Sriwijaya Journal of Radiology and Imaging Research

RADIOLOGY AND
IMAGING RESEARCH

e-ISSN (online): 2986-853X

—~- < Sriwijaya Journal of Radiology and Imaging Research

)

(SJRIR)

Journal website: https:// phlox.or.id/index.php/sjrir

Evaluation of the Diagnostic Accuracy of PET/MRI in the Staging of Prostate Cancer:

A Retrospective Study in Barcelona, Spain

Paula Guelle!*, Sandra Quinn!

1Department of Urology, Barcelona Hospital, Barcelona, Spain

ARTICLE INFO

Keywords:
Barcelona
Diagnostic accuracy
PET/MRI

Prostate cancer
Staging

*Corresponding author:

Paula Guelle

E-mail address:

paulaguelle@wgmail.com

All authors have reviewed and approved
the final version of the manuscript.

https://doi.org/10.59345/sjrir/v2i2.161

1. Introduction

ABSTRACT

Introduction: Accurate staging of prostate cancer (PCa) is crucial for treatment
planning and prognostication. The integration of positron emission tomography
(PET) and magnetic resonance imaging (MRI) into a single hybrid system
(PET/MRI) has shown promise in improving PCa staging accuracy. This study
aimed to evaluate the diagnostic accuracy of PET/MRI in the staging of PCa in
a cohort of patients from Barcelona, Spain. Methods: A retrospective analysis
was conducted on 120 patients with biopsy-proven PCa who underwent
PET/MRI for staging between 2018 and 2023 at a tertiary care center in
Barcelona. PET/MRI findings were compared with the histopathological results
from radical prostatectomy or biopsy as the reference standard. Sensitivity,
specificity, positive predictive value (PPV), negative predictive value (NPV), and
accuracy were calculated for PET/MRI in detecting local tumor extent (T-stage),
lymph node involvement (N-stage), and distant metastases (M-stage). Results:
PET/MRI demonstrated a sensitivity of 92%, specificity of 88%, PPV of 90%,
NPV of 91%, and accuracy of 90% for T-staging. For N-staging, the sensitivity,
specificity, PPV, NPV, and accuracy were 85%, 94%, 82%, 95%, and 92%,
respectively. In the detection of distant metastases (M-stage), PET/MRI showed
a sensitivity of 90%, specificity of 98%, PPV of 95%, NPV of 96%, and accuracy
of 97%. Conclusion: PET/MRI exhibits high diagnostic accuracy in the staging
of PCa, particularly in the assessment of local tumor extent, lymph node
involvement, and distant metastases. The integration of PET/MRI into clinical
practice may improve the accuracy of PCa staging, leading to more personalized
treatment decisions and improved patient outcomes.

lymph node involvement (N-stage), and the existence

Prostate cancer (PCa) stands as a formidable health
challenge, representing the second most prevalent
cancer among men globally, with an estimated 1.4
million new cases diagnosed in 2020. Its impact
reverberates across societies, underscoring the critical
need for accurate and timely diagnosis, staging, and
treatment to mitigate its burden on individuals and
healthcare systems alike. Accurate staging of PCa is
pivotal in determining the extent of the disease,
guiding treatment decisions, and providing prognostic
information to patients. The staging process seeks to
classify the cancer based on its local extent within the

prostate gland (T-stage), the presence or absence of

of distant metastases (M-stage). This comprehensive
evaluation allows clinicians to tailor treatment plans
to individual patient needs, ranging from active
surveillance for low-risk diseases to more aggressive
interventions such as surgery, radiation therapy, or
systemic therapy for advanced stages. The current
gold standard for PCa staging encompasses a multi-
pronged approach, incorporating clinical examination,
prostate-specific antigen (PSA) testing, and an array of
imaging modalities. While digital rectal examination
(DRE) and PSA testing offer initial insights into the

potential presence of PCa, their sensitivity and
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specificity are limited, necessitating the integration of
imaging to provide a more definitive assessment.1,2

Among the imaging modalities employed in PCa
staging, computed tomography (CT), magnetic
resonance imaging (MRI), and bone scintigraphy have
played significant roles. CT, with its ability to visualize
anatomical structures, aids in evaluating the extent of
local tumor invasion and potential spread to adjacent
organs. MRI, particularly multiparametric MRI
(mpMRI), offers superior soft tissue contrast and
functional imaging capabilities, enabling the detection
and characterization of suspicious lesions within the
prostate gland and surrounding tissues with greater
precision. Bone scintigraphy, on the other hand, is
instrumental in identifying bone metastases, which
are a frequent site of PCa spread. While these
conventional imaging modalities have contributed
significantly to PCa staging, they are not without
limitations. CT, for instance, may struggle to
differentiate between benign and malignant lymph
nodes, potentially leading to underestimation of nodal
involvement. MRI, despite its advantages, may
encounter challenges in visualizing small lesions or
differentiating between indolent and aggressive
tumors. Bone scintigraphy, although sensitive for
detecting bone metastases, may exhibit limited
specificity due to potential false-positive findings
associated with other bone pathologies.3.4

The quest for enhanced accuracy and precision in
PCa staging has spurred the exploration of novel
imaging technologies. The integration of positron
emission tomography (PET) and magnetic resonance
imaging (MRI) into a single hybrid system, known as
PET/MRI, has emerged as a promising avenue.
PET/MRI capitalizes on the complementary strengths
of each modality, offering a synergistic approach to
cancer imaging. PET, through the utilization of
radiotracers such as 18F-fluoromethylcholine (18F-
FMCH) or 68Ga-prostate-specific membrane antigen
(68Ga-PSMA), provides functional insights into tumor
metabolism and cellular activity, enabling the
detection of even small foci of cancer cells. MRI, with
its exquisite anatomical detail and functional imaging
capabilities, complements PET by providing a

structural framework within which to interpret the

metabolic information. The potential advantages of
PET/MRI in PCa staging are manifold. By combining
metabolic and anatomical data, PET/MRI may
enhance the detection and characterization of primary
tumors, enabling more accurate T-staging. Its ability
to visualize lymph nodes with greater clarity may
improve the assessment of nodal involvement, leading
to more precise N-staging. Additionally, PET/MRI may
facilitate the early detection of distant metastases,
particularly in bone and soft tissues, potentially
altering treatment strategies and improving patient
outcomes. Numerous studies have investigated the
diagnostic accuracy of PET/MRI in PCa staging,
reporting promising results. A recent meta-analysis
encompassing 12 studies demonstrated that PET/MRI
boasts a pooled sensitivity of 89% and specificity of
92% for the detection of PCa. Another study revealed
that PET/MRI led to a change in management in 20%
of PCa patients, underscoring its potential impact on
clinical decision-making.57

However, the majority of these studies were
conducted in other countries, leaving a knowledge gap
regarding the performance of PET/MRI in the Spanish
population. Spain, like many other nations, faces a
significant burden of PCa, necessitating the evaluation
of novel imaging technologies within its specific
context. Understanding the diagnostic accuracy and
potential clinical utility of PET/MRI in the Spanish
setting is crucial for informing its integration into
clinical practice and optimizing patient care.8-10 This
study, set in Barcelona, Spain, aims to address this
knowledge gap by evaluating the diagnostic accuracy

of PET/MRI in the staging of PCa.

2. Methods

A retrospective study design was employed,
capitalizing on the wealth of clinical data amassed at
a tertiary care center in Barcelona, Spain. This
approach allowed for the efficient analysis of a
substantial cohort of patients who had undergone
PET/MRI for prostate cancer (PCa) staging between
2018 and 2023. The retrospective nature of the study,
while offering logistical advantages, also necessitated

careful consideration of potential biases and



limitations, which will be addressed in subsequent
sections.

The study population was carefully curated,
comprising 120 patients with biopsy-proven PCa who
had undergone PET/MRI for staging purposes at the
aforementioned tertiary care center. Inclusion criteria
were stringent, mandating that patients had
undergone either radical prostatectomy or biopsy
within a six-month window following their PET/MRI
scan. This temporal proximity ensured that the
histopathological findings, serving as the reference
standard, were closely aligned with the imaging data,
minimizing the potential for disease progression or
treatment-related changes to confound the analysis.
Exclusion criteria were equally rigorous, designed to
enhance the homogeneity of the study population and
mitigate confounding factors. Patients with a history
of prior treatment for PCa or other malignancies were
excluded to prevent the potential influence of previous
interventions on imaging findings. Similarly,
individuals with incomplete medical records or
missing histopathological data were also excluded to
maintain the integrity of the dataset. The final cohort
of 120 patients represented a diverse spectrum of PCa
presentations, encompassing various risk
stratifications, PSA levels, and clinical stages. This
heterogeneity, while inherent to any real-world clinical
setting, enriches the generalizability of the study's
findings, ensuring their applicability to a broad range
of PCa patients.

The PET/MRI protocol employed in this study was
standardized and meticulously executed, reflecting the
state-of-the-art in hybrid imaging technology. All
patients underwent PET/MRI using a cutting-edge 3
Tesla MRI scanner seamlessly integrated with a PET
detector. This sophisticated instrumentation enabled
the simultaneous acquisition of both metabolic and
anatomical data, offering a comprehensive view of PCa
and its potential spread. Prior to imaging, patients
received an intravenous injection of 18F-
fluoromethylcholine (18F-FMCH), a radiotracer known
for its affinity for PCa cells. The 20-minute interval
between injection and imaging allowed for optimal
tracer uptake and distribution, maximizing the

sensitivity of PET for detecting metabolically active

tumor foci. The PET/MRI acquisition protocol itself
was carefully designed to capture a wealth of
diagnostic information. T2-weighted MRI sequences
provided exquisite anatomical detail of the prostate
gland and surrounding tissues, aiding in the
assessment of tumor size, location, and potential
extracapsular extension. Diffusion-weighted imaging
(DWI) offered insights into tissue cellularity and water
diffusion, facilitating the differentiation between
benign and malignant lesions. Dynamic contrast-
enhanced (DCE) MRI further enhanced the
characterization of suspicious areas by visualizing
their perfusion patterns and microvascularity.
Concurrently, PET acquisition captured the
distribution of 18F-FMCH, highlighting areas of
increased metabolic activity suggestive of PCa. The
fusion of PET and MRI data, facilitated by the hybrid
system, allowed for precise co-registration of metabolic
and anatomical information, enabling a more accurate
interpretation of imaging findings.

The interpretation of PET/MRI images was
entrusted to a team of two seasoned radiologists, each
possessing extensive experience in genitourinary
imaging. To ensure objectivity and minimize bias, the
radiologists were blinded to the patients' clinical and
histopathological data. This blinding served to prevent
any preconceived notions or expectations from
influencing their image interpretation. The radiologists
independently assessed each PET/MRI scan,
meticulously evaluating the local tumor extent (T-
stage), the presence or absence of lymph node
involvement (N-stage), and the existence of distant
metastases (M-stage). The T-stage assessment relied
on a combination of T2-weighted, DWI, and DCE-MRI
findings, with particular attention paid to tumor size,
location, and extracapsular extension. The N-stage
evaluation focused on the visualization and
characterization of lymph nodes, utilizing both
morphological criteria and metabolic activity on PET.
The M-stage assessment involved a systematic search
for distant metastases in bone and soft tissues,
leveraging the combined sensitivity of PET and MRI. In
instances where the two radiologists' interpretations
diverged, a consensus meeting was convened to

resolve any discrepancies. This collaborative approach



ensured that the final staging assessment was based
on a thorough and balanced evaluation of all available
imaging evidence.

The cornerstone of this study's methodological
rigor was the use of histopathological findings from
radical prostatectomy or biopsy as the reference
standard for PCa staging. Radical prostatectomy,
involving the surgical removal of the entire prostate
gland and seminal vesicles, provides the most
definitive assessment of local tumor extent and nodal
involvement. Biopsy, while less invasive, offers
valuable information on tumor grade and stage,
particularly in cases where surgery is not feasible or
appropriate. By comparing the PET/MRI staging
assessments with the histopathological findings, we
were able to calculate the sensitivity, specificity,
positive predictive value (PPV), negative predictive
value (NPV), and accuracy of PET/MRI for each staging
parameter. This rigorous validation process allowed us
to quantify the diagnostic performance of PET/MRI in
a real-world clinical setting, providing valuable
insights into its potential role in PCa staging.

The statistical analysis of the data was performed
using SPSS software version 25.0, a powerful tool for
data management and statistical computation.
Sensitivity, specificity, PPV, NPV, and accuracy were
calculated for PET/MRI in detecting local tumor extent
(T-stage), lymph node involvement (N-stage), and
distant metastases (M-stage). These metrics provide a
comprehensive picture of PET/MRI's diagnostic
performance, enabling a nuanced evaluation of its
strengths and limitations. In addition, a subgroup
analysis was conducted on 60 patients who had also
undergone conventional imaging modalities, namely
CT and bone scintigraphy. This analysis aimed to
compare the diagnostic accuracy of PET/MRI with that
of conventional imaging, shedding light on the
potential incremental value of PET/MRI in PCa
staging.

The statistical methods employed in this study
were carefully chosen to address the specific research

questions and data characteristics. Descriptive

statistics were used to summarize patient
demographics and clinical features. Comparative
statistics, such as chi-square tests or Fisher's exact
tests, were employed to assess the association between
PET/MRI findings and histopathological results.
Receiver operating characteristic (ROC) curve analysis
was utilized to evaluate the discriminatory power of
PET/MRI in predicting PCa stage. This retrospective
study was conducted in accordance with the
Declaration of Helsinki and local ethical guidelines. As
the study involved the analysis of anonymized patient
data, no individual informed consent was required.
The study protocol was approved by the Institutional

Review Board of the participating tertiary care center.

3. Results and Discussion

Table 1 showcases the characteristics of the patient
cohort involved in this study. The study encompassed
a total of 120 patients, a sample size that provides a
reasonable basis for drawing conclusions, although
larger cohorts could enhance statistical power and
generalizability. The mean age of the patients was 65
years, ranging from 45 to 82. This suggests a
predominantly older population, which aligns with the
typical demographic for prostate cancer. The wide age
range, however, indicates a degree of heterogeneity,
potentially impacting the spectrum of disease severity
and treatment options encountered. The median PSA
level was 10 ng/mL, with a range of 4 to 50 ng/mL.
This distribution suggests a mix of patients with
varying levels of PSA, reflecting the diverse clinical
presentations of prostate cancer. Higher PSA levels are
generally associated with more advanced disease,
whereas lower levels might indicate early-stage or less
aggressive tumors. The majority of patients (70%) were
classified as having intermediate-risk prostate cancer,
while 20% had low-risk and 10% had high-risk
disease. This distribution reflects the real-world
prevalence of different risk categories, offering insights
into the potential spectrum of treatment decisions and

outcomes in this cohort.



Table 1. Patient characteristics.

Characteristic Value
Number of patients 120
Mean Age (years) 65
Age Range (years) 45-82
Median PSA level (ng/mL) 10
PSA level range (ng/mlL) 4-50
Risk stratification Intermediate-risk: 70%, Low-risk: 20%, High-risk: 10%

Table 2 presents the diagnostic accuracy of
PET/MRI in prostate cancer staging. This table offers
a quantitative assessment of how well PET/MRI
performs in evaluating three crucial aspects of
prostate cancer staging: the extent of the local tumor
(T-staging), the presence of lymph node involvement
(N-staging), and the existence of distant metastases
(M-staging). This metric indicates the proportion of
patients with a particular staging characteristic (e.g,
lymph node involvement) who are correctly identified
as such by PET/MRI. A high sensitivity implies that
PET/MRI is good at detecting the presence of the
characteristic when it truly exists, minimizing false
negatives. This metric represents the proportion of
patients without a specific staging characteristic who
are correctly identified as such by PET/MRI. A high
specificity means that PET/MRI is good at ruling out
the characteristic when it's genuinely absent,
minimizing false positives. This metric tells us the
probability that a positive PET/MRI finding (e.g.,
indicating lymph node involvement) is truly indicative
of the presence of that characteristic. A high PPV
signifies that a positive result is likely to be accurate.
Conversely, this metric indicates the probability that a
negative PET/MRI finding (e.g., suggesting no distant
metastases) is truly reflective of the absence of that
characteristic. A high NPV means that a negative
result is likely to be reliable. This metric gives the
overall proportion of correct diagnoses (both positive

and negative) made by PET/MRI for a particular

staging parameter. It provides a general sense of the
test's reliability. PET/MRI shows a high sensitivity of
92%, meaning it's very good at detecting local tumor
extension when it's present. The specificity of 88% is
also good, suggesting a relatively low rate of false
positives. The PPV and NPV are both around 90%,
further reinforcing the test's reliability in predicting
the presence or absence of local tumor spread. The
overall accuracy of 90% for T-staging is quite high,
highlighting the effectiveness of PET/MRI in this
aspect. For lymph node involvement, PET/MRI
maintains good sensitivity (85%) and an excellent
specificity (94%). The slightly lower PPV of 82%
suggests that a positive PET/MRI finding for nodal
involvement might need further confirmation, perhaps
with a biopsy. However, the high NPV of 95% provides
strong confidence in ruling out nodal metastases when
the PET/MRI is negative. The overall accuracy for N-
staging is also high at 92%. PET/MRI truly shines in
the detection of distant metastases, with a high
sensitivity of 90% and an exceptional specificity of
98%. This indicates that PET/MRI is not only good at
finding metastases when they exist but also very good
at avoiding false alarms. The PPV and NPV are both
very high (95% and 96%, respectively), indicating
strong predictive power for both positive and negative
findings. The overall accuracy of 97% for M-stagingis
remarkable, making PET/MRI a potentially invaluable
tool for identifying the spread of prostate cancer

beyond the local region.



Table 2. Diagnostic accuracy of PET/MRI in prostate cancer staging.

Staging parameter Sensitivity Specificity PPV (%) NPV (%) | Accuracy (%)
(%)

T-staging (Local Tumor 92 90 91 90
Extent)

N-staging (Lymph Node 85 82 95 92
Involvement)

M-staging (Distant 90 95 96 97
Metastases)

Table 3, compares the accuracy of PET/MRI and

conventional imaging in assessing lymph node
involvement (N-staging) and distant metastases (M-
staging) in prostate cancer. PET/MRI boasts an
accuracy of 92%, outperforming conventional imaging,
which has an accuracy of 88%. This suggests that
PET/MRI is more reliable in detecting or ruling out the
spread of cancer tolymph nodes. This advantage could

be attributed to PET/MRI's ability to combine

anatomical imaging (from MRI), potentially allowing for
better visualization and characterization of lymph
nodes. Again, PET/MRI demonstrates superior
accuracy with 97% compared to 94% for conventional
imaging. This implies that PET/MRI is more effective
in identifying distant metastases, which is crucial for
determining the stage and prognosis of prostate
cancer. PET/MRI's ability to detect metabolically

active tumor cells, even in small lesions, likely

metabolic information (from PET) with detailed contributes to its higher accuracy in this context.
Table 3. Comparison of Accuracy between PET/MRI and conventional imaging.
Staging parameter PET/MRI accuracy (%) Conventional imaging accuracy
(%)
N-staging (Lymph Node 92 88
Involvement)
M-staging (Distant Metastases) 97 94

The diagnostic performance of PET/MRI in prostate
cancer (PCa) staging, as revealed in our study, paints
a portrait of remarkable accuracy and clinical promise.
This sophisticated hybrid imaging modality, by
harmonizing the metabolic insights of PET with the
anatomical precision of MRI, emerges as a powerful
tool for unraveling the complexities of PCa staging,
guiding treatment decisions, and potentially altering
the trajectory of patient outcomes. Let's delve deeper
into the intricacies of PET/MRI's diagnostic
performance, exploring its proficiency in assessing
local tumor extent (T-staging), lymph node
involvement (N-staging), and the presence of distant
metastases (M-staging). In the realm of T-staging, the
quest for accuracy is paramount. The ability to
precisely delineate the extent of the primary tumor
within the prostate gland and its potential
transgression beyond the prostatic capsule is crucial

for determining the appropriate course of treatment.

Our study reveals that PET/MRIrises to this challenge
with remarkable finesse, achieving a sensitivity of
92%. This figure signifies that PET/MRI correctly
identifies 92 out of every 100 patients with local tumor
false

extension, leaving a minimal

This high

margin for

negatives. sensitivity is particularly
noteworthy in the context of extracapsular extension
(ECE), a hallmark of locally advanced PCa that carries
significant prognostic implications. ECE,
characterized by the spread of tumor cells beyond the
confines of the prostate capsule, can be challenging to

detect with conventional imaging modalities like CT or

MRI alone. These modalities often rely on

morphological changes or subtle alterations in tissue
signal intensity, which can be easily overlooked or
misinterpreted. PET/MRI, on the other hand,
leverages the metabolic avidity of PCa cells, visualized
through 18F-

fluoromethylcholine (18F-FMCH) or 68Ga-prostate-

the uptake of radiotracers like



specific membrane antigen (68Ga-PSMA). This
functional information complements the anatomical
detail provided by MRI, enabling the detection of even
microscopic foci of tumor infiltration beyond the
prostatic capsule. The implications of PET/MRI's high
sensitivity in T-staging are profound. By accurately
identifying ECE, PET/MRI empowers clinicians to
make more informed decisions regarding the extent of
local therapy. Patients with ECE might require more
aggressive surgical approaches, such as radical
prostatectomy with extended lymph node dissection,
or escalated doses of radiation therapy. Conversely,
patients without ECE might be candidates for nerve-
sparing surgery or focal therapy, potentially preserving
urinary and sexual function. While sensitivity is
paramount, specificity is equally important in
diagnostic imaging. A high specificity ensures that
PET/MRI is not overly sensitive, generating false-
positive findings that could lead to unnecessary
anxiety, invasive procedures, or overtreatment. Our
study demonstrates that PET/MRI strikes a
commendable balance, achieving a specificity of 88%
for T-staging. This figure implies that PET/MRI
correctly identifies 88 out of every 100 patients
without local tumor extension, minimizing the risk of
false alarms and their associated consequences. The
positive predictive value (PPV) and negative predictive
value (NPV) further underscore PET/MRI's reliability
in T-staging. The PPV of 90% signifies that when
PET/MRI indicates the presence of local tumor
extension, there is a 90% probability that this finding
is accurate. Similarly, the NPV of 91% suggests that
when PET/MRI rules out local tumor extension, there
is a 91% probability that this assessment is correct.
These metrics instill confidence in PET/MRI's
predictive power, allowing clinicians to make
treatment decisions with a greater degree of certainty.
The culmination of these impressive metrics is an
overall accuracy of 90% for T-staging, a testament to
PET/MRI's proficiency in illuminating the local
battlefield of PCa. This high accuracy empowers
clinicians to tailor treatment strategies to individual
patient needs, optimizing outcomes and minimizing
the risk of undertreatment or overtreatment. Lymph

node involvement (N-staging) represents a critical

turning point in the PCa journey, as it signifies a more
advanced stage of the disease and often necessitates a
shift towards systemic therapy. Accurately assessing
N-stage is, therefore, paramount in guiding treatment
decisions and prognostication. Our study reveals that
PET/MRI demonstrates commendable performance in
N-staging, achieving a sensitivity of 85% and a
specificity of 94%. The sensitivity, while slightly lower
than that observed for T-staging, remains clinically
significant, indicating that PET/MRI is capable of
detecting the majority of cases with lymph node
involvement. The high specificity, on the other hand,
is particularly valuable, as it minimizes the risk of
false-positive findings, which can have profound
implications for patient management. False-positive
findings on conventional imaging, such as CT, can
lead to unnecessary lymph node biopsies or extended
lymph node dissections during surgery. These invasive
procedures carry inherent risks, including bleeding,
infection, and lymphedema, which can significantly
impact patients' quality of life. PET/MRI's superior
specificity in N-staging mitigates these risks, allowing
clinicians to avoid unnecessary interventions and
focus on patients who truly harbor nodal metastases.
The PPV of 82% further supports PET/MRI's utility in
N-staging. While a positive PET/MRI finding
suggestive of lymph node involvement might warrant
further investigation, such as a targeted biopsy, it
provides valuable information for risk stratification
and treatment planning. The high NPV of 95% offers
additional reassurance, as a negative PET/MRI finding
for nodal metastases can confidently guide clinicians
towards less invasive treatment approaches or active
surveillance. The overall accuracy of 92% for N-staging
further solidifies PET/MRI's role as a valuable tool in
navigating the Ilymphatic labyrinth of PCa. By
accurately identifying or excluding lymph node
involvement, PET/MRI empowers clinicians to tailor
treatment strategies, ensuring that patients receive
the most appropriate and effective therapy for their
individual needs. The detection of distant metastases
(M-stage) carries profound implications for PCa
management, as it often heralds a transition from
localized to systemic disease, necessitating a shift

towards systemic therapy and potentially altering the



overall prognosis. PET/MRI's performance in M-
staging is nothing short of exceptional, boasting a
sensitivity of 90% and a remarkable specificity of 98%.
This exceptional specificity is a testament to
PET/MRI's ability to minimize false-positive findings,
which can be particularly detrimental in the context of
M-staging. False positives can lead to unnecessary
anxiety, invasive diagnostic procedures, and
potentially harmful treatments, all of which can take a
toll on patients' physical and emotional well-being
PET/MRI's high specificity ensures that when it
identifies a distant metastasis, clinicians can proceed
with a high degree of confidence, initiating systemic
therapy or palliative measures as appropriate. The
high sensitivity of 90% further solidifies PET/MRI's
value in M-staging. By accurately detecting even small
or subtle metastatic lesions, PET/MRI enables early
intervention, potentially improving patient outcomes
and quality of life. The ability to identify metastases at
an earlier stage allows for more timely initiation of
systemic therapy, which might delay disease
progression and prolong survival. Moreover, early
detection of metastases can guide clinicians in
selecting the most appropriate systemic therapy,
potentially sparing patients from ineffective or overly
toxic treatments. The PPVs and NPVs of 95% and 96%,
respectively, further underscore the reliability of
PET/MRI in predicting the presence or absence of
distant metastases. A positive PET/MRI finding for M-
stage carries a 95% probability of being accurate,
while a negative finding carries a 96% probability of
correctly ruling out distant spread. These metrics
instill confidence in PET/MRI's predictive power,
allowing clinicians to make informed decisions
regarding systemic therapy and palliative care. The
culmination of these metrics is an overall accuracy of
97% for M-staging, a truly remarkable feat that
positions PET/MRI as a game-changer in the detection
of metastatic PCa. This high accuracy has the
potential to transform the management of advanced
PCa, enabling earlier detection of metastatic spread,
more timely initiation of systemic therapy, and
ultimately, improved patient survival and quality of

life.11-13

Our study's findings, showcasing the impressive
diagnostic accuracy of PET/MRI in prostate cancer
(PCa) staging, resonate harmoniously with a
symphony of previous research endeavors that have
sought to unravel the potential of this hybrid imaging
modality. The collective evidence, spanning diverse
patient populations, geographical locations, and study
designs, paints a compelling picture of PET/MRI's
superiority over conventional imaging techniques and
its potential to reshape the landscape of PCa
management. Let's embark on a journey through the
annals of recent literature, exploring how our findings
align with and contribute to the growing body of
evidence supporting PET/MRI's role in PCa staging. A
recent meta-analysis, encompassing 12 studies and a
vast pool of patient data, provides a powerful
testament to PET/MRI's diagnostic accuracy in PCa
detection. The pooled sensitivity of 89% and specificity
of 92% reported in this meta-analysis are remarkably
congruent with our own findings, lending further
credence to the reliability and robustness of
PET/MRI's performance. This meta-analysis, by
synthesizing data from multiple studies, offers a more
comprehensive and generalizable assessment of
PET/MRI's capabilities. The consistency of its findings
with our own study, conducted in a distinct
geographical location and patient population,
underscores the reproducibility and potential
universality of PET/MRI's diagnostic prowess.
Furthermore, the meta-analysis highlights the impact
of PET/MRI on clinical decision-making. It reports that
PET/MRI led to a change in management in 20% of
PCa patients. This figure underscores the potential of
PET/MRI to refine risk stratification, guide treatment
selection, and ultimately, improve patient outcomes.
Several studies have specifically explored the role of
PET/MRI in T-staging, seeking to evaluate its ability to
accurately delineate the local extent of the primary
tumor. Eiber et al. (2019) conducted a seminal study
demonstrating that PET/MRI accurately identified
extracapsular extension (ECE) in 89% of patients,
outperforming MRI alone. This finding aligns
seamlessly with our own observations, where
PET/MRI achieved a sensitivity of 92% for T-staging,

suggesting its proficiency in detecting even subtle



ECE. The study by Eiber et al. (2019) further
highlights the complementary nature of PET and MRI
in T-staging. While MRI provides exquisite anatomical
detail, PET adds a functional dimension by visualizing
the metabolic activity of cancer cells. This synergy
enables PET/MRI to identify areas of tumor infiltration
that might be inconspicuous on MRI alone, thus
enhancing the accuracy of ECE detection. Similarly,
Fendler et al. (2019) reported a sensitivity of 91% and
specificity of 87% for PET/MRI in detecting
extraprostatic disease. This study further validates
PET/MRI's ability to accurately assess local tumor
extent, providing clinicians with crucial information
for treatment planning and prognostication. The
concordance between our findings and these previous
studies reinforces the notion that PET/MRI is a
reliable and powerful tool for T-staging in PCa. Its
ability to visualize subtle tumor extension beyond the
prostate capsule, coupled with its high sensitivity and
specificity, positions it as a valuable asset in the quest
for more precise and personalized PCa management.
Lymph node involvement (N-staging) represents a
critical determinant of PCa prognosis and treatment
selection. Accurately assessing N-stage is essential for
identifying patients who might benefit from extended
lymph node dissection or adjuvant therapy, thus
optimizing treatment outcomes and minimizing the
risk of undertreatment. In the realm of N-staging,
PET/MRI has also garnered substantial support from
previous research. A study by Budaus et al. (2020)
found that PET/MRI had a sensitivity of 82% and
specificity of 96% for detecting lymph node
metastases, surpassing the performance of CT and
MRI alone. This study underscores the potential of
PET/MRI to enhance the accuracy of N-staging,
particularly in identifying small or occult nodal
metastases that might be missed by conventional
imaging modalities. Another study by Calais et al.
(2018) reported a sensitivity of 87% and specificity of
95% for PET/MRI in N-staging. This further
corroborates the findings of Budéus et al. (2020) and
aligns with our own observations, where PET/MRI
achieved a sensitivity of 85% and specificity of 94% for
N-staging. The collective evidence suggests that

PET/MRI is a reliable and powerful tool for assessing

lymph node involvement in PCa, potentially improving
the accuracy of staging and guiding treatment
decisions. The high specificity of PET/MRIin N-staging
is particularly noteworthy, as it minimizes the risk of
false-positive findings, which can lead to unnecessary
invasive procedures and potential complications. By
accurately differentiating between benign and
malignant lymph nodes, PET/MRI empowers
clinicians to avoid overtreatment and focus on patients
who truly harbor nodal metastases. The detection of
distant metastases (M-stage) carries profound
implications for PCa management, as it often heralds
a transition from localized to systemic disease,
necessitating a shift towards systemic therapy and
potentially altering the overall prognosis. PET/MRI's
performance in M-staging has been extensively
studied, with several studies demonstrating its
superior sensitivity and specificity compared to
conventional imaging modalities like  bone
scintigraphy and CT. A landmark study by Afshar-
Oromieh et al. (2018) showed that 68Ga-PSMA
PET/MRI had a sensitivity of 92% and specificity of
98% for detecting bone metastases, significantly
outperforming bone scintigraphy. This study
highlights the potential of PET/MRI to revolutionize
the detection of bone metastases, a common site of
PCa spread. Similarly, a study by Giesel et al. (2019)
reported a sensitivity of 93% and specificity of 97% for
18F-FMCH PET/MRI in detecting distant metastases.
This further validates PET/MRI's exceptional
performance in M-staging, showcasing its ability to
identify metastatic lesions in various organs and
tissues with remarkable accuracy. The concordance
between our findings and these previous studies
reinforces the notion that PET/MRI is a game-changer
in the detection of metastatic PCa. Its ability to
visualize metabolically active tumor cells, even in
small or occult lesions, coupled with its high
sensitivity and specificity, positions it as an invaluable
tool for guiding treatment decisions and
prognostication in patients with advanced PCa.14.15
The resounding success of PET/MRI in prostate
cancer (PCa) staging, as evidenced by our study and a
wealth of previous research, can be attributed to its

unique ability to synergistically combine the strengths



of two powerful imaging modalities: positron emission
tomography (PET) and magnetic resonance imaging
(MRI). This convergence of functional and anatomical
insights empowers PET/MRI to transcend the
limitations of conventional imaging, offering
unprecedented accuracy in  detecting and
characterizing PCa lesions, assessing lymph node
involvement, and identifying distant metastases. Let
us embark on a journey through the multifaceted
advantages of PET/MRI, exploring how its fusion of
metabolic and anatomical information, coupled with
its practical and patient-centric benefits, positions it
as a transformative tool in the quest for precision in
PCa staging. At the heart of PET/MRI's diagnostic
prowess lies the ability of PET to visualize the
metabolic activity of cancer cells. This functional
imaging modality, through the utilization of
radiotracers like 18F-fluoromethylcholine (18F-FMCH)
or 68Ga-prostate-specific membrane antigen (68Ga-
PSMA), provides a window into the intricate
biochemical processes that fuel tumor growth and
progression. PCa cells, driven by their insatiable
appetite for energy and nutrients, exhibit heightened
metabolic activity compared to normal prostate tissue.
This metabolic overdrive is reflected in their increased
uptake of radiotracers, which emit positrons that are
detected by the PET scanner. By visualizing the
distribution of these radiotracers, PET can pinpoint
areas of increased metabolic activity, suggestive of the
presence of PCa lesions. This functional information is
particularly valuable in the detection of small or occult
tumors that might elude conventional anatomical
imaging modalities like CT or MRI alone. These
modalities often rely on morphological changes or
subtle alterations in tissue signal intensity, which can
be easily overlooked or misinterpreted, especially in
the early stages of PCa or in the presence of indolent
tumors. PET, on the other hand, directly visualizes the
metabolic signature of cancer cells, enabling the
detection of even microscopic foci of disease that might
not yet manifest significant structural changes.
Furthermore, PET can provide insights into tumor
aggressiveness and treatment response. More
aggressive tumors tend to exhibit higher metabolic

activity, reflected in increased radiotracer uptake. By

quantifying this uptake, PET can potentially aid in
differentiating between indolent and aggressive PCa,
guiding treatment decisions and prognostication.
Similarly, changes in radiotracer uptake following
treatment can serve as an early indicator of response
or resistance, allowing for timely adjustments in
management strategies. While PET wunveils the
metabolic mysteries of PCa, MRI provides the
anatomical context within which to interpret this
functional information. MRI, with its superior soft
tissue contrast and multiparametric capabilities,
offers exquisite detail of the prostate gland and
surrounding structures. This anatomical precision is
crucial for accurately localizing and characterizing
suspicious findings identified on PET, ensuring that
they are indeed related to PCa and not other benign
processes. MRI's multiparametric approach further
enhances its diagnostic value in PCa staging. By
combining T2-weighted imaging, diffusion-weighted
imaging (DWI), and dynamic contrast-enhanced (DCE)
MRI, clinicians can gain a comprehensive
understanding of tumor morphology, cellularity, and
microvascularity. This multi-faceted information aids
in differentiating between benign and malignant
lesions, assessing tumor aggressiveness, and
predicting response to therapy. T2-weighted imaging
provides excellent anatomical detail, allowing for the
visualization of the prostate gland, seminal vesicles,
and surrounding structures. DWI, by measuring the
diffusion of water molecules within tissues, offers
insights into tissue cellularity and integrity. Cancer
cells, with their increased cellular density and
restricted water diffusion, typically exhibit lower signal
intensity on DWI compared to normal tissue. DCE-
MRI, by tracking the uptake and washout of contrast
agents, visualizes tumor perfusion and
microvascularity. PCa lesions, with their abundant
blood supply, often demonstrate rapid contrast
enhancement and delayed washout compared to
benign prostatic hyperplasia or prostatitis. The
combination of these multiparametric MRI sequences
provides a wealth of information that complements the
metabolic insights offered by PET. By integrating these
data, PET/MRI achieves a level of diagnostic accuracy

that surpasses that of either modality alone. The true
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power of PET/MRI lies in its ability to seamlessly fuse
functional and anatomical information within a single
hybrid system. This fusion allows for precise co-
registration of metabolic and anatomical data,
enabling a more comprehensive and accurate
interpretation of imaging findings. For instance, a PET
scan might reveal an area of increased metabolic
activity suggestive of PCa. However, without the
anatomical context provided by MRI, it can be
challenging to determine the precise location and
extent of the lesion, or to differentiate it from other
potential sources of metabolic activity, such as
inflammation or benign prostatic hyperplasia. MRI, by
providing detailed anatomical information, allows for
precise localization of the PET-avid lesion, confirming
its association with the prostate gland and assessing
its relationship to surrounding structures. Conversely,
MRI might identify a suspicious lesion based on its
morphological characteristics or altered signal
intensity on DWI or DCE-MRI. However, without the
metabolic information provided by PET, it can be
difficult to definitively characterize the lesion as
malignant or benign. PET, by visualizing the metabolic
activity of the lesion, can aid in this differentiation,
increasing the confidence in diagnosing PCa. The
fusion of PET and MRI data, therefore, creates a
synergistic effect, where the strengths of each modality
complement and enhance the other. This synergy
translates into improved accuracy in detecting and
characterizing PCa lesions, assessing lymph node
involvement, and identifying distant metastases.
Beyond its impressive diagnostic accuracy, PET/MRI
offers several practical and patient-centricadvantages
that further solidify its appeal. By combining PET and
MRI into a single examination, PET/MRI streamlines
the diagnostic process, reducing the burden on
patients and healthcare systems alike. Patients no
longer need to undergo multiple imaging sessions,
potentially reducing anxiety, discomfort, and travel
time. This streamlined approach also minimizes
radiation exposure, as the MRI component does not
involve ionizing radiation. This is particularly relevant
for PCa patients who might require repeated imaging
for surveillance or treatment monitoring. From a

workflow perspective, PET/MRI enhances efficiency by

providing a one-stop-shop for PCa staging. This
integrated approach could potentially reduce
healthcare costs and improve patient satisfaction by
expediting the diagnostic process and facilitating
timely treatment decisions.16.17

The advent of PET/MRI heralds a new era in
prostate cancer (PCa) management, one characterized
by precision, personalization, and the potential for
improved patient outcomes. The integration of this
powerful hybrid imaging modality into routine clinical
practice has the potential to revolutionize the way we
diagnose, stage, and treat PCa, usheringin a paradigm
shift towards more targeted and effective therapies. Let
us delve into the multifaceted ways in which PET/MRI
could reshape the clinical landscape of PCa
management, exploring its potential impact on
treatment decisions, surveillance strategies, and the
overall trajectory of patient care. One of the most
profound implications of PET/MRI's superior
diagnostic accuracy lies in its ability to refine risk
stratification and guide treatment selection. PCa is a
heterogeneous disease, encompassing a spectrum of
aggressiveness, from indolent tumors that might never
cause harm to aggressive cancers that rapidly spread
and threaten life. Accurately stratifying patients into
appropriate risk categories is crucial for tailoring
treatment strategies and optimizing outcomes.
Conventional imaging modalities, while valuable, often
fall short in providing a comprehensive assessment of
PCa risk. CT scans, for instance, might miss small or
subtle lesions, leading to underestimation of disease
extent. Bone scintigraphy, while sensitive for detecting
bone metastases, might lack specificity, generating
false-positive findings that could trigger unnecessary
anxiety and invasive procedures. PET/MRI, with its
ability to visualize both metabolic activity and
anatomical detail, offers a more nuanced and precise
evaluation of PCa risk. By accurately assessing local
tumor extent, lymph node involvement, and distant
metastases, PET/MRI can help clinicians identify
patients who are truly low-risk and might be suitable
candidates for active surveillance. This approach,
involving careful monitoring and delayed intervention,
spares patients the potential side effects of

unnecessary treatment, such as incontinence, erectile
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dysfunction, and bowel problems, while ensuring that
any signs of disease progression are promptly detected
and addressed. Conversely, PET/MRI can also identify
patients with high-risk PCa who might benefit from
more aggressive interventions, such as surgery or
radiation therapy. By accurately staging the disease
and identifying any occult metastases, PET/MRI
empowers clinicians to tailor treatment plans to
individual patient needs, potentially improving long-
term outcomes and reducing the risk of disease
recurrence or progression. Active surveillance has
emerged as a viable alternative toimmediate treatment
for men with low-risk PCa. This approach involves
close monitoring of the disease through regular PSA
testing, digital rectal examinations, and periodic
biopsies, with the goal of delaying or avoiding definitive
treatment wuntil there is evidence of disease
progression. However, the success of active
surveillance hinges on the ability to accurately identify
patients who are truly low-risk and unlikely to
experience disease progression. Conventional imaging
modalities, with their inherent limitations, might miss
subtle signs of aggressiveness or early metastatic
spread, potentially leading to delayed intervention and
adverse outcomes. PET/MRI, with its superior
diagnostic accuracy, has the potential to revolutionize
active surveillance by providing a more precise and
comprehensive assessment of PCa risk. By accurately
staging the disease and identifying any occult
metastases, PET/MRI can help clinicians confidently
select patients who are most suitable for active
surveillance, ensuring that they are closely monitored
and that any signs of disease progression are promptly
detected and addressed. Furthermore, PET/MRI can
play a crucial role in monitoring patients on active
surveillance. By visualizing changes in tumor
metabolism and morphology over time, PET/MRI can
provide early indicators of disease progression,
allowing for timely intervention and potentially
preventing adverse outcomes. This proactive approach
to surveillance, empowered by PET/MRI's diagnostic
precision, could significantly enhance the safety and
effectiveness of active surveillance, offering a more
patient-centric and personalized approach to low-risk

PCa management. For patients with high-risk PCa,

characterized by aggressive tumor features or evidence
of locally advanced or metastatic disease, treatment
decisions are often complex and fraught with
uncertainty. Conventional imaging modalities might
provide valuable information, but their limitations in
accurately assessing disease extent and identifying
occult metastases can hinder optimal treatment
planning. PET/MRI, with its ability to visualize both
metabolic activity and anatomical detail, offers a more
comprehensive and precise evaluation of high-risk
PCa. By accurately staging the disease and identifying
any hidden metastases, PET/MRI empowers clinicians
to tailor treatment strategies to individual patient
needs, potentially improving long-term outcomes and
minimizing the risk of treatment failure. For instance,
PET/MRI might reveal occult lymph node metastases
or distant spread that were not detected by
conventional imaging. This information could prompt
clinicians to consider more aggressive treatment
approaches, such as extended lymph node dissection
during surgery or the addition of systemic therapy to
radiation. Conversely, PET/MRI might confirm the
absence of metastatic disease, allowing for more
conservative treatment options or even active
surveillance in select cases. Furthermore, PET/MRI
can guide the delivery of focal therapy, a minimally
invasive approach that targets only the areas of the
prostate gland affected by cancer. By accurately
identifying the location and extent of the tumor,
PET/MRI can help clinicians precisely target the
radiation beam or energy source, sparing healthy
tissue and reducing the risk of side effects. PET/MRI's
role in PCa management extends beyond initial staging
and treatment planning. It also has the potential to
serve as a vigilant watchdog, monitoring treatment
response and  detecting recurrent disease.
Conventional imaging modalities might be limited in
their ability to assess treatment response, especially in
the early stages. Changes in tumor size or morphology
might take weeks or even months to become apparent
on CT or MRI, potentially delaying the detection of
treatment failure and compromising patient outcomes.
PET/MRI, on the other hand, can visualize changes in
tumor metabolism within days or weeks of treatment

initiation. A decrease in radiotracer uptake following
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surgery, radiation therapy, or systemic therapy often
signifies a positive response, while persistent or
increasing uptake might indicate treatment resistance
or disease progression. This early feedback allows
clinicians to adjust treatment strategies promptly,
potentially improving outcomes and avoiding
unnecessary toxicity. Similarly, PET/MRI can play a
crucial role in detecting recurrent PCa. Following
definitive treatment, such as surgery or radiation
therapy, patients are closely monitored for signs of
disease recurrence. Conventional imaging might miss
subtle recurrences, especially in the prostatic bed or
pelvic lymph nodes. PET/MRI, with its ability to detect
metabolically active tumor cells, can identify these
recurrences at an earlier stage, when they are

potentially more amenable to salvage therapy.18-20

4. Conclusion

This study provides compelling evidence for the
high diagnostic accuracy of PET/MRI in prostate
cancer stagingacross T, N, and M parameters, aligning
with a wealth of existing literature. This robust
performance, particularly in detecting lymph node
involvement and distant metastases, positions
PET/MRI as a valuable tool for guiding personalized

treatment decisions and improving patient outcomes.
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