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Purpose: PLND (pelvic lymph node dissection)-validated nomograms are widely
accepted clinical tools to determine the necessity of PLND by predicting the metastasis
of lymph nodes (LNMs) in pelvic region. However, these nomograms are in lacking of a
threshold to predict the metastasis of extrareolar lymph nodes beyond pelvic region,
which is not suitable for PLND. The aim of this study is to evaluate a threshold can be set
for current clinical PLND-validated nomograms to predict extrareolar LN metastases
beyond pelvic region in high-risk prostate cancer patients, by using 68Ga-PSMA PET/CT
as a reference to determine LN metastases (LNMs).

Experimental Design: We performed a retrospective analysis of 57 high-risk treatment-
naïve PC patients in a large tertiary care hospital in China who underwent 68Ga-PSMA-
617 PET/CT imaging. LNMs was detected by 68Ga-PSMA-617 PET/CT and further
determined by imaging follow-up after anti-androgen therapy. The pattern of LN
metastatic spread of PC patients were evaluated and analyzed. The impact of 68Ga-
PSMA PET/CT on clinical decisions based on three clinical PLND-validated nomograms
(Briganti, Memorial Sloan Kettering Cancer Center, Winter) were evaluated by a
multidisciplinary prostate cancer therapy team. The diagnostic performance and the
threshold of these nomograms in predicting extrareolar LNMs metastasis were evaluated
via receiver operating characteristic (ROC) curve analysis.
April 2021 | Volume 11 | Article 6586691

https://www.frontiersin.org/articles/10.3389/fonc.2021.658669/full
https://www.frontiersin.org/articles/10.3389/fonc.2021.658669/full
https://www.frontiersin.org/articles/10.3389/fonc.2021.658669/full
https://www.frontiersin.org/articles/10.3389/fonc.2021.658669/full
https://www.frontiersin.org/articles/10.3389/fonc.2021.658669/full
https://www.frontiersin.org/articles/10.3389/fonc.2021.658669/full
https://www.frontiersin.org/articles/10.3389/fonc.2021.658669/full
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles
http://creativecommons.org/licenses/by/4.0/
mailto:qinwj@fmmu.edu.cn
mailto:wangjing@fmmu.edu.cn
mailto:q-zhang2@northwestern.edu
https://doi.org/10.3389/fonc.2021.658669
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2021.658669
https://www.frontiersin.org/journals/oncology
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2021.658669&domain=pdf&date_stamp=2021-04-15


Abbreviations: LNMs, lymph node met
multidisciplinary cancer therapy; PSMA,
PET/CT, positron emission tomography c
lymph node dissection; ePLND, extend
computed tomography; mpMRI, multipar
DWI, diffusion-weighted imaging; USPIO
particles; tPSA, total prostate specific antig
deprivation treatment; RP, radical pros
immunohistochemistry; IF, immunofluore
metastases; IGRT, image-guided radiother
Uptake Values; HE, hematoxylin-eosin;
transrectal ultrasound; AUC, Area under c

Jiao et al. Lymph Nodes Detected by PSMA PET/CT

Frontiers in Oncology | www.frontiersin.org
Results: LNMs were observed in 49.1% of the patients by 68Ga-PSMA PET/CT, among
which 65.5% of LNMs were pelvic-regional and 34.5% of LNMs were observed in
extrareolar sites (52.1% of these were located above the diaphragm). The Briganti,
MSKCC and Winter nomograms showed that 70.2%-71.9% of the patients in this
study need to receive ePLND according to the EAU and NCCN guidelines. The LN
staging information obtained from 68Ga-PSMA PET/CT would have led to changes of
planned management in 70.2% of these patients, including therapy modality changes in
21.1% of the patients, which were mainly due to newly detected non-regional LNMs. The
thresholds of nomograms to predict non-regional LNMs were between 64% and 75%.
The PC patients with a score >64% in Briganti nomogram, a score >75% in MSKCC
nomogram and a score >67% in Winter nomogram were more likely to have non-regional
LNMs. The AUCs (Area under curves) of the clinical nomograms (Briganti, MSKCC and
Winter) in predicting non-regional LNMs were 0.816, 0.830 and 0.793, respectively.

Conclusions: By using 68Ga-PSMA PET/CT as reference of LNM, the PLND-validated
clinical nomograms can not only predict regional LNMs, but also predict non-regional
LNMs. The additional information from 68Ga-PSMA PET/CT may provide added benefit to
nomograms-based clinical decision-making in more than two-thirds of patients for
reducing unnecessary PLND. We focused on that a threshold can be set for current
clinical PLND-validated nomograms to predict extrareolar LN metastases with an AUC
accuracy of about 80% after optimizing the simple nomograms which may help to
improve the efficiency for PC therapy significantly in clinical practice.
Keywords: prostate cancer, PET/CT, distant, lymph node metastases, PSMA, impact, nomogram
HIGHLIGHTS
68Ga-PSMA PET/CT demonstrated that nearly one-third of
LNMs in high-risk treatment-naïve PC patients were non-
regional and the new information obtained from whole-body
68Ga-PSMA PET/CT has the potential to benefit the
nomograms-based clinical decision-making in more than two-
thirds of the patients, leading to more personalized treatment.
68Ga-PSMA PET/CT can be used to exclude patients with non-
regional lymph node metastases (LNMs) before pelvic lymph
node dissection (PLND) in order to improve the efficiency of
prostate cancer therapy in clinical practice. With a higher cutoff
value, the clinical nomograms have the potential to predict non-
regional LNMs as well.
astases; PC, prostate cancer; MDT,
prostate specific membrane antigen;
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INTRODUCTION

Prostate cancer (PC) is the most commonly diagnosed malignant
tumor and the second leading cause of cancer associated death in
men worldwide (1). The most common route of metastasis is
lymphogenous spread (2), and regional lymph node metastases
(LNMs) can be observed in high-risk PC patients at 19.4% (3).
The situation of LNMs can greatly influence clinical decision
making in PC patients. Currently, the conventional imaging
techniques such as computed tomography (CT) and
multiparametric magnetic resonance imaging (mpMRI) had
limited utility because of their relatively low sensitivities of
approximately 40.0% for detection of LNMs (4). To better
predict the risk of regional LNMs in PC patients, multiple
pelvic lymph node dissection (PLND) validated nomograms,
such as the Briganti, Memorial Sloan Kettering Cancer Center
(MSKCC) and Winter nomograms were created to identify
optimal candidates for PLND in treatment-naïve PC patients,
according to EAU (European Association of Urology) and
NCCN (National Comprehensive Cancer Network) guidelines
(5–7). PLND should be performed in the patients with LNMs
risk higher than 2% in MSKCC nomogram, 5% in Briganti
nomogram or 7% in Winter nomogram (5–7).

The incidence rate of non-regional LNMs leading to
unnecessary PLND in treatment-naïve PC patients were as
high as 36.0% (8). However, according to the EAU–ESTRO–
SIOG and NCCN guidelines, there is no specific examination for
April 2021 | Volume 11 | Article 658669
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detecting non-regional LNMs in guidelines and only a cross-
sectional abdominopelvic imaging (CT/MRI) and a bone scan
are routinely recommended for staging purposes (7, 9).
Therefore, many PC patients may receive unnecessary PLND
because they already have non-regional LNMs. There were no
thresholds in PLND-validated clinical nomograms (MSKCC,
Briganti and Winter) to exclude the PC patients with non-
regional LNMs. If there were thresholds to identify the PC
patients with non-regional LNMs in PLND-validated clinical
nomograms, the nomograms can be better used in selection of
PLND candidates.

However, the detection of non-regional LNMs and
development of nomograms to predict non-regional LNMs
were limited by the imaging techniques to detect non-regional
LNMs. In clinical practice, there was no routine imaging
examination for non-regional LNMs and the nodal staging
largely depended on preoperative pelvic CT/MRI or
histopathological results from PLND. The whole-body MRI
and biopsies for non-regional LNMs were hard to performed
routinely. With high accuracy, 68Ga-PSMA PET/CT can be an
effective imaging modality to detect non-regional LNMs.
Prostate-specific membrane antigen (PSMA), a type II
transmembrane protein, was overexpressed in 98.0% of PC
associated LNMs (10). 68Ga-labeled prostate-specific
membrane antigen PET/CT (68Ga-PSMA PET/CT) is a novel
molecular imaging technique with promise compared to
conventional imaging techniques for detection of LNMs for
primary staging of PC patients (4, 11, 12). The use of 68Ga-
PSMA PET in probing regional LNMs of PC was validated in a
series of prior studies (13–16). The specificity of 68Ga-PSMA
PET for detecting regional LNMs ranged from 80.0% to 100.0%
(13) and confirmed high specificity of over 95.0% in large cohorts
(17, 18). In hence, 68Ga-PSMA PET is now an established
imaging technique to improve the detection of non-regional
LNMs in prostate cancer (19).

The disease with regional LNMs can be considered as
locoregional progressive disease between localized disease and
the oligometastatic disease or systemic metastatic disease with
distant LNMs (20, 21). Therefore, the aim of the present study
was to investigate whether clinical nomograms (Briganti,
MSKCC and Winter) can predict non-regional LNMs and to
generate cutoff values to predict distant LNMs. Further, we
analyzed the potential added benefit of visualizing newly
detected distant LNMs by 68Ga-PSMA PET/CT to existing
nomograms-based clinical decision-making. The non-regional
LNMs observed by 68Ga-PSMA PET/CT were detected and
monitored by multiple imaging techniques in follow-ups of the
patients. In addition, we depicted metastatic pattern of LNMs in
high-risk treatment-naïve PC patients.
PATIENTS AND METHODS

Patients and Study Design
We retrospectively reviewed a database from a large tertiary care
hospital in China for patients with pathologically confirmed PC
Frontiers in Oncology | www.frontiersin.org 3
who underwent 68Ga-PSMA PET/CT from April 2017 to
October 2019. Patients were included in the study if they met
the following inclusion criteria: (1) transrectal ultrasound
(TRUS)-guided 12-core biopsy to pathologically confirm PC;
(2) Gleason score (GS); (3) clinical tumor stage; (4) pretreatment
total prostate specific antigen (tPSA). Patients were excluded if
they received any treatment before 68Ga-PSMA PET/CT, such as
androgen deprivation treatment (ADT), radical prostatectomy
(RP), radiotherapy (RT), or chemotherapy. Other exclusion
criteria included patients with negative PSMA expression on
primary PC tumor validated by immunohistochemistry (IHC),
and patients who had an interval between tPSA data and 68Ga-
PSMA PET/CT that was more than 30 days. All patients had a
bone scan and an mpMRI as well as 68Ga-PSMA PET/CT.
Ultimately, a total of 57 patients with sufficient clinical data
were eligible for analysis. Mean patient age was 69.4 ± 8.2 years
(Median 68.5, range 40-84) and the mean serum PSA at imaging
was 283.9 ng/ml (median 28.91, range 0.09-8447). All patients
had high risk PC, according to the D’Amico standard (22).

This study was performed in the Urology Department and
Nuclear Medicine Department of the Fourth Military Medical
University Affiliated Hospital (Xijing Hospital, Xi’an, Shaanxi,
China). The study was approved by the Ethics Committee of
Fourth Military Medical University, and all participating patients
provided written informed consent. The research was conducted
in accordance with the Declaration of Helsinki and national
regulations. Deidentified data were collected in a central database
at Fourth Military Medical University.

Histological Examination
A TRUS-guided 12-core prostate biopsy with necessary
additional target biopsy was performed for each patient’s
biopsy. All resected tissue of primary PC tumors and lymph
nodes from surgeries were formalin-fixed and routinely
processed for hematoxylin-eosin (HE) staining and
immunohistochemistry (IHC) analysis. The Gleason score
(ISUP grade) was considered as the highest score on the biopsy
specimen. The histopathological results served as a reference and
were stratified in accordance with the 7th edition of the American
Joint Committee on Cancer (AJCC) staging system for PC (23).
The pathological results were confirmed by the consensus of two
board-certified specialists in genitourinary pathology, as
previously reported (24). The pathologists were blinded to both
the 68Ga-PSMA PET/CT results and the clinical evaluation of the
tissues from the surgeons.

Immunohistochemistry Staining
The tissue samples were formalin-fixed and routinely processed
for IHC staining to evaluate PSMA expression with anti-PSMA
antibody (1:100, MAB-0575, MXB Biotechnologies), as
previously reported (25). Further methods related to IHC are
included in the Supplementary Materials and Methods.

Immunofluorescence Staining
The slides were processed for IF staining of PSMA (1:50, MAB-
0575, MXB Biotechnologies) and p504s (a biomarker of PC, 1:50,
RMA-0546, MXB Biotechnologies), a technique that was
April 2021 | Volume 11 | Article 658669
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previously reported (26). Details regarding IF procedures are
included in the Supplementary Materials and Methods.
Imaging Evaluation of mpMRI
and Bone Scan
All mpMRI evaluations were performed on a 3.0-T MR scanner
(Achieva 3.0 T TX, Philips Medical Systems, The Netherlands)
by using a 16-channel phased-array coil, as we previously
described (27). LNs were rated as malignant if they have a
short-axis diameter > 10 mm and if they showed restricted
diffusion on the DWI and ADC map or increased contrast
enhancement (28). Bone scan was performed on Symbia T2
(Siemens Medical Solutions, Erlangen, Germany) with at 3-5
hours after injection of 20-25mCi 99Tcm-MDP. The evaluation of
mpMRI or bone scan were reviewed by two radiologists or two
board-certified nuclear medicine specialists
Imaging Protocol and Evaluation
of 68Ga-PSMA PET/CT
All 68Ga-PSMA PET/CT evaluations were performed at a single
center (Fourth Military Medical University, Xijing Hospital,
Xi’an, Shaanxi, China). Patients underwent 68Ga-PSMA PET
imaging on a Biograph 40 system (Siemens Medical Solutions,
Erlangen, Germany). The 68Ga/68Ge generator system was
produced by ITG GmbH (Munich, Germany), and the DOTA
ligand was acquired from ABX GmbH (Radeberg, Germany).
The 68Ga-PSMA-617 was synthesized as we previously reported
(24), and the patients were intravenously injected with 1.8-2.2
MBq/kg body weight 68Ga-PSMA-617. Mean injection activity of
68Ga-PSMA PET was 141.7 ± 21.9 MBq. Low-dose CT (pitch 0.8,
50 mA, 120KV[peak]) scans for PET attenuation were obtained
(automatic mA, 120keV, 512x512 matrix, 5-mm slice thickness,
1.0-s rotation time, and 0.8 pitch), followed by a PET scan with 5
bed positions (3 min/bed, from head to the proximal thighs)
performed about 60 minutes after tracer injection. The PET/CT
images were then transferred to a multimodal workstation for
data analysis (Syngo Truepoint Siemens Medical Solutions).

The scans of 68Ga-PSMA PET/CT were reviewed by two
board-certified nuclear medicine specialists (Z.Q. and F.K.) with
more than ten years’ experience in reading PET imaging and one
board-certified radiation oncologist (J.W.). According to prior
studies, lymph nodes with a SUVmax of 2.0 or more and a
diameter of 5 mm or more were considered PSMA-positive on
68Ga-PSMA PET (29, 30). Scans were evaluated using a Siemens
MIWP workstation (Syngo MIWP; Siemens Medical Solutions,
Erlangen, Germany), according to the Joint EANM and SNMMI
procedure guidelines (version 1.0) (31, 32).
Statistical Analysis
Descriptive statistics were calculated and presented as the
frequency (percentage) for categorical variables, the mean
(standard deviation) for continuous variables of normal
distribution and the median (quartile) for continuous variables
of skewness distribution. All data were analyzed by IBM SPSS
statistics software, version 23.0 (IBM, Inc., Chicago, IL, USA).
Frontiers in Oncology | www.frontiersin.org 4
RESULTS

Patient Characteristics and Pattern
of Metastatic Spread
The characteristics of the 57 patients included in the study are
summarized in Table 1. To better understand the pattern of
metastatic spread of LNMs, we depicted non-regional LNMs
from all PC patients (Figure 1). 68Ga-PSMA PET/CT visual
analysis found 206 PSMA-positive LNMs from 49.1% (28/57) of
the patients (mean 7.4 nodes per patient; range: 1-30 positive
nodes per patient). A representative PC patient with non-
regional oligometastatic lymph nodes is shown in Figure 2 and
a PC patient without LNMs is shown in Figure S1. Figure S2
shows a representative PC patient with LNMs had negative
results in mpMRI but positive results in 68Ga-PSMA PET/CT.
If staining confirmed co-expression of PSMA and P504s, a
biomarker of PC cells, on resected LNMs (Figure S4).

The Detection and Distribution of Non-
Regional LNMs by 68Ga-PSMA PET/CT
Toclarify thenon-regional LNMsdetectedby 68Ga-PSMAPET/CT
and its distribution, we depicted non-regional LNMs from all PC
patients (Figure 1). For 57 patients, 34.5% (71/206) of the LNMs
were non-regional and 65.5% (135/206) of the LNMswere regional.

As shown in Table 2, non-regional LNMs were observed in
57.1% (16/28) of the PC patients with LNMs. Nearly half of all
TABLE 1 | Characteristics of patients and tumors at diagnosis.

Characteristic value

Age (ages)
　 Mean ± SD 68.5 ± 8.2
　 Median (range) 69.0 (40-84)
tPSA at PSMA PET/CT (ng/mL)
　 Median (P25-P75) 30.7 (8.8-149.5)
SUVmax

　 Mean ± SD 21.3 ± 19.2
　 Median (P25-P75) 16.0 (7.9-25.1)
Injection dose (MBq)
　 Mean ± SD 141.9 ± 21.5
　 Median (range) 142.1(67.0-181.3)
Uptake time (minutes)
　 Mean ± SD 66.617 ± 14.5
　 Median (range) 62(40-98)
T-stage, n (%)
　 T2a 5 (8.8%)
　 T2b 5 (8.8%)
　 T2c 38 (66.7%)
　 T3a 2 (3.5%)
　 T3b 4 (7.0%)
　 T4 3 (5.3%)
Gleason score, n (%)
　 6 3 (5.3%)
　 3+4 = 7 2 (3.5%)
　 4+3 = 7 8 (14.0%)
　 8 22 (38.6%)
　 9 17(29.8%)
　 10 5(8.8%)
Risk-group according to D’Amico, n (%)
　 High 57(100.0%)
April 2021 | Volume 1
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LNMs occurred in retroperitoneal lymph nodes (n=34, 16.5%),
while the remaining LNMs (n=37, 18.0%) were observed in other
areas above the diaphragm. The most commonly observed LNMs
above the diaphragm were seen in the mediastinal area (n=6,
2.9%). PSMA-avid LNMs in the left infraclavicular lymph nodes,
the left hilar lymph nodes, and the right hilar lymph nodes were
equally observed (n=4, 1.9%). PSMA-positive LNMs were also
observed in the left supraclavicular lymph nodes (Virchow
nodes, n=3, 4.2%) and the right infraclavicular lymph nodes
(n=3, 4.2%). A patient with Virchow nodes is shown in Figures
3A, B, and a patient with bilateral supraclavicular LNMs is
shown in Figures 3C, D. In addition, LNMs were observed in the
left/right cervical lymph nodes, the right supraclavicular lymph
nodes, the left/right axillary lymph nodes, the left/right hilar
lymph nodes, the paraesophageal lymph nodes, and the left/right
paradiaphragmatic lymph nodes. One mesenteric lymph node
and one metastatic node of the left lung were also observed. In
total, more than one-third of all LNMs were non-regional LNMs,
which were beyond the range of PLND (Figure 1, Table 2).

Thus, more than one-third of all LNMs shown in the 68Ga-
PSMA PET/CT were non-regional LNMs, which were beyond
the range of PLND. Totally, 28.1% (16/57) of all patients have
Frontiers in Oncology | www.frontiersin.org 5
both regional and non-regional LNMs, and no skip metastases
was observed in each patient.

The Evaluation of Regional LNMs Risks
According to Three Clinical Nomograms
To compare the scores of having regional LNMs, we calculated
the risks of having LNMs for the patients in the study according
to the three PLND-based nomograms (5, 6, 33).

As shown in Figure 4, the PC patients with nonregional
LNMs have higher scores than those without LNMs. The risks of
LNMs according to the Briganti, MSKCC and Winter
nomograms were 48.0% (median; range 1.0-95.0%), 63.0%
(median; range 9.0-99.0%), and 70.0% (median; range 10.0-
89.0%), respectively (Table 3). For the Briganti nomogram, the
risks varied from low (<10.0%) for 13 men (22.8%) to very high
(>50.0%) for 25 men (43.9%) in our cohort. For the MSKCC
nomogram, the risks varied from low (<10.0%) for 10 men
(17.5%) to very high (>50.0%) for 35 men (61.4%) in our
cohort. For the Winter nomogram, the risks varied from low
(<10.0%) for 2 men (3.5%) to very high (>50.0%) for 35 men
(61.4%). Due to high tPSA values or GS, the risk of LNMs in 18
patients was more than 90.0% from the MSKCC nomogram.
FIGURE 1 | Anatomical distribution of PSMA-avid lymph node metastases in the whole body. (blue square, the scope of ePLND; yellow square, the scope of limited
PLND; red square, the selective resected lymph nodes if radioactive in sentinel PLND). Anatomical distribution of non-regional PSMA-avid lymph node metastases.
All non-regional lymph node metastases (n=71, 34.5%) are beyond pelvic mpMRI, the currently recommended imaging by the guidelines (7, 9). Background picture
(Lymph Vessels and Nodes of Posterior Abdominal Wall) was used under the permission of © Elsevier Inc.
April 2021 | Volume 11 | Article 658669
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Thus, clinical nomograms indicated that most of the patients
in this study need to receive ePLND to deal with regional LNMs
Frontiers in Oncology | www.frontiersin.org 6
or potential regional LNMs. The PC patients with distant LNMs
has higher scores than those with regional LNMs. Then, we tried
to clarify the non-regional LNMs by 68Ga-PSMA PET/CT.

The Tangible Benefit of 68Ga-PSMA
PET/CT in Nomogram-Based Therapy
Choices of High-Risk Prostate Cancer
Patients With Non-Regional Lymph Node
Metastases
Next, we analyzed whether an additional 68Ga-PSMA PET/CT
have potential benefit on nomogram-based therapy choices of
high-risk PC patients, including sparing unnecessary ePLND in
PC patients with non-regional LNMs. Four examples were used
to show the potential benefit on clinical decision-making,
especially in those with non-regional LNMs.

Therapy modality changes were made in the PC patients with
non-regional oligometastatic lymph nodes. As shown in
Figure 2, a 40-year-old patient (T3a stage) with tPSA 48.0
ng/ml and GS 4 + 4 = 8 with pelvic LNMs on pelvic mpMRI
and no BMs on bone scan. The LNMs risks were 94.0%, 93.0%,
and 89.0% according to the Briganti, MSKCC and Winter
FIGURE 2 | Representative PC patient with non-regional oligometastatic lymph nodes. (A–C, F, G) 68Ga-PSMA PET/CT results of a 40 y/o PC patient with LNMs
(cT3a, GS 4 + 4 = 8, tPSA 47.99 ng/ml). (B, C) Typical para-iliac LNMs (white arrow, right para-iliac LNMs; red arrow, typical left para-iliac LNMs, SUVmax 13.2).
(D) HE staining and (E) PSMA staining of the resected left para-iliac LNMs. (F, G) non-regional oligometastatic LNMs in paraaortic area (yellow arrow, SUVmax 10.9).
The LNMs risks were 94.0%, 93.0%, and 89.0% according to the Briganti, MSKCC and Winter nomograms, respectively. The LNMs risk (>65%) indicated that the
PC patients may have non-regional LNMs. After 68Ga-PSMA PET/CT, radiotherapy was also performed on the oligometastatic paraaortic LNM after RP with ePLND.
TABLE 2 | Overview of distant lymph nodes metastases.

Location ∑

Total 71 (100.0%)
left supraclavicular lymph nodes 3(4.2%)
right supraclavicular lymph nodes 2(2.8%)
left infraclavicular lymph nodes 4(5.6%)
right infraclavicular lymph nodes 3(4.2%)
left cervical lymph nodes 1(1.4%)
right cervical lymph nodes 1(1.4%)
paraesophageal lymph nodes 2(2.8%)
left axillary lymph nodes 1(1.4%)
right axillary lymph nodes 1(1.4%)
left hilar lymph nodes 4(5.6%)
right hilar lymph nodes 4(5.6%)
left lung 1(1.4%)
mediastinal lymph nodes 6(8.5%)
left paradiaphragmatic lymph nodes 1(1.4%)
right paradiaphragmatic lymph nodes 2(2.8%)
mesenteric lymph nodes 1(1.4%)
Retroperitoneal lymph nodes 34(47.9%)
April 2021 | Volume 11 | Article 658669
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nomograms, respectively. As a result, the patient underwent RP
and extended PLND (ePLND) according to standard guidelines
(7, 9). However, 68Ga-PSMA PET/CT revealed that non-regional
oligometastatic lymph nodes existed in the paraaortic area.
Frontiers in Oncology | www.frontiersin.org 7
Therefore, after surgery, radiotherapy (RT) should be
performed on the paraaortic LNMs.

As another example, changes in therapeutic modality may
also occur in PC patients based on the detection of non-regional
LNMs. As shown in Figure 3A, a 76-year-old patient (T2c stage)
with tPSA 150.9 ng/ml and GS 4 + 4 = 8 with regional LNMs on
pelvic mpMRI and no BMs on bone scan. The LNMs risks were
81.0%, 99.0%, and 70.0% according to the Briganti, MSKCC and
Winter nomograms, respectively. As a result, the patient received
RP and ePLND according to standard guidelines (7, 9). However,
68Ga-PSMA PET/CT revealed non-regional LNMs in the
Virchow nodes, mediastinal lymph nodes, and retroperitoneal
lymph nodes. Hence, RP and ePLND should be replaced by
image-guided radiotherapy (IGRT). 68Ga-PSMA PET/CT has
the potential to reduce unnecessary ePLND in this kind of
PC patients.

In addition, changes in RT scope may be recommended for
PC patients with many non-regional LNMs. As shown in Figure
3B, a 73-year-old patient (T4 stage) with tPSA 747.9 ng/ml and
GS 4 + 5 = 9 with regional LNMs on pelvic mpMRI and BMs on
bone scan. However, all non-regional LNMs, such as Virchow
nodes, were missed by pelvic mpMRI. With 68Ga-PSMA PET/
CT, non-regional LNMs were clearly shown for accurate
modification of the radiation area of IGRT.

Furthermore, 68Ga-PSMA PET/CT has the potential to
reduce unnecessary ePLND in PC patients without LNMs. As
shown in Figure S1, a 71-year-old patient (T2a stage) with tPSA
FIGURE 3 | Two example PC patients with Virchow nodes. (A, B) 68Ga-PSMA PET/CT results of a 76 y/o patient (T2cN1M1a, GS 4 + 4 = 8, tPSA 150.9 ng/ml).
Virchow nodes (red arrow, SUVmax 8.42). After

68Ga-PSMA PET/CT, LNMs were shown in the Virchow nodes, mediastinal lymph nodes, and retroperitoneal
lymph nodes so RP with ePLND could be replaced by RT. (C, D) 68Ga-PSMA PET/CT of a 73 y/o patient (pT4N1M1b; GS 5 + 4 = 9; tPSA 747.9 ng/ml). right
supraclavicular LNMs (yellow arrow, SUVmax 7.89) and Virchow nodes (red arrow, SUVmax 2.98). In the first patient, the LNMs risks were 81.0%, 99.0%, and 70.0%
according to the Briganti, MSKCC and Winter nomograms, respectively. The LNMs risk (>65%) indicated that the PC patients may have non-regional LNMs. After
68Ga-PSMA PET/CT, the radiation scope of radiotherapy could be modified for more accurate location.
FIGURE 4 | Comparison of risks from the three nomograms between the
patients with no LNMs (1), the patients with regional LNMs (2) and the
patients with distant LNMs (3). Vertical borders of box represent 25th and
75th percentiles and middle bar represents median while “+” represents
mean. Mann-Whitney U tests showed significant difference between the
patients with LNMs and without LNMs (**P<0.001) and the PC patients with
non-regional LNMs have higher scores than those with regional LNMs. The
LNMs risks were calculated from Briganti, MSKCC and Winter nomograms.
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of 9.3ng/ml and GS 4 + 4 = 8 with no pelvic LNMs on pelvic
mpMRI and no BMs on bone scan. The LNMs risks were 11.0%,
21.0%, and 39.0% according to the Briganti, MSKCC and Winter
nomograms, respectively. Therefore, the patient underwent RP
and ePLND to treat the potential LNMs according to the
guidelines (7, 9). However, no LNMs were observed on 68Ga-
PSMA PET/CT. After ePLND, the pathological results from
resected lymph nodes confirmed that no LNMs existed, which
were in agreement with the PSMA PET/CT findings.

In general, the new information of 68Ga-PSMA PET/CT can
lead to changes of therapy choices in 70.2% (40/57) of the PC
patients when using the Briganti nomogram in clinical decision-
making (Figure 5A). Therapy modality changes could be made
in 21.1% of the patients and other changes include details of RT
scope (17.5%) or type and extent of surgery (31.6%). Changes in
therapeutic treatment modality were due to newly detected non-
regional LNMs in 12.3% of the patients and newly detected BMs
in 8.7% of the patients. 68Ga-PSMA PET/CT has the potential to
reduce unnecessary ePLND in 12.3% of the patients because of
newly detected non-regional LNMs. Newly detected non-
regional LNMs can also lead to modification of RT in 17.5% of
the patients. Similarly, 75.4% (43/57) of the patients would have
had different clinical decision-making as compared to the
MSKCC nomogram (Figure 5B) and 73.7% (42/57) of the
patients would have had different clinical decision-making as
compared to the Winter nomogram (Figure 5C) after 68Ga-
PSMA PET/CT. Therefore, 68Ga-PSMA PET/CT can provide
added benefit to the three standard nomograms and affect
clinical decision-making, especially for patients with non-
regional LNMs.

The Establishment of New Thresholds for
PLND-Validated Clinical Nomograms to
Predict Non-Regional Lymph Node
Metastases
According to the guidelines, the PC patients with LNMs risk
higher than 5% in Briganti nomogram, 2% in MSKCC
nomogram or 7% in Winter nomogram need receive ePLND
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to deal with potential regional LNMs (5–7). However, whether
the PLND-validated clinical nomograms have the potential to
evaluate the risk of non-regional LNMs remains unclear. The PC
patients with LNMs risk higher than the above mentioned cutoff
values, such as 5%, may also have non-regional LNMs and these
patients with non-regional LNMs should not receive ePLND.
Next, we analyzed whether the clinical nomograms have the
potential to predict non-regional LNMs.

To determine whether the clinical scores of nomograms can
predict PSMA PET positive non-regional LNMs by setting a
higher cutoff value, we plotted the ROC curves of the three
nomograms to compare the accuracy of nomograms in
predicting PSMA PET positive non-regional LNMs; for each
nomogram, a cutoff value corresponding to highest level
accuracy was utilized. The AUC of the clinical scores to predict
PSMA PET positive non-regional LNMs is shown in Figure 6.
We found that the PC patients with a score >64% in Briganti
nomogram, a score >75% in MSKCC nomogram and a score
>67% in Winter nomogram were more likely to have non-
regional LNMs. We found the AUC of MSKCC and Briganti
nomograms was slightly higher than those of Winter nomogram.
The AUC of clinical nomograms was shown in Table 4. Using
the above higher cutoff values, 10.5% (6/57) high-risk PC
patients with non-regional LNMs can be excluded by Briganti
and Winter nomograms, and 8.7% (5/57) high-risk PC patients
with non-regional LNMs can be excluded by MSKCC
nomograms (Figure 7).

Conclusively, the ePLND-based clinical nomograms have the
potential to predict non-regional LNMs as well. The surgeons
should pay close attention to the PC patients with LNMs risk
higher than approximately 65% for potential non-
regional LNMs.
DISCUSSION

This study depicted the pattern of metastatic spread by 68Ga-
PSMA PET/CT and demonstrated the potential benefit of this
imaging modality on clinical decision-making for high-risk PC
patients, especially in patients with non-regional LNMs. 68Ga-
PSMA PET/CT can provide pattern of metastatic spread of
LNMs with a higher sensitivity and specificity compared with
conventional morphological imaging (34). One previous study
indicated that, compared with mpMRI, more LNMs can be
observed by 68Ga-PSMA PET/CT in 27.8% of PC patients (35).
In this study, 96.7% of the patients with LNMs who received
68Ga-PSMA PET/CT had detectable LNMs, while pelvic mpMRI
could only detect regional LNMs in 60.7% of patients. Therefore,
pelvic mpMRI alone has limited sensitivity for detection of
regional LNMs and cannot include non-regional LNMs.

In our study, 34.5% of the LNMs were detected in non-
regional sites. This finding was comparable to prior work,
including a study of 280 treatment-naïve PC patients that
reported the use of 68Ga-PSMA PET/CT detected 36.0% of
LNMs as non-regional and 15.5% of LNMs above the
diaphragm (8). The most commonly observed non-regional
TABLE 3 | Risk of lymph nodes metastases according to three clinical
nomograms.

Briganti
nomogram

MSKCC
nomogram

Winter
nomogram

Patient number 57 57 57
Median (range) [%] 48.0 (1.0-95.0) 63.0 (0.0-99.0) 70.0 (10.0-89.0)
Subgroups 　 　 　

≤10.0% 13(22.8%) 10(17.5%) 2(3.5%)
10.1-20.0% 7(12.3%) 4(7.0%) 1(1.8%)
20.1-30.0% 3(5.3%) 5(8.8%) 10(17.5%)
30.1-40.0% 1(1.8%) 1(1.8%) 8(14.0%)
40.1-50.0% 8(14.0%) 2(3.5%) 1(1.8%)
50.1-60.0% 4(7.0%) 6(10.5%) 1(1.8%)
60.1-70.0% 6(10.5%) 4(7.0%) 30(52.6%)
70.1-80.0% 3(5.3%) 2(3.5%) 1(1.8%)
80.1-90.0% 10(17.5%) 5(8.8%) 3(5.3%)
>90.0% 2(3.5%) 18(31.6%) 0 (0.0%)
Unknown 0 (0.0%) 0 (0.0%) 0 (0.0%)
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A

B

C

FIGURE 5 | Impact of 68Ga-PSMA PET/CT on clinical decision-making in high-risk treatment-naïve prostate cancer patients. (A) According to the Briganti
nomogram, 68Ga-PSMA PET/CT would have led changes of planned therapy in 70.2% of these patients and avoided unnecessary ePLND in 12.3% of the patients
who have previously undetected non-regional LNMs. (B) According to the MSKCC nomogram, 68Ga-PSMA PET/CT would have led changes of planned therapy in
75.4% of the patients; (C) According to the Winter nomogram, 68Ga-PSMA PET/CT would have led changes of planned therapy in 73.7% of the patients. As the
basic treatment for nearly all high-risk PC patients, ADT or systemic therapy was not included. (Modality: changes of therapy modality; surgery details: changes in
surgery details; RT details: change in RT field; RP: radical prostatectomy; RT: radiotherapy; ePLND: extend PLND; sPLND: sentinel PLND).
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LNMs were the paraaortic lymph nodes (12.8%), while the most
commonly encountered non-regional LNMs above the
diaphragm were the mediastinal lymph nodes (6.2%) (8). Our
results were consistent with the prior study because 97.8% of the
patients in this work were intermediate- to high-risk PC patients
(8). In another study, 68Ga-PSMA PET/CT revealed that 16.0%
of the treatment-naïve PC patients had LNMs and 6.0% of these
patients had non-regional LNMs (36). Meanwhile, Nurhan et al.
reported that 9.0% of the treatment-naïve PC patients had non-
regional LNMs (37). For the intermediate- to high-risk
treatment-naïve PC patients, one study indicated that 23.3% of
the patients had regional LNMs and 9.5% of them had non-
regional LNMs (38). One previous study showed that
retroperitoneal LNMs were encountered in 12.8% of the high-
risk PC patients by 68Ga-PSMA I&T PET/CT (39). In our study,
the retroperitoneal LNMs were the most commonly visualized
non-regional LNMs. We identified 57.1% compared to 47.7% (in
Frontiers in Oncology | www.frontiersin.org 10
BJU study) non-regional LNMs of the PC patients with LNMs
(40). Compared with previous studies, more non-regional LNMs
were observed in our study because more high-risk PC patients
with higher grade of PC were included in our cohort.
Furthermore, we focused on that a threshold can be set for
current clinical PLND-validated nomograms to predict
extrareolar LN metastases with an AUC accuracy of about 80%
after optimizing the simple nomograms which may help to
improve the efficiency for PC therapy significantly in clinical
practice. PSMA expression, which could be reflected by
Maximum Standardized Uptake Values (SUVmax) of the
primary tumor in 68Ga-PSMA PET/CT, was closely correlated
with higher grades of PC (41). As shown in Figure S3, a
significantly higher SUVmax was found in the patients with
LNMs versus those without LNMs (P<0.01, Mann-Whitney-U-
test). The Virchow nodes were observed in our study (Figure 3).
One previous study also reported that 3.2% of the treatment-
naïve patients have LNMs in the Virchow nodes (8). The study
showed that the Virchow nodes were significantly more frequent
with a GS ≥8 as compared to a GS ≤7b primary PC tumor (8, 42).
In our study, all PC patients with Virchow nodes had a GS ≥8.

The new information obtained via 68Ga-PSMA PET/CT can
benefit clinical decision-making and provide additive benefit to
existing PLND-validated nomograms, particularly for individuals
with non-regional LNMs. For treatment-naïve PC patients, the
most frequent new findings were LNMs (17.2%) and 68Ga-PSMA
PET/CT can impact therapeutic decision making in 27.6% of
patients (38). In our study, based on the 68Ga-PSMA PET/CT
findings, the new information could have resulted in a change in
clinical management in more than two-thirds of patients. In our
study, the newly detected non-regional LNMs by 68Ga-PSMAPET/
CTcan lead to therapymodality change in12.3%of the patients and
modification of RT in 17.5% of the patients. In previous work,
treatment-naïve PC patients and recurrent PC patients were not
studied separately and most prior studies focused on RT
management exclusively. Florian et al. reported 27.5% of the PC
patients had non-regional LNMs, and the new information from
68Ga-PSMAPET/CT led to radiotherapeuticmanagement in 50.8%
of the cases (43). In this study including 26.0% treatment-naïve
patients, the new information of 68Ga-PSMA PET/CT led to
changes of planned RT in 26.4% of the patients (43). In another
study including 48.1% treatment-naïve patients, 68Ga-PSMA PET/
CT changed RT in 46.3% of the cases, and changed hormone
therapy in 33.3% of the patients, with an overall change in decision-
making in 53.7% of the patients (44). In an Australian prospective
multi-center study, 68Ga-PSMA PET/CT led to changes of
management intent in 21.3% of the treatment-naïve patients
while 61.5% of the patients with biochemical recurrence had
changes in planned therapy (45). More metastatic lesions were
discovered in high-risk PC patients to facilitate RT planning by
mapping PSMA-avid lesions (46). One study indicated that 68Ga-
PSMAPET/CT changed TNM stage and RT in 26.0% and 44.0% of
the 50 treatment-naïve PC patients, respectively (36). In our study,
68Ga-PSMA PET/CT also revealed the potential to reduce ePLND
in31.6%of thepatients. Similarly, oneprevious studydemonstrated
that 68Ga-PSMAPET imaging had the potential to facilitate patient
FIGURE 6 | Receiver operating characteristic (ROC) curves of the Briganti,
MSKCC and Winter nomograms for predicting non-regional PSMA PET positive
LNMs in high-risk PC patients. The AUCs of the clinical nomograms (Briganti,
MSKCC and Winter) in predicting non-regional LNMs were 0.816, 0.830 and
0.793, respectively. The PC patients with a score >64% in Briganti nomogram,
a score >75% in MSKCC nomogram and a score >67% in Winter nomogram
were more likely to have non-regional LNMs. The above cutoff values can be
used to predict non-regional LNMs in high-risk PC patients.
TABLE 4 | Distant PSMAPETpositive LNMsof ROCanalyses by three clinical nomograms.

Stage (number) Characteristics AUC SE 95% CI

T1-T3 (n=57) MSKCC nomogram 0.830 0.051 0.710-0.914
Briganti nomogram 0.816 0.054 0.695-0.904
Winter nomogram 0.793 0.05 0.668-0.886
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selection for ePLND in intermediate- to high-risk PC patients, and
these authors createdanovelPLND-validatednomogramincluding
tPSA, GS, and PSMA positive volume (PSMAtotal) of

68Ga-PSMA
PET/CT (47). The therapy modality changes and therapy detail
changes were modified from one previous study (38).
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In the current study, our study demonstrated that the PLND-
validated clinical nomograms (Briganti, MSKCC, Winter) have
the potential to predict non-regional LNMs with a higher cutoff
value of scores, although the three clinical nomograms are widely
used to predict the risks of regional LNMs in previous studies
A

B

C

FIGURE 7 | Impact of new thresholds for PLND-validated clinical nomograms on clinical decision-making in high-risk treatment-naïve prostate cancer patients (A:
Briganti nomogram; B: MSKCC nomogram; C: Winter nomogram). The new thresholds in Briganti (A) and Winter (C) nomograms excluded 93.75% (15/16) of the
PC patients with non-regional LNMs and 87.5% (14/16) of the patients for MSKCC (B) nomogram. (Modality, changes of therapy modality; RP, radical
prostatectomy; RT, radiotherapy; ePLND, extend PLND; sPLND, sentinel PLND).
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(5–7). The PC patients with LNMs risk higher than 65% need to
receive PSMA PET/CT to exclude non-regional LNMs to reduce
unnecessary ePLND.

Our study had some limitations. The first limitation in this
study is that 68Ga-PSMA PET/CT may have limitation on
detecting LNMs in the prostate cancer patients with negative
PSMA expression (like neuroendocrine prostate cancer),
although expression of PSMA has been recognized in
approximately 95% of prostate cancer, both primary and
metastatic (10, 41). Another limitation included small sample
size of patients because we focused on the high-risk prostate
cancer patients who had non-regional LNMs in this project,
which will be helpful for clinical decision making.

In conclusion, our study demonstrated that the clinical
nomograms have the potential to predict non-regional LNMs.
Our findings also demonstrate the proportion of non-regional
metastases in the initial staging by 68Ga-PSMA PET/CT and
demonstrate how this information may impact clinical decision-
making in high-risk treatment-naïve PC patients, especially in
those with non-regional LNMs. In comparison to the current
standards for PLND, our study revealed that non-regional LNMs
can be observed in more than one-third of patients, and 68Ga-
PSMA PET/CT has the potential to add additional information
to existing nomograms-based clinical decision-making in more
than two-thirds of the high-risk PC patients. We focused on that
a threshold can be set for current clinical PLND-validated
nomograms to predict extrareolar LN metastases with an AUC
accuracy of about 80% after optimizing the simple nomograms
which may help to improve the efficiency for PC therapy
significantly in clinical practice. If validated in a larger
prospective study, 68Ga-PSMA PET/CT, as well as clinical
nomograms, can be used to exclude patients with non-regional
LNMs before PLND with the potential to more accurately
identify the appropriate treatment modality for patients.
DATA AVAILABILITY STATEMENT

The datasets presented in this article are not readily available
because N/A. Requests to access the datasets should be directed
to qinwj@fmmu.edu.cn.
Frontiers in Oncology | www.frontiersin.org 12
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Ethics Committee of Fourth Military Medical
University. The patients/participants provided their written
informed consent to participate in this study. Written
informed consent was obtained from the individual(s) for the
publication of any potentially identifiable images or data
included in this article.
AUTHOR CONTRIBUTIONS

All authors listed have made a substantial, direct, and
intellectual contribution to the work and approved it
for publication.
FUNDING

This study is funded by the National Natural Science Foundation of
China (grant nos. 81772734, 81971646, 91959208, 81871379 and
81372748), Lynn Sage cancer research OncoSET program,
Innovation Capability Support Program of Shaanxi (grant nos.
2020PT-021 and 2021TD-39) and Key project of Shaanxi Natural
Science Basic Research Program (grant no. 2021JZ-25).
ACKNOWLEDGMENTS

The authors thank Mrs. Honglei Li (HL) and Yingmei Wang
(YW) (Department of Pathology, Xijing Hospital, Fourth
Military Medical University, China) for their detailed
pathological diagnosis.
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2021.
658669/full#supplementary-material
REFERENCES

1. Siegel RL, Miller KD, Jemal A. Cancer Statistics, 2020. CA Cancer J Clin
(2020) 70(1):7–30. doi: 10.3322/caac.21590

2. Harisinghani MG, Barentsz J, Hahn PF, Deserno WM, Tabatabaei S, van de
Kaa CH, et al. Noninvasive detection of clinically occult lymph-node
metastases in prostate cancer. N Engl J Med (2003) 348(25):2491–9.
doi: 10.1056/NEJMoa022749

3. Eden CG, Zacharakis E, Bott S. The learning curve for laparoscopic
extended pelvic lymphadenectomy for intermediate- and high-
risk prostate cancer: implications for compliance with existing
guidelines. BJU Int (2013) 112(3):346–54. doi: 10.1111/j.1464-410X.
2012.11671.x

4. Hovels AM, Heesakkers RA, Adang EM, Jager GJ, Strum S, Hoogeveen YL,
et al. The diagnostic accuracy of CT and MRI in the staging of pelvic lymph
nodes in patients with prostate cancer: a meta-analysis. Clin Radiol (2008) 63
(4):387–95. doi: 10.1016/j.crad.2007.05.022

5. Winter A, Kneib T, Rohde M, Henke RP, Wawroschek F. First Nomogram
Predicting the Probability of Lymph Node Involvement in Prostate Cancer
Patients Undergoing Radioisotope Guided Sentinel Lymph Node Dissection.
Urol Int (2015) 95(4):422–8. doi: 10.1159/000431182

6. Briganti A, Larcher A, Abdollah F, Capitanio U, Gallina A, Suardi N, et al.
Updated nomogram predicting lymph node invasion in patients with prostate
cancer undergoing extended pelvic lymph node dissection: the essential
importance of percentage of positive cores. Eur Urol (2012) 61(3):480–7.
doi: 10.1016/j.eururo.2011.10.044

7. Mohler JL, Antonarakis ES, Armstrong AJ, D’Amico AV, Davis BJ, Dorff T,
et al. Prostate Cancer, Version 2.2019, NCCN Clinical Practice Guidelines in
Oncology. J Natl Compr Canc Netw (2019) 17(5):479–505. doi: 10.6004/
jnccn.2019.0023
April 2021 | Volume 11 | Article 658669

mailto:qinwj@fmmu.edu.cn
https://www.frontiersin.org/articles/10.3389/fonc.2021.658669/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2021.658669/full#supplementary-material
https://doi.org/10.3322/caac.21590
https://doi.org/10.1056/NEJMoa022749
https://doi.org/10.1111/j.1464-410X.2012.11671.x
https://doi.org/10.1111/j.1464-410X.2012.11671.x
https://doi.org/10.1016/j.crad.2007.05.022
https://doi.org/10.1159/000431182
https://doi.org/10.1016/j.eururo.2011.10.044
https://doi.org/10.6004/jnccn.2019.0023
https://doi.org/10.6004/jnccn.2019.0023
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Jiao et al. Lymph Nodes Detected by PSMA PET/CT
8. Koerber SA, Stach G, Kratochwil C, Haefner MF, Rathke H, Herfarth K, et al.
Lymph node involvement in treatment-naive prostate cancer patients -
correlation of PSMA-PET/CT imaging and Roach formula in 280 men in
the Radiotherapeutic management. J Nucl Med: official publication, Society of
Nuclear Medicine (2020) 61(1): 46–50. doi: 10.2967/jnumed.119.227637

9. Mottet N, Bellmunt J, Bolla M, Briers E, Cumberbatch MG, De Santis M, et al.
EAU-ESTRO-SIOG Guidelines on Prostate Cancer. Part 1: Screening,
Diagnosis, and Local Treatment with Curative Intent. Eur Urol (2017) 71
(4):618–29. doi: 10.1016/j.eururo.2016.08.003

10. Sweat SD, Pacelli A, Murphy GP, Bostwick DG. Prostate-specific membrane
antigen expression is greatest in prostate adenocarcinoma and lymph node
metastases. Urology (1998) 52(4):637–40. doi: 10.1016/s0090-4295(98)00278-7

11. Wu H, Xu T, Wang X, Yu YB, Fan ZY, Li DX, et al. Diagnostic Performance of
(6)(8)Gallium Labelled Prostate-Specific Membrane Antigen Positron
Emission Tomography/Computed Tomography and Magnetic Resonance
Imaging for Staging the Prostate Cancer with Intermediate or High Risk
Prior to Radical Prostatectomy: A Systematic Review and Meta-analysis.
World J Mens Health (2019) 22(1): 6–9. doi: 10.5534/wjmh.180124

12. Koschel S, Murphy DG, Hofman MS, Wong LM. The role of prostate-specific
membrane antigen PET/computed tomography in primary staging of
prostate cancer. Curr Opin Urol (2019) 29(6):569–77. doi: 10.1097/MOU.
0000000000000677

13. Luiting HB, van Leeuwen PJ, Busstra MB, Brabander T, van der Poel HG,
Donswijk ML, et al. Use of (68) Ga-PSMA PET for detecting lymph node
metastases in primary and recurrent prostate cancer and location of
recurrence after radical prostatectomy: an overview of the current literature.
BJU Int (2019) 125(2): 206–14. doi: 10.1111/bju.14944

14. Perera M, Papa N, Christidis D, Wetherell D, Hofman MS, Murphy DG, et al.
Sensitivity, Specificity, and Predictors of Positive (68)Ga-Prostate-specific
Membrane Antigen Positron Emission Tomography in Advanced Prostate
Cancer: A Systematic Review and Meta-analysis. Eur Urol (2016) 70(6):926–
37. doi: 10.1016/j.eururo.2016.06.021

15. Hijazi S, Meller B, Leitsmann C, Strauss A, Meller J, Ritter CO, et al. Pelvic
lymph node dissection for nodal oligometastatic prostate cancer detected by
68Ga-PSMA-positron emission tomography/computerized tomography.
Prostate (2015) 75(16):1934–40. doi: 10.1002/pros.23091

16. Obek C, Doganca T, Demirci E, Ocak M, Kural AR, Yildirim A, et al. The
accuracy of (68)Ga-PSMA PET/CT in primary lymph node staging in high-
risk prostate cancer. Eur J Nucl Med Mol Imaging (2017) 44(11):1806–12.
doi: 10.1007/s00259-017-3752-y

17. Maurer T, Gschwend JE, Rauscher I, Souvatzoglou M, Haller B, Weirich G,
et al. Diagnostic Efficacy of (68)Gallium-PSMA Positron Emission
Tomography Compared to Conventional Imaging for Lymph Node Staging
of 130 Consecutive Patients with Intermediate to High Risk Prostate Cancer.
J Urol (2016) 195(5):1436–43. doi: 10.1016/j.juro.2015.12.025

18. Maurer T, Eiber M, Schwaiger M, Gschwend JE. Current use of PSMA-PET in
prostate cancer management. Nat Rev Urol (2016) 13(4):226–35. doi: 10.1038/
nrurol.2016.26

19. Perera M, Papa N, Roberts M,Williams M, Udovicich C, Vela I, et al. Gallium-
68 Prostate-specific Membrane Antigen Positron Emission Tomography in
Advanced Prostate Cancer-Updated Diagnostic Utility, Sensitivity, Specificity,
and Distribution of Prostate-specific Membrane Antigen-avid Lesions: A
Systematic Review and Meta-analysis. Eur Urol (2020) 77(4):403–17.
doi: 10.1016/j.eururo.2019.01.049

20. Maurer T, Graefen M, van der Poel H, Hamdy F, Briganti A, Eiber M, et al.
Prostate-Specific Membrane Antigen-Guided Surgery. J Nucl Med
Off publication Soc Nucl Med (2020) 61(1):6–12. doi: 10.2967/
jnumed.119.232330

21. van Leeuwen FWB, Winter A, van Der Poel HG, Eiber M, Suardi N, Graefen
M, et al. Technologies for image-guided surgery for managing lymphatic
metastases in prostate cancer. Nat Rev Urol (2019) 16(3):159–71. doi: 10.1038/
s41585-018-0140-8

22. D’Amico AV, Desjardin A, Chung A, Chen MH. Assessment of outcome
prediction models for localized prostate cancer in patients managed with
external beam radiation therapy. Semin Urol Oncol (1998) 16(3):153–9.

23. Edge SB, Compton CC. The American Joint Committee on Cancer: the 7th
edition of the AJCC cancer staging manual and the future of TNM. Ann Surg
Oncol (2010) 17(6):1471–4. doi: 10.1245/s10434-010-0985-4
Frontiers in Oncology | www.frontiersin.org 13
24. Zhang J, Shao S, Wu P, Liu D, Yang B, Han D, et al. Diagnostic performance of
(68)Ga-PSMA PET/CT in the detection of prostate cancer prior to initial
biopsy: comparison with cancer-predicting nomograms. Eur J Nucl Med Mol
Imaging (2019) 46(4):908–20. doi: 10.1007/s00259-018-4255-1

25. Jiao D, Li Y, Yang F, Han D, Wu J, Shi S, et al. Expression of Prostate-Specific
Membrane Antigen in Tumor-Associated Vasculature Predicts Poor
Prognosis in Hepatocellular Carcinoma. Clin Transl Gastroenterol (2019) 10
(5):1–7. doi: 10.14309/ctg.0000000000000041

26. Shi SJ, Wang LJ, Han DH, Wu JH, Jiao D, Zhang KL, et al. Therapeutic effects
of human monoclonal PSMA antibody-mediated TRIM24 siRNA delivery in
PSMA-positive castration-resistant prostate cancer. Theranostics (2019) 9
(5):1247–63. doi: 10.7150/thno.29884

27. Li Y, Han D, Wu P, Ren J, Ma S, Zhang J, et al. Comparison of (68)Ga-PSMA-
617 PET/CT with mpMRI for the detection of PCa in patients with a PSA level
of 4-20 ng/ml before the initial biopsy. Sci Rep (2020) 10(1):10963.
doi: 10.1038/s41598-020-67385-9

28. Zhang Q, Zang S, Zhang C, Fu Y, Lv X, Zhang Q, et al. Comparison of (68)Ga-
PSMA-11 PET-CT with mpMRI for preoperative lymph node staging in
patients with intermediate to high-risk prostate cancer. J Transl Med (2017) 15
(1):230. doi: 10.1186/s12967-017-1333-2

29. Jilg CA, Drendel V, Rischke HC, Beck T, Vach W, Schaal K, et al. Diagnostic
Accuracy of Ga-68-HBED-CC-PSMA-Ligand-PET/CT before Salvage Lymph
Node Dissection for Recurrent Prostate Cancer. Theranostics (2017) 7
(6):1770–80. doi: 10.7150/thno.18421

30. Vinsensia M, Chyoke PL, Hadaschik B, Holland-Letz T, Moltz J, Kopka K,
et al. (68)Ga-PSMA PET/CT and Volumetric Morphology of PET-Positive
Lymph Nodes Stratified by Tumor Differentiation of Prostate Cancer. J Nucl
Med Off publication Soc Nucl Med (2017) 58(12):1949–55. doi: 10.2967/
jnumed.116.185033

31. Fendler WP, Eiber M, Beheshti M, Bomanji J, Ceci F, Cho S, et al. 68Ga-PSMA
PET/CT: Joint EANM and SNMMI procedure guideline for prostate cancer
imaging: version 1.0. Eur J Nucl Med Mol Imaging (2017) 44(6):1014–24.
doi: 10.1007/s00259-017-3670-z

32. Rauscher I, Maurer T, Beer AJ, Graner FP, Haller B, Weirich G, et al. Value of
68Ga-PSMA HBED-CC PET for the Assessment of Lymph Node Metastases
in Prostate Cancer Patients with Biochemical Recurrence: Comparison with
Histopathology After Salvage Lymphadenectomy. J Nucl Med Off publication
Soc Nucl Med (2016) 57(11):1713–9. doi: 10.2967/jnumed.116.173492

33. Memorial Sloan Kettering Cancer Center. Dynamic prostate cancer
nomogram: coefficients. Available at: www.mskcc.org/nomograms/prostate/
pre-op/coefficients.

34. Hofman MS, Lawrentschuk N, Francis RJ, Tang C, Vela I, Thomas P, et al.
Prostate-specific membrane antigen PET-CT in patients with high-risk
prostate cancer before curative-intent surgery or radiotherapy (proPSMA):
a prospective, randomised, multicentre study. Lancet (2020) 395
(10231):1208–16. doi: 10.1016/S0140-6736(20)30314-7

35. Tulsyan S, Das CJ, Tripathi M, Seth A, Kumar R, Bal C. Comparison of 68Ga-
PSMA PET/CT and multiparametric MRI for staging of high-risk prostate
cancer68Ga-PSMA PET and MRI in prostate cancer. Nucl Med Commun
(2017) 38(12):1094–102. doi: 10.1097/mnm.0000000000000749

36. Koerber SA, Will L, Kratochwil C, Haefner MF, Rathke H, Kremer C, et al.
(68)Ga-PSMA-11 PET/CT in Primary and Recurrent Prostate Carcinoma:
Implications for Radiotherapeutic Management in 121 Patients. J Nucl Med:
official publication, Society of Nuclear Medicine (2019) 60(2):234–40.
doi: 10.2967/jnumed.118.211086

37. Ergul N, Yilmaz Gunes B, Yucetas U, Toktas MG, Cermik TF. 68Ga-PSMA-11
PET/CT in Newly Diagnosed Prostate Adenocarcinoma. Clin Nucl Med
(2018) 43(12):e422–e7. doi: 10.1097/RLU.0000000000002289

38. Ferraro DA, Garcia Schuler HI, Muehlematter UJ, Eberli D, Muller J, Muller
A, et al. Impact of (68)Ga-PSMA-11 PET staging on clinical decision-making
in patients with intermediate or high-risk prostate cancer. Eur J Nucl Med Mol
Imaging (2020) 47(3):652–64. doi: 10.1007/s00259-019-04568-1

39. Cytawa W, Seitz AK, Kircher S, Fukushima K, Tran-Gia J, Schirbel A, et al.
(68)Ga-PSMA I&T PET/CT for primary staging of prostate cancer. Eur J Nucl
Med Mol Imaging (2020) 47(1):168–77. doi: 10.1007/s00259-019-04524-z

40. Yaxley JW, Raveenthiran S, Nouhaud FX, Samaratunga H, Yaxley WJ,
Coughlin G, et al. Risk of metastatic disease on (68) gallium-prostate-
specific membrane antigen positron emission tomography/computed
April 2021 | Volume 11 | Article 658669

https://doi.org/10.2967/jnumed.119.227637
https://doi.org/10.1016/j.eururo.2016.08.003
https://doi.org/10.1016/s0090-4295(98)00278-7
https://doi.org/10.5534/wjmh.180124
https://doi.org/10.1097/MOU.0000000000000677
https://doi.org/10.1097/MOU.0000000000000677
https://doi.org/10.1111/bju.14944
https://doi.org/10.1016/j.eururo.2016.06.021
https://doi.org/10.1002/pros.23091
https://doi.org/10.1007/s00259-017-3752-y
https://doi.org/10.1016/j.juro.2015.12.025
https://doi.org/10.1038/nrurol.2016.26
https://doi.org/10.1038/nrurol.2016.26
https://doi.org/10.1016/j.eururo.2019.01.049
https://doi.org/10.2967/jnumed.119.232330
https://doi.org/10.2967/jnumed.119.232330
https://doi.org/10.1038/s41585-018-0140-8
https://doi.org/10.1038/s41585-018-0140-8
https://doi.org/10.1245/s10434-010-0985-4
https://doi.org/10.1007/s00259-018-4255-1
https://doi.org/10.14309/ctg.0000000000000041
https://doi.org/10.7150/thno.29884
https://doi.org/10.1038/s41598-020-67385-9
https://doi.org/10.1186/s12967-017-1333-2
https://doi.org/10.7150/thno.18421
https://doi.org/10.2967/jnumed.116.185033
https://doi.org/10.2967/jnumed.116.185033
https://doi.org/10.1007/s00259-017-3670-z
https://doi.org/10.2967/jnumed.116.173492
http://www.mskcc.org/nomograms/prostate/pre-op/coefficients
http://www.mskcc.org/nomograms/prostate/pre-op/coefficients
https://doi.org/10.1016/S0140-6736(20)30314-7
https://doi.org/10.1097/mnm.0000000000000749
https://doi.org/10.2967/jnumed.118.211086
https://doi.org/10.1097/RLU.0000000000002289
https://doi.org/10.1007/s00259-019-04568-1
https://doi.org/10.1007/s00259-019-04524-z
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Jiao et al. Lymph Nodes Detected by PSMA PET/CT
tomography scan for primary staging of 1253 men at the diagnosis of prostate
cancer. BJU Int (2019) 124(3):401–7. doi: 10.1111/bju.14828

41. Bostwick DG, Pacelli A, Blute M, Roche P, Murphy GP. Prostate specific
membrane antigen expression in prostatic intraepithelial neoplasia and
adenocarcinoma: a study of 184 cases. Cancer (1998) 82(11):2256–61.
doi: 10.1002/(sici)1097-0142(19980601)82:11<2256::aid-cncr22>3.0.co;2-s

42. de la Riva-Perez PA, Garcia-Gomez FJ, Bujan-Lloret C, Calvo-Moron MC,
Castro-Montano J. Virchow Node From Prostate Carcinoma by 18F-Choline
PET/CT. Clin Nucl Med (2018) 43(4):271–2. doi: 10.1097/rlu.
0000000000001975

43. Sterzing F, Kratochwil C, Fiedler H, Katayama S, Habl G, Kopka K, et al. (68)
Ga-PSMA-11 PET/CT: a new technique with high potential for the
radiotherapeutic management of prostate cancer patients. Eur J Nucl Med
Mol Imaging (2016) 43(1):34–41. doi: 10.1007/s00259-015-3188-1

44. Shakespeare TP. Effect of prostate-specific membrane antigen positron
emission tomography on the decision-making of radiation oncologists.
Radiat Oncol (2015) 10:233. doi: 10.1186/s13014-015-0548-8

45. Roach PJ, Francis R, Emmett L, Hsiao E, Kneebone A, Hruby G, et al. The
Impact of (68)Ga-PSMA PET/CT on Management Intent in Prostate Cancer:
Results of an Australian Prospective Multicenter Study. J Nucl Med Off
publication Soc Nucl Med (2018) 59(1):82–8. doi: 10.2967/jnumed.117.197160
Frontiers in Oncology | www.frontiersin.org 14
46. Onal C, Torun N, Akyol F, Guler OC, Hurmuz P, Yildirim BA, et al.
Integration of 68Ga-PSMA-PET/CT in Radiotherapy Planning for Prostate
Cancer Patients. Clin Nucl Med (2019) 44(9):e510–e6. doi: 10.1097/
RLU.0000000000002691

47. Ferraro DA, Muehlematter UJ, Garcia Schuler HI, Rupp NJ, Huellner M,
Messerli M, et al. (68)Ga-PSMA-11 PET has the potential to improve patient
selection for extended pelvic lymph node dissection in intermediate to high-
risk prostate cancer. Eur J Nucl Med Mol Imaging (2019) 47(1):147–59.
doi: 10.1007/s00259-019-04511-4

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Jiao, Quan, Zhang, Wen, Qin, Yang, Meng, Jing, Ma, Wu, Han,
Davis, Ren, Yang, Kang, Zhang, Wang and Qin. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.
April 2021 | Volume 11 | Article 658669

https://doi.org/10.1111/bju.14828
https://doi.org/10.1002/(sici)1097-0142(19980601)82:113.0.co;2-s
https://doi.org/10.1097/rlu.0000000000001975
https://doi.org/10.1097/rlu.0000000000001975
https://doi.org/10.1007/s00259-015-3188-1
https://doi.org/10.1186/s13014-015-0548-8
https://doi.org/10.2967/jnumed.117.197160
https://doi.org/10.1097/RLU.0000000000002691
https://doi.org/10.1097/RLU.0000000000002691
https://doi.org/10.1007/s00259-019-04511-4
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	The Establishment of New Thresholds for PLND-Validated Clinical Nomograms to Predict Non-Regional Lymph Node Metastases: Using 68Ga-PSMA PET/CT as References
	Highlights
	Introduction
	Patients and Methods
	Patients and Study Design
	Histological Examination
	Immunohistochemistry Staining
	Immunofluorescence Staining
	Imaging Evaluation of mpMRI and Bone Scan
	Imaging Protocol and Evaluation of 68Ga-PSMA PET/CT
	Statistical Analysis

	Results
	Patient Characteristics and Pattern of Metastatic Spread
	The Detection and Distribution of Non-Regional LNMs by 68Ga-PSMA PET/CT
	The Evaluation of Regional LNMs Risks According to Three Clinical Nomograms
	The Tangible Benefit of 68Ga-PSMA PET/CT in Nomogram-Based Therapy Choices of High-Risk Prostate Cancer Patients With Non-Regional Lymph Node Metastases
	The Establishment of New Thresholds for PLND-Validated Clinical Nomograms to Predict Non-Regional Lymph Node Metastases

	Discussion
	Data Availability Statement 
	Ethics Statement 
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


