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Abstract

Purpose The objective of this study was to evaluate whether **Ga-PSMA PET/CT whole-body tumor burden (PSMAwbb) is
associated with clinical parameters and laboratory parameters in prostate cancer patients.

Methods We retrospectively evaluated prostate cancer patients submitted to PSMA PET/CT for primary staging purposes or due
to biochemical recurrence (BR). PSMAwbtb metrics (total volume of PSMA-avid tumor (PSMA-TV)) and total uptake of PSMA-
avid lesions (PSMA-TL) were calculated semi-automatically. Spearman’s rank correlations between PSMAwbtb metrics and
clinical, laboratory parameters (age, time-to-BR, years of diagnosis of prostate cancer, free and total serum PSA levels, and the
Gleason score) and with the highest SUVmax of a lesion (ASUVmax) were analyzed.

Results Among the 257 PSMA PET/CT studies, there were 46 scans (17.9%) performed for primary staging and 211 (82.1%) for
BR. PSMA-TV and PSMA-TL were calculated for the 157 positive scans (58.8%), which were 43 patients (93.5%) in the
primary staging group and 114 patients (54.0%) in the BR group. In the primary staging group, we observed a significant
correlation between PSMA-TL and ASUVmax (p =0.0021). In the BR group, there was a significant direct correlation between
PSMA-TL and the variables age (p = 0.0031), total serum PSA values (p = < 0.0001), free serum PSA values (p =< 0.0001), and
the ASUVmax (p =< 0.0001). Similar results were obtained for PSMA-TV.

Conclusion PSMAwbtb has a direct and positive correlation with serum PSA values and age in prostate cancer patients with BR.
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Introduction

Prostate cancer is the second most frequent malignant neo-
plasm in men, being the sixth cause of death according to
the World Health Organization [1]. Advances in diagnostic
imaging, surgeries, radiotherapies, secondary hormonal ther-
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apies, and chemotherapies have increased both diagnostic and
therapeutic efficacy, facilitating the management of patients
with prostate cancer and improving quality of life [2-4]. In
spite of this, more than 50% of high-risk prostate cancer pa-
tients develop biochemical recurrence (BR), after initial ther-
apy [5].

Imaging plays an essential role in the evaluation of inter-
mediate and high-risk prostate cancer patients and gallium-
labeled prostate membrane-specific antigen (**Ga-PSMA)
performed on positron emission computed tomography com-
bined with computed tomography (PET/CT) scanners has
gained widespread use as it essentially translates tumor mo-
lecular biology into clinical reality. ®*Ga-PSMA PET/CT is
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highly sensitive to identify the underlying cause of BR (in-
cluding patients with PSA levels below 0.5 ng/mL), and also
in the primary staging of high-risk prostate cancer patients
[6-9]. Moreover, *®Ga-PSMA PET/CT is a reliable tool in
prostate cancer staging, which leads to proper changes in pa-
tient management compared with the traditional staging
methods, as demonstrated by Hofman et al. [10]

In several tumors, PET/CT whole-body tumor burden with
"F_-FDG and with '*F-sodium fluoride has shown to correlate
directly with their aggressiveness [11]. Specifically, in pros-
tate cancer, a clear understanding of the role of %8Ga-PSMA
PET/CT whole-body tumor burden (PSMAwbtb) is an unmet
need that may help to better define prostate cancer treatment
approach. Therefore, the purpose of this investigation was to
evaluate if PSMAwbtb correlates with clinical and laboratory
parameters in prostate cancer patients.

Patients and methods

The Committee for Ethics in the Research of Faculty of
Medical Sciences of Campinas University - UNICAMP
(CAEE # 89384418.1.0000.5404) approved this retrospective
study and waived the need of informed consent.

Patients with a diagnosis of adenocarcinoma of the prostate
that underwent ®*Ga-PSMA PET/CT due to primary staging
and to biochemical recurrence (BR) between April 2017 and
December 2018 were consecutively included.

A primary staging **Ga-PSMA PET/CT scan was request-
ed in patients with suspicion of intermediate or high-risk can-
cer, defined by at least one of the following characteristics:
prostate specific antigen (PSA) levels above 10 ng/mL (in at
least two consecutive measures); Gleason score superior or
equal to 7; and tumors classified as T2b or above.

In the BR group, the patients included were those defined
using current guidelines [12]: PSA levels above 0.2 ng/mL (in
at least two consecutive measures) after radical prostatectomy
(RP) and rise by 2 ng/mL or more above the nadir PSA after
radiation therapy with or without concurrent androgen depri-
vation therapy. In the BR group, also included were patients
that presented with rising serum PSA levels after achieving
undetectable values.

Patient treatments consisted of one or more of the follow-
ing during the course of the disease: radical prostatectomy
(RP), radiotherapy (RT), chemotherapy, and androgen depri-
vation therapy (ADT).

The PSMAwbtb metrics on **Ga-PSMA PET/CT studies
were determined for all patients and compared with the
highest maximum standardized uptake value SUVmax
(ASUVmax) on PSMA PET/CT and to the following clinical
and laboratory parameters: age, years of diagnosis of prostate
cancer; Gleason score, time-to-BR, and serum free and total
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PSA values obtained at the time of the ®*Ga-PSMA PET/CT
study.

Patients with missing histopathology data and Gleason
score were excluded.

Conventional and metabolic images prior to *®Ga-
PSMA PET/CT

All patients imaged for primary staging or BR of prostate
cancer had negative conventional images, which consisted
of pelvic ultrasound, bone scintigraphy (all of them with sin-
gle photon emission computed tomography (SPECT/CT)
using **™Tc-MDP), pelvic magnetic resonance imaging
(MRI), and CT of the abdomen. Some patients also underwent
PET/CT images performed with one or more of the following
radiotracers: '*F-FDG, ''C-Choline, and/or '®F-Fluoride
which did not detect the location of the metastases in patients
with BR.

®8Ga-PSMA PET/CT
Image acquisition and processing

All patients underwent a whole-body PET/CT scan (Siemens
Biograph, Siemens ® Healthcare, USA) 60 min after intrave-
nous injection of 185 MBq of *®Ga-PSMA (grupoRPH®,
Brazil). Moreover, if the first scan lead to equivocal findings,
delayed pelvic images after diuretics and voiding were ac-
quired after (at least) 30 min of the Ist set of images to im-
prove detection of lesions adjacent to the bladder or small
lesions with lower expression of PSMA and/or slower tracer
uptake.

CT parameters included 5-mm axial reconstruction and
120 kV or dose care kV tube voltage. PET images were ac-
quired in 3-dimensional mode using 90s/bed position.

PET/CT images were processed in a dedicated workstation
equipped with a commercial software package (Syngovia
VB20; Siemens Medical Solutions, Chicago, IL), allowing
simultaneous and fused review of PET and CT data.

®8Ga-PSMA PET/CT interpretation

Two Nuclear Medicine physicians, with over 17 years of ex-
perience (EE and AS) with PET/CT, blindly interpreted all
®8Ga-PSMA PET/CT images.

Focal uptake of ®*Ga-PSMA higher than background was
reported as suspicious for malignancy. Images were evaluated
for detection of the primary tumor or local recurrence (includ-
ing the seminal vesicles as local recurrence), locoregional and
extra-pelvic lymph node metastases, bone metastases, and vis-
ceral metastases. Furthermore, the lesion with the highest
maximum standardized uptake value SUVmax (ASUVmax)
on **Ga-PSMA PET/CT was recorded.
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Semi-automatic calculation of PSMAwbtb

PET/CT images were quantified semi-automatically in a dedicat-
ed workstation (Syngovia VB20; Siemens Medical Solutions,
Chicago, IL). We obtained the PSMAwbtb parameters by draw-
ing a rectangular isocontour volume of interest (VOI) surround-
ing the entire body of the patient on the coronal axis and, if
necessary, adjusted on the axial and sagittal planes. The
SUVmax lower limit established prior to delineation of the
VOIs was 2.5. Afterwards, all lesions were automatically delin-
eated with a 41% VOI isocontour threshold of the SUVmax [13,
14] (Fig. 1). We excluded all VOIs not related to metastatic sites,
such as areas of physiologic uptake (kidneys, bladder, ureters,
etc.) as well as benign lesions. Furthermore, we also included the
metastatic foci with uptake below the established SUVmax cut-
off of 2.5 (initially excluded by the software) such as small lymph
nodes with mild uptake.

Afterwards, the software automatically generated the total tumor
volume (PSMA-TV) and the total PSMA uptake in lesions (PSMA-
TL). To overcome any potential subjectivity of the adjustments, the
analysis of the semi-automatic was performed by at least two inves-
tigators, and the final adjustment was based on consensus.

Statistical analyses

Exploratory data analysis was performed through summary mea-
sures (mean, standard deviation, minimum, median, maximum,
frequency, and percentage). We correlated the clinical and labo-
ratory parameters (PSA levels, Gleason score, and the lesion with
the highest SUVmax) to the volumetric parameters (PSMA-TV
and PSMA-TL), using the Spearman’s correlation coefficient for
numerical variables. A p value of 0.05 was considered statistical-
ly significant. The Statistical Analysis System (SAS for
Windows version 9.4) (SAS Institute Inc., 20022012, Cary,
NC, USA) was used for calculations.

Fig. 1 Example of PSMAwbtbh quantification with the pre-established
configurations (SUVmax lower limit=2.5; isocontour threshold
SUVmax =41%VOI). After a rectangular isocontour VOI surrounding
the entire body of the patient on the coronal axis is drawn, all lesions
are automatically delineated. a The MIP images display the VOIs that
automatically surrounded all the metastatic sites. b The fused PET/CT

Results

A total of 279 PSMA PET/CT scans were evaluated. Twenty-
two PSMA PET/CT scans were excluded due to incomplete
data, and therefore, 257 patients with PSMA PET/CT studies
were available for analysis.

Among these 257 patients with PSMA PET/CT studies, 46
(17.9%) were performed for primary staging, and 211 (82.1%)
were requested due to BR. The mean age of the total patient
population was 67.4 + 8.8 years.

The total serum PSA values obtained immediately prior to
the PSMA PET/CT studies were available for review in 244
(94.9%) patients. The serum total PSA values ranged from
0.03 to 227.8 ng/dL. In the subgroup of patients with a posi-
tive PSMA PET/CT study that underwent study due to BR
(n=114), the total PSA values were higher (mean = 17.3 ng/
dL; median =3.51 ng/dL) than in patients with a negative
PSMA PET/CT (mean = 1.04 ng/dL; median = 0.43 ng/dL).
Likewise, the free serum PSA values obtained immediately
prior to the PSMA PET/CT in this group followed the same
pattern. The free serum PSA values in patients with a positive
PSMA PET/CT scan were higher (mean = 1.79 ng/dL; medi-
an = 0.49 ng/dL) than in patients with a negative scan (mean =
0.11 ng/dL; median = 0.03 ng/dL). Table 1 displays the demo-
graphic data of all patients and stratified according to primary
staging and BR groups.

The Gleason score is described in Table 2. The majority of
these prostate cancer patients had a Gleason 7 (40.3%) at
initial diagnosis; this was also true in both the primary staging
(43.2%) and the BR (29.7%) groups.

Treatment strategies prior to PSMA PET/CT imaging
consisted of prostatectomy, chemotherapy, radiotherapy, or an-
drogen deprivation therapy (ADT) but varied among both
groups. In the group of patients that underwent PSMA PET/CT
for primary staging, three patients (6.5%) were submitted to
prostatectomy prior to imaging. These three patients were

image demonstrates the VOIs in the pelvic lymph node metastases.
Careful evaluation of the images is necessary to exclude all VOIs not
related to metastatic sites, such as areas of physiologic uptake (bladder,
ureters, etc.). Afterwards, the software automatically generated the total
tumor volume (PSMA-TV) and the total PSMA uptake in lesions
(PSMA-TL)
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Table 1 Demographic data of all

patients (n=257) and stratified Variables Patient Mean SD Min Max Median
according to primary staging groups
group (n =46) and biochemical
recurrence group (n=211) Age (years) All 67.4 8.8 46.0 91.0 66.0
Staging 67.6 10.8 48.0 91.0 68.5
BR 67.3 8.4 46.0 88.0 66.0
Duration of PCa - initial diagnosis (months) until ~ Staging 38 6.9 0.2 41.1 1.5
PSMA PET/CT imaging BR 739 593 22 3129 869
Gleason score All - - 5.0 10.0 7.0
Staging - - 6.0 10.0 7.0
BR - - 5.0 10.0 7.0
Time-to-BR prior to PSMA PET/CT (years) 5.6 4.9 2.0 254 4.6
Total PSA levels (ng/mL) All 10.5 28.8 0.03 2278 23
Staging 2470  49.39 027 227.80 9.11
BR 7.43 2091 0.03  209.40 1.51
Free PSA levels (ng/mL) All 1.9 4.8 0.01 233 04
Staging 4.67 7.13 0.56 19.56 1.16
BR 1.16 3.63 0.01 23.30 0.15

PCa, prostate cancer; BR, biochemical recurrence; PSMA-TV, whole-body PSMA tumor volume; PSMA-TL,

whole-body total PSMA tumor up

scanned shortly after prostatectomy and before any other treat-
ment was introduced as pathological surgical findings resulted in
increased risk for distant metastasis when compared with pre-
surgical data. No patient in this group was submitted to chemo-
therapy, radiotherapy, or ADT prior to the PSMA PET/CT scans.

In the BR group, the majority (81.6%) of the patients
underwent prostatectomy but were also submitted to one or
more treatment regimens. Table 3 displays the treatment reg-
imens applied to the patients and stratified according to groups
(primary staging and BR).

PSMA whole-body tumor burden metrics versus clinical
and laboratory characteristics

Positive PSMA PET/CT studies were quantified to determine
the PSMAwbtb metrics (PMSA-TV and PSMA-TL) and the
hSUVmax. Among the 46 patients imaged for primary staging
purposes, 43 patients (93.5%) had positive PSMA PET/CT
studies. Likewise, among the 211 patients imaged due to

take

BR, 114 patients (54%) had positive **Ga-PSMA PET/CT
studies. Thus, a total of 157 PSMA PET/CTs were quantified.

Overall, the ASUVmax ranged from 1 to 170 (Table 4). In
the patients that underwent a primary staging PSMA PET/CT,
hSUVmax values were located in the majority (82.9%) as
expected in the prostate bed, and in the BR group, the majority
of the locations with the highest uptake were related to local
recurrence (40.5%) followed by locoregional lymph node
metastases.

Specifically evaluating the 33 patients that developed BR
up to 1 year after prostatectomy, PSMA PET/CT was negative
in 44% of patients. In the remaining 56% positive PSMA
PET/CT scans, 18% were due to local recurrence, 25% had
locoregional lymph node metastases, and 13% had distant
metastases (including bone metastases in 50%).

PSMAwbtb was correlated to clinical and laboratory pa-
rameters for the entire group with positive scans (n=157)
and also correlated to the variables stratified by groups: stag-
ing (n=43) and BR (n=211). Overall, there was a significant

Table 2 Risk stratification

classified by Gleason scores of all Risk ) Gleason Percent frequencies
patients and stratified according stratification score
to primary staging and All patients Total ~ Staging Total BR Total
biochemical recurrence groups (n =257) (n =46) (n=211)
Low 6 20.1 20.1 18.9 18.9 19.0 19.8
Intermediate 7 40.3 40.3 43.2 43.2 39.7 39.7
High 8 18.2 39.6 10.8 37.8 20.7 40.6
9 17.6 18.9 17.4
10 38 8.1 2.5

BR, biochemical recurrence
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Table3  Characteristics of prostate cancer treatment in all patients (n =
257) and stratified according to primary staging group (n=46) and
biochemical recurrence group (n=211)

Variables Patient groups Frequency Percent
Prostatectomy All 171 67.6
Staging 3 6.5
BR 168 81.6
Radiotherapy BR 93 45.6
Hormone therapy BR 61 29.9
Chemotherapy BR 6 2.9

BR, biochemical recurrence

correlation between the PSMA tumor burden metrics and the
following variables: age (PSMA-TV: p = 0.0056; PSMA-TL:
p=0.0004), total serum PSA values (PSMA-TV: p =<
0.0001; PSMA-TL: p=<0.0001), free serum PSA values
(PSMA-TV: p = 0.0002; PSMA-TL: p=<0.0001), the
hSUVmax (PSMA-TV: p = 0.0195; PSMA-TL: p=
<0.0001), and the Gleason score (PSMA-TV: p = 0.0462)
(Table 5). Years of diagnosis of prostate cancer and the
time-to-BR were not significantly associated with increased
PSMAwbtb. However, when stratifying by groups, in the pri-
mary staging group, the only significant correlation with the
PSMAwbtb was with the ASUVmax (PSMA-TL: p=0.0021).
On the other hand, in the BR group, there was a significant
direct correlation between PSMAwbtb and the variables age
(PSMA-TV: p =0.0334; PSMA-TL: p =0.0031), total serum
PSA values (PSMA-TV: p<0.0001; PSMA-TL: p <0.0001),

free serum PSA values (PSMA-TV: p = 0.0100; PSMA-TL:
p<0.0001), and the ASUVmax (PSMA-TL: p<0.0001)
(Table 5).

Discussion

PSMAwbib has a strong correlation to the age and serum PSA
levels in prostate cancer patients with BR. To our knowledge,
this is the largest study performing PSMAwbtb semi-
automatic quantitative analysis in prostate cancer patients
(n=257) being the largest evaluating patients with BR (n =

211) and the first to evaluate primary staging (n =43). Similar
studies performing PSMAwbtb semi-automatic quantification
in patients with BR [15-17] also demonstrated that
PSMAwbth bears a strong correlation with PSA levels.
However, PSMAwbtb did not correlate with PSA levels of
the primary staging group indicating that it is probably help-
less in such setting. The ASUVmax values were noted in the
prostate (primary staging group) and in bone and distant
lymph node metastases (BR group) with SUVmax values sim-
ilar to those described in the literature [18-20].

Although tumor aggressiveness has been demonstrated to
be more prevalent in younger patients, regardless of Gleason
score [20], PSMAwbtb was significantly and directly correlat-
ed to patient age (> 75 years old). However, our results may be
related to confounding aspects and not to the age per se, such
as a delay in restaging (some cases up to 13 months) in older
patients. This may also explain why no correlation was noted

Table 4 Characteristics of the

ASUVmax value of 8 Ga-PSMA Variables Patient Mean SD Min Max Median  Location  Frequency  Percent
uptake in lesions and the whole- groups
body tumor burden metrics
(PSMA-TV and PSMA-TL) in all hSUVmax All 13.0 176 1.1 170.0 7.4 - -
patients (n =257) and stratified Staging 11.9 135 25 60.3 6.8 PB 35 82.9
according to primary. staging LRLn P 4.9
group (n =46) and biochemical
recurrence group (n=211) DLn 2 49
B 2 49
\% 1 24
BR 133 188 1.1 170.0 7.4 PB 51 40.5
LRLn 32 254
DLn 19 15.1
B 23 18.3
\% 1 0.8
PSMA-TV Al 289 742 04 647.4 6.7 - - -
() Staging 301 569 13 2849  10.0 - - -
BR 285 793 04 647.4 5.9 - - -
PSMA-TL  All 2234 8956 13 90992 181 - - -
Staging 2709 8196 29 40108 21.0 - - -
BR 2080 9218 13 90992 17.8 - - -

PB, prostate bed; LRLn, locoregional lymph nodes; DLn, distant lymph nodes; B, bone; V, viscera
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Table 5 PSMA PET/CT whole-

body tumor burden metrics Variables for all patients and stratified by groups PSMA-TV PSMA-TL
(PSMA-TV and PSMA-TL
values) in relation to clinical and P p P p
tumor characteristics and labora-
tory values Age All 0.22439 0.0056 0.28403 0.0004
Staging 0.26933 0.1070 0.31886 0.0544
BR 0.19937 0.0334 0.27513 0.0031
Duration of prostate cancer from initial All —0.06053 0.4727  —0.00371 0.9649
diagnosis Staging —0.18958 02829 —0.18933  0.2835
BR 0.03625 0.7082 0.12389 0.1993
Gleason score All 0.20614 0.0462 0.17794 0.0862
Staging 0.13029 0.5005 0.34895 0.0636
BR 0.23260 0.0622 0.09426 0.4551
Time to recurrence BR 0.09611 0.3366 0.15362 0.1232
Total PSA prior to PSMA PET/CT All 0.39397 < 0.0001 0.54058 < 0.0001
Staging 0.10638 0.5369 0.26900 0.1126
BR 047768 < 0.0001 0.61433 < 0.0001
Free PSA prior to PSMA PET/CT All 0.59881 0.0002 0.76694 < 0.0001
Staging 0.47879 0.1615 0.43030 0.2145
BR 0.52533 0.0100 0.73684 < 0.0001
hSUVmax All 0.19051 0.0195 0.54347 < 0.0001
Staging 0.21846 0.2005 0.49508 0.0021
BR 0.17159 0.0679 0.55399 < 0.0001

The significance of the italicized texts in Table 5 is the p-value of 0.05 (considered statistically significant)

BR, biochemical recurrence

between the PSMAwbtb and the years of diagnosis of prostate
cancer. Based on our findings, age should not be the reason for
postponing restaging as it may result in larger tumor burden
and more advanced recurrent disease at PSMA PET/CT.
Similar to other studies [21, 22], we found that Gleason score
had no significant correlation with SUV or positivity of
PSMA PET/CT but did have a correlation with the
PSMAwbb.

In our study, 54% of patients with BR had a positive
PSMA PET/CT study, a percentage slightly lower than pub-
lished by other groups, which may be attributable to various
factors. Firstly, because of the lower serum total PSA levels
prior to scanning, compared with other studies [23-25], we
found higher median PSA values in patients with a positive
PSMA PET/CT compared with patients with a negative scan
(3.51 ng/dL versus 0.43 ng/dL, respectively). Secondly, only
patients in which all conventional imaging were negative were
submitted to PSMA PET/CT as this modality is not routinely
performed in our country due to its high cost. If the source of
BR can be identified by cheaper, widely available imaging
modalities or if in primary staging metastases are already di-
agnosed, then PSMA PET/CT would be rarely performed.
Also, conventional imaging and other PET-tracer imaging
are considerably less sensitive than PSMA PET/CT, especial-
ly in patients with low PSA levels as observed in our cohort.

@ Springer

So, it is not surprising that we only detected bone metastasis
by PMSA PET/CT.

Interestingly, among the 33 patients that developed BR up
to 1 year after prostatectomy, 38% of them had BR due to
distant metastases. Even assuming that the patients with local
recurrence were those with a negative PSMA PET/CT (44%)
and those with a positive PSMA uptake in the prostate bed
(18%), then only 62% of the patients were likely to have local
recurrence. This fact reinforces the idea that PSMA PET/CT is
warranted prior to indicating radiotherapy for patients with
BR even if within 1 year after surgery.

In the BR group, PSMAwbtb had a significant and direct
correlation with PSA values, especially with PSA > 15 ng/mL.
Likewise, studies using manual quantification of PSMAwbtb
found positive direct relationships with PSA values and no
correlation with Gleason scores [11, 26]; with PSA >4 ng/
mL, there seems to be a nearly linear progression of PSMA
tumor burden, with a detection rate > 95% [26]. In opposite,
we did not find PSMAwb1b to have any correlation with se-
rum PSA values in the primary staging group; highest uptakes
were located in the prostate in 83% of patients.

Our study had some limitations. First, it was a retrospective
study and included patients in different stages of disease and
submitted to heterogenous previous treatment modalities.
Secondly, the number of patients in the primary staging group
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(N=46) was insufficient to determine if PSMAwbtb metrics
would correlate with clinical and laboratory values because
we collected these patients’ data from 2018 since publications
concerning the benefit of PSMA PET/CT scan for primary
staging only began to increase after the year 2018 and with
no guidelines to suggest PSMA PET/CT for primary staging
of high and intermediate risk prostate cancer [27-32].

In conclusion, PSMAwbtb has a strong correlation to pa-
tient age and serum PSA in patients with BR; however, deter-
mining PSMAwbtb may not be useful in the primary staging
setting. PSMAwbtb could potentially be helpful as a prognos-
tic indicator and to objectively predict both the likelihood of a
positive scan according to the PSMA values and outcome
after therapy.
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