates
of indolent cancer detection and a bigger proportion of identification
of intermediate- and high-risk tumors using MRI/TRUS-fusion bi-
opsy have already been described (26). Further studies are needed to
evaluate the role of ®®Ga-PSMA PET/CT for prostate biopsy, also
with regard to cost efficiency.

Furthermore, we investigated the correlation of intraprostatic
PSMA uptake and several clinical parameters in subgroup anal-
ysis. Among a statistically significant difference of SUV ,,x re-
garding the present PSA, we also observed a significantly higher
mean SUV ., in tumors with higher d’ Amico risk classification
and GS from biopsy (P < 0.001 for grouped analyses). In consid-
eration of a small number of patients, these differences remained
statistically significant (P < 0.001 each) in ungrouped evaluation
(Fig. 5). There seems to be a strong trend of rising PSMA uptake
with higher grade malignancy. To our knowledge, there is only 1
larger, recently published study apart from research using tissue
microarrays that also described a correlation of tracer accumulation
and clinical parameters: Uprimny et al. observed significantly lower
PSMA uptake in tumors with GS 6-7b and PSA less than 10 ng/mL
in a cohort of 90 men. The median SUV,,,, of intraprostatic, ma-
lignant lesions was 11.5 ng/mL compared with 3.9 ng/mL in normal
prostate tissue (/7). This relatively high SUV,,,, in healthy prostate
tissue could be related to the fact that for calculation of SUV,,,, the
tumor site was verified only by TRUS-guided biopsy, which has
been proven insufficient (6). In contrast MRI/TRUS-fusion biopsy
comprising targeted and systematic cores—which was done for
nearly 50% of the patients in our cohort—leads to a precise def-
inition of malignant and nonmalignant areas in the prostate (27).
Uprimny et al. observed a lower SUV,,,, in GS 10 (17.7) than
GS 9 (22.8) tumors (/7)—in the same way as we did (GS 10, 18.3;
GS 9, 22.2)—assuming that lower, intraprostatic tracer uptake
is caused by dedifferentiation of tumor cells in GS 10 prostate
carcinomas.

Another analysis performed by Fendler et al. observed a
significantly lower SUV ., in histopathology-positive segments with
GS of 6 compared with segments with GS of 7 or more with a
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segments is extremely helpful, because of the
high risk for local recurrence of these so-called
dominant intraprostatic tumor lesions after
local treatment (28,29). The concept of treating
dominant intraprostatic tumor lesions with an
increased dose (boost) to improve local control is the objective of a
currently recruiting randomized phase III trial (FLAME-trial), that is,
however, based on an MRI-guided definition of dominant intra-
prostatic tumor lesions (30). It has recently been shown, that
delineation of target volume and dominant intraprostatic tumor
lesions is also feasible with PSMA PET/CT (31). Because of some
benefits of PET compared with MRI, irradiation planning based
on PSMA-PET/CT would be of great interest (Fig. 6).

The major limitations of our study are its retrospective nature and
the small number of histopathologic results from prostatectomy.
Most patients underwent radiotherapy or androgen deprivation after
PSMA PET/CT, why validated, histopathologic data from surgery is
only available for 26.92%. Further, some subgroups (e.g., high GS)
only include a small number of patients. On the other hand, our
study is one of the largest evaluating the role of PSMA PET/CT for
intraprostatic tumor detection and correlation of SUV ., with GS
and risk classification. Hence, our data can be used as a basis for
further, prospective studies.

CONCLUSION

Our study confirms that PSMA PET/CT is an excellent
diagnostic tool for the detection of intraprostatic tumor lesions.
As one of the first analyses in a large patient cohort, our results
indicate a correlation of tracer uptake with GS and d’Amico risk
classification. This information might be useful for further diag-
nostic procedures, that is, biopsy-guidance and treatment planning
in radiation oncology.
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