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Abstract Aim This article evaluates whether parameters derived from the gallium-68-labeled
prostate-specific membrane antigen (68Ga-PSMA) positron emission tomography/
computed tomography (PET/CT) imaging studies of primary prostate cancer (PCa)
lesions were associated with Gleason score (GS), D’Amico risk class, Candiolo nomo-
grams, and the metastatic status of the disease.
Methods We retrospectively evaluated newly diagnosed PCa patients who underwent
68Ga-PSMAPET/CTbefore therapy. Age, baseline serumprostate-specific antigen (PSA), and
metastatic statuswere recorded.Maximal standardized uptake value (SUVmax),mean SUV
(SUVmean), total lesion PSMA (TL-PSMA), and PSMA-derived tumor volume (PSMA-TV)
were analyzed. The patients were grouped according to GS (GS � 7 and GS � 8), D’Amico
risk classes (low intermediate and high-risk), and also based on their results with the
Candiolo nomogramwhich normally creates five risk classes. For Candiolo classes, very-low
risk and low-risk patients were pooled into the low-risk Candiolo (LRC) group, high and very
high-risk patients were pooled into the high-risk Candiolo (HRC) group. The intermediate-
risk Candiolo group was utilized as-is (IRC).
Results Mean age was 67� 8 years, median PSA value was 14.3 (3–211). There were 82
patientswithGS�7 and38patientswithGS�8; intermediateD’Amico class comprised32
patients, while the high D’Amico class comprised 88 patients. For Candiolo, there were 23
LRC, 40 IRC, and 57 HRC patients. PSMA-positive metastases were detected in 44 (36.7%)
patients. The SUVmean, SUVmax, PSMA-TV, and TL-PSMA values of the primary tumor
demonstrated significant differences when compared according to classifications for GS,
D’Amico, LRC versus HRC, andmetastatic versus nonmetastatic patients. Of note, TL-PSMA
was the only parameter that varied significantly among all risk groups.
Conclusion Primary tumor parameters obtained from baseline 68Ga-PSMA PET/CT are
useful to distinguish PCa patients in terms of GS, D’Amico, Candiolo nomogram, and
metastatic states. TL-PSMA appears to be the best parameter as it is the only parameter
that can distinguish all risk groups from each other.
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Introduction

Prostate cancer (PCa) is one of the most common cancers in
men worldwide and continues to be an important cause of
death in many regions.1 Risk stratification among patients
with PCa is crucial since it is a heterogeneous disease ranging
from prostate-localized disease to castration-resistant PCa,
and especially because the different stages of the disease
directly affect management and prognosis. In traditional PCa
risk classification, patients are classically divided into risk
groups according to the D’Amico risk classes which catego-
rize patients into three groups based on pretreatment pros-
tate-specific antigen (PSA) level, clinical stage, and biopsy
Gleason score (GS).2

A new classification tool, the “Candiolo nomogram,” was
published in 2016. This nomogram has been suggested to be
superior to the D’Amico approach in predicting PCa recur-
rence after radiotherapy (RT). It leverages five easily accessi-
ble pretreatment parameters as clinical predictors, including
age, PSA, clinical-radiological stage (cT stage), biopsy GS, and
percentage of biopsy positive cores (%PC).3

Prostate-specific membrane antigen (PSMA) is a trans-
membrane proteinwith significantly increased expression in
PCa cells or metastasis.4 In recent years, positron emission
tomography/computed tomography (PET/CT) with gallium-
68-labeled PSMA (68Ga-PSMA) has become the standard
evaluation method routinely used to detect PCa and deter-
mine stage, response to treatment, and biochemical recur-
rence.5 Additionally, maximum standardized uptake value
(SUVmax) obtained from 68Ga-PSMA PET/CT is a semiquan-
titative parameter that has gained widespread use for tumor
evaluations. Recent studies have suggested that volume-
based parameters obtained via 68Ga-PSMA PET/CT, such as
PSMA-derived tumor volume (PSMA-TV) and total lesion
PSMA (TL-PSMA), can reflect the tumor burden of PCa
patients, and thus, may provide more accurate results in
the evaluation of prognosis and monitoring of treatment
response.6

The aim of this study was to investigate the potential
relationships between baseline 68Ga-PSMA PET/CT-derived
primary tumor features and classical characteristics such as
GS, other pretreatment risk stratifications, and metastatic
status among patients with PCa.

Material and Methods

Study Setting, Design, and Patient Selection
We retrospectively reviewed PCa patients who had pretreat-
ment 68Ga-PSMA PET/CT imaging in our clinic between
January 2021 and January 2022. Inclusion criteria were:
confirmation of prostate adenocarcinoma by pathological
examination, having undergone baseline 68Ga-PSMA PET/CT
for staging, availability of clinical history, age, GS, and serum
PSA levels within 2 weeks before imaging. Exclusion criteria
were: having a pathological diagnosis other than prostate
adenocarcinoma, having received any previous treatment,
and absence of data concerning GS, histological results, or
baseline PSA values. Serum PSA levels (ng/mL), cT tumor

grading (based on biopsy results), and %PC were recorded in
all participants. All procedures performed in this retrospec-
tive study were in accordance with the ethical standards of
the 1964 Helsinki Declaration or comparable ethical stand-
ards. Written informed consents were obtained from all
patients.

Risk Stratification Systems
Gleason patterns were grouped according to the Gleason
Grading System suggested by the 2014 International Society
of Urological Pathology consensus conference.7 According to
GS, the patients were grouped as patients with GS � 7 and
patients with GS � 8.

For D’Amico risk classes, the patients were divided into
three categories based on pretreatment PSA, clinical
stage, and biopsy GS results: low risk (PSA<10ng/mL and
cT1–cT2a and a biopsy GS � 6), intermediate risk (PSA
10–20ng/mL or cT2b or biopsy GS 7), and high risk (PSA>20
ng/mL or clinical stage � cT2c or biopsy GS � 8).2

According to the Candiolo nomogram, the five parameters
were categorized as follows: age� 70 years or age<70 years;
PSA<7ng/mL, 7 to 15ng/mL, or>15ng/mL; clinical-radio-
logical Tstage cT1, cT2, or cT3-cT4; biopsyGS� 6, 3þ4, 4þ3,
8, or 9 to 10; %PC 1 to 20%, 21 to 50%, 51 to 80%, or 81 to 100%.
The %PC was calculated bymultiplying 100 by the number of
positive cores containing PCa (of any length) and dividing by
the total number of cores sampled. The patientswere divided
into five risk classes: very low-risk, low-risk, intermediate-
risk (intermediate-risk Candiolo) (IRC), high-risk, and with
very high-risk.3 Very low-risk and low-risk patients were
combined to create the low-risk Candiolo (LRC) group, while
high-risk and very high-risk patients were combined to
create the high-risk Candiolo (HRC) group. This approach
was deemed necessary due to the small size of the combined
groups.

Patients were grouped as metastatic and nonmetastatic
according to their metastatic status.

68Ga-PSMA Imaging Procedure
The 68Ga-PSMA used for imaging was synthesized by
employing a radiopharmaceutical practice module (Scin-
tomics, Germany) equippedwith a fully automated synthesis
unit. After production, labeling efficacy was assessed with
high-performance liquid chromatography. Imaging proce-
dures are briefly described as follows: 1 hour after the
administration of an average of 3.1 mCi (115 MBq) of
68Ga-PSMA, the patients underwent noncontrast CT imaging
(0.5mm slice thickness) (Philips Gemini TF PET/CT, Eind-
hoven, TheNetherlands). After CT, whole-body PET images of
10 to 12 bed positions were obtained with a 1.5-minute
emission per bed position from vertex to feet.

Image Analysis and Calculation of Volumetric
Parameters
All lesions that were considered malignant by two experi-
enced nuclear medicine specialists and showed PSMA ex-
pression higher than background activity (except for areas of
physiological involvement and benign lesions) were
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considered positive. Semiautomatic volumes of interest
(VOIs) were taken from the primary lesion using a 40%
SUV threshold within the lesion image area in all three
planes. The SUVmax of the primary tumor refers to the
highest 68Ga-PSMA uptake in a VOI, while SUVmean refers
to the average SUVconcentration. Similar tometabolic tumor
volume (MTV), PSMA-TV defines the tumor volume that
demonstrates PSMA uptake greater than a threshold of
40% of SUVmax in the VOI.

SUVmax, SUVmean, and MTV results were automatically
generated from VOIs by the workstation. For each lesion,
TL-PSMA was calculated by multiplying the corresponding
SUVmean and PSMA-TV values.

Statistical Analysis
For statistical analysis, the Statistical Package for the Social
Sciences (SPSS) v. 22.0 was used. A value of p<0.05 was
considered significant. Normally distributed data were sum-
marized as mean� standard deviation, and nonnormally
distributed datawere summarized asmedian (range). Differ-
ences between continuous variables among the compared
groups were evaluated with the Mann–Whitney U test, and
categorical variables were evaluated with appropriate chi-
square tests or the Fisher’s exact test. Directional relation-
ships between continuous parameters were analyzed by
calculating the Spearman’s correlation coefficient. Analyses
involving> two groups were performed by employing one-
way analysis of variance or the Kruskal–WallisH test.When a
significant differencewas foundwith the overall comparison
with these tests, post hoc pairwise comparisons were per-
formed to identify the groups causing the significant differ-
ence. To determine the tests to be used for post hoc
correction, we performed the Levene test and determined
homogeneity of variances. If the variances were homoge-
neous, the Bonferroni correction was used in pairwise com-
parisons, whereas the Tamhane T2 test was used when
variances were not homogenous. Logistic regression was
used to perform multivariable analysis; parameters that
correlated with each other were not included in the model.

Results

A total of 120 treatment-naive biopsy-proven PCa patients
with amean age of 67�8 years (46–87) were included in the
study. Median PSA value was 14.3 (3.0–211.0). GS values
were 3þ4 in 45 (37.5%), 4þ3 in 37 (30.8%), 4þ4 in 20
(16.7%), 4þ5 in 15 (12.5%), 5þ4 in 2 (1.7%), and 5þ5 in 1
(0.8%) patients. Clinicopathologic characteristics of the study
population are presented in ►Table 1.

There were 82 patients categorized as GS � 7 and 38
patients as GS � 8. According to the D’Amico risk classifica-
tion, 88 (73.3%) patients were in the high-risk group and 32
patients were in the intermediate-risk group.

In accordancewith the Candiolo nomogram classification,
2 (1.7%) patients were defined as very low-risk, 21 (17.5%) as
low-risk, 40 (33.3%) as intermediate-risk, 28 (23.3%) as high-
risk, and 29 as very high-risk (Candiolo nomogram scores
summarized in ►Table 2). After pooling, there were 23

patients in the LRC group, 40 patients in the IRC group,
and 57 patients in the HRC group.

PSMA-positive metastases were detected in 44 of the 120
(36.7%) patients. Seventeen patients (14.2%) had only pelvic
lymph node metastases. Skeletal metastases were shown in
27 (22.5%) patients and 15 of these patients also had pelvic
lymph node metastases.

The SUVmean values of the primary tumor demonstrated
significant differences between GS subgroups (GS � 7 vs. GS
� 8), between D’Amico subgroups (intermediate vs. high-
risk), between the LRC and HRC subgroups of the Candiolo
nomogram, and between the metastatic and nonmetastatic
groups (p<0.05 for all) (►Table 3).

The SUVmax values of the primary tumor were found to
be significantly different for comparisons within the GS and
D’Amico subgroups, as well as between the LRC and HRC
groups of the Candiolo nomogram, and between metastatic
and nonmetastatic groups (p<0.05 for all) (►Table 4).

The PSMA-TV values obtained for the primary tumor were
also revealed to be significantly different between GS

Table 1 Clinicopathologic characteristics of study population

Variables Result

Age (y), mean� SD 67� 8 (46–87)

PSA, median (range) 14.3 (3–211)

Gleason score

3þ 4 45 (37.5%)

4þ 3 37 (30.8%)

8 20 (16.7%)

4þ 5 15 (15%)

5þ 4 2 (1.7%)

5þ 5 1 (0.8%)

cT stage

T2 53 (44.2%)

T3 58 (48.3%)

T4 9 (7.5%)

PNI 77 (64.2%)

LVI 10 (8.3%)

Any PSMA-positive metastases 44 (36.7%)

Candiolo risk class

Very-low 2 (1.7%)

Low 21 (17.5%)

Intermediate 40 (33.3%)

High 28 (23.3%)

Very-high 29 (24.2%)

D’Amico risk class

Intermediate 32 (27.7%)

High 88 (73.3%)

Abbreviations: cT stage, clinical-radiological stage; LVI, lymphovascular
invasion; PNI, perineural invasion; PSA, prostate-specific antigen; PSMA,
prostate-specific membrane antigen; SD, standard deviation.
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subgroups, D’Amico subgroups, in the LRC versus HRC com-
parison, and in themetastatic versus nonmetastatic compar-
ison (p<0.05 for all) (►Table 5).

Finally, we also determined that the values for TL-PSMA
calculated for the primary tumor were significantly different

when compared within subgroups created based on GS,
D’Amico, Candiolo, and metastatic status (p<0.05 for all)
(►Fig. 1 and►Fig. 2). Of note, TL-PSMAvalues demonstrated
significant post hoc differences for all pairwise analyses
between the three Candiolo subgroups. As such, TL-PSMA

Table 2 Candiolo nomogram scores based on other parameters

bGS �6 3þ4 4þ3 8 9–10

Points 0 35 48 76 106

cT cT1 cT2 cT3–4

Points 0 17 58

PSA <7 7–15 >15

Points 0 42 96

%PC 1–20% 21–50% 51–80% 81–100%

Points 0 29 50 81

Age �70 y <70 y

Points 0 22

Risk-class Very-low Low Intermediate High Very-high

Total points 0–56 57–116 117–193 194–262 263–363

Abbreviations: bGS, biopsy Gleason score; cT stage, clinical-radiological stage; PSA, prostate-specific antigen; %PC, percentage of biopsy positive
cores.

Table 3 SUVmean values according to clinicopathological features

Variables SUVmean p

Gleason score � 7 5.2 (1.8–22) 0.004

� 8 8.5 (1.6–42.3)

D’Amico risk Intermediate 3.9 (2–17.4) 0.001

High 7.8 (1.6–42.3)

Candiolo nomogram LRC 5.1� 3.8 LRC versus HRC p< 0.001

IRC 6.3� 4.3

HRC 10.4�7.1

Metastases Nonmetastatic 5.1 (1.8–22) 0.001

Metastatic 9.2 (1.6–42.3)

Abbreviations: HRC, high-risk Candiolo; IRC, intermediate-risk Candiolo; LRC, low-risk Candiolo; SUVmean, mean standardized uptake value.

Table 4 SUVmax values according to clinicopathological features

Variables SUVmax p

Gleason score � 7 8.7 (2.6–35) 0.003

� 8 15.5 (2.6–81.4)

D’Amico risk Intermediate 6.2 (3.3–27) 0.001

High 13.5 (2.6–81.4)

Candiolo nomogram LRC 8.2� 6.1 LRC versus HRC p< 0.001

IRC 10.8�7.3

HRC 17.9�12.7

Metastases Nonmetastatic 8.5 (2.6–35) < 0.001

Metastatic 16.1 (2.6–81.4)

Abbreviations: HRC, high-risk Candiolo; IRC, intermediate-risk Candiolo; LRC, low-risk Candiolo; SUVmax, maximal standardized uptake value.
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was the only parameter that showed significant differences
between all risk subgroups (►Table 6).

Discussion

In this study, we investigated the potential relationships
between primary tumor parameters obtained from baseline
68Ga-PSMA PET/CT imaging and classical risk-stratification
outcomes such as GS, D’Amico, and Candiolo nomogram, as
well as the metastatic status of PCa patients.

Wewere able to validate prior publications reporting that
patients with GS>7 show significantly higher PSMA uptake

than those with GS 6 and 7.8–10 These studies only investi-
gated SUVmax and did not analyze quantitative PET param-
eters; however, in our study, all baseline Ga68 PSMA PET/CT
primary tumor-derived parameters, including quantitative
parameters, were analyzed and significantly higher values
were found in patients with GS � 8 compared with those
with a GS of � 7.

Since the D’Amico risk classification remains as the main
clinical assessment used to guide treatment decisions, there
are many published studies in the literature investigating
the relationship between D’Amico risk groups and the
68Ga-PSMA PET/CT parameters of PCa patients. While

Table 5 PSMA-TV values according to clinicopathological features

Variables PSMA-TV p

Gleason score � 7 6.2 (0.3–33.5) < 0.001

� 8 12.9 (1.5–352)

D’Amico risk Intermediate 4 (1.6–16.7) < 0.001

High 9.6 (0.3–352)

Candiolo nomogram LRC 5.2� 3.5 LRC versus HRC
p< 0.005IRC 7.2� 5.1

HRC 22.3�48

Metastases Nonmetastatic 6.3 (0.3–33.5) 0.001

Metastatic 10.5 (1.9–352)

Abbreviations: HRC, high-risk Candiolo; IRC, intermediate-risk Candiolo; LRC, low-risk Candiolo; PSMA-TV, prostate-specific membrane antigen-
derived tumor volume.

Fig. 1 Pretreatment gallium-68-labeled prostate-specific membrane antigen (Ga-68-PSMA) positron emission tomography/computed
tomography (PET/CT) images of a 68-year-old prostate cancer (PCa) patient categorized as Gleason score (GS): 4þ 3, D’Amico intermediate risk,
low-risk Candiolo (LRC), nonmetastatic tumor. Summary of maximal standardized uptake value (SUVmax), mean SUV (SUVmean), metabolic
tumor volume (MTV), and total lesion glycolysis (TLG) values derived from the primary prostate tumor (arrow) on axial fused pretreatment
68Ga-PSMA PET/CT images of a patient with low risk (A–C).

Fig. 2 Pretreatment gallium-68-labeled prostate-specific membrane antigen (Ga-68-PSMA) positron emission tomography/computed
tomography (PET/CT) images of a 59-year-old prostate cancer (PCa) patient categorized as Gleason score (GS): 4þ 5, D’Amico high risk, high-risk
Candiolo (HRC), metastatic tumor. Summary of maximal standardized uptake value (SUVmax), mean SUV (SUVmean), metabolic tumor volume
(MTV), and total lesion glycolysis (TLG) values derived from primary prostate tumor (arrow) on axial fused pretreatment 68Ga-PSMA PET/CT
images of a patient with low risk (A–C).
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some of these studies only evaluate SUV parameters,9–11

there are several studies which have also included semi-
quantitative parameters—similar to our study.12,13

Although various models have been proposed in recent
years for early prediction of PCa course, most of these have
gained very limited clinical use due to lack of external
validation. Gabriele et al developed the Candiolo nomogram,
which classifies PCa patients undergoing radical RT, which
has been determined to be able to precisely predict the riskof
biochemical recurrence.14 In another study with thousands
of PCa patients treated with external-beam RT, Gabriele et al
classified patients into five different “Candiolo” risk classes
and concluded that this classification appeared better at
predicting PCa recurrence after RT—when compared with
the D’Amico approach.3 In another study comprising 561 PCa
patients receiving therapeutic RT, Gabriele et al performed
an external validation for the Candiolo nomogram to assess
clinical utility before radical RT in PCa patients.14 Utsumi
et al concluded that reclassification of traditional high-risk
PCa patients with the Candiolo nomogram increased the
prediction performance of biochemical recurrence after
carbon-ion RT and androgen deprivation therapy.15 In our
study, we report the relationship between this externally
validated and increasingly relevant nomogram and
features/parameters obtained from baseline 68Ga-PSMA
PET/CT. Because nomograms combine relevant prognostic
variables, individual patient prediction may be more accu-
rate relative to the risk groups created by traditional classifi-
cation systems. It is not surprising that a prediction model
withmore variableswill havehigher prediction accuracy, but
such a model with more unique variables may not be easy to
use in clinical practice. That being said, it is evident that the
Candiolo nomogram is not an overly complex model when
comparedwith the National Comprehensive Cancer Network
or D’Amico risk classes.15 We have shown that all quantita-
tive parameters obtained from PSMA PET are able to distin-
guish the HRC and LRC groups, and in addition, we have
shown that TL-PSMA values can also distinguish the IRC
group.

Similar to previous studies published in the literature, all
baseline 68Ga-PSMA PET/CT parameters obtained from the

primary lesion were significantly higher in high-risk PCa
patients.8 Although SUVmax is the most commonly used
semiquantitative parameter in PET/CT, recent studies inves-
tigating 68Ga-PSMA PET/CT-derived volumetric parameters
such as PSMA-TV and TL-PSMA showed that they can more
accurately reflect tumor burden. Based on these findings and
our results, it appears that these parameters can more
accurately predict PCa-related risks and improve prognosti-
cation and the assessment of treatment response.6 Our data
showed that TL-PSMA was the only parameter that could
distinguish IRC from other Candiolo risk groups (LRC and
HRC). We believe that the superiority of TL-PSMA compared
with PSMA-TV (which only accounts for MTV) is a direct
result of the fact that TL-PSMA also considers the degree of
PSMAexpression in the tumor, and therefore, it facilitates the
integration of the molecular profile of PCa in risk
stratification.

In our study, all 68Ga-PSMA PET/CT parameters were
significantly higher in the metastatic groups than in the
nonmetastatic groups. In the study of Liu et al, SUVmax,
PSMA-TV, and TL-PSMA values of prostate lesions were
higher in the metastatic group, but significant differences
between themetastatic and nonmetastatic groups were only
found for PSMA-TV and TL-PSMA values, but not for SUVmax
values. The authors of this study concluded that PSMA-TV
and TL-PSMA could predict the metastatic risk of PCa.12

Notably, Kuten et al reported that the presence of metastatic
disease was not associated with prostate gland SUVmax
value,16 contrary to our data. The significantly increased
SUVmax values in the metastatic group in our study may
be due to differences in patient distribution between studies.

Our study has several limitations. The first is its retro-
spective design, the second is the absence of patients cate-
gorized as having low risk according to the D’Amico
stratification. The latter can be explained by the fact that
baseline 68Ga-PSMAPET/CT imaging is recommended in very
few patients that are deemed to have low risk according to
clinical features, and thus, causing the absence patients
categorized as low-risk based on the D’Amico stratification.
On the other hand, although there are many studies in
the literature investigating the relationships between

Table 6 TL-PSMA values according to clinicopathological features

Variables TL-PSMA p

Gleason score � 7 30.5 (0.8–380.4) < 0.001

� 8 97.5 (10.8–3168)

D’Amico risk Intermediate 19.8 (6.4–136.57) < 0.001

High 58.6(0.8–3168)

Candiolo nomogram LRC 22.8�17.8 LRC versus IRC p: 0.032

IRC 40.1�34.1 HRC versus IRC p: 0.012

HRC 227.1� 469.7 LRC versus HRC p: 0.005

Metastases Nonmetastatic 32.3(0.8–367.8) < 0.001

Metastatic 103.7 (10.8–3168)

Abbreviations: HRC, high-risk Candiolo; IRC, intermediate-risk Candiolo; LRC, low-risk Candiolo; TL-PSMA, total lesion prostate-specific membrane
antigen.
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68Ga-PSMA PET/CT and traditional risk systems like the GS
and D’Amico, to our knowledge, there are no studies that
have investigated its relationship with Candiolo risk
classification.

Conclusion

Our data confirm prior publications that report strong
associations between 68Ga-PSMA PET/CT parameters and
various clinical risk factors. Quantitative parameters
obtained from pretreatment 68Ga-PSMA PET/CT appear to
be useful to distinguish high-risk groups (defined byD’Amico
and the Candiolo nomogram). More importantly, TL-PSMA
appears to be the best parameter as it is the only parameter
that can distinguish all risk groups from each other. Baseline
68Ga-PSMA PET/CT parameters could help in the early pre-
diction of the disease outcome and in decision-making for
personalized treatment options, thereby improvingmanage-
ment and prognosis. Further prospective studies with larger
patient populations are required to confirm our results and
improve our understanding on this subject.
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