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Simple Summary

Some patients with recurrent prostate cancer show disease on imaging even if their PSA
tests appear normal. Early detection of recurrence is important to guide treatment and
improved outcomes. In our study, we focused on these patients and described their
characteristics. PSMA PET/CT scanning was able to detect recurrent prostate cancer in
patients with low blood test levels, and the imaging showed disease progression that
would not have been apparent from PSA blood tests alone. These findings demonstrated
that PSMA PET/CT can identify recurrence earlier than PSA levels and provide valuable
information for planning treatment and support more precise monitoring and management
of prostate cancer.

Abstract

Background and Objective: Radiographic progression in prostate cancer (PCa) can occur
even when prostate-specific antigen (PSA) levels are undetectable. We aimed to determine
the frequency and characteristics of radiographic disease progression (rDP) on PSMA
PET/CT in patients with undetectable PSA, referred to as PSA zero rDP. Methods: We
analyzed the Mayo Clinic PSMA PET Prostate Cancer Registry to identify patients with rDP
on PSMA PET/CT despite undetectable PSA levels. Disease progression was confirmed
via biopsy or treatment response. The cohort included patients with non-metastatic and
metastatic hormone-sensitive disease, as well as those with castration-resistant prostate
cancer at the time of imaging. Overall survival (OS) was estimated using the Kaplan—
Meier method. Group comparisons were performed with the log-rank test. Univariate
Cox regression was used to identify factors associated with poor OS. Key findings and
Limitations: Among 2141 patients imaged between 2021 and 2023, 257 (12%) had PSA zero
rDP. Sixty-one percent had initially localized disease; 39% had de novo metastatic disease.
Median (IQR) time from diagnosis to PSA zero rDP was 51.9 (18.4-115.5) months. A total of
184 patients (72%) progressed to castration-resistant PCa. Sites of rDP included bone (57%),
visceral (15%), lymph node (18%), and local recurrence (10%). During median follow-up
of 8.1 (3.5-11.9) months, 5% of patients died. Only visceral metastases were significantly
associated with poorer OS (p < 0.0001). Conclusions and Clinical Implications: Prostate
cancer patients frequently develop metastatic disease with undetectable PSA values. Our
findings suggest the use of periodic advanced imaging techniques, irrespective of PSA
value, for more prompt detection and early management of disease progress.
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1. Introduction

In the landscape of prostate cancer (PCa) management, the assessment of disease
progression has traditionally relied heavily on monitoring serum prostate-specific anti-
gen (PSA) levels, a practice deeply ingrained in clinical practice. PSA serves as a key
biomarker for disease activity, guiding treatment decisions and informing prognosis [1-3].
However, many reports have shed light on a notable phenomenon in which radiographic
disease progression (rDP) occurred in PCa patients with low or undetectable PSA lev-
els, and this finding was reported in both hormone-sensitive prostate cancer (HSPC) and
castration-resistant prostate cancer (CRPC) patients [2,4,5]. This divergence between PSA
kinetics and radiographic findings challenges the traditional reliance on PSA as the primary
indicator of disease status and underscores the intricacies of PCa biology. The recogni-
tion of radiographic disease progression in the absence of PSA elevation has significant
clinical implications, necessitating a reevaluation of monitoring strategies and treatment
paradigms [4]. Historically, achieving a low or undetectable PSA level has been associated
with favorable long-term outcomes following various treatments; however, certain tumors
may exhibit low PSA secretion and harbor aggressive biological features, resulting in a
heterogeneous prognosis among patients with low PSA levels [6-10].

This discordance between PSA kinetics and radiographic findings presents a signif-
icant challenge to the prevailing paradigm of PSA-based surveillance. It challenges the
long-held assumption that PSA levels reliably reflect disease burden and progression,
prompting a critical reevaluation of our understanding of PCa biology and disease moni-
toring strategies [4,5]. Indeed, the recognition of radiographic disease progression in the
absence of PSA elevation raises fundamental questions about the underlying mechanisms
driving PCa progression and the limitations of certain diagnostic tools in capturing the
full spectrum of disease activity [9]. The clinical implications of this phenomenon are
profound; it underscores the importance of incorporating imaging modalities, such as
magnetic resonance imaging (MRI) and positron emission tomography (PET), into routine
disease monitoring protocols, particularly in cases where PSA levels may not accurately
reflect disease status [5,6,9]. It highlights the need for a more comprehensive approach to
disease assessment, one that considers not only PSA kinetics but also radiographic evidence
of disease progression.

Furthermore, the recognition of radiographic disease progression in PCa patients
with undetectable PSA levels has significant implications for treatment decision-making.
It challenges the notion that low or undetectable PSA levels necessarily correspond to
favorable disease outcomes and may prompt physicians to reconsider treatment strategies
for these patients [4]. Moreover, it underscores the importance of timely intervention and
close monitoring in patients deemed to be at high risk of disease progression, even in the
absence of PSA elevation [5]. The aim of our study is to compile the incidence rate of
this phenomenon from our prospectively maintained PSMA PET registry, and to delineate
the clinical ramifications for patients experiencing radiographic progression as identified
through PSMA PET imaging at undetectable levels of prostate-specific antigen (referred to
as “PSA zero”).
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2. Materials and Methods
2.1. Patient Cohort

After obtaining approval number (22-010856) from the Mayo Clinic Institutional
Review Board, we conducted a retrospective investigation using data sourced from the
Mayo Clinic PSMA PET registry. The registry prospectively recorded imaging and clinical
information for patients undergoing PSMA PET/CT scans between 2021 and 2023. A total
of 2141 patients were included. Patients enrolled in the PSMA PET registry underwent
regular physical examinations, laboratory tests (including PSA), and serial imaging in
adherence to institutional guidelines to facilitate ongoing monitoring of their disease.
Clinical and pathological variables were gathered, encompassing age and PSA at the
time of initial PCa diagnosis, Gleason score, primary treatment for PCa, tumor staging,
histological pathological subtype, prostate-specific antigen (PSA) levels, age at the time of
PSA zero rDP, treatments prior to PSA zero rDP, disease status prior rDP, site of rDP at PSA
zero, and subsequent clinical follow-up information. The variables were used to describe
the cohort and were evaluated for any association with overall survival.

2.2. PSMA PET/CT Imaging

PSMA PET/CT was performed approximately every 3-6 months whenever feasi-
ble. The indication of PSMA PET/CT was based on clinical factors, including concerning
findings on conventional imaging (CT, MRI, or bone scan) if performed, new or worsen-
ing symptoms such as bone pain or neurological deficit, monitoring treatment response
during systemic therapy, or as part of scheduled follow-up according to the registry and
institutional protocol. Imaging decisions were therefore not based solely on PSA levels,
allowing detection of radiographic disease progression even in patients with PSA zero.
Initial interpretations of the PSMA PET images were provided by trained nuclear medicine
radiologists. Any lesions demonstrating PSMA avidity were meticulously documented.
Additionally, for each lesion, the blood-pool-corrected maximum standardized uptake
value (SUVmax) was measured and compared between pre- and post-treatment scans to
assess interval changes following therapy. Radiographic progression was determined on
PSMA PET/CT scan based on interval changes in lesion size and tracer uptake (SUVmax)
over time, as well as development of new PSMA-avid lesions. Equivocal or indeterminate
PET lesions were interpreted in conjunction with any available conventional imaging (MRI,
CT, bone scan) to assess correlation. When such imaging was unavailable or insufficient,
additional imaging including conventional modalities or C-11 Choline PET/CT was ob-
tained as clinically appropriate. Confirmation of disease progression on PSMA PET was
established by tissue histopathology whenever feasible, or alternatively by conventional
imaging or subsequent PET scans.

2.3. Study Objectives

The primary objective was to identify patients diagnosed with prostate cancer who
exhibited radiographic disease progression (rDP) on PSMA PET scans despite presenting
with Zero PSA and to describe their clinicopathological variables.

The secondary objective: to report the overall survival rate among those groups of
patients, which is measured from the rDP at PSA zero until death or the last date of
follow-up, whichever came first.

2.4. Statistical Analysis

Patients were categorized into two groups based on their castrate status: hormone-
sensitive prostate cancer (HSPC) and castration-resistant prostate cancer (CRPC). Descrip-
tive statistics were employed to provide a comprehensive overview of both categorical and
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continuous variables, with categorical variables (including Gleason score, histopathology,
tumor stage, initial treatments, treatments prior to PSA zero rDP, disease status immedi-
ately prior to PSA zero rDP) reported as frequency (percentages) and continuous variables
(including age at initial diagnosis of prostate cancer, age at PSA zero rDP, PSA at initial
diagnosis, time from PCa diagnosis to PSA zero rDP) reported as medians (IQR) or mean
(SD). Normality of the data was assessed using the Shapiro-Wilk test. To compare nominal
and continuous variables, chi-square and Kruskal-Wallis tests were utilized, respectively.
Survival outcomes were assessed through overall survival (OS) using Cox regression anal-
ysis, with hazard ratios (HR) and 95% confidence intervals (CI) calculated accordingly.
The Kaplan-Meier method was applied to estimate OS probability after diagnosis of PSA
zero rDP according to the site of rDP, and differences in survival were evaluated using
the log-rank test. All statistical tests were two-sided, and a significance level of p < 0.05
was considered statistically significant. Statistical analyses were conducted using SPSS v28
(SPSS Inc., IBM Corp., Armonk, NY, USA).

3. Results
3.1. Baseline Characteristics Prior to PSA Zero rDP

Among the registry cohort, 257 of these men (12%) experienced rDP despite hav-
ing undetectable PSA levels. Baseline clinicopathologic characteristics for these men are
detailed in Table 1. At initial PCa diagnosis, the median primary Gleason score was 8
(interquartile range [IQR]: 7-9) and the median PSA level was 11.1 ng/mL (IQR: 5.6-32.7).
Most of these men (61%, n = 157) had recurrent disease following primary treatment with
radical prostatectomy or radiotherapy, while the remaining 39% (n = 100) presented with
de novo metastatic disease. All patients had tumors available for pathologic evaluation
at diagnosis, with the vast majority (97%, n = 250) being diagnosed with adenocarcinoma,
while a small portion (3%, n = 7) had small cell/neuroendocrine prostate cancer evident on
their earliest biopsy.

Table 1. Clinical characteristics for the entire cohort prior to PSA zero rDP.

Features N =257

Age at initial PCa diagnosis (Median/IQR) years 62.6 (56.9-67.7)
PSA at initial PCa diagnosis (Median/IQR) ng/mL 11.1 (5.6-32.7)
Gleason score, (Median/IQR) 8 (7-9)
Tumor Staging

-Tx 145 (56%)

-T1 4 (2%)

-T2 33 (13%)

-T3 71 (28%)

-T4 4 (2%)
Histopathology

- Adenocarcinoma 250 (97%)

- Neuroendocrine 7 (3%)
Initial staging

- Clinically localized or regional (N1) 157 (61%)

- De novo metastatic 100 (39%)
Initial treatment
- Radical prostatectomy 108 (42%)
- Radiotherapy +/— ADT 49 (19%)
- Systemic therapy alone 100 (39%)
Time from PCa diagnosis to PSA zero rDP,
(Median/IQR) months 119 (30.8-368.5)
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Table 1. Cont.

Features N =257

Treatments prior to PSA zero rDP

- ADT 239 (93%)

- ARPI 196 (77%)

- Chemotherapy 172 (67%)

-Lu-177 20 (8%)

- Radium-223 1(1%)

- PARPi 7 (3%)

- Immunotherapy 5 (2%)

- Salvage RT 111 (43%)

- Metastasis directed RT 87 (34%)

- Other 65 (25%)
Disease status immediately prior PSA zero rDP

-nmHSPC 5 (2%)

-nmCRPC 7 (3%)

- mHSPC 68 (26%)

- mCRPC 177 (69%)

Abbreviations: PCa: prostate cancer, IQR: interquartile range, PSA: prostate-specific antigen, rDP: radiographic
disease progression, NA: not available, ADT: androgen deprivation therapy, PET: positron emission tomography,
ARPI: androgen receptor pathway inhibitor, Lu: lutetium, PARPi: poly (ADP-ribose) polymerase inhibitor, RT:
radiotherapy, nm: non-metastatic, m: metastatic, HSPC: hormone-sensitive prostate cancer, CRPC: castrate-
resistant prostate cancer.

3.2. Clinical Features at Time of PSA Zero rDP

Over a median time of 119 months (IQR: 30.8-368.5) between the initial diagnosis of
prostate cancer and the onset of PSA zero rDP, approximately 70% of patients (1 = 184)
progressed to castration-resistant prostate cancer (CRPC). Prior to the emergence of PSA
zero rDP, a substantial majority (95%, n = 245) of patients had already developed distant
metastases. Regarding treatment, 95% of these patients received at least one form of
systemic therapy. Specifically, androgen deprivation therapy (ADT) was administered to
239 patients (93%), androgen receptor pathway inhibitors were used in 196 patients (77%),
and chemotherapy was given to 172 patients (67%).

The patterns of disease progression at the time of PSA zero rDP are detailed in Table 2.
The most frequently observed progression was bone metastasis, with or without concurrent
lymph node involvement, occurring in 57% of cases. In contrast, progression involving
visceral organs was relatively rare, noted in only 15% of patients (n = 39). Additionally, at
the time of PSA zero rDP, confirmative biopsies were obtained from 18 patients (7%). Of
these, 17 patients (94%) were found to have adenocarcinoma, while 1 patient (6%) exhibited
small cell/neuroendocrine features.

Table 2. Patients’ characteristics according to the castrate-disease status.

HSPC CRPC

Features (1 = 73) (1 = 184) p-Value

Age at initial PCa diagnosis 63.4 62.5 0.445
(Median/IQR) years (56.4-68.9) (57.3-66.9) :
PSA at initial PCa diagnosis 7.9 13.9 0.074
(Median/IQR) ng/mL (5.2-14.7) (5.9-51.9) )
Gleason score

- Low 2 (3%) 6 (3%) 0.010 *

- Intermediate 34 (47%) 50 (27%) :

- High 37 (50%) 128 (70%)
Tumor Staging

- Tx 27 (37%) 118 (64%)

-<T2 19 (26%) 18 (10%) <0.001 *

->T3 27 (37%) 48 (26%)
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Table 2. Cont.

HSPC CRPC

Features (1 = 73) (1 = 184) p-Value

Initial staging

- Clinically localized or regional (N1) 58 (79%) 99 (54%) 0.015 *

- De novo metastatic 15 (21%) 85 (46%)
Initial treatment

- Radical prostatectomy 47 (64%) 61 (33%) 0.001 *

- Radiotherapy +/— ADT 11 (15%) 38 (21%) <0

- Systemic therapy alone 15 (21%) 85 (46%)
Age at time of PSA zero rDP 69.7 68.9 0.834
(Median/IQR) years (64.8-75.1) (64.4-74.9) :
Time from PCa diagnosis to PSA zero rDP 49.8 51.9 0.180
(Median/IQR) months (12.9-144.4) (18.4-115.5) )
Sites of rDP

- Local only 9 (12%) 17 (9%)

- Lymph node only 17 (23%) 28 (15%) 0.039 *

- Bone +/— Lymph node 38 (52%) 109 (59%)

- Visceral +/ — other 9 (12%) 30 (16%)
Death

- Yes 1 (1%) 12 (7%) 0.118

-No 72 (99%) 172 (93%)

Abbreviations: HSPC: hormone-sensitive prostate cancer, CRPC: castrate-resistant prostate cancer, PCa:
prostate cancer, IQR: interquartile range, PSA: prostate-specific antigen, rDP: radiographic disease progression.
* p-value < 0.05.

3.3. Oncological Outcomes After PSA Zero rDP

Over a median follow-up period of 8.1 months (IQR: 3.5-11.9) from the diagnosis
of PSA zero rDP, 31 patients (12%) experienced biochemical recurrence, with a median
biochemical progression-free survival of 9.1 months (Figure 1). Additionally, only 5% of
the patients (n = 13) died during this follow-up period. Table 3 reveals univariate Cox
regression analysis including age, Gleason score, prior treatments, CRPC status and rDP
location (Local, Nodal, Bone, Visceral). Among these, the presence of visceral metastases
(p< 0.001) was the sole factor significantly associated with worse overall survival in a
univariate Cox regression analysis (HR 8.8, 95% CI 2.86-26.67, p < 0.0001); other variables
did not reach statistical significance. Given the limited number of mortalities events (n = 13)
and short follow-up duration, multivariate Cox regression analysis was not performed to
avoid overfitting or instability of the model.

Table 3. Univariate Cox regression analysis of factors associated with overall survival.

Features Univariate Cox Regression
Hazard Ratio (95% CI) p-Value

Age at PSA zero 0.9 (0.89-1.01) 0.123
Gleason Score 1.9 (0.97-3.53) 0.063
Prior Treatment

ADT 1.2 (0.16-5.53) 0.838

ARPI 3.6 (0.67-18.9) 0.135

Chemo 6.2 (0.80-47.62) 0.080
CRPC Status 3.8 (0.49-29.62) 0.196
rDP Location

Local 0.6 (0.19-2.05) 0.444

LN 1.9 (0.61-5.69) 0.277

Bone 6.3 (0.82-48.54) 0.077

Visceral 8.8 (2.86-26.67) <0.001 *

Abbreviation: ADT: androgen deprivation therapy, ARPI: androgen receptor pathway inhibitor, CRPC: castrate-
resistant prostate cancer, rDP: radiographic disease progression, LN: lymph node. * p-value < 0.05.
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Figure 1. Biochemical progression-free survival (PFS) curve.

Furthermore, when comparing different sites of rDP, patients with visceral metastases
exhibited significantly poorer overall survival (p < 0.0001 by log-rank test), as illustrated in
Figure 2.

Overall Survival
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>
n— 80 - e
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= 40-
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S 20- by log-rank
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Follow-up duration from PSA Zero Dx (months)

Figure 2. Kaplan—-Meier curve (overall survival) by site of rDP. ** p-value < 0.01.

4. Discussion

Monitoring PSA levels during follow-up has historically been a highly sensitive
method for the early detection of disease relapse in prostate cancer patients. Stud-
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ies have shown that a deep PSA response generally correlates with improved survival
outcomes [1,2,11]. Previous studies have also demonstrated that lower PSA nadir levels,
deeper PSA responses, and longer time to PSA nadir after androgen deprivation therapy
are associated with improved overall survival in metastatic hormone-sensitive prostate can-
cer [12,13]. However, recent studies have revealed significant limitations in using PSA alone
to evaluate treatment response, particularly in patients with metastatic prostate cancer. For
these patients, periodic imaging is essential to accurately assess disease progression [4,5].
To the best of our knowledge, our study is the largest to investigate the radiographic disease
progression (rDP) in prostate cancer patients with undetectable PSA levels.

In our cohort, radiographic progression occurred despite undetectable PSA levels,
suggesting that PSA alone may not fully reflect the biological activity of the disease in cer-
tain patients. Survival outcomes, particularly among those with visceral metastases, were
more closely associated with imaging findings than with PSA values. These observations
indicate that PSMA PET/CT can reveal clinically relevant progression even when PSA
remains suppressed, especially in tumors with low or absent PSA secretion. Nevertheless,
PSA remains an established prognostic marker in many clinical settings, and our findings
support the combined use of PSA kinetics and advanced imaging rather than reliance on
a single parameter. We analyzed data from the PSMA PET registry and identified that
12% (n = 257) of patients experienced PSA zero rDP, a finding that aligns closely with
a previous study [5]. Notably, over 60% of this cohort had a high initial Gleason score
(=8), nearly 40% (n = 100) presented with de novo metastatic disease, and 72% (n = 184)
had developed castrate-resistant disease by the time of PSA zero rDP. Furthermore, this
patient group had undergone extensive treatment, with 60% receiving more than three lines
of therapy. Moreover, survival outcome varied by the site of rDP. Patients with visceral
metastases showed the poorest survival, with a hazard ratio of 8.8 (95% CI 2.86-26.67,
p <0.0001), indicating that an approximately ninefold higher risk of death compared with
patients without visceral metastases involvement, while other variables including age,
Gleason, prior treatment and castrate status before rDP were not statistically significant.
These observations underscore the aggressive nature of the disease in this subset of patients
and suggest a deviation of prostate cancer cells toward a non-PSA secretory phenotype.
This shift complicates the use of PSA as a reliable biomarker and highlights the necessity
for comprehensive diagnostic approaches, including advanced imaging techniques, to
accurately monitor and manage disease progression in these patients.

These findings align with emerging studies that demonstrated that radiographic
disease progression occurs without concordance of PSA progression [4,10,14-16]. A post
hoc analysis of the ARCHES trial demonstrated that radiographic disease progression on
conventional imaging occurred at a low level of PSA, as there was a discordance between
radiographic progression and PSA progression [14].

Furthermore, multiple studies reported that PSMA PET/CT can detect prostate cancer
disease recurrence, especially with low PSA levels. In prospective evaluation of PSMA
PET/CT scan, Eiber et al. reported meaningful detection rates of disease recurrence at
low PSA with higher rates at increasing PSA levels. Among patients with a PSA value of
[0.2 < PSA < 0.5], 57.9% had positive scans, while detection rate increased with higher PSA,
reaching 93% with the PSA range of [1,2,17]. On the other hand, Treglia et al. concluded
in their meta-analysis that PSMA PET/CT demonstrated higher sensitivity for detection
of disease recurrence at low PSA levels. Interestingly, the sensitivity of PSMA PET/CT
diminished as PSA increased [18].

Although the majority of our patients had castration-resistant prostate cancer (CRPC),
not all experienced poor outcomes. Even after more than two years of follow-up from the
onset of PSA zero radiographic disease progression (rDP), the median overall survival was
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not reached. This variability in outcomes could be attributed to the inclusion of patients
with hormone-sensitive prostate cancer. Additionally, 60% of the patients in our study
had metachronous prostate cancer rather than de novo metastatic disease, contributing to
the observed differences in prognosis. The presence of visceral metastases, as anticipated,
was associated with poorer survival outcomes, consistent with findings from previous
studies [5,19-21]. Specifically, the study by Pezaro et al. reported that 49% of CRPC patients
who developed visceral metastases did so without concurrent PSA progression, with a
median survival of seven months [19]. Early detection of visceral disease is essential as it
allows for biopsies and repeat molecular studies, providing critical information to inform
subsequent therapeutic strategies.

Molecular studies or advanced imaging techniques such as PSMA PET/CT allow
for the detection and characterization of prostate cancer based on tumor-specific biolog-
ical features rather than solely on anatomical changes. Unlike the conventional imaging
modalities that rely on size criteria or structure abnormalities. PSMA PET uses radiola-
beled ligands that bind to the prostate-specific membrane (PSMA), which is overexpressed
in most prostate cancer cells. This allows visualization of the tumor based on receptor
expression and cellular activity, even when lesions are small or without structural abnor-
malities [22-24].

In our clinical practice, we advocate for the implementation of periodic advanced
imaging for surveillance or evaluating treatment response in patients receiving ongoing
systemic therapy [16], allowing for early detection of new or progressive disease even when
PSA remained low, which could guide timely management decision.

This recommendation is supported by several potential advantages. Firstly, molecular
imaging offers increased sensitivity and specificity compared to conventional imaging tech-
nologies [25,26], often eliminating the need for more invasive procedures like biopsies or
surgeries. Additionally, by offering a non-invasive alternative, molecular imaging not only
enhances diagnostic accuracy but also reduces the risks and discomfort associated with
more invasive diagnostic procedures. Secondly, the early detection of more extensive dis-
ease development facilitates the timely implementation of therapeutic adjustments before
the onset of symptomatic or functional impairment in the patient. Prompt identification
and intervention in response to progressing illness may potentially postpone or even avert
the decline in quality of life often associated with uncontrolled cancer progression. Finally,
the emergence of metastasis-directed therapy (MDT) as a promising treatment modality for
targeted management of oligometastatic disease, as evidenced in prior studies, necessitates
timely imaging [27-29]. Delaying such imaging evaluations could lead to the inadvertent
loss of the timeframe of chance for MDT. While further research is warranted to definitively
establish the impact of early radiographic disease detection on overall outcomes in patients
with metastatic prostate cancer, the aforementioned rationale strongly supports the clinical
utility of periodic imaging surveillance.

First, one of the key strengths of this study is that we include patients with PSA zero,
allowing us to detect disease recurrence before biochemical recurrence. Second, this study
used large prospectively collected registry enhancing the reliability of these findings. Third,
all the patients had high standardized high-quality PSMA PET/CT, ensuring accurate
detection of lesions. Fourth, these results are clinically relevant as early detection of pro-
gression may help guide timely management decisions. Finally, this study provides insight
into the biology of prostate cancer, showing that disease can progress with undetectable
PSA possibly due to non-secreting cells or early detection on scans.

It is crucial to acknowledge the inherent limitations associated with the retrospective
nature of this study design, specifically the potential for selection bias. This bias could
potentially skew the observed results and limit the generalizability of the findings to the
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References

broader prostate cancer patient population. Additionally, the study population included
patients at different clinical phases of prostate cancer, which introduces biological and
therapeutic variability that may influence imaging findings and outcomes. This hetero-
geneity should be considered when interpreting the results. Furthermore, the adoption of
molecular imaging such as PET scans necessitates a critical evaluation of cost-effectiveness.
While PET scans offer valuable diagnostic advantages, they are typically associated with
significantly higher costs compared to conventional imaging modalities [30]. Therefore, a
comprehensive cost-benefit analysis is warranted to determine whether the additional in-
formation gleaned from PET scans justifies the increased financial burden. Finally, the true
impact of employing serial PET scans on treatment outcomes in prostate cancer patients
remains to be definitively established.

While this study provides valuable insights, it is retrospective in nature. To defini-
tively assess the influence of serial PET scans on treatment efficacy and patient outcomes,
prospective clinical trials are necessary.

5. Conclusions

Our study identified that some prostate cancer patients may develop radiographic
disease progression even when their PSA levels are undetectable. There is a clinical
conundrum, as PSA is often used without imaging to assess progression and the potential
need for imaging. This study highlights the limitations of relying on PSA alone and
emphasizes the value of periodic advanced imaging such as PSMA PET to better assess the
disease and guide timely treatment decisions. Further prospective studies are warranted to
determine how early detection of radiographic progression impacts long-term outcomes
and to optimize patient management strategies.
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