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Abstract: Objective: The study aims to evaluate the correlation between 68Ga-PSMA uptake in PSMA PET/CT
in primary prostate cancer (PC) and its histopathological grading (Gleason Score and ISUP grade).
Additionally, we compared preoperative biopsy histopathological findings with definitive pathology results
in radical prostatectomy (RP) specimens. Methods: We retrospectively analyzed 86 patients who underwent
68Ga-PSMA PET/CT for primary PC staging, of which 40 patients later underwent radical prostatectomy.
PET/CT results, including, SUVmax values, were correlated with GS and PSA concentrations. Histopathology
reports were analyzed and compared between biopsy and final pathology results following RP. Results: A
significant positive correlation was observed between SUVmax and ISUP grades (Pearson's o = 0.34, p <0.001),
with higher SUVmax values associated with more advanced grades. A cut-off SUVmax value of 5.64 was
determined to predict upstaging in patients, yielding a sensitivity of 76% and a specificity of 60% (AUC =0.82,
95% CI: 0.70-0.94). Additionally, 57.5% of patients experienced a grade shift following RP, with a 35% upgrade
and 22.5% downgrade in ISUP grades. Conclusion: 68Ga-PSMA PET/CT demonstrated high sensitivity in
detecting high-risk prostate cancer, particularly in patients with GS > 7 or PSA levels > 10 ng/ml. The findings
suggest that this imaging modality may be less effective for staging of patients with lower GS or PSA values,
that is low-risk PCa. Further prospective studies are necessary to validate these results.

Keywords: 68Ga-PSMA PET/CT; prostate cancer staging; histopathological grading; SUVmax
correlation; biopsy vs. final pathology; PSMA expression

1. Introduction

Prostate cancer (PC) is the second most commonly diagnosed cancer in men with the incidence
varying worldwide [1]. Prostate-specific membrane antigen (PSMA) is a type Il transmembrane
glycoprotein (glutamate carboxypeptidase II or N-acetyl-L-aspartyl-L-glutamate peptidase I).
Physiological PSMA expression is detected in salivary and lacrimal glands, normal prostate
epithelium, sympathetic ganglia, duodenum and colon, and the proximal tubules of the kidneys [2].

PSMA-PET/CT is an advanced imaging modality that targets prostate cancer cells. The antigen,
highly expressed in primary and metastatic prostate cancer, is also detected in various other tumors
and their metastases due to neovascularization. Interestingly, uptake can occur in several benign
granulomatous and inflammatory diseases as well [3]. The expression levels in prostate cancer are
elevated by approximately 100-1000 times compared to normal tissue, though the precise mechanism
behind this overexpression is not fully understood [4].

To plan the most effective treatment, it is essential to accurately assess both the local and
systemic staging of newly diagnosed prostate cancer (PCa). Risk stratification is based on several pre-
treatment factors, including findings from a digital rectal examination (DRE), prostate-specific
antigen (PSA) levels, and the Gleason Score (GS) from prostate biopsy [5]. Current guidelines
recommend using MRI, computed tomography (CT), and bone scintigraphy for PCa staging to
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inform treatment decisions. Conventional imaging modalities, such as BS and CT, exhibit limited
accuracy in identifying metastases to lymph nodes and bones, particularly among patients with low
PSA levels. Consequently, the limitations of these imaging tools can lead to inaccurate assessment,
potentially resulting in under-staging and under-treatment [6,7].

In the last 5 years, Ga-68 PSMA-PET/CT has become a revolutionary imaging technique for
detecting PC relapse. Numerous studies have consistently illustrated that PSMA exhibits superior
sensitivity and specificity compared to traditional approaches or choline PET, particularly in
identifying tumor recurrence, especially in patients with low PSA levels (<1.0 ng/mL) [8]. While
promising results suggest a significant clinical impact in altering the therapeutic approach, based on
PSMA PET/CT evaluation of BCR, demonstrating improvement in long-term outcomes is crucial to
validate the clinical utility of this transformative molecular imaging technique [9].

The aim of the present study was to assess the intensity of 68Ga-PSMA uptake in the primary
tumor in patients with biopsy-proven treatment-naive PC, and to determine whether a correlation
exists between 68Ga-PSMA accumulation in the primary tumor, and the Gleason score and/or PSA
concentration. Moreover, we compared preoperative histopathology report with definitive
pathological report after robot-assisted radical prostatectomy (RARP).

2. Material and Methods

2.1. Patients

We retrospectively evaluated the files of 86 patient who had the 68Ga-PSMA PET/CT imaging
for the purpose of PCa staging and 40 patient who underwent RARP. All patients had PCa diagnosed
based on transrectal ultrasound-guided biopsy. Furthermore, all patients were subjected to initial
biopsy and final postoperative specimen analysis. In addition to the Gleason scoring system, grade
groups were reported according to the 2014 International Society of Urological Pathology 19
Consensus, which was later on adopted by the WHO for the 2016 edition of Pathology and Genetics:
grade group 1 (GS <6), grade group 2 (GS 3+4=7), grade group 3 (GS 4+3=7), grade group 4 (GS 4+4=8,
3+5=8, 5+3=8), and grade group 5 (GS 9-10). For analytic purpose, grade groups are used to underline
the clinical significance of differentiating between GS 3+4 and 4+3. All patients had a PSA
concentration assessed within maximum of 28 days before a 68Ga-PSMA PET/CT scan. The study
was carried out in accordance with the Helsinki Declaration and its later amendments. Written
consent was obtained from all patients in accordance with our institution rules.

2.2. Image Acquisition

After the preparation and quality control of the radiotracer, all patients received an activity dose
of 2 MBq per kilogram of body weight of 68Ga-PSMA based on the radiolabeling yield. Following
the radiotracer injection, patients were administered 20 mg of Furosemide.

Whole-body imaging was performed 50 minutes post-injection of the radiotracer using one of
two integrated PET/CT scanners: Discovery PET-CT 680 (Gorzéw Wielkopolski, Poland). Patients
were positioned supine on the scanner table, and a CT transmission scan was conducted without
intravenous contrast enhancement. Following this, PET emission scanning was performed with a
duration of 3 minutes per bed position, covering the same transverse field of view in the caudocranial
direction. CT transmission images were used for attenuation correction, and image reconstruction
was done using an iterative method. SUV values are related to lean body mass.

2.3. Image Analysis

PET images were reviewed using Advantage Workstation Server ver. 3.2 ext 1.2. Region of
interests were drawn manually around the prostate gland, avoiding the bladder activity, to calculate
the maximum SUV (SUVmax) values. A segmental analysis of the prostate gland was not carried out.
The SUVmax value from the whole prostate gland was assumed to be the highest site of PSMA
expression and recorded for further evaluation.
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2.4. Statistical Analysis

All results were expressed as median and mean + standard deviation. Pearson’s correlation test
was used to assess the correlation between different parameters. Grade group comparisons were
conducted using the chi-square test. Sensitivity and specificity were calculated through receiver
operating characteristic (ROC) curve analysis. All statistical significance tests were two-tailed, with a
P value of less than 0.05 considered significant.

3. Results

A total of 86 male patients were included, with median age of 68 years (range 42 to 82 years)
(Table 1). Representative 68Ga-PSMA PET/CT fusion images for each grade group are presented in
Figure 1. PSA median concentration was 11.3 ng/ml (range 2 to 250 ng/ml). No correlation was found
between PSA values and tumor grade groups (Pearson's ¢ = 0.24, p = 0.027). However, there was a
moderately positive correlation between SUVmax and tumor grade group (Pearson's ¢ = 0.34, p <
0.001) (Figure 1).

Patients (n) 86

Age median (range) 68 years (42-82)
GS 6/ISUPI (n) 26

GS 7/ ISUP II-III (n) 38

GS 8 /ISUP IV (n) 11

GS 9-10/ISUPV (n) 11

PSA median (range) 11.3 ng/ml (1.85-250)

GS — Gleason score, n — number
Table 1

Patients’ characteristics

This table presents the demographic and clinical characteristics of 86 treatment-naive prostate
cancer patients. It includes information on the age range, Gleason scores, and ISUP grades of
the patients, as well as their median PSA levels. The table categorizes patients by their
Gleason scores, with specific attention to the number of patients in each ISUP grade. The
median age of the patients is 68 years, with a range from 42 to 82 years, and the median PSA
level is 11.3 ng/ml, ranging from 1.85 to 250 ng/ml.
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Figure 1
Correlation between SUVmax and tumor grade group

This scatter plot illustrates the moderately positive correlation between SUVmax and
tumor grade groups in a cohort of 86 prostate cancer patients. The red best fit line indicates
the relationship between SUVmax and ISUP grade, with a Pearson's correlation coefficient of
p = 0.34, demonstrating statistical significance (p < 0.001). This finding suggests that higher
SUVmax values are associated with more advanced tumor grade groups.

The Gleason score among patients ranged from 6-10. Patients presented with a median PSA
concentration of 11,3 ng/ml. The median SUVmax among all tumors was 9,33 (range: 2.20 — 94.72).

There are moderately positive correlation (Pearson’s 0=0.42 , p <0.001) between PSA
concentration and SUVmax. (Figure 2)
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Figure 2
Correlation between SUVmax and PSA

This scatter plot shows a moderately positive correlation between PSA concentration
levels and SUVmax values in prostate cancer patients. The best fit line, represented in
red, demonstrates a Pearson’s correlation coefficient of p =0.42, indicating a
statistically significant relationship (p < 0.001). This suggests that as PSA levels
increase, SUVmax values tend to rise, reflecting a potential link between higher PSA
concentrations and increased tumor metabolic activity.

68Ga PSMA uptake in the primary tumors was higher in patients with PSA levels >10 ng/ml
than those with PSA values <10 ng/ml, exhibiting a median SUVmax of 12.98 vs. 6.09 respectively,
and resulting in a statistically difference (p<0.001).

Combining GS and tumor-related tracer (PSMA) uptake revealed an upward trend of elevation
the SUVmax in higher GS/ISUP grade: GS 6/ISUP I (SUVmax = 5.49), GS 7a/ISUP II(SUVmax = 7.73),
GS 7b /ISUP III(SUVmax = 13.01), GS 8/ISUP IV(SUVmax = 15.74), GS 9/ISUP 5 (SUVmax = 17.27)
(Table 2). The same trend was found between the SUVmax and ISUP grade.

SUVmax values on different GS subgroups

GS N Mean SUVmax Median SUVmax ISD SUVmax
6 26 10.69 5.49 11.89

7 38 12.32 V 10.05 V 9.06

8 11 18.22 15.74 11.09

9 10 28.29 17.27 26.31

10 1 6.14 >6,14 7-

SUVmax values on different ISUP grade subgroups

ISUP N Mean SUVmax Median SUVmax | SD SUVmax
I 26 10.69 ‘ 5.49 . 11.89

] 18 9.37 .7.73 '6.35

11l 20 14.80 13.01 10.28

v 11 18.22 15.74 11.09

A 11 26.21 ‘ 16.25 '25.87

GS — Gleason score N — number, SD — standard deviation

Table 2
Correlation of SUVmax values with Gleason Score and ISUP Grade

These tables illustrate the SUVmax values across different Gleason score (GS) and ISUP
grade subgroups. An upward trend is observed in SUVmax values as the Gleason score and
ISUP grade increase, indicating a relationship between higher tumor grades and increased
PSMA tracer uptake. Specifically, the median SUVmax rises from 5.49 in GS 6/ISUP I to
17.27 in GS 9/ISUP V. This trend suggests that more aggressive tumors, as represented by
higher GS and ISUP grades, demonstrate greater tracer uptake, reflecting increased metabolic
activity associated with advanced disease.

In the group of 86 patients we had 40 who underwent RARP.There were 13 (32,5%) patients in
grade group 1, 8 (20%) patients in grade group 2, 9 (22,5%) patients in grade group 3, 6 (15%) patients
in grade group 4 and 4 (10%) patients in grade group 5 according to pre-operative biopsy reports. In
terms of ISUP grade, there were 35% upgrade and 22,5% downgrade following radical prostatectomy.
When we compared the pathology reports of prostatectomy specimens with the biopsy results, we
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observed 57,5% changes in grade groups, which was significant (P<0.001). There were 1 level upgrade
of grade groups in 7 patients, 2 level upgrade in 6 patients, 3 level upgrade in one patient,. We also
observed 1 level downgrade in 5 patients and 2 level downgrade in 4 patients(Table 3)

n PSA n PSA Upgrade Downgrade

Grade (patients) (ng/ml) SUVmax (patients) (ng/ml) SUVmax (n, %) (n, %)

1 13 9.0 4.96 5 9.0 4.0 10 0 (0%)
(76.92%)

2 8 10.0 5.075 14 8.0 514 1(125%)  0(0%)

3 9 19.0 12.32 16 17.0 16.15 1(11.1%) 3(33.3%)

4 6 6.735 17.29 2 8.45 13.21 2 2 (33.3%)
(33.33%)

5 4 17.75 14.285 3 6.57 29.08 0 (0%) 4 (100%)

The SUVmax and PSA values in this table are median values

Table 3

Assessment of Grade Group Shifts in Prostate Cancer: Biopsy vs.
Post-Surgical Pathology

Among 40 patients who underwent radical prostatectomy, there were 35% grade upgrades
and 22.5% downgrades post-surgery, with significant changes observed in 57.5% of cases
(p <0.001). The table compares pre-operative PSA levels and SUVmax values with
post-operative findings for each grade group. It illustrates how changes in these parameters
correspond to upgrades or downgrades in tumor grade, highlighting the discrepancy between
biopsy and definitive pathology results, and emphasizing the need for accurate pre-operative
assessments.

Following radical prostatectomy, 27,5% (n=11) of patients moved from alow-risk level (grade groups
1+2) to a high-risk level (grade groups 3+4+5) and 7,5% (n=3) of patients moved from a high-risk level to a
low-risk level. An SUVmax cut-off of 5.64 was seen in 4 out of 11 patients (36.36%) who transitioned to
higher-risk groups, indicating a potential pattern rather than a predictive threshold (Figure 3).
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Figure 3

ROC Curve Analysis of SUVmax for Risk Stratification in Prostate
Cancer

Following radical prostatectomy, 27.5% (n=11) of patients were upstaged from low-risk
(grade groups 1+2) to high-risk levels (grade groups 3+4+5), while 7.5% (n=3) moved from
high-risk to low-risk levels. An SUVmax cut-off of 5.64 was seen in 4 out of 11 patients
(36.36%) who transitioned to higher-risk groups. The ROC curve analysis of SUVmax.
(AUC = 0.82, 95% CI: 0.70-0.94) demonstrated a sensitivity of 76% and a specificity of 60%
at the cut-off value of 5.64, suggesting a possible but limited role in predicting risk
transitions.

In addition, the SUVmax values for patients in whom radical prostatectomy was performed
were compared to definitive postoperative histology results (n = 40), which didn’t reveal a statistically
significant correlation (p<0.289) between the median SUVmax and GS: a median SUVmax of 6.51 in
the group with GS of 6 and 7 (range 2.2-50.15) and a median SUVmax of 14.19 in GS 8-9 tumors (range
6.69-45.84).

Receiver operation characteristic curve analysis of SUVmax (area under curve=0.82, 95% CI:
0.70-0.94) showed a cut-off value of 5.64, yielding a sensitivity and a specificity of 76% and 60%,
respectively.

4. Discussion

The primary objective of our retrospective study was to assess whether a correlation exists
between the intensity of 68Ga PSMA uptake in the primary prostate cancer patients and their Gleason
score (GS) and/or ISUP grade. Additionally, we compared the histopathology findings from
preoperative biopsies with definitive pathology results in patients who underwent radical
prostatectomy (RP), aiming to determine if the SUVmax value can predict a higher risk in definitive
pathology than initially indicated by the biopsy.

Prostate cancer cells commonly exhibit elevated PSMA expression, allowing for targeted PET
imaging using PSMA ligands. Among these, Ga68 PSMA has shown a strong affinity for PSMA [10].
Benign prostatic epithelium also shows elevated PSMA expression, as demonstrated by
immunohistochemical studies, though the expression is less intense compared to prostate cancer cells
[11,12]

In general, adequate tracer uptake in the primary tumor is essential for the visualization and
detection of metastases through PET imaging. The use of 68Ga PSMA PET/CT for staging should be
reserved for prostate cancer patients with a high probability of significant PET positivity in the
primary tumor. It would be valuable to have predictive parameters at the initial diagnosis of prostate
cancer to determine whether the primary tumor is suitable for imaging with 68Ga PSMA PET/CT.

This issue was addressed in part in a recently published studies by Sachpekidis et al. and
Uprimny et al. [13,14]. In his research, Uprimny demonstrated that the intensity of tumor-related
tracer uptake on 68Ga PSMA PET/CT correlates with PSA concentration and GS in newly diagnosed
PC. The same upward trend in SUVmax was observed when combining Gleason scores and tumor-
related tracer uptake, with higher values corresponding to increased GS/ISUP grades was found in
our work.

Based on our findings, Ga68 PSMA PET/CT for primary staging of prostate cancer may be useful
in tumors with a Gleason score greater than 7 or in patients with PSA levels 210 ng/ml, that is
intermediate or high risk patients. Staging in cases with a Gleason score of 6 or 7 and PSA levels <10
ng/ml may be futile, given the significantly lower detection rates on 68Ga PSMA PET/CT [15].
Additionally, our results showed a similar correlation between the median SUVmax values and
Gleason score/ISUP grades.
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4.1. Both Poorly-Differentiated and Well-Differentiated Tumors May Not Be Detected in PSMA PET/CT

Several studies support the notion that PSMA PET/CT has reduced efficacy in detecting poorly-
differentiated tumors as well as well-differentiated. For instance, research has shown that tumors
with both low PSA concentration and Gleason scores,that is low-risk PCa, tend to have lower PSMA
uptake, which makes their detection more challenging, using this imaging modality. This is
particularly problematic in patients with Gleason scores of 3+3 and 3+4, where detection rates on
PSMA PET/CT are lower compared to higher scores, such as Gleason 9 [16,17]. Aykanat, I.C. et al.
found that 38 of 62 (61.2%) patients who what Gleason 8 in biopsy were downgraded after RP.
Interestingly, in our work 6 of 10 (60%) patients with GS 9-10 also was downgraded after RP.
Downgrading of Gleason scores after radical prostatectomy can occur due to several reasons. One
key factor is sampling error during biopsy, where the most aggressive parts of the tumor may not be
captured. This leads to an overestimation of the Gleason score in the biopsy. Additionally,
heterogeneity within the tumor means that different regions may show varying Gleason patterns,
which the biopsy might not fully represent. These issues underscore the challenges of accurately
predicting the true tumor grade based solely on biopsy [18,19].

While PSMA PET/CT is highly sensitive for detecting prostate cancer, studies have noted that it
may not detect all high-grade tumors, including those with Gleason scores of 9-10. Tumor
heterogeneity can result in variable PSMA expression, leading to instances where aggressive cancers
exhibit low or no PSMA uptake. For example, a study demonstrated that a subset of patients with
advanced prostate cancer (Gleason 9-10) showed poor detection on PSMA PET/CT due to low PSMA
expression, despite the aggressiveness of their disease. These cases may require additional imaging
modalities, such as FDG-PET, which can help identify tumors that are PSMA-negative but FDG-
positive [20].

Additionally, smaller or poorly differentiated high-grade tumors may exhibit lower PSMA
avidity, making them harder to detect. High-grade prostate cancer tumors may exhibit lower PSMA
avidity due to the loss of differentiation as the tumor becomes more aggressive. This loss of
differentiation can lead to reduced PSMA expression, making these tumors harder to detect on PSMA
PET/CT scans. Additionally, tumor heterogeneity can result in varying levels of PSMA expression
within different regions of the same tumor, further complicating detection [21]. This underlines the
importance of combining PSMA PET/CT with other diagnostic tools, especially in cases of high
Gleason scores.

According to Rosenzweig et al., low Gleason scores or poorly differentiated tumors may not be
detected on PSMA PET/CT [22]. In our study, one patient with a Gleason score of 10 exhibited an
SUVmax of 6.14, which is comparable to values typically associated with a Gleason score of 6.
However, this trend was not observed in the findings of Uprimny et al. While PSMA PET/CT
generally correlates with higher Gleason scores, poorly differentiated tumors might have altered
PSMA expression due to changes in tumor biology or microenvironment. This could result in lower
SUVmax values, as observed in our study. Differences in tumor vascularization, cellular density, or
metabolic pathways could also impact PSMA uptake. These variations highlight the need for a
multifactorial approach in interpreting PSMA PET/CT findings, especially in high-risk cases.

These findings indicate that while PSMA PET/CT is a powerful tool for staging prostate cancer, it is
not infallible, especially in some number of both well-differentiated and poorly-differentiated PCa.

4.2. Changes of Histopathological Grade after RP

Following the introduction of PSA screening, there was a significant rise in the number of
patients diagnosed with low-grade, indolent prostate cancer [23,24]. Many of these patients are
deemed suitable for active surveillance rather than radical intervention, as such treatments can result
in significant adverse effects, including urinary, sexual, and bowel dysfunction [25,26].
Unfortunately, the discordance between biopsy Gleason scores and definitive pathology Gleason
scores is a well-documented and widely acknowledged challenge [27,28].

Due to the work of Demirci et al., for all patients following radical prostatectomy, 21% (n=16) of
patients moved from a low-risk level (grade groups 1+2) to a high-risk level (grade groups 3+4+5) and
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10% (n=6) of patients moved from a high-risk level to a low-risk level and based of PSMA PET images
of subgroup of patients who were moved from low-risk to high risk group, the SUVmax cut-off of 9.1
would have predicted upstage in 10 out of those 16 (62.5%) patients [29].

In agreement with the previous report, we observed a 27,5% upgrade to grade group 2 or higher
after radical prostatectomy that was initially reported to be grade group 1 in biopsy reports. With a
SUVmax cut-off value of 5.64, PSMA PET predicted the upgrading with a rate of 36,6% .
Unfortunately, we did not have a large enough number of patients, which may have resulted in a
lower sensitivity and specificity.

Assessing the rate of clinically significant upstaging may hold substantial value for initial
treatment planning and outcome prediction. However, this study has limitations due to its
retrospective design. Additionally, we did not perform a segmental analysis of pathology specimens
or tracer accumulation sites in the 68Ga-PSMA PET/CT scan. Instead, we relied on the SUVmax value
across the prostatic lesions and compared it with the grade group. However, SUVmax has
limitations, as it only represents the single most intense point of uptake and may not reflect the entire
tumor’s metabolic activity. An alternative, SUVmean (SUVavr), which measures the average uptake
within the lesion, could provide a more comprehensive assessment of tumor burden and
heterogeneity, potentially offering a better correlation with tumor grade and clinical outcomes. A
prospective study is needed to further evaluate the role of tracer uptake in predicting clinically
significant cancer.

This study underscores the potential of 68Ga-PSMA PET/CT in correlating tumor uptake with
Gleason scores and ISUP grades in prostate cancer patients. Our results demonstrate a significant
relationship between SUVmax values and tumor grade, suggesting that higher SUVmax is associated
with more aggressive disease. The observed grade shifts between preoperative biopsy and post-
radical prostatectomy pathology highlight the limitations of biopsy alone in accurate staging. These
findings indicate that 68Ga-PSMA PET/CT can serve as a valuable tool in enhancing the accuracy of
prostate cancer staging and guiding treatment decisions.
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