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Abstract

Accurate and timely diagnosis of breast cancer is critical for guiding treatment and improving patient outcomes.
Histopathology remains the gold standard, providing detailed insights into tumor morphology, type, and grade, while
immunohistochemistry (IHC) complements this by detecting specific molecular markers that inform tumor
classification, prognosis, and therapeutic decisions. This narrative review explores the principles, methodologies, and
clinical applications of histopathology and IHC in breast cancer diagnosis. It highlights their integration in routine
practice, discusses current limitations such as interobserver variability and technical challenges, and examines
emerging innovations, including multiplexed IHC and digital pathology. The review underscores the essential role of
combined histopathological and immunohistochemical evaluation in precision oncology, emphasizing its continued
relevance in improving diagnostic accuracy, guiding personalized therapy, and optimizing patient outcomes.
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Introduction assessment [1-3].Histopathology, the
microscopic examination of tumor tissue,

provides critical information about tumor type,
grade, architectural patterns, and invasion. It
remains the cornerstone of breast cancer
diagnosis, enabling the classification of tumors
such as invasive ductal carcinoma, invasive
lobular carcinoma, and less common subtypes.
Tumor grading and assessment of the tumor
microenvironment further refine prognostic
evaluation and guide clinical management [4-5].

Breast cancer is the most frequently diagnosed
malignancy among women worldwide and
remains a leading cause of cancer-related
morbidity and mortality. Early and accurate
diagnosis is crucial for guiding treatment
decisions, predicting prognosis, and improving
survival outcomes. While imaging techniques and
clinical evaluation can suggest malignancy,
definitive diagnosis relies on tissue-based
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H
owever, histopathology alone does not fully
capture the molecular heterogeneity that

influences tumor behavior and therapy response.
Immunohistochemistry (IHC) addresses this
gap by detecting specific protein markers within
tumor cells, including hormone receptors
(estrogen and progesterone), HER2, proliferation
indices (Ki-67), and emerging biomarkers such as
PD-L1. IHC enables molecular subtyping, guides

targeted therapy selection, and informs
prognostication, making it an indispensable
complement to  histopathology  [6-7].The

integration of histopathological evaluation with
IHC provides a comprehensive diagnostic
approach that combines structural and molecular
insights. This narrative review explores the
principles, methodologies, and clinical
applications of histopathology and IHC in breast
cancer  diagnosis. It  highlights  their
complementary roles, discusses limitations, and
examines emerging innovations that enhance
diagnostic precision, underscoring their central
role in modern precision oncology [8-9].

Histopathological Evaluation in Breast Cancer

Histopathology remains the cornerstone of breast
cancer diagnosis, providing essential
morphological information that informs tumor
classification, grading, and prognosis. The
evaluation typically involves examining tissue
obtained via core needle biopsy, excisional
biopsy, or surgical resection, with the aim of
characterizing the tumor’s architecture, cellular
morphology, and relationship to surrounding
tissues [10-12].Tumor Typing: Accurate
classification of breast cancer subtypes is critical
for determining prognosis and guiding therapy.
The most common histologic subtype is invasive
ductal carcinoma (IDC), characterized by
infiltrative duct-like structures within the stroma.
Invasive lobular carcinoma (ILC), the second
most common subtype, is marked by small,
discohesive cells often arranged in single-file
patterns, which may be radiologically subtle. Less
common special types—such as tubular,
mucinous, medullary, and papillary carcinomas—
exhibit distinct morphological features that
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correlate  with  favorable or unfavorable
prognoses. Correct subtype identification is
essential for tailoring patient management and
predicting clinical outcomes [13].

Tumor Grading: Grading evaluates tumor
aggressiveness based on cellular differentiation
and proliferation. The Nottingham grading
system, a widely adopted framework, assesses
three components: tubule formation, nuclear
pleomorphism, and mitotic activity. Each
parameter is scored from 1 to 3, with the total
score categorizing tumors into Grade 1 (well-
differentiated), Grade 2 (moderately
differentiated), or Grade 3 (poorly differentiated).
Higher-grade tumors generally exhibit more
aggressive clinical behavior, higher metastatic
potential, and a poorer prognosis, influencing
decisions regarding adjuvant therapy [14].Margin
and Invasion Assessment: Histopathology
provides critical information regarding surgical
margins, ensuring complete tumor excision and
minimizing the risk of local recurrence.
Evaluation  of  lymphovascular  invasion,
perineural invasion, and extension into adjacent
structures further refines prognostic assessment
and may influence post-operative management
strategies [15-16].

Tumor Microenvironment: Beyond tumor cells,
histopathology also examines the surrounding
stroma, immune cell infiltration, and desmoplastic
response. Tumor-infiltrating lymphocytes (TILs),
for example, have been shown to correlate with
better  responses to  chemotherapy and
immunotherapy, particularly in triple-negative
and HER2-positive breast cancers. Assessment of
stromal composition, fibrosis, and inflammatory
infiltrates adds valuable context to the tumor’s
biological behavior [17-18].While histopathology
provides detailed structural and morphological
insights, it is limited in capturing molecular
heterogeneity. Tumors that appear
morphologically similar may differ significantly
in genetic and protein expression profiles, which
can influence treatment response and prognosis.
This limitation underscores the importance of
integrating histopathological evaluation with



Int. J. Curr. Res. Med. Sci. (2025). 11(9): 23-31

immunohistochemistry (IHC) to achieve a more
comprehensive, precise, and clinically actionable
diagnosis [19-21].

Immunohistochemical in Breast

Cancer Diagnosis

Approaches

Immunohistochemistry (IHC) has become an
indispensable complement to histopathology in
breast cancer diagnosis. By detecting specific
protein markers within tissue sections, IHC
provides critical molecular insights that refine
tumor classification, guide therapy selection, and
inform prognosis. Unlike traditional
histopathology, which primarily evaluates cellular
morphology and architecture, IHC reveals
functional and phenotypic characteristics that are
essential for precision oncology [22-24].
Hormone Receptor Assessment (ER and PR):
Estrogen receptor (ER) and progesterone receptor
(PR) are nuclear hormone receptors expressed in a
significant subset of breast cancers. Their
detection through IHC is fundamental, as ER and
PR positivity predicts responsiveness to endocrine
therapies such as tamoxifen or aromatase
inhibitors.  Quantitative evaluation involves
assessing both the proportion of positively stained
tumor cells and the intensity of staining, which
can influence treatment decisions. Hormone
receptor status also provides prognostic
information, with receptor-positive  tumors
generally exhibiting a more favorable clinical
course [25-26].

HER2 (Human Epidermal Growth Factor
Receptor 2) Evaluation: HER2 is a
transmembrane tyrosine kinase receptor whose
overexpression or gene amplification is associated
with aggressive disease. IHC is widely used to
evaluate HER2 status, often in conjunction with
fluorescence in situ hybridization (FISH) for
equivocal cases. Accurate HER2 assessment is
critical, as patients with HER2-positive tumors
are candidates for targeted therapies such as
trastuzumab, pertuzumab, and other HER2-
directed agents, which significantly improve
survival outcomes [27-28].

Proliferation Markers (Ki-67): Ki-67 is a
nuclear protein expressed during active phases of
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the cell cycle, serving as a measure of tumor
proliferation. High Ki-67 indices indicate
aggressive tumor behavior and are frequently
used to guide adjuvant therapy decisions,
particularly in hormone receptor-positive breast
cancers. Standardized evaluation of Ki-67
remains a challenge, but it provides valuable
prognostic and predictive information [29].

Basal and Luminal Markers:Cytokeratins and
other lineage-specific markers assist in classifying
tumors into molecular subtypes, including luminal
A, luminal B, HER2-enriched, and triple-
negative/basal-like breast cancers. This molecular
classification informs prognosis and guides
therapeutic strategies, especially for subtypes
such as triple-negative breast cancer, which lack
ER, PR, and HER2 expression and often require
more aggressive systemic therapy [30].

Emerging Biomarkers: Beyond standard
markers, novel proteins such as PD-L1, androgen
receptor, and other immune-related markers are
increasingly evaluated through IHC to identify
candidates for immunotherapy or experimental
targeted treatments. Multiplex THC techniques
allow simultaneous assessment of multiple
markers within a single tissue section, providing a
comprehensive ~ molecular  profile  while
conserving tissue samples [31].

Integration with Histopathology: IHC does not
replace histopathology but rather enhances its
diagnostic and prognostic utility. Morphology
provides structural context, while IHC reveals the
molecular identity and functional behavior of
tumor cells. Together, these approaches offer a
holistic view of tumor biology, enabling accurate
classification, risk stratification, and personalized
therapy planning [32].

Integration of and

Immunohistochemistry

Histopathology

The integration of  histopathology and
immunohistochemistry  (IHC) represents a
comprehensive approach to breast cancer
diagnosis, combining structural, morphological,
and molecular insights to inform patient
management. While histopathology provides the
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architectural and cellular context of tumors, IHC
adds a molecular dimension that enables accurate
classification, prognostication, and therapy
guidance. Together, these modalities form the
foundation of precision oncology in breast cancer
[33].

Enhancing Diagnostic Accuracy:
Histopathology establishes the presence of
malignancy, identifies tumor subtype, and

evaluates grade and invasion patterns. However,
certain tumors may present with ambiguous
morphology, subtle features, or overlapping
histologic  patterns, complicating definitive
diagnosis. In these cases, [IHC provides molecular
clarity by detecting specific biomarkers,
confirming tumor lineage, and distinguishing
between morphologically similar subtypes. For
instance, differentiating lobular from ductal
carcinoma can be challenging on morphology
alone, but IHC markers such as E-cadherin aid in
accurate classification [34].

Refining Prognostication: Histopathological
evaluation  provides  essential  prognostic
information, including tumor grade, mitotic
activity, and lymphovascular invasion. IHC
further refines risk stratification by assessing
hormone receptor status, HER2 expression,
proliferation indices (Ki-67), and tumor-
infiltrating lymphocytes (TILs). The combination
of these structural and molecular features allows
clinicians to more accurately predict disease
behavior, recurrence risk, and response to therapy
[35].

Guiding Therapeutic Decisions: Integration of
histopathology and IHC directly informs
treatment planning. Hormone receptor and HER2
status, determined by IHC, are critical for
selecting targeted therapies such as endocrine
therapy or HER2-directed agents. Proliferation
markers and basal/luminal subtyping provide
additional context for chemotherapy decisions.
Without the complementary information from
IHC, histopathology alone may not fully capture
the molecular targets necessary for personalized
therapy [36].
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Optimizing Limited Tissue Samples: In cases
where biopsy material is limited, the integration
of histopathology and IHC maximizes diagnostic
yield. Core needle biopsies or fine-needle
aspirates can be evaluated morphologically and
molecularly, ensuring accurate diagnosis and
molecular characterization even from small tissue
volumes [37].

Addressing Tumor Heterogeneity: Tumors are
inherently heterogeneous, both morphologically
and molecularly. While histopathology can reveal
regional architectural variation, IHC identifies
differential expression of key biomarkers across
tumor regions. This integrated approach enables a
more complete understanding of tumor biology
and improves the reliability of subtype
classification and treatment selection [38].

Clinical Workflow and Precision Oncology: In
routine clinical practice, histopathology and IHC
are closely intertwined. Initial morphological
assessment guides the selection of appropriate
IHC panels, and THC findings are interpreted in
the context of tissue architecture and histologic
features. This synergy ensures that diagnoses are
both accurate and clinically actionable, supporting
tailored therapeutic strategies that improve patient
outcomes [39].

Clinical Applications and Current Limitations

Histopathology and immunohistochemistry (IHC)
collectively form the backbone of clinical breast
cancer diagnostics, offering insights that extend
beyond mere detection to influence prognosis,
therapeutic ~ decision-making, and  patient
monitoring. Their integration has transformed the
clinical management of breast cancer, enabling
more  precise, personalized, and timely
interventions.
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Clinical Applications:

1. Accurate Diagnosis and Subtyping:
Histopathology establishes the presence of
malignancy and provides detailed information
on tumor architecture, cellular morphology,
and grade. IHC complements this by defining
molecular subtypes through assessment of
estrogen receptor (ER), progesterone receptor
(PR), HER2 status, and proliferation indices
(Ki-67). This integrated approach ensures that
tumors are accurately classified, which is
crucial for selecting appropriate treatment
strategies [40].

2. Therapeutic Guidance: IHC-derived
biomarkers directly inform therapy selection.
ER and PR positivity indicate suitability for

endocrine therapy, while HER2
overexpression identifies candidates for
targeted HER2-directed therapies.

Proliferation markers, along with molecular
subtyping, further guide chemotherapy
decisions, particularly in ambiguous or
intermediate-risk cases.

3. Prognostication: The combination of tumor
grade, receptor status, proliferation indices,
and tumor microenvironment features (e.g.,
tumor-infiltrating lymphocytes) allows
clinicians to stratify patients based on
recurrence risk and overall prognosis. High-
grade tumors with HER2 overexpression or
elevated Ki-67, for example, typically require
more aggressive systemic therapy compared
to low-grade, hormone receptor-positive
tumors.

4. Monitoring and Risk  Assessment:
Histopathology and IHC can inform the
likelihood of recurrence and responsiveness to
therapy. Emerging biomarkers, such as PD-L1
expression or basal/luminal markers, are
increasingly used to guide immunotherapy
eligibility and refine risk stratification,
particularly in triple-negative breast cancer
[41].

Current Limitations:
Despite their critical role, histopathology and IHC

have limitations that can impact diagnostic
accuracy and clinical decision-making:
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o Interobserver Variability: Interpretation of
morphological features and semi-quantitative
IHC scoring can vary between pathologists,
leading to inconsistent classification or
treatment recommendations.

e Technical Challenges: Pre-analytical factors,
including tissue fixation, processing, and
antibody quality, can affect staining outcomes
and reproducibility.

e Tumor Heterogeneity:Intratumoral
variability may result in focal or patchy
biomarker expression, potentially leading to
misclassification or incomplete
characterization of the tumor.

e Limited Tissue Availability: Small biopsy
samples may restrict the number of IHC tests
that can  be  performed, limiting
comprehensive molecular profiling.

e Resource Constraints: Advanced IHC
panels, multiplexing, and automated digital
pathology  systems require specialized
equipment and expertise, which may not be
readily available in all clinical settings [40 ].

Emerging innovations, such as digital pathology,
artificial  intelligence-assisted  scoring, and
multiplexed THC, are addressing many of these
challenges, enhancing precision, reproducibility,
and interpretive consistency. Furthermore, the
integration of histopathology and IHC with
molecular profiling technologies promises to
overcome current limitations, enabling more
comprehensive and individualized diagnostic and
prognostic assessments[41].

Conclusion

Histopathology and immunohistochemistry (IHC)
are integral to the accurate diagnosis,
classification, and management of breast cancer.
Histopathology provides detailed structural and
morphological insights, including tumor type,
grade, and invasion patterns, which are essential
for initial diagnosis and prognostication.
Complementing this, IHC offers molecular
characterization by detecting key biomarkers such
as hormone receptors, HER2, proliferation
indices, and emerging therapeutic targets. The
integration of histopathology and IHC allows a
comprehensive understanding of tumor biology,
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enhancing diagnostic accuracy, informing risk
stratification, and guiding personalized therapy.
While challenges such as interobserver
variability, technical limitations, and tumor
heterogeneity exist, ongoing advancements—
including multiplexed IHC, digital pathology, and
integration with molecular profiling—are steadily
improving reliability, precision, and clinical
applicability.
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