Rueangrong et al.

Association of Perineural Invasion of
Adenocarcinoma in Prostate Biopsy with
Pathological and Clinical Outcomes

Perineural invasion of adenocarcinoma in prostate biopsy

Rita RueangrongJ:M.D.‘, Chalairat Suk-Ouichai, M.D.2, Achiraya Teyateeti‘,LM.Dﬁ, Katunyou Mahamongkol‘,L

M.D .2, Ngoentra Tantranont, M.D.*

'Department of Pathology, Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkok, Thailand, *Division of Urology, Department of Surgery,
Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkok, Thailand, *Division of Radiation Oncology, Department of Radiology, Faculty of
Medicine Siriraj Hospital, Mahidol University, Bangkok, Thailand.

Association of Perineural Invasion of Adenocarcinoma in Prostate Biopsy

with Pathological and Clinical Outcomes

4 »® Pathological T Stage
N = 149 cases /.. '-_.-_ = including extraprostatic extension
Prostatic adenocarcinoma diagnosed . .
by MRI-US fusion-guided biopsy, 10 Survival Functions
followed by radical prostatectomy
o } T.>° pT2
'S os pT3a
é pT3b
€ o4
5
9]
Time (Months)

2-Year Disease-Free Survival

Conclusion

Perineural invasion should be carefully identified and
reported in prostate biopsies due to its significant

association with the pT stage, which is an independent
predictor of 2-year disease-free survival.
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ABSTRACT

Objective: This study aims to evaluate the association between perineural invasion and pathological stage, including
extraprostatic extension, and its impact on prognosis.

Materials and Methods: A total of 149 men diagnosed with prostatic adenocarcinoma by magnetic resonance
imaging/ultrasound (MRI-US) fusion-guided biopsy and radical prostatectomy between July 1, 2018 and December
31,2019 at Siriraj Hospital were identified. Their pathological, clinical, and radiological findings were retrospectively
analyzed. Patients with and without perineural invasion were compared using descriptive and inferential statistics.
Results: Perineural invasion was identified in 87 of 149 patients (58.4%) and showed no significant association
with baseline features (p > 0.05). However, perineural invasion was significantly associated with higher pathological
T stage (pT2, pT3a, pT3b) (p < 0.001), including extraprostatic extension (pT3 disease) in univariate analysis.
Multivariate analysis demonstrated a notable correlation between the pathological T stage and 2-year disease-free
survival (p < 0.001).

Conclusion: Perineural invasion should be carefully identified and reported in prostate biopsy specimens, due to
its significant relationship with the pathological T stage, including extraprostatic extension.

Keywords: Prostate cancer; prostatic adenocarcinoma; image-guided biopsy; perineural invasion; pathological

stage (Siriraj Med J 2025; 77: 592-600)

INTRODUCTION

In 2020, prostate cancer was the second most diagnosed
cancer and the fifth leading cause of cancer-related deaths
among men worldwide." Prostatic adenocarcinoma
accounts for over 95% of all prostate cancer cases.” Prostate
needle biopsy is the gold standard for diagnosing prostatic
adenocarcinoma.’

Perineural invasion (PNI), observed in up to 38% of
prostate biopsies’, is considered one of the pathognomonic
features of prostate cancer.” It has been hypothesized
that carcinoma cells spreads along nerve bundles in the
dorsolateral aspect of the prostate gland, following a path
of least resistance — an observation consistent with the
known tropism of carcinoma cells for nerves.

Several studies employing various research designs
have demonstrated associations between perineural

invasion (PNI) and adverse pathological features, disease
9,11-16

5-10

progression, and recurrence in multivariate analyses.
Two cross-sectional studies similar to ours reported an
association between PNI and extraprostatic extension.””"* A
randomized controlled trial focusing on patients undergoing
active surveillance also confirmed the association between
PNI and clinical progression."” However, two other
cross-sectional studies found no relationship between
PNI and extraprostatic extension, pathological stage, or
positive surgical margins.*'” Similarly, a case-control study
evaluating long-term disease-free survival in patients who
underwent radical prostatectomy found no significant
association between PNI and biochemical disease-free
survival. Although these studies focus on the relationship
between PNI in prostate biopsies and pathological or

clinical outcomes, they differ in several aspects, such
as research design, sample size, institutional setting,
inclusion criteria, treatment modalities, study periods,
and biopsy techniques, which may affect interpretation
and contribute to variability in the results.

Harnden et al.”” conducted the first systematic
evaluation of PNT’s prognostic value in biopsies, analyzing
10 surgical and 11 radiotherapy articles. Their findings
support PNI as a prognostic factor for recurrence.
However, the authors also highlighted inconsistencies
in reporting and incomplete data, which affected the
analysis of both positive and negative results. Factors
such as biopsy technique, number of cores and sections
influence the involvement of nerve detection but are
rarely documented. Additionally, the lack of standardized
reporting, limited reproducibility, and variability in
treatment approaches and patient classification further
complicate interpretation.

Two recent systematic reviews also identified
perineural invasion (PNI) as an independent prognostic
factor for biochemical recurrence, while acknowledging
many of the same limitations. One review noted that
variability in PNI detection methods may contribute to
significant heterogeneity, potentially affecting the validity
of study results.'” Another reported a wide range in PNI
frequency, from 6.7% to 33.0%, attributing this variability
to differences in reproducibility among pathologists. The
paper also highlighted that different biopsy techniques,
such as conventional transrectal ultrasound (TRUS)
guided and MRI-ultrasound fusion-guided methods,

can influence PNI detection rates."
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These uncertainties have fueled decades of debate
regarding the prognostic value of PNI in prostate biopsy.
Thus, the objective of our study was to analyze the prognostic
value of PNI, as a predictor of TNM classification and
2-year disease-free survival, using well-defined variables
and comprehensive data. Ultimately, our goal is to increase
awareness of PNI and aid physicians in disease evaluation
and treatment planning.

MATERIALS AND METHODS
Patient selection

Following approval by the Siriraj Institutional
Review Board (Certificate of Approval No. Si228/2022),
pathological and clinical data of patients diagnosed
with prostatic adenocarcinoma were retrieved from
the electronic database of the Siriraj Pathology Unit’s
electronic database (HCLAB). The inclusion criteria were:
(1) patients diagnosed with prostatic adenocarcinoma
by means of both core biopsy and radical prostatectomy
performed at Siriraj Hospital between July 1, 2018, and
December 31, 2019; (2) biopsies were conducted using
magnetic resonance imaging/ultrasound (MRI-US) as
fusion-guided techniques; (3) availability of pathology
reports, glass slides, and complete medical records for
review.

Data collection

All biopsy and radical prostatectomy specimens
were submitted for evaluation after routine 10% formalin
fixation, paraffin embedding, sectioning at a thickness of
3-5 micrometers, and hematoxylin and eosin staining.
Specimens were blinded by masking patient identifiers and
diagnostic details, and were reviewed by a genitourinary
pathologist and an anatomic pathology resident utilizing
light microscopy, following the College of American
Pathologists’ guidelines. PNI was defined as the presence
of cancer cells abutting, indenting nerves, up to and
including circumferential involvement'”, and was recorded
as either present or absent.

Clinical data were collected and reviewed by a
urologist and a research fellow, while radiologic data
were collected and reviewed by a radiation oncologist.
None of them were informed of the presence or absence
of PNI in each patient. Biochemical recurrence was
defined as a prostate-specific antigen (PSA) level greater
than 0.2 ng/mL after radical prostatectomy.

Sample size calculations

nQuery Advisor was applied to determine the
required sample size needed to detect differences with
80% power (2-sided type 1 error; a = 0.05). Assuming a
1:1.5 enrollment ratio for patients undergoing MRI-US

fusion-guided biopsy with and without PNI, and based
on a previous study'’, reporting rates of extraprostatic
extension of 66.7% in a group of patients with PNI and
39.7% in a group without PNI, the required sample size
was calculated as 145 cases. Thus, with 149 subjects
included, this study was adequately powered to detect
significant differences.

Statistical analysis

All statistical analyses were performed using IBM SPSS
Statistics, Version 26. Two-tailed tests were employed, and
a p-value of <0.05 was considered statistically significant.
Descriptive statistics were used to summarize characteristics
of men with and without PNI in prostate biopsies.

For univariate analysis, continuous variables were
compared using the Mann-Whitney U test and independent
t-test. Categorical variables were evaluated using the chi-
squared test. Kaplan-Meier survival curves were used to
illustrate 2-year disease-free survival rates in patients
stratified by pathological T stage, with comparisons
made using the log-rank test.

In multivariable analysis, associations between
2-year disease-free survival and both pathological T
stage and initial PSA levels were examined using Cox
proportional hazards regression models. Results were
summarized as hazard ratios with corresponding 95%
confidence intervals.

RESULTS

Of the 149 patients who met the inclusion criteria,
PNI was identified in 87 biopsy specimens (58.4%).
Patients with and without PNI had similar mean ages
at diagnosis. Initial PSA levels were similar between the
groups. The number of core biopsies performed did not
differ significantly between the two groups. PNI in the
prostatectomy specimen was more frequent in the group
with PNI in their biopsy (98%) compared to the group
without PN in their biopsy (74%) (p <0.001) (Table 1).

PNIwas significantly associated with higher pathological
T stage (pT2, pT3a, pT3b), including extraprostatic
extension (pT3 disease) (p < 0.001). (Table 2).

Furthermore, significant associations were observed
between 2-year disease-free survival and pathological
T stage in both univariate (Table 3) and multivariate
analyses, with the strongest association seen in patients
with pT3b (adjusted HR, 6.84; 95% CI, 2.43-19.27; p <
0.001) (Table 4).

Kaplan-Meier analysis further confirmed that more
advanced pathological T stage was associated with poorer
disease-free survival, especially in patients with pT3b
tumors (log-rank p < 0.001) (Table 5, Fig 1).
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TABLE 1. Characteristics of patients with and without PNI.

PNI in biopsy

Variable p-value
No (n=62) Yes (n=87)

Age (year)? 67.7£6.5 67.7 £ 6.6 0.994

iPSA (ng/mL)P 8.3(5.4,11.4) 8.9 (6.8, 15.0) 0.176

Number of core biopsy® 25.0 (21.0, 29.3) 24.0 (20.0, 30.0) 0.633

PNI in prostatectomy® 46 (74.2%) 85 (97.7%) <0.001

*Normally distributed data are presented as mean + standard deviation. Comparisons between groups were analyzed using the independent
t-test.

® Non-normally distributed data are presented as median (interquartile range). Comparisons between groups were analyzed using the
Mann-Whitney U test.

¢ Data are presented as n (%). Comparisons between groups were analyzed using chi-square tests.

Abbreviations: PN, perineural invasion; SD, standard deviation; iPSA, initial prostate-specific antigen; ng/mL, nanograms per milliliter

TABLE 2. Association between PNI and pathological and clinical outcomes.

PNI in biopsy

Variable OR (95% Cl) p-value
No (n=62) Yes (n=87)

EPE 19 (23.2%) 63 (76.8%) 5.94 (2.90; 12.20) <0.001

Pathological T stage < 0.001

pT2 43 (63.2%) 25 (36.8%)

pT3a 18 (27.7%) 47 (72.3%) 4.49 (2.16; 9.35)

pT3b 1(6.3%) 15 (93.8%) 25.80 (3.21; 207.22)

Pathological N stage 0.240

pNO 61 (43.0%) 81 (57.0%)

pN1 1(14.3%) 6 (85.7%) 4.52 (0.53; 38.52)

Clinical M stage 1.000

cMO0 62 (41.9%) 86 (58.1%)

cM1 0 (0.0%) 1 (100.0%) N/A

2-year disease-free survival 0.697

No 46 (41.8%) 64 (58.2%)

Yes 9 (37.5%) 15 (62.5%) 0.84 (0.34; 2.07)

All data are presented as n (%). Comparisons between groups were analyzed using Chi-square tests.
Abbreviations: PNI, perineural invasion; OR, odds ratio; CI, confidence interval; EPE, extraprostatic extension; pT, pathological primary
tumor; pN, pathological node; cM, clinical metastasis.
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TABLE 3. Association between 2-year disease-free survival and patient characteristics and pathological outcomes.

Factors associated with DFS 2-year disease-free survival p-value
DSF (n=110) Non-DSF (n=24)

Pathological T stage® <0.001
pT2 51 (85.0%) 9 (15.0%)

pT3a 53 (88.3%) 7 (11.7%)

pT3b 6 (42.9%) 8 (57.1%)

iPSA (ng/mL)° 8.3(6.2,11.4) 12.8 (7.3, 22.7) 0.013
Age (year)° 67.8+6.7 68.4+57 0.702

@ Data are presented as n (%). Comparisons between groups were analyzed using chi-square tests.

® Non-normally distributed data are presented as median (interquartile range). Comparisons between groups were analyzed using the
Mann-Whitney U test.

¢ Normally distributed data are presented as mean + standard deviation. Comparisons between groups were analyzed using the independent
t-test.

Abbreviations: DFS, disease-free survival; pT, pathological primary tumor; iPSA, initial prostate-specific antigen; ng/mL, nanograms per
milliliter; SD, standard deviation

TABLE 4. Multivariate Cox regression analysis of the relationship between 2-year disease-free survival and patient
characteristics and pathological outcomes.

Factors associated with DFS R

Adjusted HR (95%Cl) p-value
Pathological T stage
pT2 1
pT3a 0.78 (0.29-2.10) 0.627
pT3b 6.84 (2.43-19.27) <0.001
iPSA 0.99 (0.97-1.01) 0.525

Abbreviations: DFS, disease-free survival; HR, hazard ratio; CI, confidence interval; pT, pathological primary tumor; iPSA, initial prostate-
specific antigen

TABLE 5. Association between pathological T stage and disease-free survival.

DFS (%) Time

1 year 2 year 3 year 4 year
pT2 88.3 85.0 85.0 85.0
pT3a 94.9 89.8 89.8 85.9
pT3b 429 42.9 42.9 42.9

All data are presented as percentage (%).
Abbreviations: DFS, disease-free survival; pT, pathological primary tumor
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Fig 1. Kaplan-Meier analysis illustrating the relationship between pathological T stage (pT2, pT3a, pT3b) and disease-free survival. The

study revealed a significant association, with more advanced pathological T stage linked to poorer disease-free survival outcomes (p < 0.001).

Abbreviation: pT, pathological primary tumor

DISCUSSION
PNI, a neoplastic process involving nerves’’, is a
common yet clinically significant feature of prostatic

adenocarcinoma.” Although substantial evidence supports
-1

20

)
its prognostic value in prostate biopsies remains
controversial due to conflicting pathological and clinical
associations.”* 172!

Our study demonstrates a strong association between
PNI in biopsy specimens and advanced pathological T
stage, including extraprostatic extension. A systematic
review indicates that patients at high risk of extraprostatic
extension should avoid nerve-sparing surgery, which

PNI as a potential route for carcinoma spread’

is associated with the preservation of erectile function
and continence.”” Given that the pathological T stage
is a well-established independent predictor of survival
in prostate cancer, as supported by previous research
and our own findings****, these findings underscore

the clinical importance of recognizing PNI in patient
management.

However, no significant association was observed
between PNI and lymph node metastasis (N stage) or
distant metastasis (M stage). Consistent with prior
reports, including those by O’Malley et al. and Ahmad
et al.”, our findings do not support PNI as a predictor
of 2-year disease-free survival. A possible explanation
is the relatively favorable prognosis of our cohort: all
patients underwent radical prostatectomy, a treatment
typically reserved for localized disease’, and only a small
proportion presented with lymph node metastases (N1
stage) or distant metastases (M1 stage).

A key strength of our study is the use of MRI-US
fusion-guided biopsy, a technique that has been shown
to enhance prostate cancer detection, improve tumor
grading accuracy, and increase the detection of clinically
significant prostate cancer and PNI.'**~ In our study,

https://he02.tci-thaijo.org/index.php/sirirajmedj/index
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the detection rate of PNI was 58.4%, which is higher than
previously reported rates, generally ranging from 7% to
43%'’, and 28.4% in a prior study that also employed
MRI-US fusion-guided biopsy.'* This elevated detection
rate likely reflects the enhanced sampling precision of
this technique. Although the number of biopsy cores can
influence the sampled surface area and, consequently,
the likelihood of detecting PNI, our statistical analysis
found no significant difference in core numbers between
PNI positive and negative cases, thereby reinforcing the
validity of our results. These findings underscore the
critical role of biopsy acquisition methods in evaluating
PNI and highlight the need for standardized biopsy
techniques in future studies to enhance data consistency.

Our study included only patients who underwent
radical prostatectomy to obtain more comprehensive
information on the relationship between PNI and
pathological classification. By limiting the cohort to
surgically treated patients, we were able to accurately
determine the pathological stage, including the status
of the primary tumor (pT) and lymph node metastasis
(pN).32

Moreover, given that patients who remain free of
biochemical relapse for two years after surgery have been
reported to achieve a 90% recurrence-free survival rate,”
our study incorporated a minimum two-year follow-up
period to reduce the likelihood of false negative results.
We also compared initial prostate-specific antigen levels,
an established prognostic indicator in prostate cancer”,
between patients with and without PNI and found no
significant difference between the groups. The sample
size was determined through power calculation to ensure
adequate statistical power.

Systematic reviews, such as that by Harnden et al."”
have suggested that PNI in prostate biopsies is a significant
prognostic indicator, supporting immediate treatment
over watchful waiting. Similarly, Cozzi et al.”’, in line with
our findings, support PNI as a predictor of extraprostatic
extension. This has important clinical implications, which
influence decisions regarding the preservation of the
neurovascular bundle and seminal vesicles.” Therefore,
these findings emphasize the importance of recognizing
the prognostic value of PNI in patient management.

Although our findings confirm the association
between PNI and adverse pathological outcomes, they
also highlight the longstanding challenges in assessing
its prognostic significance, which are issues that have
persisted unresolved over three decades of research."”
Given the heterogeneity in study designs, variations in
biopsy techniques, and differences in patient selection,
additional large-scale prospective studies are needed.

These should incorporate diverse treatment strategies,
detailed documentation of biopsy parameters, subgroup
analyses, and extended follow-up periods to better define
the role of PNI in guiding therapeutic decisions.

CONCLUSION

PNI in biopsy specimens is a predictor of advanced
pathological T stage, including extraprostatic extension.
As pathological T stage is an independent predictor
of 2-year disease-free survival, the identification and
documentation of PNI in prostate biopsy specimens are
essential for accurate risk stratification and treatment
planning.
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