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Abstract

Prostate cancer (PCa) is the second most common cancer in men, and can be
detected through various modalities. Magnetic resonance imaging (MRI) is a good
imaging modality for PCa detection, localization, and staging. This study evaluates
the role of multiparametric MRI in detecting lymph node metastasis in PCa patients.
A prospective study was conducted at Erbil urology center/in Iraq, targeting patients
planning to have a radical prostatectomy with pelvic lymphadenectomy between
April 2022 and December 2022. This study included 30 patients diagnosed with
PCa; every patient underwent both preoperative MRI of the prostate and radical
prostatectomy with extended pelvic lymph node dissection. MRI findings and
histopathology results were compared for accuracy. Nodal metastasis was detected
in 6/30 (20%) of cases. Overall, 6/30 (20%) had enlarged pelvic lymph nodes shown
on MRI. Enlarged internal iliac lymph nodes were most common, found in 4/6 (66.7%)
patients. There was a slight agreement between MRI T-stage and pathological
T-stage (Kappa= 0.179, p=0.08). Lymph node enlargement on MRI showed moderate
accuracy (area under the curve [AUC] = 0.708), with sensitivity and positive predictive
value of 66.7% and specificity and negative predictive value of 91.7%. Although the
predictor was significantly associated with lymph node metastasis (log-odds ratio
= 0.012, p = 0.01), its ability to distinguish patients with nodal involvement from
those without was moderate (AUC = 0.708). This study suggests that preoperative
MRI parameters, when combined with clinical features, may have limited value in
predicting nodal metastases.

Keywords: Prostate-specific antigen; Prostate cancer; Extended pelvic lymph node
dissection

1. Introduction

After lung cancer, prostate cancer is the second most prevalent disease diagnosed in
males worldwide. It is also the fifth leading cause of cancer-related deaths in men.'
Acinar adenocarcinomas account for 90-95% of prostate cancers.! Most of the other
instances are attributed to neuroendocrine and ductal carcinoma. Prostate tumors,
including subtypes of acinar adenocarcinoma, are listed in detail in the 2016 World
Health Organization classification.> As men age, the incidence of prostate cancer
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increases; up to 60% of men over 65 may receive a prostate
cancer diagnosis, with an average age of 66 at diagnosis.’

Ethnicity, age, and place of residence are known risk
factors for prostate cancer.* Research on age-specific
incidence curves shows that the risk of prostate cancer
increases significantly after the age of 55, peaks between
the ages of 70 and 74, and then gradually declines after
that. According to autopsy reports, many men have early-
stage prostate cancer lesions in their 20s and 30s, and the
disease has a lengthy induction period.

Genetic susceptibility and family history are additional
risk factors. Men who have a family history of breast cancer
(one or more first-degree relatives) are 21% more likely to
be diagnosed with prostate cancer and 34% more likely
to die from the disease than men without such a history.
Similarly, there is a general trend that favors increases in
risk based on earlier cancer initiation in families; a family
history of prostate cancer increases risk by 68% and lethality
of the illness by 72%.* Prostate cancer incidence and/
or mortality have also shown varying relationships with
dietary components, activity, nutritional supplementation
and/or deficiency, and smoking.®

Several methods are available for detecting prostate
cancer in men. In certain nations, prostate-specific antigen
(PSA) is widely used as a prostate cancer screening test,
which has increased the number of asymptomatic men
receiving a diagnosis. Men are examined for prostate cancer
when they complain of lower urinary tract symptoms or
other genitourinary symptoms. According to autopsy
studies, up to three-quarters of men over 85 had neoplastic
changes in their prostates, though not all of them had been
diagnosed prior to their death. This suggests that a sizable
portion of men pass away from prostate cancer without
receiving a diagnosis.”

Magnetic resonance imaging (MRI) is an effective
imaging modality for prostate cancer detection,
localization, and staging.® False-positive results, including
prostatitis, post-biopsy bleeding, and fibrosis, may affect
how prostate cancer is interpreted on T2-weighted MRI.°
Functional MRI techniques, including diffusion-weighted
MRI", proton MR spectroscopic imaging", and dynamic
contrast-enhanced MRI, have been used to increase the
diagnostic accuracy of prostate cancer imaging.'

Over time, it has been shown that the Gleason prostate
cancer score is the most accurate and predictive histological
grading system currently in use. Originally created in the
1960s by pathologist Dr. Donald Gleason, it is now used for
all pathological descriptions of prostate cancer.”

Based on clinical experience with the previous Gleason
scoring system, the World Health Organization proposed

a new categorization system in 2016. It suggested that
patients with lower Gleason scores had little variation
in clinical outcomes, whereas those with higher grades
showed greater variation."

The most promising treatment for localized prostate
cancer is radical prostatectomy, which also significantly
improves overall survival, cancer-specific survival, and
the occurrence of distant metastases. These advantages
over other conclusive, curative treatments are especially
significant in males under 65 at the time of diagnosis and
do not become apparent 10 years after therapy for localized
disease. If there are distant metastases or the tumor is
attached to nearby structures, radical prostatectomy is not
a suitable treatment.”®

The effect of lymph node involvement varies depending
on the degree of nodal disease, although it is a significant
prognostic factor in prostate cancer. According to earlier
research, patients with lymph node metastases have poorer
cancer-specific survival rates than node-negative patients,
with 5- and 10-year survival rates of roughly 94% and
83%, respectively.'® The significance of nodal burden is
further demonstrated by long-term results in individuals
with lymph node-positive prostate cancer. An overall
median survival of almost 15 years has been reported in
studies with extended follow-up (median 11.4 years), with
recurrence-free survival rates of 80%, 65%, and 58% at 5,
10, and 15 years, respectively. Significantly better results
were observed in patients with minor nodal involvement
(1-2 positive lymph nodes) than in those with extensive
nodal disease, with 10-year recurrence-free survival rates
of approximately 70% compared to 49% in patients with
>5 affected nodes. Furthermore, a significantly higher risk
of recurrence was associated with lymph node density >
20%, highlighting the importance of both the quantity and
percentage of affected lymph nodes as prognostic factors."”

Although histopathological evaluation following pelvic
lymph node dissection (PLND) remains the current gold
standard for lymph node staging in prostate cancer, it
has several important limitations. PLND is an invasive
procedure associated with perioperative complications
and additional patient morbidity.'"® Moreover, due to the
complex and highly variable lymphatic drainage of the
prostate, accurate staging requires the removal of a large
number of lymph nodes, and there is still no consensus
regarding the optimal anatomical extent of dissection.'
Even with extended PLND, a substantial proportion of
metastatic lymph nodes may be missed, as up to one-
third of metastases can lie outside the standard dissection
template.” In addition, histopathological assessment may
underestimate disease burden, detecting fewer metastatic
nodes compared to more sensitive molecular techniques."
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Furthermore, PLND has been shown to underestimate
lymph node involvement, with studies reporting that
40-50% of metastatic nodes may be located outside routine
resection areas and that even extended dissection can miss
approximately 13% of metastatic nodes.?” These limitations
highlight that histopathology may not fully reflect the true
extent of nodal disease and emphasize the need for more
accurate, non-invasive diagnostic approaches.

Even with current advancements, it is still very difficult
to accurately detect lymph node metastases in prostate
cancer prior to surgery. Due to sampling and anatomical
constraints, histological evaluation may underestimate
real nodal involvement, whereas conventional imaging
methods have poor sensitivity. Consequently, more
research is required to assess the diagnostic efficacy of MRI
measures and their potential contribution to improved
preoperative prediction of lymph node metastasis.

This study uses histopathology after extended PLND as
the reference standard to assess the diagnostic accuracy of
multiparametric MRI parameters in identifying metastatic
pelvic lymph nodes in prostate cancer.

2, Methodology

2.1. Patient recruitment and data collection

This prospective study was conducted at the Erbil Urology
Center in Iraq, including patients scheduled to undergo
radical prostatectomy and pelvic lymphadenectomy
between April 2022 and December 2022. A total of 30
patients with prostate cancer participated in this study;
all underwent radical prostatectomy with extensive PLND
and preoperative prostate MRI. Clinical variables evaluated
included age at surgery, PSA density, ultrasound-derived
prostatic volume, serum PSA level, and biopsy Gleason
score.

Complete data on the total number of examined lymph
nodes, the number of pathological lymph nodes, and the
pathological stage and grade were collected. The finding
of nodal metastasis on final histological examination was
used as the standard reference. The data obtained from
MRI imaging included: (i) MRI T-stage: according to
the National Comprehensive Cancer Network guideline
(version 1.2022), (ii) the tumor’s location, and (iii) the
number and location of the enlarged lymph nodes at MRI.

2.2. Magnetic resonance imaging

Prostate MRIs were performed on patients between weeks
3 and 5 after transrectal ultrasound-guided biopsies and
before surgery. A 1.5T magnetic resonance imaging device
(MR B17 syngo, A Tim system, Siemens Magnetom
Avanto, Siemens Healthineers, Germany) was used to scan

the participants. A gadolinium-based contrast agent (0.5
mmol/mL;279 mg/mLinjection solution) wasadministered
using a Medrad Spectris Solaris EP injector (Bayer, United
States). The MRI examination included T1-weighted,
T2-weighted, diffusion-weighted, and dynamic contrast-
enhanced imaging. MRI examinations were interpreted
by two experienced radiologists as part of routine clinical
practice. The final radiology report, reflecting the agreed
interpretation, was used for analysis. Both were blinded to
the patients’ clinical and histopathological information.

Lymph nodes were considered enlarged based on
a short-axis diameter of >8 mm. In addition to size,
morphological features such as round shape and irregular
borders were also considered suggestive of possible
malignancy. However, standardized scoring systems such
as the Prostate Imaging Reporting and Data System were
not applied for lymph node assessment. The MRI protocol
is summarized in Table 1.

2.3. Preoperative assessment and histopathology

Preoperative  assessment included (i) laboratory
assessments for basic metabolic panel, complete blood
count, and prothrombin time/international normalized
ratio; (ii) chest X-ray or computer tomography scan of the
chestand cardiac evaluation, including electrocardiography
and echocardiography; (iii) bone scan if there were related
symptoms: PSA above 10 ng/mL and Gleason score > 7;
and (iv) blood preparation.

All patients underwent radical prostatectomy with
extended PLND following standard surgical protocols.
The resected tissues were sent for histopathological
study, along with each side of the resected lymph nodes
separately, for staging and grading of the tumor, lymph
node involvement, and the pathological Gleason score. The
histopathologist was completely blinded to the patients’
MRI findings. Comparisons were made between patients
without lymph node metastasis (pNO) and those with
lymph node metastasis (pN1).

2.4. Ethical considerations

All patients received adequate information regarding the
study aims and methods. Informed consent was obtained
after discussing the surgical procedure, indications,
potential risks and complications.

2.5. Statistical analysis

In descriptive statistics, frequencies and proportions were
reported for categorical variables, and means, medians,
and interquartile ranges (IQRs) for continuous variables.
Continuousvariables were compared using theindependent
samples t-test or the Mann-Whitney U test, depending on
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Table 1. Magnetic resonance imaging protocols

Parameter T1-weighted MRI T2-weighted MRI DWFI* DCE-MRI
Orientation Axial Axial Axial
TR/TE 500/11 4,000/103 3,700/80 4.79/1.69
Flip angle (°) 150 - 2.0
Matrix 256 x 75 320 x 80 160 x 70 142 x 192
IS\II;)B )of excitation (Images/ 20 20 20
FOV (mm) 200 260 260
Slice thickness (mm) 3.0 3.0 3.6

Note: “Three different weighting factors (b values; 0,100, and 800) were used.

Abbreviations: DCE-MRI: Dynamic contrast-enhanced magnetic resonance imaging; DWI: Diffusion-weighted imaging; FOV: Field of view; MRI:

Magnetic resonance imaging; TE: Echo time; TR: Repetition time.

the distribution of the data. To investigate the relationship
between preoperative parameters and nodal invasion,
univariate logistic regression analyses were performed. To
determine the continuous variable’s cutoff point with the
maximum sensitivity and specificity, receiver operating
characteristic (ROC) curves were constructed. The fitted
logarithm of the odds ratio (logOR) was used to measure
the correlation between the factors and the outcome. The
Statistical Package for Social Sciences software (version
23) was used to conduct all statistical analyses. Due to the
limited sample size, Fisher’s exact test was used. A p-value
< 0.05 was considered statistically significant.

3. Results

Thirty male patients were recruited prospectively for
this study. The mean age of the patients was 67.5 + 7.6
years. The mean age of patients with pathological nodal
metastasis was 66.5 + 10.2 years, and for patients without
nodal metastasis it was 67.6 + 7.1 years.

Nodal metastasis was detected in 6/30 (20%) of cases,
with a mean of 0.3 metastatic lymph nodes (range: 1-2).
There was no significant difference in terms of mean
age, serum PSA levels, prostate volume, and PSA density
between the two groups of men, i.e., those who had and
those who did not have nodal metastasis in terms of mean
age (all p > 0.05). They also did not differ significantly in
any other pathological or radiological parameters. Clinical,
pathological, and radiological characteristics are shown in

Tables 2 and 3.

Among patients with pathologic lymph node metastasis,
83.3% were =T2 on MRI, and 16.7% were <T2 (Table 3).
However, according to the pathologic T-stage, 5/6 (83.3%)
of patients with pathologic lymph nodes were in stage T3b,
and 1/6 (16.7%) were in stage T4 (Table 2). Among patients
with pathologic nodal metastasis, 66.7% had preoperative
MRI-suspected pathological lymph nodes. The mean
pathological grade was 3.43, as shown in Table 2.

Overall, 6/30 (20%) had enlarged pelvic lymph nodes
shown on MRI. Enlarged internal iliac lymph nodes were
most commonly found in 4/6 (66.7%) of patients. Only
1/6 (16.7%) of patients had enlarged periprostatic lymph
nodes, and 1/6 (16.7%) had enlarged external iliac lymph
nodes. There was slight agreement between MRI T-stage
and pathological T-stage (Kappa = 0.179, p = 0.08).

Receiver operating characteristic curve analysis,
illustrated in Figure 1, was used to evaluate the ability
of serum PSA, prostatic volume, and PSA density to
predict pathological lymph node involvement. The areas
under the ROC curves (AUCs) were 0.743, 0.674, and
0.635, respectively, indicating modest discriminatory
ability; serum PSA, prostatic volume, and PSA density
perform better than chance but are not strong standalone
predictors. A cut-off value of 12.6 ng/mL for serum PSA,
64.9 mL for prostatic volume, and 0.371 ng/mL/cc for
PSA density was identified as the optimal threshold for
predicting pathological lymph node positivity. At a 0.371
ng/mL/cc cut-off value for PSA density, the sensitivity was
66.7%, indicating that approximately two-thirds of patients
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Table 2. Demographic, clinical, and histopathological characteristics of the patients

Parameters Overall (n = 30) PNO (n =24) pN1 (n=6) p-value
Age (years)
Mean (Median) 67.5 (66.5) 67.6 (67.5) 66.5 (62.5) 0.204
IQR 13.5 133 12.3
PSA level (ng/mL)
Mean (Median) 22.6 (20.5) 19.2 (20.1) 36.6 (31.3) 0.073°
IQR 21.7 19.6 14.9

Prostatic volume by US (mL)

Mean (Median) 56.6 (38.6) 54 (38.1) 67.2 (70.1) 0.195*
IQR 34.4 35.9 45.8

PSA density (ng/mL/cc)
Mean (Median) 0.486 (0.397) 0.456 (0.375) 0.603 (0.622) 0.312*
IQR 0.56 0.53 0.58

Biopsy Gleason score (%)

6 3 (10%) 3 (12.5%) 0 (0.0)
0.949
7 21 (70%) 18 (75%) 3 (50%)
8-10 6 (20%) 3 (12.5%) 3 (50%)
Pathologic T-stage
pTlc 2(6.7%) 2(8.3%) 0(0.0)
pT2 3 (10%) 3 (12.5%) 0(0.0)
pT2a 1(3.3%) 1(4.2%) 0(0.0)
pT2b 2(6.7%) 2(8.3%) 0(0.0)
pT2c 9 (30%) 9 (37.5%) 0(0.0) o1
pT3 1(3.3%) 1(4.2%) 0(0.0)
pT3a 1(3.3%) 1 (4.2%) 0(0.0)
pT3b 9 (30%) 4(16.7%) 5 (83.3%)
pT4 2(6.7%) 1(4.2%) 1(16.7%)
Pathological grade, mean (median) 3.43 (4) 3.46 (4) 3.33(4) 0.784
Pathologic Gleason score
6 3 (10%) 3 (12.5%) 0(0.0)
0.411
7 13 (43.3%) 11 (45.8%) 2(33.3%)
8-9 14 (46.7%) 10 (41.7%) 4(66.7%)
No. of examined lymph nodes
Mean (Median) 12.9 (10) 13.63 (13) 10.33 (9) 0.947
IQR 8 8 11
No. of pathologic lymph nodes
Mean - - 1.5 (1.5) -
IQR - _ 2

Notes: Percentages refer to the total number of the corresponding population (overall, pNO, or pN1). pNO stands for the absence of lymph node
metastasis at pathologic examination. pN1 indicates the presence of nodal metastasis on pathologic examination. *Calculated using the Mann-Whitney
U test.

Abbreviations: IQR: Interquartile range; PSA: Prostate-specific antigen; US: Ultrasound.

Volume 8 Issue 2 (2026) 5 doi: 10.36922/CP025440067


https://doi.org/10.36922/CP025440067

Cancer Plus

MpMRI vs. histopathology for pelvic nodal metastases

Table 3. Radiological characteristics of the patients

Parameters Overall (n =30) NO (n=24) N1 (n=6) p-value
Location on MRI
PZ 20 (66.7%) 15 (62.5%) 5 (83.3%)
TZ 3 (10%) 3 (12.5%) 0(0.0)
1.00
cz 1(3.3%) 1 (4.2%) 0 (0.0)
PZ+TZ 6 (20%) 5(20.8%) 1(16.7%)
MRI T-stage
mT1 2 (6.7%) 1(4.2%) 1(16.7%)
mT1b 1(3.3%) 1(4.2%) 0(0.0)
mT2 11 (36.7%) 10 (41.7%) 1 (16.7%)
mT2a 1(3.3%) 1(4.2%) 0(0.0)
mT2b 2 (6.7%) 2 (8.3%) 0(0.0)
0.427
mT2c 5(16.7%) 4(16.7%) 1(16.7%)
mT3 5(16.7%) 4(16.7%) 1(16.7%)
mT3a 1(3.3%) 0(0.0) 1(16.7%)
mT3b - - -
mT4 2 (6.7%) 1(4.2%) 1(16.7%)
Lymph node involvement (%)
Patients with enlarged 6 (20%) 2(8.3%) 4(66.7%)
lymph nodes
0.007
Pati ith 1
atients with no enlarged 24 (80%) 22 (91.7%) 2 (33.3%)

lymph nodes

Notes: Percentages refer to the total number of the corresponding population (overall, pNO, or pN1). pNO stands for the absence of lymph node
metastasis at histopathologic examination. pN1 denotes the presence of nodal metastasis on histopathologic examination. p-value was calculated by
Fisher’s exact test, and it indicates the difference between the pNO and pN1 groups.

Abbreviations: CZ: Central zone; LN: Lymph node; MRI: Magnetic resonance imaging; PZ: Peripheral zone; TZ: Transitional zone.

with pathological lymph node involvement were correctly
identified, while the specificity was 50%. This reflects a
balanced but limited trade-off between sensitivity and
specificity, suggesting that PSA density may be useful as an

adjunctive marker rather than a definitive diagnostic tool.

Univariate logistic regression analysis and performance
characteristics of preoperative variables are shown in Table
4. Biopsy Gleason score was significantly associated with
nodal metastasis on final histopathology (p < 0.05), with
the highest accuracy (AUC = 0.896), a sensitivity and

positive predictive value of 50%, and a specificity and
negative predictive value of 87.5%. Biopsy Gleason Score is
a good predictor of lymph node metastasis (LogOR = 13.4,
p-value =0.03) when the patient has a score > 7. Meanwhile,
lymph node enlargement on MRI showed sensitivity and
positive predictive value of 66.7% and specificity and
negative predictive value of 91.7%. Moreover, although
the predictor showed a statistically significant association
with lymph node metastasis (LogOR = 0.012, p = 0.01), its
discriminative performance was moderate (AUC = 0.708),
indicating limited ability to distinguish patients with from
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Figure 1. Receiver operating characteristic curves. (A) Prostate-specific antigen (PSA) density, (B) prostatic volume, and (C) serum PSA for predicting
pathological lymph nodes.

Table 4. Univariate logistic analysis and diagnostic performance analyses

Parameter Threshold Sens % Spec % PPV % NPV % AUC LogOR p-value
PSA (ng/mL) 12.6 83.3 375 25 90 0.743 0.912 0.227
Biopsy Gleason score >7 50 87.5 50 87.5 0.896 13.4 0.03
8.3

MRI T-stage >T2 83.3 18.5 66.7 0.458 0.455 0.501
Prostatic volume 64.9 66.7 83.3 50 91 0.624 1.006 0.748
PSA density 0.371 66.7 50 25 85 0.635 11.6 0.462
Enlarged LN + 66.7 91.7 66.7 91.7 0.708 0.012 0.01

Abbreviations: AUC: Area under the curve; LN: Lymph node; LogOR: Log odds ratio; MRI: Magnetic resonance imaging; NPV: Negative predictive
value; PPV: Positive predictive value; PSA: Prostate-specific antigen; Sens: Sensitivity; Spec: Specificity.
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those without nodal involvement. Note that pathologic
lymph node positivity (pN1) was coded as the event of

interest for ROC analysis

The prevalence of lymph node metastasis in relation
to lymph node enlargement and PSA density is shown in
Table 5. Preoperative PSA density combined with MRI
findings of nodal enlargement showed that the prevalence
of patients with LN metastasis among those with enlarged
lymph nodes and PSA density > 0.371 ng/mL/cc was 3/5
(60%). The prevalence of lymph node metastasis among
patients with enlarged lymph nodes and a PSA density <
0.371 was 1/13 (7.7%), and this association was statistically

significant (p < 0.05)

4, Discussion

In previous studies, as well as National Comprehensive
Cancer Network clinical practice guidelines in oncology,
CT and MRI are not advised for preoperative N-staging in
males with prostate cancer due to their low sensitivity.*>*
The preoperative likelihood of lymph node metastases
should be considered when deciding whether to undergo
a nodal dissection.” Preoperative nomograms, currently
based solely on clinical parameters, can be used to estimate
individual risk of lymph node metastasis.”**** However,
preoperative MRI imaging techniques of the prostate may
offer further insight into a number of prostatic tumor
features linked to lymph node metastases. Prostate MRI,
in particular, is the preferred imaging technique for local
staging before surgery and, when paired with clinical
data, enhances the prediction of the diseased T-stage.
This is crucial in this situation, as nodal metastasis rates
are higher when the tumor stage is higher at the time
of histopathologic testing.” In our study, MRI T-stage
showed poor predictive performance for lymph node

metastases (AUC = 0.458), and the prevalence of nodal
metastases was not significantly higher in patients with
>T2 tumors than in those with <T2 tumors (18.5% [>T2]
vs. 33.3% [<T2]; p = 0.501). This finding differs from
Brembilla et al.”, in which they found that patients with T3
tumor stage had a significantly higher prevalence of nodal
metastasis than those with T2 tumor stage. Their study
showed that 57.1% of patients with T3 tumors had lymph
node metastasis, whereas only 4.5% of their patients with
T2 tumors had nodal invasion. The biopsy Gleason score
showed the highest discriminative performance among
the evaluated variables (AUC = 0.896, p = 0.03); however,
this finding should be interpreted with caution due to the
small sample size. Although this finding is not consistent
with Brembilla et al.”, several other studies® confirm that
prostate needle biopsy is an important predictor of lymph
node invasion. In detecting lymph node metastasis, MRI-
detected lymph node enlargement had a sensitivity of
66.7% and a specificity of 91.7%. This finding is in line with
previous studies®, in which sensitivity was significantly
lower than specificity (14-36% and 91-97%, respectively);
however, in our study, sensitivity was higher. Lymph
node enlargement on MRI showed high specificity, and its
overall discriminative performance was moderate (AUC =
0.708), indicating limited utility as a standalone predictor

In the current study, MRI-based T-staging showed
slight agreement with histopathology results (Kappa =
0.179). An enlarged pelvic lymph node was found in 20%
of our patients. This finding is higher than that reported
by Brembilla et al.?’, in which only 5.9% of patients had
enlarged lymph nodes on MRI. Furthermore, 66.7% of
our patients with nodal metastasis had MRI findings
suggestive of lymph node involvement, based on enlarged
lymph nodes. This rate was higher than that reported by
Brembilla et al.”’, who found suspicious enlarged lymph

Table 5. Prevalence of lymph node metastasis according to nodal enlargement and prostate-specific antigen density

Groups LN metastasis on histopathologic examination p-value
Enlarged LN and PSA density < 0.371 ng/mL/cc 1/13 (7.7%)
Enlarged LN and PSA density > 0.371 ng/mL/cc 3/5 (60%)

0.011*

No enlarged LN and PSA density < 0.371 ng/mL/cc

No enlarged LN and PSA density > 0.371 ng/mL/cc

1/1 (100%)

1/11 (9.1%)

Note: *p-value calculated using Fisher’s exact test.
Abbreviations: LN: Lymph node; PSA: Prostate-specific antigen.
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nodes on MRI in 8/23 (34.8%) patients with nodal
metastasis. Although 83.3% of patients with lymph node
metastasis were >T2, this association was not statistically
significant (p = 0.5) and therefore cannot be considered
meaningful.

The fundamental limitations of traditional imaging
criteria may account for the comparatively poor diagnostic
performance of MRI in predicting lymph node metastasis
found in our investigation. To distinguish between
benign and malignant nodes, MRI primarily relies on
morphological characteristics, particularly lymph node
size.??® However, a number of studies have shown that
a large percentage of metastatic lymph nodes in prostate
cancer are small and fall within normal size ranges, which
results in decreased sensitivity and under-detection.?
Previous meta-analyses that reported MRIs poor
sensitivity (about 39-42%)*, despite its relatively high
specificity, mirrored this. Further reducing diagnostic
accuracy is the possibility of false-positive results due to
reactive or inflammatory lymph node enlargement.*

Recently, prostate-specific membrane antigen positron
emission tomography (PSMA-PET), an emerging
imaging modality, has demonstrated encouraging results
in enhancing the detection of lymph node metastases
in prostate cancer. Compared with traditional imaging
modalities such as MRI, recent investigations have shown
that PSMA-PET offers substantially greater sensitivity
and overall diagnostic accuracy, particularly for detecting
small or otherwise occult metastatic lymph nodes.*
Furthermore, PSMA-based imaging addresses the main
drawbacks of size-based imaging criteria by enabling
the detection of disease beyond conventional anatomical
bounds.* These results imply that preoperative staging and
risk classification in patients with prostate cancer may be
improved by combining sophisticated imaging modalities
with traditional MRIL.** Despite these developments, access
to these imaging modalities remains restricted in many
settings, underscoring the ongoing significance of assessing
the diagnostic efficacy of traditional MRI methods.

The reference standard for nodal staging in prostate
cancer is still histological examination after PLND;
however, it also has limitations. Anatomical research has
shown that the prostate’s lymphatic drainage goes beyond
traditional dissection templates.” Other pathways, such
as the pararectal and presacral lymphatic routes, are
infrequently used in surgical procedures and may lead
to underestimation of nodal disease. Furthermore, the
completeness of nodal sampling is further challenged by
notable inter-individual anatomical variability in lymph
node distribution.* Limitations in pathological processing

may lead to under-detection of lymph nodes, even when
considerable dissection is performed. This is because a
significant percentage of nodes may be missed by gross
examination alone; up to 41.9% of nodes may only be
found following thorough histological investigation.*

Although the limited diagnostic performance of MRI
for lymph node staging is well established®, our findings
provide additional insights into its performance in a real-
world clinical setting with limited access to advanced
imaging modalities such as PSMA-PET. Furthermore,
this study highlights the discrepancy between statistical
association and true predictive performance, emphasizing
that statistically significant findings do not necessarily
translate into clinically useful diagnostic tools.

Magnetic resonance imaging findings may warrant
further investigation in combination with clinical variables
in larger cohorts. The novelty of this study lies in the
prospective evaluation of combined imaging and clinical
parameters, particularly PSA density, in predicting lymph
node metastasis. While MRI alone demonstrated limited
utility, its combination with clinical markers may offer
incremental value in risk stratification. The results of this
study should be interpreted as exploratory, and its findings
are intended to inform future larger-scale investigations
rather than provide definitive conclusions.

5. Conclusion

Our data show that preoperative MRI findings have limited
predictive value for pathologic lymph node metastasis
when used alone. However, when it is combined with
clinical parameters such as PSA density, the predictive
power may improve. To properly evaluate the significance
of preoperative MRI in detecting lymph node metastasis
in prostate cancer, a large-scale, multicenter, prospective
study is required.

This study has several limitations. The sample size
was relatively small (n = 30), with a limited number of
patients demonstrating lymph node metastasis, which
may affect statistical power and the stability of the
findings. Additionally, the study was conducted at a single
center, which may limit the generalizability of the results.
Although MRI images were interpreted independently by
two radiologists, inter-reader agreement was not formally
assessed using statistical measures such as kappa analysis,
which may introduce variability in imaging interpretation.
Furthermore, multivariate analysis was not performed
due to the limited sample size, restricting the ability to
identify independent predictors. Finally, tumor size was
not consistently reported in MRI assessments, preventing
evaluation of its association with lymph node metastasis.
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