0041-9419 2410-8057

Open ACCESS https://doi.org/10.32007/jfacmedbaghdad3185. Review Article
The Indispensable Role of Immunohistochemistry in
Differentiating Prostate Cancer from Benign Prostatic
Hyperplasia
Al-Hassan T. Waly**2), Abed H. Baraaj?
!Department of Radiology Technology, College of Health and Medical Technology, Middle Technical
University, Baghdad, Irag.
2Department of Biology, College of Sciences, University of Baghdad, Baghdad, Iraq.
©2025 The Author(s). Published by the College of Medicine, University of Baghdad. This open-access article is

distributed under the terms of the Creative Commons Attribution 4.0 International License, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

Abstract

Background: Many characteristics between benign and malignant prostatic tumor which considered
similar that make the diagnosis defaults in spacemen of the tumor. The immunohistochemical procedure
can improves conventional tumor morphology by identifying lineage- and tumor-associated proteins or
markers, facilitating confirmation of prostate origin and distinguish between benign and malighancy
tumors.

Objectives: This review highlights the pivotal role of immunohistochemistry in differentiating Prostate
cancer from benign prostatic hyperplasia by evaluating both positive and negative tissue markers.
Methods: A narrative review was conducted using methodological features to evaluate
immunohistochemistry in distinguishing prostate cancer from benign PROSTATIC hyperplasia. You
know what? Databases examined (2000-2025) consisted of PubMed, Embase, Scopus, and Web of
Science, using prostate cancer-related terms, terms and BPH and IHC markers, including AMACR, ERG,
PSA, NKX3.1, and p63. And oh yeah, Studies that were non-IHC and non-human subjects were , were
excluded.

Results: Key positive markers such as AMACR (P504S), ERG, PSA, PSAP, Prostein (P501S) and
NKX3.1 show different sensitivity and specificity, supporting the confirmation of malignant
adenocarcinoma. Basal cell markers, including HMWCK (34BE12) and p63, is essential to rule , rule out
cancer by identifying an intact , intact basal layer. Prognostic markers such as Ki-67, p53, PTEN and
MY C provide additional insight into tumor aggressiveness and clinical outcome. Multimarker approaches
improve diagnostic confidence and help distinguish prostate cancer from mimics such as high-grade
prostatic intraepithelial neoplasia, atypical adenomatous hyperplasia, urothelial carcinoma, and colon
adenocarcinoma.

Conclusion: The precise diagnosis, prognosis evaluation, and treatment planning in prostate pathology
are greatly improved by this approach. Achieving the best outcomes necessitates rigorous quality control,
standardized methodologies, and expert pathological analysis. Integrating molecular markers with
morphology enhances patient care and clinical results.
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markers.
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Introduction

men in their 60s and to 80%-90% in those in their
70s and the 80s. Although histologically common,

The Diagnostic Challenge in Prostate Pathology
Prostate cancer (PCa) is the most frequently

diagnosed cancer and the second leading cause of
death among males, excluding non-melanoma tumor
skin, and adenocarcinoma being its predominant
histological type. It remains an important cause of
cancer-related deaths worldwide, and estimates are
that its annual incidence will rise dramatically,
highlighting increasing public health challenges. (1).
On the contrary it is well known that Benign Prostatic
Hyperplasia (BPH) is a non neoplastic overgrowth of
prostate tissue, frequently detected in men who are
aging. Its histological incidence increases
significantly with age, rising to around 50%-60% in

* Corresponding author: al-hassan.talb@mtu.edu.ig.

BPH is not always clinically apparent. Hypertrophy
in BPH is mainly derived from the periurethral gland
or transition zone and causes compression of the
peripheral zone.. Clinical symptoms associated with
BPH, particularly lower urinary tract symptoms
(LUTS), become more prevalent with advancing age
(2, 3).

The foundational diagnosis of prostate cancer
typically relies on the light microscopic evaluation of
hematoxylin and eosin (H&E)-stained tissue sections
(4). However, relying solely on a morphological
examination presents considerable limitations. The
presence of numerous "morphological mimics" of
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prostate carcinoma, such as, adenosis, atypical
adenomatous hyperplasia, and very low- or high-
grade carcinoma, can significantly impede the
accurate interpretation of tumor biopsy results (5).
They can have the appearance of cancers, making it
difficult to distinguish with certainty. Concurrently,
serum prostate-specific antigen (PSA) testing as part
of the diagnostic workup for symptomatic cases has
poor specificity when used for PCa screening among
asymptomatic men. This frequently carries a high risk
of false positivity, overdiagnosis, and resultant
overtreatment, and also put patients at unnecessary
morbidities and risks. Besides, there is a known risk
of false negatives, especially for advanced,
undifferentiated Pca.(6, 7).

Because of the prostate-specific antigen (PSA) low
sensitivity in serum, it can may be indicated of false-
negative test results (8), and this problem make the
diagnosis difficult. The IHC play important tool for
distinguish and diagnosis of prostate tumor (9, 10).
Monoclonal or polyclonal antibodies are used in this
technique to identify antigens in the tissue sample.
This technique also useful for determine type of the
cells present, tumor location. (11, 12). Unnecessary
surgery of the prostate cancer may be due to over
diagnosis of the tumor, while morbidity may be
results of underdiagnosis due to delays in appropriate
intervention. The HIC procedure can distinguish
between low-grade and high-grade disease, as well as
to treat morphologically complex prostate cancers
(13). The aim of this review is to assess the diagnostic
efficacy and practical implementation  of
immunohistochemistry in differentiating prostate
cancer from benign prostatic hyperplasia, and to
provide evidence-based marker panels and laboratory
methodologies that enhance accuracy in standard
prostate pathology.

Methodology

A narrative with systematic elements review design
was used to evaluate IHC function in the challenging
task of differentiating PCa from BPH. This review
included no new laboratory experiments or clinical
case series that were undertaken by the authors. All
compiled data was extracted from published works
that were obtained by the systematic search strategy
already explained. We searched the articles
considering the computerized databases of PubMed,
Embase, Scopus and Web of Science from year 2000
to 2025. The search included terms for "prostate
cancer,” "benign prostatic hyperplasia,” and
"immunohistochemistry” in combination with the
specific markers AMACR, ERG, PSA, NKX3. 1,
p63, and high-molecular-weight cytokeratins.
Eligible studies were original research, systematic
reviews and consensus guidelines reporting
diagnostic or prognosic data on IHC in human
prostate tissue. Review works, animal experiments
and non- IHC approaches were excluded. Data
extraction was focused on marker expression,
diagnostic accuracy and clinical outcome. The
selection process followed PRISMA guidelines using
independent  reviewer screening to  ensure

transparency and reproducibility. The results were
synthesized to focus on the diagnostic efficiency and
clinical usability of IHC panels.

Fundamentals of Immunohistochemistry
Prostate Pathology

IHC is basically the method that uses monoclonal or
polyclonal antibodies to determine as well as bind
and localize a particular antigen in sections of the
tissues (11). The standard workflow begins with
formalin-fixed, paraffin-embedded (FFPE) tissues,
and sectioned to prepare unstained slides. The major
steps of IHC are as follows; The first, is the inhibition
of endogenous peroxidases activity that is required to
avoid unspecific background staining. Next, a
primary antibody is used and it is usually obtained
from an animal that differs from the one being
assessed. There is followed a secondary “linking”
antibody which can attach to the exposed Fc of the
primary antibody. Visualization of the antigen-
antibody complex is often enhanced with detection
systems, such as the Avidin-Biotin Complex (ABC)
technique. Optimization of IHC protocols for
"development"; which are generally time-consuming
trial and error procedures before achieving optimum
stain, could be the most time-consuming step in a
staining. Further fixation, differences in antigen
retrieval and performance of the antibodies used, can
result in both false-positive and false-negative results
and affect diagnostic accuracy and generate practice
variability between laboratories. Standardized pre-
analytical processes and strict quality control are
crucial for reducing such variations. (14, 15).

The success and reliability of IHC staining is highly
dependent upon countless factors such as the species
and tissue type studied, the related type used, tissue
fixation time received, quality of tissue sections
prepared, and inherent specificity of antibodies
utilized. Differences in the original tissue fixations
including type of fixative, amount of time in fixation,
age and pH of fixative, the time of unfixed tissue
from time of removal to fixative and the thickness of
the block, the total fixed time that can result in
markedly different IHC outcomes. These pre-
analytical factors are very important for keeping the
target antigens in the tissue in good condition. Not
carefully controlling for these variables can lead to
poor binding, and even the most specific antibody
won't work well, which can lead to false negatives or
weak, unclear staining. This directly affects the
accuracy of the diagnosis and could even lead to
misinterpretations. Fortunately, the careful use of
antigen retrieval methods can mostly fix these
problems before the test. For consistent and clinically
reliable outcomes, a rigorous optimization and
thorough validation of all reagents and techniques are
indispensable (16, 17). This requires revalidation
every time new lots of reagents are used, even if from
the same manufacturer, as the origin of
manufacturing and composition, concentration and
specificity can heterogeneously change. A related
important factor is the quality of the manufacturer.
An accurate designation of the “best” timeframe of
incubation, as well as the preferred TM for each
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antibody are crucial to achieve dependable staining
(16). Both negative and positive controls are not only
recommended, but they are also considered as a basic
part of the routine practice in IHC. Negative controls
are used to establish that the observed staining is not
due to unspecific antibody binding while positive
controls confirm the functionality of the antibody as
well as the presence of a target antigen that is thought
to be present. (18, 19). However, IHC is presented as
a powerful tool with the potential to transform
surgical pathology from a subjective art to an
objective science (13). The background of pathologist
interpreting the slides is also important. This suggests
that while IHC has objective molecular detection
capabilities, determination of the staining pattern
may be very much a complex and difficult cognitive
process. The require-ment for pathologists to interpret
discordant and unusual staining results, to recognize
artifactual effects, to appreciate the influence of
nature on the tissue (eg, crushed tumor cells, necrotic
regions causing false-positive values), and to
correctly evaluate subcellular localization of
immunoreactivity, suggests that a purely algorithmic
method is inadequate. This suggests that IHC is not
an automaton-like binary tool for diagnosis but a
high-level method that requires the synthesis of
scientific knowledge with diagnostic experience and
pattern recognition by the well-trained, experienced
expert. Only through this mix of scientific precision
and interpretative artistry is its diagnostic potential
fully realized (20, 21).

Immunohistochemical Markers for Prostate
Cancer Diagnosis and Characterization

A. Positive Markers for Prostatic
Adenocarcinoma

Alpha-methylacyl-CoA Racemase:
Alpha-methylacyl-CoA Racemase, also referred to as
P504S (AMACR/P504S), has been established as a
remarkably sensitive and specific
immunohistochemical indicator for the diagnosis of
prostatic carcinoma; within adenocarcinoma glands it
is upregulated (22). Its expression is largely
cytoplasmic in the cancer cells and essentially
negative in normal prostatic tissue. The reported
sensitivity for AMACR ranges from 82% to 100%,
with specificity ranging from 79% to 100%. One
study specifically reported AMACR sensitivity at
95.8% and specificity at 96.5%. Crucially, AMACR
expression levels are significantly elevated in PCa
tissues compared to BPH (P < 0.001), making it a
valuable  differential  diagnostic  tool  (13).
Consequently, a diagnosis of PCa should never be
based solely on AMACR positivity, particularly if the
luminal staining is weak or lacks a circumferential
pattern. AMACR expression has also been found to
correlate with increasing serum PSA levels (Table 1)
(23-25)
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Table 1: Key Immunohistochemical Markers for Prostate Cancer Diagnosis and Differentiation

Marker Name

AMACR (P504S)

ERG

PSA

PSAP

Prostein (P501S)

NKX3.1

HMWCK
(34BE12)

p63

Type
(Diagnostic/Prognostic)

Diagnostic

Diagnostic/Prognostic

Diagnostic

Diagnostic

Diagnostic

Diagnostic

Diagnostic (Basal Cell)

Diagnostic (Basal Cell)

Target/Function

Peroxisomal enzyme,
overexpressed in PCa

ETS-related gene,
fusion product
(TMPRSS2-ERG)

Glycoprotein secreted
by prostate cells

Prostate-specific acid
phosphatase

Prostatic marker

Androgen-related
tumor suppressor
gene

High Molecular
Weight Cytokeratin

Basal cell marker

Typical Staining
Pattern in PCa

Cytoplasmic,
diffuse/circumferential
positivity

Nuclear, positive in
~50% of PCa

Variable, can be positive;
may be low/absent in
high-
grade/neuroendocrine
PCa

Positive

Positive

Positive

Negative (absence of
basal cells)

Negative (absence of
basal cells)

Typical Staining Pattern in

BPH/Benign Mimickers

Generally negative; focal/weak

positivity in some benign
glands, adenosis, HGPIN

Typically absent

Positive (organ-specific)

Positive

Negative

Negative

Cytoplasmic, continuous
positivity of basal cells

Nuclear, positive in basal cells
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Sensitivity

82%-100%
®)

35.2%6 (26)

97.4% (for
PCa) (27)

Sensitive,
fairly specific
(32)

100% (27)

94.7% (27)

100% (for
basal cells in
benign) (33)

82.9% (asa
urothelial
marker, but
also basal cell
marker) (27)

Specificity

79%-100% (8)

100% (26)

Low tumor specificity

(6)

Fairly specific (32)

Excellent (27)

Excellent (27)

84% (for basal cells in
benign) (33)

Relatively specific
@7)

Key Associations/Notes

Valuable for differentiating PCa from
BPH; positive in HGPIN; correlates
with increasing PSA(8)

Highly specific, but low sensitivity;
marker of early carcinogenesis;
expression decreases with increasing
Gleason grade/PSA/tumor volume
(1

Organ-specific, not tumor-specific;
useful for confirming prostatic origin
of metastases; limited for PCa vs.
BPH differentiation(8)

Useful for confirming prostatic
origin, especially in metastatic
settings (32)

Useful when PSA is
negative/equivocal in suspected high-
grade Pca (27)

Useful when PSA is
negative/equivocal in suspected high-
grade Pca (27)

Its presence argues against invasive
PCa; negative staining alone does not
exclude benignity (mimickers);
rarely. focally positive in high-grade
Pca (34)

Delineates basal cell layer; absence
indicates invasive carcinoma; also a
urothelial marker (34)



Continued Table 1
Marker Name

Ki-67

p53

PTEN

MYC

Ki-67

Type
(Diagnostic/Prognostic)
Prognostic

Prognostic

Prognostic

Prognostic

Prognostic

Target/Function

Cellular
marker

proliferation

Tumor suppressor protein

Tumor suppressor gene

Proto-oncogene

Cellular
marker

proliferation

Typical Staining Pattern
in PCa

Higher  expression in
higher grade/stage PCa

Higher H-scores in higher
Gleason scores

Loss of expression

Overexpression, but
expression may decrease
with increasing Gleason
score/T-stage

Higher  expression in
higher grade/stage PCa

Typical Staining Pattern
in BPH/Benign
Mimickers

Lower expression

N/A

Intact expression

N/A

Lower expression

Sensitivity

N/A

N/A

N/A

N/A

N/A

Specificity

N/A

N/A

N/A

N/A

N/A

Key Associations/Notes

Correlates with tumor grade, stage,
lymph  node invasion, PSA,
recurrence, and survival(11)
Correlates with tumor grade, seminal
vesicle invasion, PSA, recurrence-free
survival, and overall survival (11)
Loss  correlatess  with  higher
recurrence, worse prognosis, Gleason
upgrading, extraprostatic extension;
differentiates intraductal carcinoma
from HGPIN (11)

Implicated in tumor
initiation/progression; correlates with
Gleason score and T-stage (

Correlates with tumor grade, stage,
lymph  node invasion, PSA,
recurrence, and survival(11)

Note: Sensitivity and Specificity values can vary between studies due to differences in methodology, patient cohorts, and interpretation criteria. The table provides representative ranges or specific values from the provided
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ETS-related Gene: The ETS-related Gene (ERG) is
a highly specific marker for prostate cancer,
frequently overexpressed as a result of the fusion
between the TMPRSS2 gene and the ERG gene.
Notably, it is typically absent in normal prostatic
tissue (11). Even as it demonstrates excellent
specificity (reported as 100% in one study), ERG
exhibits poor sensitivity (e.g., 35.2% in the same
study). This intrinsic limitation imposes an upper
bound on its usefulness as a lone diagnostic marker
for separating benign from malignant lesions. ERG
expression is thought to be an early molecular step in
prostatic carcinogenesis. Notably, expression of
ERG has been shown to reduce with increasing GS,
PSA levels and tumor volume. It is commonly seen
in PCa subgroups with low primary Gleason grades
(£ 7). ERG-positive cases were related to lower
preoperative PSA levels, extraprostatic extension,
elevated pathological stage (> pT3), and younger age
at diagnosis. In addition, ERG expression may be
another marker for molecular subtyping of prostatic
adenocarcinoma and PTEN loss, which is a tumor
suppressor gene, is associated with more adverse
prognostic features particularly in ERG positive
cases. This information suggests to another
interesting aspect of ERG: Despite being very
prostate specific, its sensitivity is low and expression
decreases with the increasing of Gleason grades, PSA
levels and volume. This means that a type of cancer-
related marker which is highly particular to the
disease will tend not to occur in more aggressive or
later stages (26).

Other Emerging Markers: Prostein (P501S) and
NKX3. 1 are important adjunct biomarkers,
especially when high-grade prostate cancer is
suspected. However, it may present as a PSA
negative or indeterminate stain. In a TMA analysis,
P501S showed 100% sensitivity on prostate cancers
and NKX3. 1 showed 94.7% sensitivity. These
markers (P501S, PSMA, and NKX3. 1) showed
relatively high average immunoreactivity as
compared to PSA, in poorly differentiated prostate
cancers (27).

B. Prognostic and Predictive Markers in Prostate
Cancer

Ki-67: Furthermore, as a commonly utilized cell
proliferation indicator, Ki-67 expression is
consistently associated with higher tumor grade
(Gleason score), advanced T stage (T3 vs. T2),
presence of lymph node invasion, increased serum
PSA concentration and a shorter disease-free or
biochemical relapse-free interval and decreased
tumor specific survival. It is highly reproducible and
stable as a marker of proliferative activity (28, 29).

p53: Tumor protein 53 (p53) is a critical tumor
suppressor that regulates cell cycle progression, cell
proliferation, and the intrinsic mitochondrial
apoptosis pathway. Its expression levels are
correlated with tumor grade (higher H-scores for
higher Gleason scores), seminal vesicle invasion,
PSA levels, biochemical recurrence-free survival,

shorter tumor-specific survival, and overall survival.
Mutations in the TP53 gene can compromise DNA
repair and apoptosis, leading to the emergence of
malignant cells (11, 30).

MYC: As a proto-oncogene, MYC is frequently
overexpressed in prostate cancer and is implicated in
both tumor initiation and progression. A correlation
has been identified between MY C expression and the
Gleason score (a decrease in MY C protein expression
is correlated with an increase in Gleason score) and
T-stage (a reduction in MYC is associated with
increasing T-stage, and MYC overexpression is
associated with extraprostatic extension) (14, 31).

Immunochistochemistry in  Benign Prostatic
Hyperplasia and its Differentiation from PCa

A. Basal Cell Markers: High Molecular Weight
Cytokeratins (HMWCK, 34BE12) and p63 are
exceptionally  valuable for unequivocally
demonstrating the presence of basal cells within the
prostatic glands. Their presence ordinarily argues
against a diagnosis of invasive prostatic carcinoma
(PCa), since invasive carcinoma is defined
histologically by a lack of cells with distinctive
identity and no basal cells. In non-neoplastic control
samples, all myoepithelial cells consistently express
HMWCK with moderate to strong, diffuse
(cytoplasmic), continuous staining pattern in the
basal cell layer. Similarly, p63 is known to be a
crucial marker of basal cell which outlines the basal
layer (32). However, basal cell markers are not
without weaknesses. However, a number of benign
diseases that can be mistaken for PCa (including
atrophy, atypical adenomatous hyperplasia [AAH],
nephrogenic adenoma and mesonephric hyperplasia)
may stain negatively with the same set of markers.
Subsequently, a negative basal cell marker
immunostain as a single assay cannot completely
rule out benign disease. Furthermore, it has been
reported that some high-grade PCa cases can exhibit
focal staining with basal cell markers, although these
cases are typically distinguishable based on their
H&E morphology. This paradox is to be found when
basal cells present: With any (however light)
presence of basal cell markers, some have stated it's
not invasive prostatic carcinoma— since carcinomata
do not have a basal cell layer. This suggests that basal
cell loss is a crucial marker for cancer. However,
these same sources immediately caution that the
presence of multiple benign mimetics may lead to a
negative interpretation of these markers, and that the
lack of basal cell markers alone cannot rule out a

benign  diagnosis.  This inherent  ambiguity
necessitates a more nuanced approach. The solution,
according to available data, lies in using

combinations of markers, specifically designed by
adding basal cell markers to positive prostate cancer
markers such as AMACR. This multi-marker
approach paves the way for a stronger and more
accurate diagnostic signature, overcoming the
variability of markers, which makes accurate
diagnosis difficult to achieve with a single tool in
ambiguous and complex cases (32, 35, 36).
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B. Characterization of Inflammation in BPH:
Prostatic inflammation is increasingly recognized as
a significant component contributing to prostate
enlargement and the progression of BPH. IHC serves
as a powerful tool to precisely characterize the
inflammatory cell infiltrates present within the BPH
tissue. Specific markers utilized for this purpose
include CD3 (identifying all T-lymphocytes), CD4
(for CD4 T-lymphocytes), CD8 (for CD8 T-
lymphocytes), CD20 (for B-lymphocytes), and
CD163 (for macrophages). Research has shown A
significant majority of patients with benign prostatic
hyperplasia (BPH) exhibit inflammatory cellular
infiltrations: 81% have T lymphocytes (CD3), 52%
have B lymphocytes (CD20), and 82% have
macrophages (CD163). High-grade prostatitis, as
indicated by these IHC markers, is strongly
associated with elevated International Prostate
Symptom Score (IPSS) and increased prostate
volume. This association suggests that inflammation
serves not only as a key indicator of pathogenesis but
also as a potential therapeutic target for BPH. The
primary focus is on differentiating between benign
prostatic hyperplasia (BPH) and BPH, portraying
inflammation as an important but often overlooked
component in BPH progression. The comprehensive
characterization of different inflammatory cell types
using IHC markers, along with the correlation
between high-grade inflammation and clinical
manifestations, reveals a new understanding of the
pathophysiology of BPH beyond mere glandular
enlargement. This indicates that inflammation should
not be dismissed as simply a consequence or
historical observation. This may present a diagnostic
challenge, as it exhibits features distinct from
malignancy (such as atypical cellular changes
associated with chronic inflammatory conditions).
More importantly, the strong correlations between
clinical factors demonstrate that inflammation is a
promising target for treating benign prostatic
hyperplasia (BPH). This expands the application of
IHC beyond cancer differentiation, demonstrating its
potential to elucidate underlying disease mechanisms
in benign conditions and inform non-cancer treatment
strategies,  thereby  enhancing the overall
understanding of prostate diseases (37, 38).

Differential Diagnosis: Distinguishing Prostate
Cancer from Other Carcinomas

Differentiation from Urothelial Carcinoma
Histological differentiation between high-grade
prostate cancer (PCa) and high-grade invasive
urothelial carcinoma is often extremely challenging;
however, the clinical implications for patient
management are significant, as these cases require
entirely different treatment approaches (e.g.,
hormonal therapies for PCa versus chemotherapy for
urothelial carcinoma). This underscores that the
precise histological differentiation enabled by
immunohistochemistry (IHC) elevates this technique
from a mere diagnostic tool to an indispensable
therapeutic guide. This highlights the important
clinical implications of accurate IHC interpretation,

as it directly impacts patient prognosis, avoids the
administration of potentially ineffective or harmful
treatments, and ensures that patients receive the most
appropriate, life-saving therapies tailored to their
specific cancer type (27).

Prostate-specific antigen (PSA) is used as the primary
screening marker for prostate markers in this
differential diagnosis. When high-grade prostate
cancer is strongly suspected based on morphological
or clinical evidence, even if PSA staining is negative
or inconclusive, additional prostate markers such as
prostatin  (P501S), prostate-specific membrane
antigen (PSMA), NKX3.1, and proPSA (pPSA) are
required. These markers consistently demonstrate
increasing accuracy in diagnosing prostate cancer.
High molecular weight keratin (HMWCK) and p63
are considered more effective markers for urothelial
carcinoma than thrombomodulin and S100P. These
urothelial markers have relatively low accuracy,
detecting weak and mild positive results only in a
limited subset of malignant prostate tumors (39-41).
The 2022 WHO classification of genitourinary
tumors provides revised diagnostic criteria for
classifying tumors within the genitourinary system,
including these key differential diagnoses. The
ongoing identification and confirmation of new
markers, including GPC3, PAX8, and p40 in
squamous cell carcinoma/uroepithelial carcinoma,
demonstrates the dynamic and continuous evolution
of diagnostic immunochemistry (IHC). This means
that diagnostic marker sets are not static; rather, they
are constantly being refined and expanded with more
sensitive and specific markers to make them more
accurate and better at differentiating diseases. The
2022 WHO classification underscores this, as these
continuously validated classifications incorporate the
latest scientific advances, including molecular
pathology and new diagnostic immunochemistry
markers, into the revised diagnostic criteria. Because
this field is constantly changing, pathologists need to
stay up-to-date on the latest marker sets, how they
work, and how to interpret them correctly in order to
provide the best diagnostic (9).

Differentiation from Colonic Adenocarcinoma: In
cases where a distinction is required between prostate
cancer and colonic adenocarcinoma, specific
immunohistochemical markers like CDX2 and Villin
are highly effective diagnostic tools (32).

Limitations and Pitfalls of Immunohistochemistry
in Prostate Pathology

often the praise of IHC is for making pathological
diagnosis more objective, which turns it from a
subjective art into an objective science. However, the
long list of technical and interpretive problems shows
that this objectivity is not absolute. Changes in the
fixative used, the age of the fixative, the loss of
antigenicity in the preserved sections, and the
variability of the reagents all cause big differences
before and after the analysis that can directly affect
how reliable the results are. Moreover, the constant
focus on the pathologist's experience, the requirement
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for a solid grasp of antibody limitations, and the need
to deal with unexpected and contradicting results all
point to the fact that human judgment and skill are
still very important in the ultimate interpretation. This
means that IHC might unintentionally provide a false
impression of objectivity if quality control is not
carefully monitored and its limits are not properly
understood. This could lead to mistakes in diagnosis
if the complexity of IHC are not adequately
recognized and handled (42-44). While several
prognostic markers such as Ki-67, p53, and PTEN are
discussed, this review does not present pooled
outcome data or treatment response analyses from
large patient cohorts. Future systematic reviews or
meta-analyses are warranted to better quantify the
prognostic and predictive utility of these markers.

Conclusion

Immunohistochemistry has proven to be an essential
complement to the diagnosis of prostate diseases,
improving upon traditional hematoxylin and eosin
staining protocols. The IHC test is crucial for
predictive stratification, revealing tumor
aggressiveness and metastasis. It can also help
identify the specific disease you have. It is also
essential for complex differential diagnoses,
particularly when distinguishing high-grade prostate
cancer from other cancers, such as urothelial
carcinoma and colonic adenoma, which require
entirely different treatments. However, despite its
usefulness, the IHC test has significant technical and
interpretive limitations. Ultimately, the IHC remains
a fundamental component of prostate pathology. It is
constantly evolving and growing to meet the
challenging diagnostic and predictive needs of this
diverse disease, leading to more accurate diagnoses
and better outcomes for patients.
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