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Prostate-specific membrane antigen (PSMA) PET offers an accuracy
superior to other imaging modalities in initial staging of prostate can-
cer and is more likely to affect management. We examined the prog-
nostic value of 68Ga-PSMA-11 uptake in the primary lesion and
presence of metastatic disease on PET in newly diagnosed prostate
cancer patients before initial therapy.Methods: In a prospective study
from April 2016 to December 2020, 68Ga-PSMA-11 PET/MRI was per-
formed in men with a new diagnosis of intermediate- or high-grade
prostate cancer who were candidates for prostatectomy. Patients
were followed up after initial therapy for up to 5 y. We examined the
Kendall correlation between PET (intense uptake in the primary lesion
and presence of metastatic disease) and clinical and pathologic find-
ings (grade group, extraprostatic extension, nodal involvement) rele-
vant for risk stratification, and examined the relationship between PET
findings and outcome using Kaplan–Meier analysis. Results: Sev-
enty-three men (age, 64.0 6 6.3 y) were imaged. Seventy-two had
focal uptake in the prostate, and in 20 (27%) PSMA-avidmetastatic dis-
ease was identified. Uptake correlated with grade group and prostate-
specific antigen (PSA). Presence of PSMA metastasis correlated with
grade group and pathologic nodal stage. PSMA PET had higher per-
patient positivity than nodal dissection in patients with only 5–15 nodes
removed (8/41 vs. 3/41) but lower positivity if more than 15 nodes were
removed (13/21 vs. 10/21). High uptake in the primary lesion (SUVmax

. 12.5, P 5 0.008) and presence of PSMA metastasis (P 5 0.013)
were associated with biochemical failure, and corresponding hazard
ratios for recurrence within 2 y (4.93 and 3.95, respectively) were similar
to or higher than other clinicopathologic prognostic factors. Conclu-
sion: 68Ga-PSMA-11 PET can risk-stratify patients with intermediate-
or high-grade prostate cancer before prostatectomy based on degree
of uptake in the prostate and presence of metastatic disease.
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Patients diagnosed with localized prostate adenocarcinoma
have generally prolonged natural history, although some patients

experience rapid progression after initial curative intent prostatec-
tomy or radiation therapy. Initial risk stratification affects treatment
decisions and subsequent management of prostate cancer patients.
Risk stratification is primarily based on clinical tumor stage, histo-
logic grade group, and the prostate-specific antigen (PSA) level (1),
although incorporating molecular markers is increasingly being con-
sidered (2). Imaging is indicated in all men with unfavorable interme-
diate-, high-, or very-high-risk disease (3,4). The presence of nodal or
distant metastatic disease on cross-sectional imaging or bone scintig-
raphy affects management and prognosis. Prostate-specific membrane
antigen (PSMA) PET/CT or PET/MRI has significantly better sensi-
tivity and higher diagnostic yield for detection of metastatic disease
(5,6). Unfortunately, the outcome data on patients with metastasis
that is occult on anatomic imaging and bone scintigraphy are sparse.
Extrapolation of data from prostatectomy and pelvic nodal dissec-
tion suggests that prognosis of patients with nodal metastasis could
be variable (7). After prostatectomy, even in node-positive patients,
75% achieve complete biochemical response and are at low risk for
recurrence and caner specific mortality (8). There is a need for
prognostic models to identify patients at risk for persistent or recur-
rent disease based on PET versus others who do not benefit from
overtreatment.
We and others have examined the clinical utility of pretherapy

vertex to mid-thigh 68Ga-PSMA-11 PET as a part of PET/MRI in
newly diagnosed prostate cancer patients and correlation with histo-
pathology (9–11). We now examine the association between PET
findings and outcomes/biochemical recurrence after initial therapy.

MATERIALS AND METHODS

Patient Population
The study protocol was approved by the Stanford University Institu-

tional Review Board, and all subjects signed a written informed con-
sent form. Patients with newly diagnosed intermediate- or high-risk
prostate cancer (PSA $ 10 ng/mL, cT2b or greater, or Gleason score
$ 7) who were scheduled for radical prostatectomy were enrolled
from April 2016 until December 2020 (NCT02678351). The protocol
has been described previously (11). Exclusion criteria were androgen
deprivation therapy, neoadjuvant chemotherapy, or radiation therapy
before the planned prostatectomy.

PET/MR Imaging Protocol
68Ga-PSMA-11 was prepared as described previously (11,12). The

mean 6 SD administered dosage was 160.8 6 31.1MBq (range,
91.4–236.4 MBq). After an uptake time of 50.0 6 8.9 min (range,
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40–108 min), patients were imaged from mid-thighs to vertex using a
time-of-flight simultaneous PET/MR scanner (SIGNA; GE Health-
care) in 3-dimensional mode for 4 min per bed position in 5–9 beds.
Delayed pelvic PET/MRI including prostate multiparametric MRI
(mpMRI) was obtained after voiding, at 70.5 6 13.4 min (range,
43–108 min) after the initial scan. A 2-point Dixon 3-dimensional T1-
weighted spoiled gradient-echo MR sequence was acquired using the
volume coil for MR-attenuation correction.

Image Analysis
PET images acquired before October 2017 (33 patients) were inde-

pendently reviewed in correlation with MRI by 2 nuclear medicine
physicians with 13 and 5 y of experience (11). Subsequent studies were
reviewed by one of the original nuclear physicians (with more than 13 y
of experience) using MIM (version 7; MIM Software Inc.). PET findings
were communicated with the referring surgeon and the information was
used as a part of clinical decision making. SUVs normalized based on
body weight were measured for prostate lesions and physiologic activity
in liver, spleen, right parotid gland, and mediastinal blood pool sepa-
rately by a radiologist/nuclear medicine physician (with 10 y of experi-
ence). For prostate lesions, SUVmax and SUVpeak were recoded for
initial images, and SUVmax was recorded for delayed images. Physio-
logic activity was recorded using SUVmean per Prostate Cancer Molecu-
lar Imaging Standardized Evaluation recommendations (13). Lesion
PSMA index was calculated using SUVpeak comparison with blood pool
and liver activity (14).

Outcome Analysis
Biochemical persistence and recurrence were assessed via review of

all available electronic medical records (including PSA results and
clinical notes). Biochemical failure was defined as PSA $ 0.4 ng/mL
after prostatectomy or persistent PSA that was followed by adjuvant
therapy. Recurrence was defined as a rise in PSA at least 6 wk after
radical prostatectomy with or without adjuvant therapy measuring
$ 0.2 ng/mL that was subsequently confirmed by a follow-up measure-
ment (15) or any rise in PSA that was treated with salvage therapy.

Statistical Analysis
Analysis was performed using MATLAB (R2021B) Statistics and

Machine Learning toolbox (The MathWorks). A multistep analysis
was performed. PET findings were dichotomized (low vs. high uptake
in the primary lesion, presence of metastatic disease). We next exam-
ined the correlation between PET findings and clinical and pathologic
parameters in prostate cancer risk stratification. Finally, we examined
the relationship between PET findings and outcomes.

There is no a priori threshold for dichotomizing uptake in prostate
although uptake higher than twice activity in normal liver parenchyma
has been suggested for metastatic lesions (13,14). To explore a basis
for thresholding of the primary prostate lesion (or the dominant lesion
if more than one lesion were present), we used histogram and cluster
analysis. The Shapiro–Wilk test was used to examine normality of
SUVmax distribution. We subsequently used cluster analysis of the
SUVmax based on L1-norm (k-medians) with k 5 2. The resulting cat-
egories (low vs. high uptake) were stable for SUVmax , 12.5 (n 5 40)
or SUVmax . 20 (n 5 13), but classification was variable for SUVmax

between 12.5 and 20 (i.e., k-median results depended on initial state,
n5 20). We used an SUV of 12.5 as the cutoff threshold for future anal-
ysis, which is close to twice average normal liver activity (11.88 g/mL)
in our patients, and more evenly divided the patients into low- and high-
uptake groups compared with a higher cutoff value.

We also explored reliability of physiologic uptake that can define
an internal reference per subject (16). Coefficient of variation was
used to examine the variability of physiologic uptake. Person correla-
tion coefficient was used to estimate the contribution of factors that

systematically affect physiologic uptake in different organs to the
overall variability of physiologic uptake.

Metastatic disease on 68Ga-PSMA-11 PET/MRI was categorized as
absent versus present (regardless of number of metastases). For clinical
parameters, conventional categories were used (PSA level: ,10,
10–20, .20; clinical tumor stage: T1–2a, T2b/c, $T3; grade group: 2,
3, $4) (17).

Kendall t was used to assess correlation between PET findings and
clinical and pathologic parameters. A cutoff value of P , 0.05 was
used for significance. The Kruskal–Wallis H test was used to examine
whether a similar number of nodes were sampled during pelvic dissec-
tion between various groups.
Survival Analysis. The relationship between PET findings and out-

comes was analyzed using Kaplan–Meier survival plots and log-rank
test using MatSurv (https://github.com/aebergl/MatSurv) (18).

RESULTS

Patient Characteristics and Pathologic Findings
Seventy-five men were enrolled in this study (Fig. 1). One

patient was excluded because of equipment failure. No imaging
could be done in one patient, and PET/MRI was terminated early
(after acquisition of pelvis and lower abdomen) in another patient
because of claustrophobia. The data for prostate lesions and regional
lymph nodes include 73 patients (Tables 1 and 2). The data for dis-
tant metastasis and physiologic uptake include 72 patients.
Sixty-five patients underwent prostatectomy 12.4 6 15.4 d

(median, 7 d; range, 1–95 d) after PET. In all cases, clinically signifi-
cant prostate cancer was confirmed. On average, 14.83 6 10.84
lymph nodes (median, 13; range, 0–54) from 64 patients were sub-
mitted for pathologic examination. The Gleason grade group after
prostatectomy correlated with grade group based on initial biopsy
(Kendall t 5 0.42, P 5 0.0002), and was unchanged, revised up, or
revised down after prostatectomy in 32, 26, and 5 patients, respec-
tively (Table 3.
In 72 of 73 patients, follow-up data were available (34.4 6

15.49mo after PET; median, 35.91 mo; range, 4.86–60.7 mo). Per-
sistent disease (based on PSA failure) was documented in 10 patients
after prostatectomy and 4 after other treatments. Biochemical

Newly diagnosed clinically localized intermediate-

or high-risk prostate cancer patients who were 

candidates for prostatectomy (n = 75)

PET/MRI mid-thighs to vertex + delayed post-void 

pelvic (n = 72)

PET/MRI of the pelvis and lower abdomen (n = 1)

No follow up (n = 1)
Prostatectomy (n = 65)

(pelvic dissection, n = 64)
Other treatments (n = 8)

Follow up (n = 65,

median = 37.5,

range 4.86 – 60.7 mo)

Follow up (n = 7,

median = 18.8,

range 7.1 – 36.4 mo)

No imaging (n = 2, 

equipment failure, 

severe claustrophobia)

FIGURE 1. Study diagram.
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recurrence (after initial complete response) was documented in 14
patients after prostatectomy and in 6 patients after prostatectomy and
adjuvant therapy.

PET Findings
Except for 1 patient, focal uptake was identified within the pros-

tate gland. In 7 patients (including a patient with negative PET
results) MI showed more lesions, and in 26 patients PET showed
more lesions. For the remaining patients, a PET-positive lesion
was congruent with mpMRI in 36 patients and incongruent in 1
(Table 4). In 20 patients (27.4%), PET showed focal uptake out-
side the prostate consistent with metastatic disease in 66 lesions
(3.3 6 4.6 sites per patient; median, 1; range, 1–19) (Table 5).

Metastatic Disease on PET Versus Pelvic Dissection
Of 16 patients with pathologically proven N1 disease, 9 had

PSMA metastasis (56% per patient sensitivity). There were 9
patients for whom nodal dissection did not reveal metastasis (pN0)
but who had PSMA metastasis. The extent of a pelvic lymph node
dissection confounds the probability of positive lymph nodes.
Patients with PSMA metastasis and negative pelvic dissection had

on average less than half of the number of lymph nodes sampled
compared with patients for whom both PET and pelvic dissection
showed metastatic disease, or only pelvic dissection showed meta-
static disease (11.7 6 5.2 vs. 24.4 6 13.1 and 27.3 6 15.7,
respectively, P 5 0.012, Kruskal–Wallis test). The per-patient
68Ga-PSMA-11 PET/MRI positivity rate was 2.5 times higher
than pelvic nodal dissection when 5–15 nodes were surgically
sampled (Table 5).
Degree of 68Ga-PSMA-11 Uptake. For prostate lesions (domi-

nant lesion if multiple lesions are present), the SUVmax was 14.53 6

10.42 (median, 10.64; range, 3.61–50.12 g/mL) and the SUVpeak

was 9.18 6 7.21 (median, 6.69; range, 2.13–40.24 g/mL). Figure 2A
depicts the histogram of SUVmax of the dominant prostate lesion in
our dataset. The distribution is asymmetric and nongaussian (P ,

0.001, Shapiro–Wilk test). A cutoff value of 12.5 (�55th percentile)
was used for subsequent analysis as the threshold for high uptake.
Uptake on initial PET and delayed pelvic PET was highly correlated
(r 5 0.968, Fig. 2B) and followed a similar distribution, with the
equivalent delayed SUV cutoff of 13.5.
The average uptake in liver, spleen, blood pool, and parotid

gland were 5.94 6 1.53, 9.33 6 3.11, 1.26 6 0.24, and 16.08 6

3.94 g/mL, respectively (corresponding to interpatient coefficients
of variation of 0.26, 0.34, 0.19, and 0.25, respectively; Fig. 2C).
SUVmax or SUVpeak of the prostate lesion did not correlate with
physiologic uptake in the liver, spleen, blood pool, or parotid
gland (r , 0.12 for all tests). Correlation between physiologic
uptake in various organs was weak, with the highest between liver
and spleen (r 5 0.224, P 5 0.058; Fig. 2D).

Relationship Between PET Findings and Clinicopathologic
Risk Factors
Uptake in the primary lesion and presence of PSMA metastasis

correlated with several clinical and pathologic factors as detailed
in Table 6. The notable exception was a nonsignificant correlation
between clinical or pathologic T stage (extraprostatic extension) and

TABLE 1
Clinical Characteristics of Patients Included in Study

(n 5 73)

Characteristic Mean 6 SD Median and range

Age at time of
PET (y)

64.0 6 6.3 66; range, 44–75

Weight (kg) 86.0 6 13.3 85.3; range, 62.1–138.3

Body mass
index (kg)

27.2 6 3.4 26.6; range, 20.9–43.8

PSA (ng/mL)* 12.9 6 21.1 8.6; range, 3.0–176

*PSA data not available in 1 patient.

TABLE 2
Gleason Score and Clinical Stage of Patients

Included in Study

Primary tumor n

Gleason score (biopsy)*

3 1 4 14 (19.2%)

4 1 3 20 (27.4%)

4 1 4 or 3 1 5 18 (24.7%)

4 1 5 19 (26%)

Clinical T stage†

T1c 33 (45.2%)

T2a 13 (17.8%)

T2b 7 (9.6%)

T2c 6 (8.2%)

T3a 8 (11%)

*Not known in 2 patients.
†Not known in 6 individuals.

TABLE 3
Initial Biopsy Versus Prostatectomy

Grade group based on initial biopsy

Final grade group 2 3 4/5

2 9 5 0

3 6 9 0

4/5 8 12 14

TABLE 4
Laterality of PSMA-Avid Lesion Versus PIRADS 4 or 5

Lesions on Prostate mpMRI

mpMRI

PSMA PET No lesion R L Bilateral

No lesion 0 0 1 0

R 1 13 1 3

L 1 0 10 3

Bilateral 5 10 9 13
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PET findings (in contrast to the study of Lima et al. (19)). High
uptake in the primary lesion correlated more with preprostatectomy
PSA level and D’Amico risk category whereas PSMA metastasis
correlated more with grade group and nodal involvement.

Relationship Between PET Findings and Outcome
High uptake (SUVmax . 12.5) and presence of PSMA metasta-

sis were associated with biochemical failure or rapid recurrence
within 2 y after prostatectomy. In contrast, patients with low
uptake in the primary lesion who did not have evidence of meta-
static disease on PET had low likelihood of experiencing recur-
rence within the follow-up period (Fig. 3). The outcomes were
worse in patients with high uptake in the primary lesion and
PSMA metastasis (Fig. 4). Results were similar when the analysis
included all patients rather than only patients who underwent pros-
tatectomy (P 5 0.008 for uptake in primary, P 5 0.0135 for
PSMA metastasis, and P 5 0.001 for the combination of the two).
Alternative measures of uptake using body surface area and lean
body mass also showed significant differences in survival (P ,
0.05) between high and low uptake when a comparable cutoff
threshold (about 55 percentile of corresponding population values)
was used. Neither SUVpeak nor lesion index (14) (defined based on
SUVpeak) reached statistical significance.

PET findings correlated with the duration of biochemical response
after initial therapy (including adjuvant therapy) (Fig. 5). The hazard
ratio for PET compared with clinicopathologic factors for biochemi-
cal recurrence within the first 24 mo are depicted in Table 7. High
uptake in the primary cancer and presence of PSMA-avid metastasis
were associated with higher hazard ratios for early recurrence com-
pared with clinicopathologic factors, although our sample is too
small to allow for statistical comparison and testing independence.
Kaplan–Meier survival analysis showed worse outcome for patients
with bilateral disease in the prostate (based on either PET or MRI)
or if PET and MRI results were incongruent (P 5 0.125, not
significant).

DISCUSSION

In patients with newly diagnosed intermediate- or high-risk pros-
tate cancer who were candidates for radical prostatectomy, 68Ga-
PSMA-11 PET/MRI findings were closely linked with clinical and
pathologic risk factors. High 68Ga-PSMA-11 uptake in the primary
lesion and presence of PSMA-avid metastatic disease were nega-
tively associated with response to initial therapy and duration of
biochemical response. Our findings add to the evidence of the util-
ity of PSMA PET in the initial workup of prostate cancer and cor-
relation between PSMA expression and tumor behavior (20).
Dedicated prostate MRI was performed in the same session in

conjunction with PET and helped identify prostate lesions (partic-
ularly lesions with very low uptake). Uptake and conspicuity
increase on delayed PET. Nonetheless, most lesions were readily
visible on the initial PET, including lesions that were identified
only on PET or lesions with indeterminate appearance on mpMRI
that were not prospectively called. Although survival analysis did
not use MRI findings, scanner hardware, attenuation correction
methodology, and postprocessing affect image quality and SUV
measurements, which should be considered before applying our
results to data from PET/CT or other PET/MRI systems.
A PSMA PET sensitivity of 56% for nodal involvement here is

in line with that of other studies (21,22). Therefore, the absence of
PSMA metastasis does not indicate that a pelvic nodal dissection
is not required (23). Several patients had nodal involvement on
PET that was not confirmed pathologically. PSMA PET has high
specificity (23–26), so we suspected undersampling, corroborated
by our analysis. Accurate surgical staging requires extensive lym-
phadenectomy, which increases surgical morbidity. The positivity
rate of PET in our study was 2.5 times higher than limited pelvic
dissection (sampling up to 15 lymph nodes), and only slightly
lower than extensive pelvic nodal dissection (52% vs. 62%).
Therefore, PSMA PET could be supplementary to surgical pathol-
ogy in staging patients undergoing nodal dissection, particularly if
for any reason extensive nodal dissection is not performed. Our
survival analysis also suggests that despite limited sensitivity, the

TABLE 5
Positivity Versus Number of Lymph Nodes Removed During Pelvic Nodal Dissection

Pelvic dissection PSMA PET

No. of nodes removed pN0 pN1 Positivity rate No metastasis Metastatic disease Positivity rate

1–2 2 0 0 2 0 0

5–15 38 3 7.3% 33 8 19.5%

.15 8 13 61.9% 11 10 52.4%
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FIGURE 2. Uptake in primary prostate cancer versus physiologic
uptake. (A) Histogram of SUVmax of primary lesion on initial PET. (B) Corre-
lation between early and delayed SUVmax. (C) Average uptake in blood
pool, liver, spleen, and right parotid gland (error bars indicate SD). *Lesion
uptake (using SUVmax) is also plotted for comparison (white bar). (D) Poor
within-subject correlation between liver and spleen uptake.
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prognostic value of PSMA PET (in terms of hazard ratio of bio-
chemical recurrence) can be comparable to pathologic nodal stag-
ing given variable prognosis of pN1 disease (7).
PSMA expression and histologic tumor grade are linked (27) and

PSMA plays a complex role in tumor progression (28), which is
consistent with our finding of slower progression in patients with
low uptake in the primary tumor. Low PSMA expression could
reduce the sensitivity of PET for metastatic disease but might have

little impact on the overall prognostic value of PSMA PET if can-
cers with low PSMA expression would have low probabilities for
metastatic spread in the first place. 68Ga-PSMA-11 uptake and grade
group were correlated in our data (Table 6), which partially explains

TABLE 6
Cross-Tabulation of the Relationship Between PET Findings and Clinical or Pathologic Risk Factors in Prostate Cancer

SUVmax PSMA-avid metastasis

Prognostic factor ,12.5 .12.5 Kendall t Absent Present Kendall t

D’Amico risk category 0.35 (P 5 0.0027) 0.15 (P 5 0.2)

Intermediate 21 6 22 5

High 19 27 31 15

Grade group 0.24 (P 5 0.034) 0.31 (P 5 0.0058)

2 17 6 20 3

3 15 16 24 7

4/5 8 11 9 10

PSA 0.33 (P 5 0.0037) 0.21 (P 5 0.068)

,10 30 15 36 9

10–20 8 12 14 6

.20 1 6 3 5

Clinical T stage 0.23 (P 5 0.052) 0.08 (P 5 0.48)

T1c 19 14 23 10

T2a 9 4 13 0

T2b/c 8 5 8 5

$T3 1 8 7 2

Extraprostatic extension 0.02 (P 5 0.85) 0.07 (P 5 0.57)

Negative 16 13 22 7

Positive 19 17 25 11

Nodal involvement 0.18 (P 5 0.12) 0.34 (P 5 0.0036)

pN0 29 19 39 9

pN1 6 10 7 9

Number of patients in each group is specified.

0 20 40 60

Time after PET (mo)

0.0

0.2

0.4

0.6

0.8

1.0

D
is

ea
se

 fr
ee

 s
ur

vi
va

l

Uptake in prostate lesion

SUVmax < 12.5

SUVmax > 12.5

P = 0.00604

0 20 40 60

Time after PET (mo)

0.0

0.2

0.4

0.6

0.8

1.0
PSMA metastasis

Absent

Present

P = 0.03419

A B

FIGURE 3. Kaplan–Meier Analysis for disease free survival after prosta-
tectomy according to uptake of primary lesion (A) (SUVmax on initial PET),
and presence of metastatic disease on PET (B). Censored events are
marked with a tick.
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better prognosis in patients with low uptake in the prostate. Nonethe-
less, for every grade group, we noticed that those with an SUVmax

, 12.5 tended to have longer recurrence-free survivals. Larger stud-
ies could shed light into the value of incorporating PSMA uptake in
prognostic models of prostate cancer in addition to histologic grade.
This question could be particularly relevant in patients who decide
not to undergo prostatectomy because in nearly half our patients, the
grade group based on initial biopsy changed after prostatectomy.
To simplify our analysis, we categorized uptake to low versus

high. Variations on how this was done (e.g., normalizing based on
lean body mass instead of weight) did not affect our results, although
using SUVpeak (which could underestimate uptake in small lesions)
did have an impact on the results. Uptake categorization and
Kaplan–Meier analysis was reproducible on repeated PET/MRI of
the pelvis performed after voiding, suggesting that SUVmaxwas a suf-
ficiently robust measure in our study (29). Dichotomizing a continu-
ous variable is, however, associated with certain issues such as loss
of information (30), and further studies may be needed to confirm the
relationship between SUV and duration of biochemical response.
A limitation of our study is that we did not examine how PET

findings affected management. Heterogeneity in initial treatment
strategies in prostate cancer can confound survival analysis. A few

patients elected not to undergo prostatec-
tomy and pursed other treatments after PET.
Exclusion of these patients did not change
the survival analysis results. As the role of
PSMA PET in initial evaluation of patients
with prostate cancer evolves, our results
point to opportunities for optimizing treat-
ment strategies in patients with high uptake
in the primary lesion or with metastatic dis-
ease on PET.

CONCLUSION

PSMA PET in initial evaluation of
patients with intermediate- and high-risk
prostate cancer correlates with the probabil-

ity of biochemical failure or recurrence at least as well as clinical
and pathologic factors. Patients with low uptake in prostate lesions
and no evidence of metastatic disease on PET are unlikely to have
recurrence within the first 2 y after initial treatment. Patients with
high uptake in prostate cancer and metastatic disease are at risk for
early recurrence and may require frequent surveillance and aggres-
sive treatments.
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KEY POINTS

QUESTION: Is 68Ga-PSMA-11 PET useful in the assessment
of risk for failure after prostatectomy or early biochemical
recurrence?

PERTINENT FINDINGS: High 68Ga-PSMA-11 uptake in primary
prostate cancer and the presence of PSMA-avid metastatic
disease on PET are significant adverse prognostic factors after
initial therapy.

IMPLICATION FOR PATIENT CARE: 68Ga-PSMA-11 PET has
higher positivity rate than limited pelvic lymphadenectomy for
metastatic disease and identifies patients who could benefit from
additional treatment or frequent surveillance.
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TABLE 7
Prognostic Factors for Biochemical Recurrence Within

24 Months After Initial Response

Factor

Hazard ratio
(95% CI)
(n 5 72)

Hazard ratio
in patients

who underwent
prostatectomy

(n 5 65)

SUVmax . 12.5 4.93 (1.87–13.04) 5.148 (1.94–13.66)

PSMA metastasis 3.95 (1.26–12.42) 4.14 (1.30–13.19)

D’Amico high risk 1.06 (0.39–2.83) 1.11 (0.42–2.96)

Grade group . 2 2.74 (1.03–7.34) 3.12 (1.18–8.24)

PSA . 10 ng/dL 1.48 (0.56–3.96) 1.72 (0.63–4.69)

$cT2b 3.53 (1.08–11.56) 4.12 (1.19–14.29)

$pT3 1.35 (0.52–3.53) 1.35 (0.52–3.53)

pN1 3.57 (1.09–11.72) 3.22 (1.01–10.21)

Unadjusted log-rank hazard ratio; ratio . 1 indicates increased
probability of recurrence.

INITIAL PSMA PET CORRELATES WITH OUTCOME � Moradi et al. 1827



5. Moradi F, Farolfi A, Fanti S, Iagaru A. Prostate cancer: molecular imaging and
MRI. Eur J Radiol. 2021;143:109893.

6. Hofman MS, Lawrentschuk N, Francis RJ, et al. Prostate-specific membrane anti-
gen PET-CT in patients with high-risk prostate cancer before curative-intent sur-
gery or radiotherapy (proPSMA): a prospective, randomised, multicentre study.
Lancet. 2020;395:1208–1216.

7. Schumacher MC, Burkhard FC, Thalmann GN, Fleischmann A, Studer UE. Good
outcome for patients with few lymph node metastases after radical retropubic pros-
tatectomy. Eur Urol. 2008;54:344–352.

8. Bianchi L, Nini A, Bianchi M, et al. The role of prostate-specific antigen persis-
tence after radical prostatectomy for the prediction of clinical progression and can-
cer-specific mortality in node-positive prostate cancer patients. Eur Urol. 2016;69:
1142–1148.

9. Fassbender TF, Schiller F, Zamboglou C, et al. Voxel-based comparison of
[68Ga]Ga-RM2-PET/CT and [68Ga]Ga-PSMA-11-PET/CT with histopathology for
diagnosis of primary prostate cancer. EJNMMI Res. 2020;10:62.

10. Mapelli P, Ghezzo S, Samanes Gajate AM, et al. Preliminary results of an ongoing
prospective clinical trial on the use of 68Ga-PSMA and 68Ga-DOTA-RM2 PET/
MRI in staging of high-risk prostate cancer patients. Diagnostics (Basel). 2021;11:
2068.

11. Park SY, Zacharias C, Harrison C, et al. Gallium 68 PSMA-11 PET/MR imaging
in patients with intermediate- or high-risk prostate cancer. Radiology. 2018;288:
495–505.

12. Eder M, Neels O, M€uller M, et al. Novel preclinical and radiopharmaceutical
aspects of [68Ga]Ga-PSMA-HBED-CC: a new PET tracer for imaging of prostate
cancer. Pharmaceuticals (Basel). 2014;7:779–796.

13. Eiber M, Herrmann K, Calais J, et al. Prostate Cancer Molecular Imaging Stan-
dardized Evaluation (PROMISE): proposed miTNM classification for the interpre-
tation of PSMA-ligand PET/CT. J Nucl Med. 2018;59:469–478.

14. Nickols N, Anand A, Johnsson K, et al. aPROMISE: a novel automated PROMISE
platform to standardize evaluation of tumor burden in 18F-DCFPyL images of vet-
erans with prostate cancer. J Nucl Med. 2022;63:233–239.

15. Lowrance WT, Breau RH, Chou R, et al. Advanced prostate cancer: AUA/
ASTRO/SUO guideline part I. J Urol. 2021;205:14–21.

16. Davis K, Tann M. Which reference tissue is best for semiquantitative determination
of 68Ga-PSMA-11 activity in PET/CT? J Nucl Med [abstract]. 2020;61:100.

17. National Comprehensive Cancer Network. NCCN clinical practice guidelines in
oncology (NCCN guidelinesVR ): prostate cancer (version 3.2020). https://www.nccn.
org/professionals/physician_gls/pdf/prostate.pdf. Accessed September 14, 2022.

18. Creed JH, Gerke TA, Berglund AE. MatSurv: survival analysis and visualization in
MATLAB. J Open Source Softw. 2020;5:1830.

19. P Lima J, Carvalho J, Quaresma V, et al. The role of Ga-68-PSMA PET/CT in the
initial staging of prostate cancer - a single center 4 year experience. Res Rep Urol.
2021;13:479–485.

20. von Eyben FE, Picchio M, von Eyben R, Rhee H, Bauman G. 68Ga-labeled pros-
tate-specific membrane antigen ligand positron emission tomography/computed
tomography for prostate cancer: a systematic review and meta-analysis. Eur Urol
Focus. 2018;4:686–693.

21. Ferraro DA, Muehlematter UJ, Garcia Sch€uler HI, et al. 68Ga-PSMA-11 PET has
the potential to improve patient selection for extended pelvic lymph node dissec-
tion in intermediate to high-risk prostate cancer. Eur J Nucl Med Mol Imaging.
2020;47:147–159.

22. Klingenberg S, Jochumsen MR, Ulhøi BP, et al. 68Ga-PSMA PET/CT for primary
lymph node and distant metastasis NM staging of high-risk prostate cancer. J Nucl
Med. 2021;62:214–220.

23. Hope TA, Eiber M, Armstrong WR, et al. Diagnostic accuracy of 68Ga-PSMA-11
PET for pelvic nodal metastasis detection prior to radical prostatectomy and pelvic
lymph node dissection: a multicenter prospective phase 3 imaging trial. JAMA
Oncol. 2021;7:1635–1642.

24. Luiting HB, van Leeuwen PJ, Busstra MB, et al. Use of gallium-68 prostate-specific
membrane antigen positron-emission tomography for detecting lymph node metasta-
ses in primary and recurrent prostate cancer and location of recurrence after radical
prostatectomy: an overview of the current literature. BJU Int. 2020;125:206–214.

25. Jansen BHE, Bodar YJL, Zwezerijnen GJC, et al. Pelvic lymph-node staging with
18F-DCFPyL PET/CT prior to extended pelvic lymph-node dissection in primary
prostate cancer: the SALT trial. Eur J Nucl Med Mol Imaging. 2021;48:509–520.

26. Scholte M, Barentsz JO, Sedelaar JPM, Gotthardt M, Grutters JPC, Rovers MM.
Modelling study with an interactive model assessing the cost-effectiveness of 68Ga
Prostate-specific membrane antigen positron emission tomography/computed tomog-
raphy and nano magnetic resonance imaging for the detection of pelvic lymph node
metastases in patients with primary prostate cancer. Eur Urol Focus. 2020;6:967–974.

27. Bravaccini S, Puccetti M, Bocchini M, et al. PSMA expression: a potential ally for
the pathologist in prostate cancer diagnosis. Sci Rep. 2018;8:4254.

28. Hyv€akk€a A, Virtanen V, Kemppainen J, Gr€onroos TJ, Minn H, Sundvall M. More
than meets the eye: scientific rationale behind molecular imaging and therapeutic
targeting of prostate-specific membrane antigen (PSMA) in metastatic prostate can-
cer and beyond. Cancers (Basel). 2021;13:2244.

29. Lodge MA, Chaudhry MA, Wahl RL. Noise considerations for PET quantifica-
tion using maximum and peak standardized uptake value. J Nucl Med. 2012;53:
1041–1047.

30. Altman DG, Royston P. The cost of dichotomising continuous variables. BMJ.
2006;332:1080.

1828 THE JOURNAL OF NUCLEAR MEDICINE � Vol. 63 � No. 12 � December 2022

https://www.nccn.org/professionals/physician_gls/pdf/prostate.pdf
https://www.nccn.org/professionals/physician_gls/pdf/prostate.pdf

	TF1
	TF2
	TF3
	TF4
	TF5

