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68Ga-PSMA-11 PET has the potential to improve patient selection
for extended pelvic lymph node dissection in intermediate
to high-risk prostate cancer
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Abstract
Introduction Radical prostatectomy with extended pelvic lymph node dissection (ePLND) is a curative treatment option for
patients with clinically significant localised prostate cancer. The decision to perform an ePLND can be challenging because the
overall incidence of lymph node metastasis is relatively low and ePLND is not free of complications. Using current clinical
nomograms to identify patients with nodal involvement, approximately 75–85% of ePLNDs performed are negative. The aim of
this study was to assess the added value of 68Ga-PSMA-11 PET in predicting lymph nodemetastasis in men with intermediate- or
high-risk prostate cancer.
Methods 68Ga-PSMA-11 PET scans of 60 patients undergoing radical prostatectomy with ePLND were reviewed for qualitative
(visual) assessment of suspicious nodes and assessment of quantitative parameters of the primary tumour in the prostate
(SUVmax, total activity (PSMAtotal) and PSMA positive volume (PSMAvol)). Ability of quantitative PET parameters to predict
nodal metastasis was assessed with receiver operating characteristics (ROC) analysis. A multivariable logistic regression model
combining PSA, Gleason score, visual nodal status on PET and primary tumour PSMAtotal was built. Net benefit at each risk
threshold was compared with five nomograms:MSKCC nomogram, Yale formula, Roach formula,Winter nomogram and Partin
tables (2016).
Results Overall, pathology of ePLND specimens revealed 31 pelvic metastatic lymph nodes in 12 patients. 68Ga-PSMA-11 PET
visual analysis correctly detected suspicious nodes in 7 patients, yielding a sensitivity of 58% and a specificity of 98%. The area
under the ROC curve for primary tumour SUVmax was 0.70, for PSMAtotal 0.76 and for PSMAvol 0.75. The optimal cut-off for
nodal involvement was PSMAtotal > 49.1. The PET model including PSA, Gleason score and quantitative PET parameters had a
persistently higher net benefit compared with all clinical nomograms.
Conclusion Our model combining PSA, Gleason score and visual lymph node analysis on 68Ga-PSMA-11 PETwith PSMAtotal

of the primary tumour showed a tendency to improve patient selection for ePLND over the currently used clinical nomograms.
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Although this result has to be validated, 68Ga-PSMA-11 PET showed the potential to reduce unnecessary surgical procedures in
patients with intermediate- or high-risk prostate cancer.
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Abbreviations
RPE Radical prostatectomy
ePLND Extended pelvic lymph node dissection
RT Radiotherapy
LNM Lymph node metastasis
CT Computed tomography
PET Positron emission tomography
68Ga-PSMA-11 PET Positron emission tomography

with prostate-specific membrane
antigen

68Ga-PSMA-11
PET/MRI

68Ga-PSMA-11 PET/magnetic
resonance imaging

PSA Prostate-specific antigen
GS Gleason score
MSKCC MSKCC nomogram
YF Yale formula
RF Roach formula
WN Winter nomogram
PT (2016) Partin tables
SD Standard deviation
SUVmax Standard uptake value
PSMAvol PSMA positive volume
PSMAtotal PSMA accumulation
ROC Receiver operating characteristics
AUC Area under the ROC curve
NB Net benefit
EIP Irradiation of the pelvic nodes
CI 95% Confidence interval

Background

Radical prostatectomy (RPE) and extended pelvic lymph node
dissection (ePLND) or local radiotherapy (RT) with or without
the inclusion of the lymphatic drainage are the current treat-
ments of choice for patients with clinically significant and
localised prostate cancer. According to the guidelines,
ePLND is performed in most patients with intermediate- and
high-risk disease [1], although an oncological benefit of LN
removal has never been confirmed. ePLND is associated with
potential complications, such as lymphoceles, lymph edema
and thromboembolic events. Furthermore, it is also
prolonging the operation time and therefore increasing costs
[2, 3].

Given the relatively low incidence of lymph node metasta-
sis (LNM) of around 4% in patients diagnosed with prostate

cancer [4] and the implied morbidity risk of ePLND, numer-
ous efforts have been made to predict LN metastasis for im-
proved patient selection. Imaging did not reach satisfactory
detection of micro-metastasis: computed tomography (CT)
showed a sensitivity of only 13% in a study with 1541 patients
[5] and MRI showed sensitivity of 39% in a meta-analysis [6].
The combination of radiographic and nuclear medicine tech-
niques in positron emission tomography (PET) with 18F- or
11C-Choline reached a sensitivity of only 49–59% [7, 8].
Furthermore, sentinel node biopsy did not gain widespread
acceptance, mostly due to logistic difficulties and aberrant
paths of drainage [9]. Therefore, prostate cancer centres per-
form ePLNDbased on clinical nomograms, incorporating sev-
eral clinical risk factors to predict LNM, even in the absence
of positive findings on staging imaging [10, 11]. However, the
decision to perform an ePLND is still difficult and depends on
the cut-off chosen for suspected nodal involvement. To pre-
vent understaging of patients, guidelines usually recommend
lymphadenectomy to all high-risk patients and rather low cut-
offs for intermediate-risk patients such as 5% in the European
Association of Urology Guideline [1] and 2% in the National
Comprehensive Cancer Network Guideline [12], at the cost of
unnecessary lymphadenectomies in around at least 75–85% of
the patients [13–15].

Lately, the performance of PET with prostate-specific
membrane antigen (68Ga-PSMA-11 PET) in detecting meta-
static lymph nodes was assessed in multiple studies and re-
cently reviewed in a meta-analysis resulting in a sensitivity of
51–89% [16, 17]. In a study comparing 68Ga-PSMA-11 PET/
magnetic resonance imaging (68Ga-PSMA-11 PET/MRI) with
currently available clinical nomograms to predict LNM,
Thalgott et al. found that the visual detection of nodal metas-
tasis was comparable with the nomograms [17]. However, the
spatial resolution of PET limits its detection rate for micro-
metastasis, being probably the reason behind the still subop-
timal sensitivity.

Furthermore, assessment of the primary tumour by molec-
ular imaging may be a potential tool to predict nodal metasta-
sis in cancer patients. Based on the fact that PSMA has been
shown to correlate with risk groups and Gleason score (GS)
[18–21], it is reasonable to assume that PSMA uptake in the
primary tumour could predict distant disease. In fact, some
authors already presented at EANM 2018 that a maximum
standard uptake value (SUVmax) cut-off of 19.9 can predict
distant lesions seen on 68Ga-PSMA-11 PET [22]. Whether
quantitative parameters of the primary tumour on 68Ga-
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PSMA-11 PET could predict metastatic disease has not yet
been investigated.

The aim of this study was to investigate whether a combi-
nation of qualitative and quantitative parameters on 68Ga-
PSMA-11 PET could predict LNM in patients with interme-
diate or high-risk prostate cancer and assess the added value of
68Ga-PSMA-11 PET in comparison with current clinical no-
mograms for risk assessment of nodal disease.

Patients and methods

Study population

This retrospective study included all patients that underwent
68Ga-PSMA-11 PET for staging of prostate cancer prior to
radical prostatectomy with ePLND between April 2016 and
August 2018 in our institution. ePLND is a standard proce-
dure for all intermediate- and high-risk prostate cancer pa-
tients that undergo RPE in our hospital. The local ethics com-
mittee approved the study protocol and all patients gave a
general written informed consent for retrospective use of their
data (BASEC Nr. 2018-01284).

Study design

We retrospectively reviewed the 68Ga-PSMA-11 PET scans
and obtained information from the pathological report of the
RPE and ePLND of all patients. Scans were reviewed in order
to assess the presence of PSMA-expressing lymph nodes sus-
picious for metastasis and obtain quantitative PET parameters
of the primary tumour. Data collected from the pathological
reports included number and location of metastatic lymph
nodes in addition to largest diameter of the metastasis.
Relevant clinical information was collected from patient
charts such as age, clinical TNM stage, D’Amico risk score,
prostate-specific antigen (PSA) value at scan time, biopsy GS
and number of positive and negative cores, and was used to fill
the nomograms to assess probability of LNM for each patient.

Risk of LNM was calculated based on nomograms and
their performance was assessed using histopathology of the

lymphadenectomy as standard of truth. Five nomograms were
selected based on their performance on previous studies [23]:
MSKCC nomogram (MSKCC) [24], Yale formula (YF) [25],
Roach formula (RF) [26], Winter nomogram (WN) [27] and
Partin tables (2016) (PT) [28]. D’Amico score, despite devel-
oped to assess risk of recurrence [29], has commonly been
also used to assess risk of nodal involvement, and was there-
fore included in this study. Information regarding D’Amico
score and the nomograms is shown in Table 1.

MSKCCMSKCC nomogram, YF Yale formula, RF Roach
formula,WNWinter nomogram, PT Partin tables (2016), PSA
prostatic specific antigen, GS Gleason score

Imaging techniques

Patients underwent 68Ga-PSMA-11 PET/MR (n = 46) if no
MR contraindications were present and PET/MR slots were
available, or 68Ga-PSMA-11 PET/CT (n = 14) after a single
injection of 68Ga-PSMA-11 (mean dose ± standard deviation
(SD), 133 ± 18 MBq). To reduce tracer activity in the bladder,
ureters and kidneys, furosemide was injected intravenously
30 min prior to the tracer injection (0.13 mg/kg) and patients
were asked to void prior to the scan. The institutional protocol
is in agreement with the EANM and SNMMI procedure
guidelines [30].

PET/MR protocol

A clinical routine partial-body PET/MR was performed
60 min after injection on a hybrid scanner (SIGNA
PET/MR, GE Healthcare, Waukesha, WI, USA) used
in previous studies at our department with the same
protocol for prostate imaging as recently described
[31]; in brief, six bed positions with 2–3 min acquisi-
tion time per bed position for the whole-body protocol
and additional specific sequences covering the pelvis,
including a high-resolution T1-weighted fast spoiled
gradient-echo sequence (LAVA Flex) and T2-weighted
fast recovery fast spin-echo sequence (FRFSE) in at
least two planes.

Table 1 Clinical information used in clinical prediction models

Models PSA GS Clinical stadium Number of positive and negative biopsy cores Age Reference

MSKCC [24] X X X X X Histo

RF [26] X X Histo

YF [25] X X X Histo

WN [27] X X X Histo

PT [28] X X X Histo

D’Amico score X X X Outcome
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PET/CT protocol

For patients who underwent a PET/CT, PET was performed
with six bed positions with 2.5 min acquisition time per bed
position and an attenuation CT scan was acquired on a
Discovery VCT 690 PET/CT (GE Healthcare, Waukesha,
WI, USA) or on a Discovery MI PET/CT (GE Healthcare,
Waukesha, WI, USA), 60 min after injection with whole-
body scan parameters as follows: tube voltage 140 kV, tube
current with automated dose modulation with a maximum of
80 mA/slice, collimation 512 × 0.976, pitch 0.984:1, rotation
time 0.5 s, coverage speed 78 mm/s, field of view 50 cm and
images with a transverse pixel size of 0.976 and a slice thick-
ness of 1.25 mm reconstructed in the axial plane.

Imaging analysis

The acquired PET/CTand PET/MR imageswere analysed in a
dedicated review workstation (Advantage Workstation,
Version 4.6 or 4.7, GE Healthcare), which enables the review
of the PETand the CTorMR images side by side and in fused
mode. All scans were analysed in consensus by a dual board-
certified radiologist and nuclear medicine physician with
10 years and a nuclear medicine physician with 4 years of
experience, incorporating both the MRI or CT and PET infor-
mation. The readers had access to clinical information for the

readouts. Qualitative assessment for LNM was done in con-
sensus by the two readers. Care was taken to avoid false-
positive findings by considering physiological biodistribution
and the known PSMA positive pitfalls such as neural ganglia,
Paget’s disease, sarcoidosis and others [32, 33].

Quantitative parameters were assessed by delineating the
PSMA-expressing tumours with an automatic algorithm based
on a background-based threshold set to SUVmax ≥ 4. The vol-
ume of interest was placed by two observers in consensus to
fully include the primary tumour and exclude neighbouring
tissues with high PSMA accumulation (e.g. urine). If needed,
manual subtraction was performed for non-tumour parts that
were automatically included into the tumour volume, such as
urinary bladder. Tumours with low PSMA expression (below
SUVmax 4), but still clearly distinguishable from background
prostate tissue by visual analysis, had the SUV threshold
lowered so that the selected tumour volume correctly covered
the visual apparent lesion. Parameters SUVmax, the PSMA
positive volume (PSMAvol) and the total PSMA accumulation
(PSMAvol × SUVmean = PSMAtotal) of the primary tumour
were recorded as well as SUVmax of suspicious nodes.

Radical prostatectomy and lymphadenectomy

All surgical procedures were performed in form of a robot-
assisted transperitoneal laparoscopic radical prostatectomy
with bilateral ePLND by experienced urologists at our institu-
tion as described earlier [34]. All operations were performed
using the four-arm Da Vinci SI system (Intuitive Surgical,
Inc., USA). ePLND included the external iliac, obturator and
internal iliac (hypogastric) lymph nodes with an upper resec-
tion boundary defined by the crossing of the ureter over the
common iliac artery. It was performed in all included patients
irrespective of the result of PSMA PET imaging. If PSMA
PET revealed suspicious lymph nodes in the common iliac
region, a super-extended pelvic lymph node dissection was
performed on the respective side.

Statistical analysis

Descriptive statistics were used to display patient data as me-
dian, mean, standard deviation range and percentages. The
predicted risk for LNM was assessed for each individual pa-
tient using clinical nomograms. Sensitivity, specificity, posi-
tive predictive value and negative predictive value for LNM
were calculated using lymph node status from PET (LNstatus,
1 = positive or 0 = negative by visual analysis). Univariable
and multivariable logistic regression models were created for
clinical and PET parameters to correlate with LNM. Twomul-
tivariable models were considered: one with only clinical pa-
rameters and one with clinical and PET parameters. Variables
included in the two latter models were selected by using back-
ward stepwise selection based on the Akaike information

Table 2 Patient’s characteristics

Characteristics Value

Age (years)

Mean ± SD 64 ± 6

Median (range) 65 (51–79)

PSA at time of PET scan (ng/ml)

Mean ± SD 13 ± 13.6

Median 9 (1–78)

Gleason score ISUP group [39] n (%)

2 6 (10%)

3 10 (17%)

4 27 (45%)

5 17 (28%)

Initial clinical T Staging n (%)

T1a 1 (2%)

T1b 0

T1c 37 (62%)

T2a 9 (15%)

T2b 2 (3%)

T2c 11 (18%)

D’Amico score n (%)

High risk 52 (87%)

Intermediate risk 8 (13%)
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criterion from clinical (age, clinical T stage (cT), GS and PSA)
and imaging parameters (SUVmax, PSMAtotal, PSMAvol).
Diagnostic performance of the nomograms and of the multi-
variable models was quantified by area under the receiver
operating characteristics (ROC) curve (AUC). The two multi-
variable models were evaluated using a 10 times repeated 5-
fold cross-validation. AUC between the two nested multivar-
iable models was compared with the likelihood ratio test [35].
Clinical utility of each prediction model and the results of the
nomograms was assessed by a decision curve analysis in
which net benefit (NB) was plotted against risk threshold for
each prediction model along with the treat-none and treat-all
strategy [36, 37]. NB at each risk threshold probability was
defined as the difference between the proportion of true-
positive results and weighted proportion of false-positive re-
sults with the weight equal to threshold probability/(1-thresh-
old probability). The prediction model with the highest net
benefit at a given risk threshold has the highest clinical value
[38]. All tests were two sided and P values ≤ 0.05 were con-
sidered statistically significant. All statistical and graphical
analysis was performed in R (version 3.5.1; R Foundation
for Statistical computing, Vienna, Austria).

Results

A total of 60 patients were enrolled. Mean age was 64 years
(SD ± 6) and PSA levels ranged from 1 to 78 ng/ml with
median of 9 ng/ml. All patients had clinical T1 or T2 stadium,
with the majority being staged as cT1c (37/60, 62%). Biopsy
GS ranged from 3 + 4 = 7 to 5 + 4 = 9, with 4 + 4 = 8 being the
most frequent (n = 26, 43%). Overall, 52 patients (87%) had
high-risk and 8 patients had intermediate-risk (13%) prostate
cancer according to D’Amico classification. Nine of the pa-
tients had sextant or dodecant biopsies only and 45 patients
had template saturation biopsies with or without additional
multiparametric MRI-guided lesion biopsies (median of 40
cores). In 5 patients, prostate cancer was diagnosed by MRI
targeted-biopsy only, with no systematic biopsy performed,
and in one patient by transurethral prostate resection
(TURP). For those 6 patients, MSKCC nomogram was calcu-
lated without the number of positive biopsy cores. Details
regarding patient characteristics are shown in Table 2.

68Ga-PSMA-11 PET visual analysis detected positive
lymph nodes in 8 patients, with a mean SUVmax of 9.0 (SD
± 4.6), being in one patient a false-positive. Most nodes were
localised in the pelvis; however, in 2 patients, distant nodes
were found in the common iliac chain. The primary tumour
was PSMA-negative in 3 patients (5%), none of these patients
had suspicious nodes on 68Ga-PSMA-11 PET nor histologi-
cally proven LNM. Mean SUVmax of the primary tumour for
the other 57 patients was 15 (SD ± 10), mean PSMAtotal and
PSMAvol were 53 (SD ± 66) and 8 cm3 (SD ± 6.6),
respectively

Mean interval between 68Ga-PSMA-11 PET and RPE was
of 1.8 months (SD ± 2.26). The median number of surgically
removed lymph nodes per patient was 21 (range 12–68).
Overall, 31 metastatic pelvic lymph nodes were found in 12
(20%) patients, with a median number of 2 positive nodes per
patient (range from 1 to 7). Most nodes were localised in the
external iliac chain and in 2 patients common iliac nodes were
found, already seen on 68Ga-PSMA-11 PET scan. 68Ga-
PSMA-11 PET was falsely negative in 5 patients, all of them
with metastasis smaller than 2.5 mm. In one patient, 68Ga-
PSMA-11 PET was false-positive for an external iliac node
(axial diameter 5 mm, SUVmax 4.8). All 12 patients with LNM
were high-risk patients according to the D’Amico classifica-
tion, 9 of them were clinically staged as T1c and 3 patients as
T2. Median PSA level for those patients was 17 ng/ml (range
5–54 ng/ml) and biopsy GS varied from 3 + 4 = 7 to 5 + 4 = 9
with most of them having a GS 4 + 5 = 9 (5/12 patients).

Prediction of nodal involvement based on clinical
parameters

Probability of LNM among all patients varied from 1 to 82%
among all the five clinical nomograms. The 12 patients with

Table 3 Univariable and multivariable logistic regression model for
lymph node metastasis prediction

Variable (unit) OR 95% CI p value

Univariable logistic regression model

Age (year) 0.96 0.87–1-07 0.45

cT (1–6)* 0.74 0.40–1.35 0.32

Gleason (2–5)† 1.76 0.79–3.93 0.17

PSA (ng/ml) 1.07 1.01–1.12 0.02*

SUVmax (−) 1.06 1.00–1.13 0.04*

PSMAvol (cm
3) 1.16 1.04–1.29 0.008**

PSMAtotal (−) 1.02 1.01–1.04 0.009**

LNstatus (positive LN) 65.80 6.67–649.23 < 0.001***

Multivariable logistic regression model

Clinical parameters (AIC = 53.48)

Intercept 0.003 0–0.13 0.009**

- Gleason score (2–5)† 2.72 1.02–7.21 0.04*

- PSA (ng/ml) 1.10 1.02–1.17 0.008**

Clinical + PET parameters (AIC = 36.06)

Intercept 0.001 0–0.08 0.009**

- Gleason score (2–5)† 4.61 0.84–25.24 0.08

- PSA (ng/ml) 1.10 0.99–1.02 0.06

- LNstatus (positive LN) 170.4 7.20–4032.54 0.001**

- PSMAtotal (−) 1.02 0.99–1.04 0.15

Odds ratio (OR) is given by 1-unit change. Significance codes: 0 = ***,
0.001 = **, 0.01 = *. Akaike information criterion (AIC), * cT (1–6;
T1a = 1; T1b = 2; T1c = 3; T2a = 4; T2b = 5; T2c = 6)
†According to ISUP groups
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LNM had a mean predicted risk value of 26% (SD ± 18%) and
a median of 24% (range 2–82%), while for the group of 48
patients without LNM mean predicted risk value was 17%
(SD ± 13%) and median 13% (range 1–63%). Overall RF
yielded the best AUC among the nomograms of 0.83 (95%
confidence interval (CI) = 0.69–0.96), followed by YF (AUC
0.75, CI = 0.57–0.93) and MSKCC (AUC 0.71, CI = 0.55–
0.87). Applying the current approach recommended by

guidelines [1] of performing lymphadenectomy for all high-
risk patients and intermediate-risk patients with more than 5%
of probability of LNM according to RF, all patients in our
cohort were candidates for ePLND.

In the univariate analysis of all clinical variables, only PSA
was significantly associated with LNM (Table 3). The multi-
variable logistic regressionmodel including PSA level and GS
yielded an AUC of 0.78 (CI = 0.74–0.82). AUC values and

Fig. 1 ROC curves for the
nomograms and prediction
models based on clinical
parameters (PSA and GS) and on
clinical + PET parameters (PSA,
GS, LNstatus and PSMAtotal). The
model based on both clinical and
PET information yielded the
highest AUC (0.90, CI = 0.87–
0.93), followed by RF (AUC
0.83, CI = 0.69–0.96) and the
model based only on clinical
parameters built from our cohort
(AUC 0.78, CI = 0.74–0.82)

Table 4 AUC of clinical nomograms and multivariable logistic regression in the prediction of lymph node metastasis

Model AUC (95% CI)

MSKCC 0.71 (0.55–0.87

RF 0.83 (0.69–0.96)

YF 0.75 (0.57–0.93)

WN 0.62 (0.43–0.80)

PT 0.63 (0.41–0.84)

Multivariable logistic regression (clinical parameters)* 0.78 (0.74–0.82)

Multivariable logistic regression (clinical + PET parameters)** 0.90 (0.87–0.93)

Quantitative PET parameters AUC (95% CI)

SUVmax 0.70 (0.54–0.85)

PSMAvol 0.75 (0.58–0.92)

PSMAtotal 0.76 (0.6–0.92)

*PSA, Gleason Score

**PSA, Gleason Score, LNstatus and PSMAtotal
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ROC curves for the nomograms and prediction models built
from our cohort are shown in Table 4 and Fig. 1, respectively.

Prediction of nodal involvement including PET
information

The patient-based sensitivity, specificity, positive predictive
value and negative predictive value of PET visual analysis
of lymph nodes were 58%, 98%, 88% and 90%, respectively.
All three quantitative PET parameters from the primary tu-
mour were significant predictors of LNM in the univariable
analyses (Table 3) and correlated with nodal disease on histo-
pathologywith anAUC of 0.76 (CI = 0.6–0.92) for PSMAtotal,

0.75 (CI = 0.58–0.92) for PSMAvol and 0.70 (CI = 0.54–0.85)
for SUVmax, not reaching statistically significant difference
between them. The optimal threshold for PSMAtotal calculated
with the Youden index was 49.1 and for SUVmax 11.4.
Figure 2 depicts the ROC analysis of the quantitative PET
parameters.

The prediction model including PSA level, GS, visual anal-
ysis of LNstatus and PSMAtotal was most predictive for LNM
(AUC 0.90, CI = 0.87–0.93). This model showed a better di-
agnostic performance compared with the model including on-
ly clinical parameters (p = 0.003). Figures 3 and 4 show ex-
amples of patients from our cohort that would be considered
suspicious for having LNM based on LNstatus and a high

primary tumour PSMAtotal, respectively. Figure S1 in the sup-
plementary material represents the nomogram of the final
model including clinical and PET parameters.

Decision curve analysis

Our model including the two PET parameters (LNstatus and
PSMAtotal), PSA level and GS had persistently higher net
benefit (NB) compared with the clinical prediction model
and to all nomograms for risk thresholds greater or equal to
7%. At a risk threshold of 15%, the difference of NB between
the PET parameter model and the best performing clinical
nomogram (i.e. PT) is 0.044 (0.146–0.102). Therefore, use
of the PET parameter model would lead to 25% (0.044 ×
100/(0.15/0.85) fewer ePLND in patients without LNM with
no increase in the number of patients with LNM left untreated,
compared with the use of PT. Net benefits are depicted in
Fig. 5.

Discussion

The results of our study indicate that risk prediction of LNM
including information of qualitative and quantitative PET pa-
rameters for intermediate- and high-risk cancer patients has
the potential to improve patient selection for ePLND. In our

Fig. 2 ROC curves for the
quantitative PET parameters.
Among the quantitative PET
parameters, PSMAtotal yielded the
highest AUC (0.76, CI = 0.6–
0.92), followed by PSMAvol

(0.75, CI = 0.58–0.92) and
SUVmax (AUC 0.70, CI = 0.54–
0.85)
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cohort, a prediction model combining visual LNstatus on
68Ga-

PSMA-11 PET, PSMAtotal of the primary tumour, PSA and
GS yielded the highest AUC for LNM prediction with the
highest net benefit between risk thresholds of 7–15%, show-
ing potential to reduce futile ePLND.

Use of primary tumour PSMA uptake to predict nodal dis-
ease seen on PET has been previously shown [22]. Uslu-Besli
et al. proposed a primary tumour SUVmax cut-off of 19.9 to
predict positivity, by visual analysis, of lymph nodes on 68Ga-
PSMA-11. Our lower cut-off for SUVmax 11.4 most likely
reflects that small lymph node metastasis detected by histopa-
thology after lymphadenectomy occurs earlier in the process
than positive nodes are seen on imaging. In our small cohort,
PSMAtotal of the primary tumour had a slightly higher AUC
compared with SUVmax. The use of volume-based quantita-
tive PET parameters of the primary tumour to predict LNM
has not been investigated for prostate cancer yet and needs
further confirmation. Interestingly, in some patients, PSMA
expression is higher in the metastasis compared with the pri-
mary tumour (Fig. 3). This could be explained by the fact that
primary prostate cancer can be a heterogeneous multifocal
tumour [40]. In some cases, a small clone within the primary
tumour with higher aggressiveness may be the origin of met-
astatic lesions [41, 42].

The currently used prediction models for LNM are based
only on clinical factors (PSA, age, biopsy GS, T stage and
number of positive and negative biopsy cores) and achieved
superior results compared with all conventional imaging mo-
dalities so far. In a recent investigation comparing clinical
nomograms and 68Ga-PSMA-11 PET/CT in a cohort with
pathology proven LNM in 34.3%, MSKCC nomogram per-
formed better than 68Ga-PSMA-11 PET/CT, predicting a
prevalence of 39% of LNM while 68Ga-PSMA-11 PET/CT
detected lymph nodes in 20.6% of the patients [17].
Nevertheless, 68Ga-PSMA-11 still offers the advantage of
the localisation of a suspicious lesion, which can alter the
surgical or radiation plan if the suspected lesion is not within
the standard area of lymphatic drainage.

In concordance to the study from Briganti et al. [13] that
reported a rate of 79% of futile pelvic nodal dissections using
the 5% risk cut-off according to the nomogram as recom-
mended by the guidelines [1], we had 80% futile ePLND in
our cohort. This substantial number of patients undergoing
more extensive surgery than needed leads to increased mor-
bidity, longer operative room times and higher costs. On av-
erage, an ePLND adds 45–90 min operative time to a standard
RPE without pelvic lymph node dissection and omitting futile
ePLND can be expected to bring even further benefit due to

Fig. 3 Maximum intensity projection (MIP), CT and 68Ga-PSMA-11
PET/CT fusion of a patient with a low PSMA-expressing primary
tumour (GS 4 + 3 = 7, yellow arrow) with a SUVmax of 6 and a

PSMAtotal of 3, but a highly PSMA-expressing 11-mm (short axis)
internal iliac node (white arrow) with a SUVmax of 13. The node was
confirmed as having a 2.4-cm metastasis on histopathology
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prevention of additional costs related to histopathological
analysis and side effects such as lymphoceles, lymph edema
and thromboembolic events.

Also for patients undergoing definitive RT instead of sur-
gery, a pre-therapeutic evaluation of the nodal risk and espe-
cially a potential localisation of macroscopic lesions would be
beneficial. In clinical practice, elective irradiation of pelvic
nodes (EIP) can be considered in high-risk patients undergo-
ing primary RT, when nodal risk is estimated higher than 15%.
This risk is usually assessed using the Roach formula [26],
although criticised for overestimating the risk of LN involve-
ment. Furthermore, EIP is still a controversial topic with some
studies failing to show a benefit of EIP in cN0 patients [43]
and others showing an improved progression free survival in
patients who received EIP [44–46]. Although modern RT
techniques as intensity-modulated RT and image-guidance re-
duce the toxicity of pelvic irradiation [47, 48], inclusion of
pelvic nodes into the radiation field can lead to side effects,
especially gastrointestinal ones [49]. Thus, patient selection is
important to avoid overtreatment but remains a challenge.

On the other hand, when using a new prediction tool to
select patients for treatment, the risk of undertreatment due
to false-negatives has to be taken into consideration. For pa-
tients undergoing primary staging of prostate cancer, false-

negative results regarding LNM with omission of ePLND or
radiation of pelvic nodes would lead to incomplete treatment
and subsequent PSA persistence after radical prostatectomy or
definitive RT. As recently reported by Thalgott et al. [17],
visual analysis of nodes on PSMA PET is not superior enough
to replace clinical nomograms in predicting LNM. However,
our data show that assessment of quantitative PET parameters
of the primary tumour might improve the sensitivity to detect
LNM, reducing the number of false-negative PSMA PET
scans, even though the best risk threshold based on quantita-
tive PET parameters would still have to be established in a
validation cohort for the assessment of false-negatives rates.
Furthermore, the benefits and risks of ePLND were out of the
scope of this study, remaining controversial in the light of
actual literature [3, 50].

The main limitations of our study are the small sample
size and its retrospective nature, which entails a selection
bias. Therefore, the development of complex multivari-
able models is limited. Because of a limited number of
cases, the data set was used for both fitting and evaluat-
ing prediction models, which may have caused bias in
ROC analysis and decision curve analysis, leading to
over-confidence in model performance. However, the
model including PET parameters performed better even

Fig. 4 MIP, axial MRI and 68Ga-PSMA-11 PET/MRI fusion of a patient
with a large and highly PSMA-expressing primary tumour in the right
peripheral zone (upper row, T2 FRSE and fusion) with a SUVmax of 24
and a PSMAtotal of 109.5 and morphologically normal lymph nodes with

no PSMA expression (bottom row, water-only LAVA Flex and fusion).
On histopathology, 3 positive external iliac nodes were found on the left
side, with metastasis size up to 1.5 mm
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when compared with a clinical model also built with data
from our cohort, which suggests 68Ga-PSMA-11 PET
information improves prediction of LNM over clinical
information alone. Moreover, in our analyses, cT and
GS were treated as continuous variables (to reduce the
degrees of freedom and therefore reducing the risk of an
overly optimistic model fit), inevitably leading to the
assumption that the numerical distance between each
set of subsequent categories is equal, which might not
be true. Before preoperative 68Ga-PSMA-11 PET staging
can be recommended to be used in clinical practice to
select patients for ePLND, our promising results need to
be validated in a larger cohort of patients. However,
there is still only scarce data for PSMA PET with histo-
pathological confirmation and this is the first study that
uses quantitative PET parameters for the evaluation of
risk of LNM.

Conclusion

In our cohort, we could confirm that 68Ga-PSMA-11
PET has a sensitivity for pelvic nodal metastasis of

58%. Considering PSMAtotal of the primary tumour as
a risk factor for nodal involvement, a simple model in-
cluding PSA level, GS, nodal status on PET and
PSMAtotal showed a tendency to improve patient selec-
tion for ePLND over prediction models using clinical
risk factors. Although this result has to be validated,
68Ga-PSMA-11 PET showed the potential to reduce un-
necessary surgical procedures and be a valuable tool for
staging intermediate to high-risk prostate cancer patients.
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