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ABSTRACT

Histopathology, the microscopic examination of tissues and cells, is fundamental
to illness diagnosis as it facilitates intricate visualisation of cellular and tissue
structure. The evaluation of cellular morphology and structural patterns
is essential for differentiating benign from malignant tumours, identifying
infectious agents, and characterising inflammatory and autoimmune disorders.
Improvements in histopathological methods, especially immunohistochemistry
and molecular pathology, have markedly increased diagnosis accuracy by
enabling the identification of specific protein markers and genetic changes linked
to certain diseases. An in-depth assessment of critical cellular processes, including
differentiation, proliferation rates, apoptosis, and metastatic capability, yields
significant insights into disease progression, prognosis, and therapy efficacy. These
characteristics are crucial for directing clinical decision-making and formulating
focused treatment regimens. Moreover, emerging technologies such as digital
pathology and artificial intelligence are revolutionising the sector by enhancing
diagnostic speed, standardisation, and accuracy, while facilitating extensive data
analysis and pattern identification. The amalgamation of conventional microscopy
with sophisticated diagnostic instruments has broadened the scope and significance
of histopathology, rendering it an essential element of contemporary medicine.
Histopathology enables correct interpretation of intricate cellular patterns, hence
aiding precise illness diagnosis and enhancing personalised patient care and
clinical outcomes across various conditions.
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INTRODUCTION

A. Definition of Histopathology: Histopathology
is the examination of injured tissue under a
microscope. This method requires looking at
tissue samples to learn how cells and tissues
(both mature and diseased) look, work or
fail to work. This chapter assists doctors in
diagnosing people, such as cancer, infections
and various other diseases. Histopathology
is not only essential for establishing clinical
diagnoses, but it offers critical information that
helps inform therapeutic options and clarify
the disease’s severity and course.

B. Importance in Modern Medicine:
Histopathology plays a critical role in modern
medicine, particularly in confirming clinical
diagnoses and advancing personalized
medicine. Here’s a closer look at its importance:

i) Role in Verifying Clinical Diagnoses:
Histopathological examination is essential to
confirm diagnoses that cannot be clarified by
clinical symptoms or imaging techniques alone.
Pathologists can determine exactly what sort
of diseases like cancer, autoimmune disorders
and infections are by examining tissue samples
under a microscope. Confirmation is needed to
ascertain the nature of the disease and tailor
treatment accordingly, as well as provide a
potential prognosis.

ii) Feature in Customised Medicine and
Focused Therapy: Histopathology advances
personalized medicine by allowing the
treating physician to deploy therapies that are
customized for a basic feature of the patient’s
disease. Histopathological characterization
can further identify the molecular and genetic
features of a tumour in cancerous tissues
allowing treatment offered by clinicians
that utilize targeted medicines with relevant
effectiveness for a specific type of cancer.
This allows to increase the effectiveness of
treatments while reducing unnecessary side
effects and therefore, become more effective
as well as accurate. Histopathology serves
a crucial bridge between diagnosis and
effective treatment, making modern diagnostic
pathology indispensable.!

C. Objectives of the Paper/Presentation

The objectives of the paper or presentation
on histopathology could be outlined as follows:

1. To  Understand  Histopathological
Techniques: This objective focuses on

exploring the various methods used in
histopathology to prepare and examine
tissue samples. It includes understanding
the steps involved in tissue fixation,
embedding, sectioning, staining, and
microscopy. The goal is to provide an in-
depth understanding of the techniques
that enable pathologists to observe and
analyze tissue at the cellular and sub-
cellular levels.?

2. To Interpret Cellular Patterns Across
Diseases: This objective aims to help the
audience interpret the different cellular
patterns seen in tissues affected by
various diseases. By studying how cells
and tissues change in response to diseases
like cancer, inflammation, infections,
and degenerative conditions, the goal
is to develop an ability to recognize
abnormal patterns that indicate specific
pathological states. Understanding these
cellular patterns is key to making accurate
diagnoses and formulating effective
treatment plans.?

These objectives will ensure a comprehensive
understanding of how histopathology aids in
both the diagnosis and treatment of diseases
through the study of tissue and cellular
alterations.

IL. Principles of Histopathological Analysis

A. Tissue Collection and Fixation: These
are crucial steps in histopathology, as they
ensure the preservation and accurate analysis
of tissue samples. Here’s a breakdown:

Biopsy Types:

1. Incisional Biopsy: Involves removing
a small portion of a suspicious tissue or
lesion for examination. This method is
typically used when the lesion is too large
or located in an area where complete
removal would be difficult or risky.

The goal is to obtain a sample that is
representative of the whole lesion.

2. Excisional Biopsy: The entire lesion or
abnormal tissue is removed for analysis.
This is often done for smaller, accessible
lesions, and it provides a comprehensive
sample for diagnosis. Excisional biopsies
are particularly useful when there is a
need to assess the full extent of the disease
or tumour.
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3. Needle Core Biopsy: A hollow needle is
used to remove a small cylinder of tissue
from a targeted area, often guided by
imaging techniques such as ultrasound
or CT scans. This method is less invasive
thanincisional or excisional biopsies and is
commonly used in diagnosing conditions
like breast cancer or prostate cancer.

Fixatives and Their Role: Fixatives are
chemical substances employed to preserve
tissue specimens by inhibiting breakdown
and sustaining the structural integrity of cells
and tissues for microscopic analysis. The
predominant fixative employed is formalin,
generally formulated as a 10% solution of
formaldehyde in water, which preserves tissue
by cross-linking proteins and stabilising cellular
constituents, thus averting the degradation
of tissue architecture. This procedure enables
pathologists to analyse cells and tissues in a
state that closely mimics their living condition,
hence enabling precise observation of
microscopic features. Proper fixation is crucial,
since insufficient preservation may cause tissue
degeneration, deformation, and the loss of
significant cellular characteristics, potentially
resulting in erroneous diagnoses. Besides
formalin, various fixatives serve specialised
functions; for instance, glutaraldehyde is
frequently used in electron microscopy due to
its superior preservation of intricate cellular
ultrastructure’s, whereas alcohol-based
fixatives are typically preferred for tissues
designated for molecular investigations
involving DNA or RNA preservation.
Tissue fixation is an essential process in
histopathology, as it maintains specimens in a
stable form that correctly represents their state
at the time of collection, facilitating dependable
microscopic assessment and diagnosis.*

B. Processing and Embedding Processing
and Embedding: Tissue preparation and
embedding are critical procedures in
histopathological =~ examination,  ensuring
that tissue samples are properly preserved,
supported, and prepared for microscopic
analysis. The process consists of three main
stages: dehydration, cleaning, and paraffin
embedding. Dehydration is employed to
remove water from the tissue, as water cannot
be directly infiltrated by paraffin wax, the
embedding medium. During this phase, tissue
specimens are submerged in a progressive
sequence of alcohol solutions, often ethanol,

beginning with lower concentrations such
as 70% and rising to absolute alcohol (100%),
which gradually replaces the water present in
the tissue. Following dehydration, the clearing
process removes the alcohol and prepares the
tissue for paraffin infiltration. This is achieved
by immersing the tissue in organic solvents
such as xylene, which dissolve and replace the
alcohol with a paraffin-compatible substance.
Clearing increases tissue transparency,
facilitating visualisation during sectioning;
nevertheless, excessive clearance may harden
or distort the tissue, leading to diminished
slide quality. Following cleaning, the tissue
undergoes paraffin embedding, during which
it is immersed in molten paraffin wax heated
to around 60°C. The molten wax infiltrates the
tissue cavities previously occupied by water
and alcohol and, upon cooling, solidifies into
a durable paraffin block that preserves tissue
architecture and provides structural support
for the preparation of thin slices. The thin
sections may then be mounted, stained, and
analysed microscopically. Dehydration removes
water, reduces alcohol, and enhances paraffin
compatibility, ~whilst paraffin embedding
stabilises and preserves tissue, enabling accurate
and thorough histological evaluation.®

C. Sectioning and Staining: These are two
of the most critical steps in preparing tissue
specimens for microscopic examination
in histopathology. These processes allow
pathologists to examine the fine details of
tissue architecture and identify disease-related
changes at the cellular level. Here’s a detailed
explanation of the key methods involved:

1. Microtomy and Cryotomy: These are
techniques used to cut tissue specimens into
thin slices (sections) that are then mounted on
glass slides for staining and analysis.

* Microtomy: Microtomy is the process of
cutting paraffin-embedded tissueinto thin
sections using a microtome, a specialized
instrument designed for precise slicing.
The tissue block is first chilled to solidify
it, allowing the microtome blade to
produce sections typically ranging from
4 to 10 micrometres thick. These thin
slices are then mounted on microscope
slides and often stained to highlight
specific cellular structures, enabling
pathologists to closely examine the tissue
for abnormalities such as tumours or
inflammation.®
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* Cryotomy: Cryotomy is a technique
used to prepare frozen tissue sections
by rapidly freezing the sample with a
cryostat, a specialized instrument that
maintains temperatures around -20 to
-30°C. Unlike traditional methods, it
does not require paraffin embedding;
instead, the frozen tissue is immediately
sliced into thin sections for examination.
This method is particularly valuable in
situations requiring rapid diagnosis, such
as intraoperative consultations, where
surgeons need real-time information
about the presence of disease. While
cryotomy is faster than paraffin-based
techniques, it may compromise tissue
quality to some extent.”

2. Hematoxylin and Eosin (H&E) Staining
and Its Diagnostic Utility: This staining
is the most widely used staining technique
in histopathology and is fundamental for
examining tissue structure and cellular
morphology.

Hematoxylin: Hematoxylin stains nuclei
blue or purple. It binds to DNA and RNA in
the cell nucleus, highlighting the cell’s genetic
material. This makes it useful for identifying
nuclear structures and cellular details,
including cell shape, size, and organization.

Eosin: Eosin stains cytoplasmic
components and extracellular matrix pink
or red. It binds to proteins in the cytoplasm,
providing contrast to the dark blue or
purple nuclei and allowing visualization of
the cytoplasm and tissues like muscle fibers,
collagen, and connective tissue.

Diagnostic Utility: H&E staining is
essential for the general examination of tissue
architecture and cellular features. It allows
pathologists to identify cell types, tissue
organization, and abnormalities (such as
tumours, inflammation, or necrosis). It's a
powerful tool for initial diagnosis, as most
diseases manifest distinctive patterns in the
appearance of cells and tissues under H&E
staining.

3. Special Stains (e.g., PAS, Ziehl-Neelsen,
etc.): Special stains are used to highlight
specific cellular components, microorganisms,
or tissue features that may not be visible
with standard H&E staining. These stains are
particularly useful for diagnosing specific
diseases or identifying rare cellular structures.

4. Periodic Acid-Schiff (PAS) Staining:
Periodic Acid-Schiff (PAS) staining is a lab
technique used to highlight carbohydrates,
especially glycogen, mucopolysaccharides, and
parts of fungi, by making them bright pink or
magenta. It is particularly adept at visualizing
features such as basement membranes, fungal
cell walls, and glycogen deposits. Clinically,
PAS staining is useful in detecting several
ailments, such as glycogen storage disorders,
fungal infections, and specific renal diseases.

5. Ziehl-Neelsen Staining: Ziehl-Neelsen
staining is a special technique wused to
find acid-fast bacilli (AFB), especially the
Mycobacterium types linked to tuberculosis
and leprosy. It uses carbol fuchsin to give the
bacteria a red colour; because of their waxy cell
walls, these bacteria keep the red colour even
after being treated with acid alcohol, which
is a key feature of acid-fast organisms. This
staining technique is essential for diagnosing
tuberculosis, leprosy, and other mycobacterial
illnesses.

6. Other Special Stains: Other special
stains often used in histology include Gomori
Methenamine Silver (GMS), which turns
fungal organisms black and is important for
diagnosing fungal infections in tissues, and
trichrome staining, which highlights collagen
and fibrous tissue in blue or green, making it
useful for evaluating conditions like fibrosis
and liver disease.

4. Immunohistochemistry (IHC) and Molecular
Techniques: Immunohistochemistry (IHC)
and molecular techniques represent significant
advancements in disease research, facilitating
the precise identification and characterisation
of pathological indicators at the molecular
level. Immunohistochemistry (IHC) employs
antibodies to detect certain proteins in tissue
specimens, generating visual signals, typically
via enzymes or fluorescent dyes, that indicate
the localisation of these proteins, thus assisting
physicians in diagnosing and categorising
many diseases, particularly malignancies,
infections, and autoimmune disorders.
Commonly employed IHC markers include
CD antigens for immune cell identification
and hormone receptors, such as ER and PR, for
breast cancer subtyping. In conjunction with
immunohistochemistry (IHC), methodologies
such as fluorescence in situ hybridisation
(FISH) and polymerase chain reaction
(PCR) elucidate alterations in genes and
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chromosomes, facilitating the identification
of mutations (such as EGFR in lung cancer),
pathogenic DNA/RNA, and gene expression
anomalies. These technologies are crucial for
the progression of personalised medicine;
they facilitate the classification of patients for
targeted therapies and improve diagnostic
precision by identifying specific genetic
anomalies, such as gene amplifications or
translocations, especially in cancer cases.®

Summary: Microtomy and cryotomy are
essential techniques for sectioning tissue
specimens into thin slices for microscopic
examination, with microtomy employing
paraffin-embedded samples and cryotomy
exploiting frozen specimens for expedited
results. Haematoxylin and eosin (H&E)
staining is the primary method, highlighting
fundamental cellular characteristics, such
as nuclei and cytoplasm. Specialised stains,
including PAS for glycogen and Ziehl-
Neelsen for acid-fast bacteria, are used
to identify specific tissue components or
microorganisms.  Advanced  diagnostic
methods include immunohistochemistry and
molecular procedures that employ antibodies
or genetic probes to identify certain proteins
or genetic markers; hence, they play a vital
role in the diagnosis of diseases such as cancer
and infections. These techniques collectively
empower pathologists to provide precise
and reliable diagnoses, thereby improving
treatment decisions for patients.’

II1. Key Cellular Patterns in Histopathology

A. Inflammatory Patterns: Inflammation
is the body’s reaction to damage, illness, or
detrimental stimuli. It can be classified as
acute or chronic inflammation, each exhibiting
unique histological characteristics and
clinical consequences. In certain instances,
granulomatous  inflammation = manifests.
Presented here is a comprehensive elucidation
of these inflammatory patterns.

1. Acute vs. Chronic Inflammation: Acute
inflammation is a quick and active body
response to injury or infection, usually
happening within hours to a few days. Its main
goals are to fight off the cause of the problem,
remove dead tissue, and start healing. Under
a microscope, acute inflammation shows a lot
of widening of blood vessels and increased
leakiness, which lets fluid rich in proteins
escape into the surrounding tissue, causing

swelling. A defining characteristic is the rapid
infiltration of neutrophils, multi-lobed, pale-
cytoplasmic cells proficient in phagocytosis,
which predominate the initial cellular
response and actively participate in the
engulfment of pathogens and cellular debris.
The inflammatory environment frequently
produces an exudate abundant in proteins and
biological components, perhaps appearing as
pus in the damaged tissue. At the same time,
tissue damage can occur because activated
neutrophils release strong enzymes and
inflammatory substances, showing that acute
inflammation can both protect the body and
cause harm."

Clinical Examples:
Acute pneumonia etc.

Acute appendicitis,

Persistent Inflammation: Chronic
inflammation is a prolonged and frequently
insidious process that occurs when the body’s
acute response to injury fails to eliminate
the source of tissue damage or when the
detrimental element persists for an extended
duration, spanning from weeks to years. In
contrast to acute inflammation, which mostly
includes neutrophils, chronic inflammation is
distinguished by the presence of lymphocytes
and plasma cells, indicating prolonged
immunological activity. Macrophages are
essential for the clearance of necrotic cells
and pathogens, while they also perpetuate
inflammation through the secretion of factors
that induce further tissue damage and fibrosis.
This persistent inflammatory response often
results in increasing tissue damage and
fibrosis, compromising organ structure and
function. Granuloma development may
occur in specific circumstances, characterised
by clusters of active macrophages encircled
by lymphocytes, as a hallmark of chronic
inflammatory responses. Chronicinflammation
is the primary aetiology of various health
conditions, including chronic bronchitis,
characterised by persistent inflammation and
airway thickening in smokers, and rheumatoid
arthritis, a painful autoimmune disorder that
results in continuous joint inflammation and
progressive joint deterioration.!

Granulomatous Inflammation: Granulomatous
inflammation is a specific form of chronic
inflammation that occurs when the body
attempts to isolate and hold substances that are
difficult to eliminate. It entails the development
of granulomas, which are structured
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aggregates of immune cells, primarily
macrophages, that frequently differentiate
into epithelial-like cells or into multinucleated
giant cells. Granulomatous inflammation
is a distinct form of chronic inflammation,
histologically defined by the presence of
granulomas, which are organised aggregates
of epithelioid macrophages typically encircled
by lymphocytes, occasionally accompanied by
peripheral fibroblasts and multinucleated giant
cells formed through macrophage fusion. In
certain conditions, such as tuberculosis, these
granulomas exhibit core caseous necrosis, an
eosinophilic, cheese-like material that signifies
considerable tissue loss. Granulomatous
inflammation may progress to fibrosis, leading
to scarring and potential organ failure. This
pattern is clinically observed in diseases such
as tuberculosis, caused by Mycobacterium
tuberculosis, where granulomas typically
display caseous necrosis and Langhans giant

cells, surrounded by immune cells. Sarcoidosis
is a disorder characterised by inflammation
in several body areas, with etiological
factors that remain poorly understood. The
condition is characterised by the development
of non-caseating granulomas composed of
specialised immune cells known as epithelioid
macrophages and multinucleated giant cells,
lacking central necrosis, and frequently
involves the lungs, lymph nodes, and skin.
Significant aetiologies of granulomatous
inflammation encompass leprosy (attributable
to Mycobacterium leprae), fungal infections
(such as Histoplasma or Coccidioides), and
responsestoforeignmaterialswhentheimmune
system endeavours to sequester indigestible
substances by producing granulomas. Each of
these illnesses exemplifies the body’s complex
and often prolonged effort to address chronic
infections or irritants through a precisely
coordinated cellular response.

Table 1: Key Differences Between Acute, Chronic, and Granulomatous Inflammation:

Feature Acute Inflammation Chronic Inflammation Granulomatous Inflammation
Duration Short (hours to days) Prolonged (weeks, months, years) Chronic (persistent, ongoing)
Main Cells Involved Neutrophils Lymphocytes, plasma cells, Macrophages, epithelioid cells,

Tissue Damage Often reversible

Key Features Edema, exudation, neutrophil
infiltration
Examples Acute appendicitis, acute

pneumonia

Ongoing tissue damage and

Lymphocyte infiltration, fibrosis

Rheumatoid arthritis, chronic

macrophages multinucleated giant cells

Tissue damage with granuloma

fibrosis formation

Granuloma formation, caseous or
non-caseous Necrosis

Tuberculosis, sarcoidosis, leprosy
bronchitis

Summary: Inflammation can be classified
into acute, chronic, and granulomatous types,
each possessing unique characteristics and
consequences. Acute inflammation exhibits
a rapid onset characterized by neutrophil
infiltration and transient tissue alterations. On
the other hand, chronic inflammation lasts a
long time and involves cells like lymphocytes,
plasma cells, and macrophages, often leading
to tissue damage and scarring. Granulomatous
inflammation, a specific kind of chronic
inflammation, is marked by the formation of
granulomas and usually happens in response
to long-lasting infections like tuberculosis or
foreign materials, as seen in sarcoidosis. These
inflammatory patterns signify the body’s
attempts to address damage, infection, or
irritation, and their histological characteristics
offer essential diagnostic information for
pathologists.”

B. Neoplastic Patterns: Neoplasia denotes
the aberrant, wunregulated proliferation
of cells, potentially resulting in tumour
formation. These tumours may be classified
as either benign (non-cancerous) or malignant
(cancerous).  Understanding the tissue
features that distinguish benign tumours from
malignant ones is important for diagnosis,
predicting outcomes, and planning treatment.

1. Benign vs. Malignant Tumours

Benign Tumours: Benign tumours are non-
malignant neoplasms that generally exhibit
modest growth and do not infiltrate adjacent
tissues. They remain confined and do not
metastasize (disseminate to other regions of
the body).

Well-defined borders, often encapsulated
with smooth edges, distinguish benign tumours
histologically and facilitate surgical excision.
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The cells in these tumours typically exhibit
normal differentiation, closely resembling
the healthy cells of their tissue of origin, with
minimum or no atypia. Moreover, benign
tumours generally demonstrate minimal
mitotic activity, signifying a sluggish pace of
cellular division. Typical instances encompass
fibromas (made of fibrous tissue), adenomas
(arising from glandular tissue), and lipomas
(developed from adipose tissue).*

Malignant Tumours: Malignant tumours
are malignant formations that infiltrate adjacent
tissues, obliterate healthy cells, and possess the
capacity to metastasize to remote regions of
the body. Malignant tumours are histologically
distinguished by irregular, infiltrative margins
as they encroach upon adjacent tissues, in
contrast to the well-defined borders observed in
benign neoplasms. The tumour cells frequently
exhibit poor differentiation, resulting in the
loss of normal tissue structure and function,
and demonstrate significant cytological
atypia, characterized by irregular size, shape,
and arrangement. Elevated mitotic activity
is prevalent, indicating fast and unregulated
cell division, and regions of necrosis often
arise as a result of the tumour surpassing
its vascular supply.” Malignant tumours
encompass carcinomas, originating from
epithelial tissue (e.g., breast or lung cancer), and
sarcomas, arising from connective tissue (e.g.,
osteosarcoma or fibro sarcoma).

2. Cytological Atypia, Mitotic Figures,
Necrosis

Cytological Atypia: Cytological atypia
refers to the abnormal appearance of cells
when viewed under a microscope. Atypical
cells often look different from normal cells in
terms of shape, size, and organization.

Histological  Features:  Histologically,
malignant cells frequently display irregular
morphologies, appearing enlarged and more
pleomorphic with uneven outlines. Their
nuclei often exhibit notable abnormalities,
such as enlarged size (nuclear pleomorphism),
hyperchromasia (intensified staining), and
uneven chromatin distribution. Additionally,
unusual cell division patterns, like tripolar or
multipolar spindles, are often seen, indicating
that the cells are dividing in a chaotic and
uncontrolled way.'

Mitotic Figures: Mitotic figures are cells
undergoing division. In malignant tumours, an

increased number of mitotic figures indicates
rapid and uncontrolled cell proliferation.

Histological Features: A main feature
of cancer is a high mitotic rate, shown by a
large number of mitotic figures, especially
in tumours that are not well differentiated.
These tumours often show abnormal mitoses,
which are irregularly shaped figures, spindles
with multiple poles, or mitotic cells stuck in
unusual stages of division, all indicating the
uncontrolled and chaotic growth of cancer
cells."”

Necrosis: Necrosis is the death of cells or
tissue within the tumour, often due to a lack of
adequate blood supply.

Histological Features: Tumour necrosis is
a common histological feature of malignant
tumours, particularly larger ones, resulting
from the tumour outgrowing its blood supply
and leading to insufficient oxygen and
nutrient delivery. This causes cell death in
the tumour’s core, producing necrotic areas
that appear eosinophilic, pale or dark under
the microscope, with a loss of normal cellular
structure. These necrotic regions are often
accompanied by an inflammatory response
surrounding the dead tissue.'

3. Tumour Grading and Staging Systems:
Tumour grading and staging are critical
elements in assessing cancer behaviour,
directing treatment, and forecasting prognosis.
Tumour grading categorises a neoplasm
accordingtotheextentofcellular differentiation
and the resemblance of tumour cells to their
normal counterparts. = Well-differentiated
(Grade 1) tumours closely resemble normal
tissue and typically exhibit slow growth.
Moderately differentiated (Grade 2) tumours
present intermediate characteristics and
growth rates. Poorly differentiated (Grade 3)
tumours demonstrate significant atypia and
more aggressive behaviour. Undifferentiated
(Grade 4) tumours consist of highly abnormal
cells that bear no resemblance to the tissue of
origin and exhibit a pronounced propensity
for rapid growth and metastasis. Tumour
staging evaluates the anatomical extent of
disease dissemination, primarily utilising the
TNM system. In this system, “T” represents
the size and local invasion of the primary
tumour, ranging from small, localised lesions
(T1) to large, invasive tumours (T4). “N”
signifies the involvement of regional lymph
nodes, with NO indicating no spread and N1
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or higher indicating nodal involvement. “M”
indicates the presence or absence of distant
metastasis, with M0 denoting none and M1
indicating presence. Combinations such as T2
N1 MO illustrate a moderately sized tumour
with regional lymph node involvement but
no distant spread. Typically, early-stage
malignancies correlate with improved results
and can be treated with localised therapies,
while advanced-stage tumours frequently
necessitate intensive systemictreatmentand are
associated witha worse prognosis. Insummary,
benign tumours generally exhibit slow
growth, well-defined margins, and minimal
cellular atypia, whereas malignant tumours
are marked by rapid proliferation; invasive
characteristics; irregular borders; heightened
mitotic activity; cytological atypia, including
pleomorphism and hyperchromatic nuclei;
and frequently tumour necrosis resulting from
insufficient blood supply. Collectively, grading
and staging offer a thorough framework for
comprehending tumour aggressiveness, extent
of dissemination, and optimal management
approaches."”

C. Degenerative and Metabolic Changes

Degenerative and metabolic changes occur
due to an imbalance between normal cellular
function and the stress or injury inflicted on
tissues, resulting in a range of alterations that
encompass the accumulation of abnormal
substances, structural damage, and impaired
function; these processes typically present
as steatosis, fibrosis, amyloidosis, and
the accumulation of lipids, proteins, and
pigments. Steatosis, or fatty alteration, is
characterised by the aberrant build-up of
triglycerides in the cytoplasm of parenchymal
cells, especially hepatocytes. While generally
reversible, it may advance to more serious
liver disease if it persists. Histologically,
steatosis manifests in two primary forms:
macrovesicular steatosis, the predominant
type, wherein large fat vacuoles displace
the nucleus to the cell periphery and are
often linked to chronic alcohol consumption,
obesity, and diabetes; and microvesicular
steatosis, distinguished by numerous small
lipid droplets with a centrally positioned
nucleus, observed in conditions such as Reye’s
syndrome or specific drug-induced injuries.
The primary aetiologies of steatosis encompass
chronic alcohol consumption, excessive caloric
intake resulting in obesity, insulin resistance

associated with diabetes mellitus that impairs
lipid metabolism, and chronic liver conditions
such as hepatitis and cirrhosis, wherein fatty
change may manifest as a secondary effect.
Clinically, steatosis is noteworthy, as it might
be potentially reversible by the rectification of
the underlying cause; yet, if neglected, it may
advance to fibrosis and cirrhosis, leading to
irreversible hepatic damage and functional
deterioration.?

2. Fibrosis: Fibrosis denotes the excessive
deposition of collagen and extracellular matrix
proteins as a reaction to persistent injury or
inflammation, resulting in scarring of the
damaged tissue. This condition may hinder
the organ’s regular function.

Fibrosis is a pathological condition
marked histologically by excessive collagen
accumulation, which thickens connective
tissue and gradually supplants normal
architecture. Initially, it manifests as fine
fibrous bands, ultimately evolving into dense
scar tissue that distorts organ structure. In
the liver, this progression spans from early
periportal fibrosis to advanced cirrhosis, which
is characterised by extensive scarring and
regenerative nodules. Fibrosis development is
propelled by chronic injury and inflammation,
with prevalent causes comprising prolonged
alcohol consumption, chronic hepatitis B
or C infections, non-alcoholic fatty liver
disease linked to metabolic disorders, and
enduring inflammatory conditions such as
chronic pancreatitis or interstitial lung disease
impacting multiple organs. Fibrosis may be
reversible in its first stages if the underlying
cause is treated; however, severe fibrosis and
cirrhosis are generally irreversible and may
requireliver transplantation, normally assessed
through biopsy or non-invasive imaging
methods.? Amyloidosis is characterised
by the aberrant extracellular accumulation
of misfolded amyloid proteins in tissues,
resulting in structural impairment and organ
dysfunction; histologically, these deposits
display apple-green birefringence under
polarised light when stained with Congo red
and may affect organs, including the kidneys,
heart, liver, and spleen. Amyloidosis manifests
in various forms, including AL (primary)
amyloidosis resulting from monoclonal light
chains frequently associated with plasma
cell disorders like multiple myeloma, AA
(secondary) amyloidosis linked to chronic
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inflammatory  diseases, and hereditary
variants arising from mutations in precursor
proteins such as transthyretin. Amyloidosis
can lead to severe consequences such as renal
or cardiac failure if left untreated. Diagnosis
is contingent upon a tissue biopsy with
Congo Red staining, while care emphasises
addressing the underlying cause to mitigate
additional protein accumulation.

Figure 1: Crdiac tissue (myocarditis, cross-section)

4.Lipid, Protein,and Pigment Accumulation

The aggregation of lipids, proteins, and
pigments in tissues may signify normal
metabolic activities or reveal underlying

Table 2: Summary of Degenerative and Metabolic Changes

pathology, and meticulous assessment of their
characteristics and distribution offers significant
diagnostic insights. Lipid accumulation
frequently manifests in disorders such as fatty
liver (steatosis), characterised by hepatocytes
containing cytoplasmic fat vacuoles that
displace the nucleus, and in atherosclerosis,
where lipid-laden macrophages, referred
to as foam cells, accumulate within artery
walls. Protein accumulation results from
irregularities in protein synthesis, folding, or
degradation, exemplified by Mallory bodies in
alcoholic liver disease, which are cytoplasmic
inclusions of intermediate filaments and other
proteins, and Russell bodies in plasma cells,
indicative of immunoglobulin accumulation
in chronic inflammation or infection. Pigment
accumulation possesses considerable diagnostic
significance, encompassing substances
such as bilirubin, lipofuscin, melanin, and
haemosiderin. Bilirubin deposition in the liver
results in jaundice, observed in conditions
such as hepatitis or biliary disease. Lipofuscin,
a “wear-and-tear” pigment, accumulates
with ageing in cells like neurones and cardiac
muscle. Melanin accumulation is noted in
melanomas and benign hyper pigmented
lesions such as nevi. Hemosiderin, an iron-
containing brown pigment, is typically present
in disorders related to haemolysis or chronic
vascular congestion, such as pulmonary
hemosiderosis.”

Change Key Features Common Causes Clinical Significance
Steatosis Lipid (tnglycgnde) Alcoholism, obesity, diabetes, hepatitis Often rever51ble., but I.nay
accumulation in cells progress to cirrhosis
. . Excessive collagen deposition, Chronic alcohol use, chronic hepatitis, Can progress to cirrhosis or
Fibrosis . i .
scarring NAFLD, pancreatitis organ failure
Amyloidosis Deposition of amyloid Multiple myeloma, chronic inflammatory — Causes organ dysfunction,

proteins in tissues

Lipid Accumulation Fat vacuoles in cells

Inclusions such as Mallory

Protein Accumulation bodies or Russell bodies

Bilirubin, lipofuscin, melanin,

Pi t A lati L
igment Accumulation hemosiderin

diseases, hereditary forms
Fatty liver disease, atherosclerosis

Alcoholic liver disease, chronic

Liver disease, aging, hemolysis,

often fatal if untreated

May result in organ
dysfunction if severe

inflammation Impaired organ function

Indicative of disease or

melanoma aging

These  degenerative and  metabolic
changes are important in diagnosing a wide
variety of diseases, and recognizing them in
histopathological samples allows pathologists
to understand the underlying pathological
processes and make appropriate diagnostic
and prognostic predictions.

D. Infectious Patterns

Infectious disorders frequently result in
unique histopathological patterns discernible
by microscopy. These patterns result from
the direct impact of pathogens (viruses,
bacteria, fungi, and parasites) on host tissues.
Comprehending these infectious patterns
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aids pathologists in diagnosing infections and
distinguishing them from other disorders. This
discussion will examine the cytopathic effects
of viruses, the morphology of bacterial colonies
and the host response, as well as methods for
identifying fungal and parasitic diseases.

1. Viral Cytopathic Effects (CPE)

Definition:

Cytopathic effects (CPE) refer to the
structural changes in host cells caused by
viral infection. These effects can be highly

characteristic and help pathologists identify
viral infections on tissue samples.

Viral Infections and Their Cytopathic
Effects:

Cytomegalovirus (CMV): Cytomegalovirus
(CMV) infection is characterized by specific
changes in cells, including large, blue-staining
spots in the nucleus that look like “owl’s
eyes,” along with possible changes in the cell’s
cytoplasm, increased cell size, and larger nuclei.
Cytomegalovirus typically impacts tissues
including the lungs, liver, kidneys, and retina.
It is especially critical in immunocompromised
individuals, such as those with HIV/AIDS or
organ transplant recipients, as it can lead to
severe illnesses such as pneumonitis, retinitis,
and gastrointestinal disorders.”

Herpes Simplex Virus (HSV): The herpes
simplex virus (HSV) infection causes damage
to cells, which includes the presence of specific
structures inside the nucleus (Cowdry type
A inclusions), the breaking apart of cells, the
splitting of cells into pieces, the formation
of cells with multiple nuclei due to the
virus multiplying, and changes around the
nucleus. HSV predominantly impacts the
integumentary system, oral mucosa, vaginal
mucosa, and cornea. Clinically, HSV infections
are linked to cold sores and genital herpes
and may result in serious consequences
such as herpetic encephalitis, particularly in
immunocompromised patients.**

Other Viruses and Their Cytopathic Effects:

Other viruses exhibit distinct cytopathic
effects that aid in their identification.
Human Papillomavirus (HPV) is marked
by koilocytosis, where infected cells display
perinuclear clearing, hyperchromatic nuclei,
and cytoplasmic enlargement. Varicella-Zoster
Virus (VZV) infection is characterized by
multinucleated cells, intranuclear inclusions,

and is clinically associated with a vesicular
rash.

2. Bacterial Colonies and Host Response

Definition:

Bacteria can exert direct cytotoxic
effects on host tissues, resulting in various
histopathological =~ patterns.  The  host
immunological response to bacterial infection
is a significant characteristic observable
microscopically.

Bacterial Infections and Their Histopathological
Features:

Tuberculosis (ITB) - Mycobacterium
tuberculosis: Tuberculosis (TB), caused by
Mycobacterium tuberculosis, is identified
by a type of inflammation that creates lumps
and dead tissue that looks like cheese.
Characteristic features comprise Langhans
giant cells, multinucleated cells derived from
macrophages, and epithelioid histiocytes.
Tuberculosis primarily targets the lungs but
can also affect organs like the kidneys, liver, and
bones. Diagnosis is established by identifying
acid-fast bacilli (AFB) using Ziehl-Neelsen
staining or by growing the bacterium.

Leprosy - Mycobacterium leprae: Leprosy,
caused by Mycobacterium leprae, is known
for causing inflammation and skin spots that
are copper-colored or raised. Lepromatous
leprosy is known for affecting many nerves
and having lumps filled with bacteria inside
Schwann cells. The ailment typically impacts
the integumentary system, peripheral nerves,
and upper respiratory tract. Diagnosis is
established by detecting acid-fast bacilli in
tissue specimens, usually via specialized
staining methods.?

Syphilis - Treponema pallidum: Syphilis,
caused by Treponema pallidum, is identified
by inflammation of blood vessels called
endarteritis, along with a large number of
plasma cells present. In its advanced phases,
the disease may result in the development of
gummas granulomatous lesions impacting
multiple organs. The tissues that are frequently
affected include the skin, liver, heart, and
brain. Diagnosis is generally established using
dark-field microscopy or PCR to identify the
presence of the spirochete.
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Host Response:

* Neutrophil Infiltration: In many
bacterial infections, such as pneumonia
or abscess formation, neutrophils are the
predominant immune cells. Neutrophils
can appear as pus cells in histological

sections.
¢ Chronic Inflammation: In chronic
bacterial infections, such as chronic

osteomyelitis, macrophages, lymphocytes,
and plasma cells are typically seen in
the tissue.

3. Fungal and Parasitic Identification

Fungal and parasitic infections can have
distinctive histopathological features that
allow pathologists to identify the causative
organism.

Fungal Infections:

Histoplasmosis - Histoplasma capsulatum:
Histoplasmosis, caused by Histoplasma
capsulatum, is marked by small, round
yeast forms found inside macrophages that
usually do not take up color when stained.
Granulomatous inflammation is a prevalent
histological reaction to infection. The lungs
are the principal site of involvement; however,
the disease may also impact the liver, spleen,
and bone marrow. Diagnosis is conducted via
Giemsa or silver stains, which facilitate the
visualization of fungal pathogens in tissue
samples.

Candidiasis - Candida species: Candidiasis,
caused by Candida species, is identified in
tissue samples by the presence of yeast cells
and pseudohyphae, which are long fungal
structures. Invasive candidiasis can exhibit
tissue infiltration and abscess development.
This illness typically impacts the oral mucosa,
esophagus, skin, and vagina, and may
also damage systemic organs, especially in
immunocompromised individuals. Diagnosis
is usually confirmed by using special stains,
such as periodic Acid-Schiff (PAS) or Grocott’s
methenamine silver (GMS), which highlight
the fungal parts in tissue samples.

Aspergillosis - Aspergillus species:
Aspergillosis, caused by Aspergillus species,
is identified by the presence of septate
hyphae that branch at specific 45-degree
angles. The infection may entail vascular
invasion and result in tissue necrosis. It
predominantly impacts the lungs, particularly

in immunocompromised individuals, but
may also affect the sinuses, skin, and kidneys.
Diagnosis is confirmed using fungal culture,
biopsy, or specialized staining methods,
including Grocott’s methenamine silver (GMS)
stain.

Parasitic Infections:

Malaria - Plasmodium species: Malaria,
caused by Plasmodium species, is characterized
by red blood cells that have different stages of
the parasite, such as trophozoites, schizonts, and
gametocytes. The infection causes hemolysis,
leading to anemia and splenomegaly.
Frequently, the infection impacts the liver,
spleen, and bone marrow tissues. Diagnosis
is predominantly established via microscopic
analysis of blood smears, allowing for direct
observation of malarial parasites.

Toxoplasmosis - Toxoplasma gondii:
Toxoplasmosis, caused by Toxoplasma gondii,
is characterized by tissue cysts containing
bradyzoites, commonly found in the brain,
retina, and muscles. The infection often leads
to localized inflammation and necrosis at the
affected sites. Diagnosis is typically made using
serological tests to detect antibodies or PCR to
identify Toxoplasma DNA in clinical samples.

Schistosomiasis - Schistosoma species:
Schistosomiasis, caused by Schistosoma
species, is identified by eggs with distinct
spines or side projections found in tissues,
often leading to inflammation around the
eggs. The liver, bladder, and intestines are the
organs most frequently impacted. Diagnosis is
generally established by detecting Schistosoma
eggs in faecal or urinary specimens.

Table 3: Summary of Infectious Patterns:

Infection Causative Histological C'ommot'l
Type Organism Features Diagnostic
yp Methods

Intranuclear
Viral CMV, HSV, inclusions, S PCIR’
Infections HPV, VZV multinucleation, Crology,
. Histology
cell lysis
Mycobacterium Granulomas, Ziehl-
Bacterial tuberculosis,  caseating necrosis, Neelsen,
Infections Syphilis, plasma cell PCR,
Leprosy infiltration Culture
Candida, Yeast cells, hyphae, GMS, PAS,
Fungal Aspergill 1 Cul
Infections spergillus, granulomatous ulture,
Histoplasma inflammation Biopsy
.. Plasmodium, Cysts, €88s/ Blood
Parasitic trophozmtes, smear,
. Toxoplasma,
Infections ) granulomatous PCR,
Schistosoma A .
inflammation Serology
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These infectious patterns help pathologists
to identify the specific pathogens involved
and guide clinicians in providing appropriate
treatment to patients.

System-Based Histopathological Diagnosis

Histopathology is essential in contemporary
diagnostic medicine, allowing for the
microscopic assessment of tissue structure,
cellular  form, inflammatory  patterns,
degenerative alterations, and neoplastic
changes in various organ systems; thus, it aids
in precise disease identification, prognosis,
and treatment planning. The gastrointestinal
tract exhibits distinct histological patterns
of gastritis based on aetiology: acute
gastritis is characterised by neutrophilic
infiltration and mucosal erosion; chronic
gastritis presents with lymphoplasmatic
infiltration, glandular atrophy, and intestinal
metaplasia; and Helicobacter pylori gastritis
is marked by mixed inflammatory infiltrates
and curved bacilli visible on special stains.
Inflammatory =~ bowel disease includes
ulcerative colitis, which features continuous
mucosal inflammation, crypt abscesses, and
goblet cell depletion, and Crohn’s disease,
which is characterised by transmural
inflammation, granulomas, fissuring ulcers,
and architectural distortion. Additionally,
adenocarcinomas of the stomach and colon
exhibit varying degrees of gland formation,
mucin production, cellular atypia, and mitotic
activity, with immunohistochemistry and
molecular profiling facilitating classification
and targeted therapy. Interstitial lung
diseases in the respiratory system exhibit
distinct patterns, including usual interstitial
pneumonia characterised by patchy fibrosis,
honeycombing, and fibroblastic foci, and
nonspecific interstitial pneumonia marked by
uniform fibrosis and chronic inflammation.
Granulomatous diseases, such as sarcoidosis,
present non-caseating granulomas, while
pulmonary infections reveal organism-specific
characteristics, including caseating granulomas
with acid-fast bacilli in tuberculosis, viral
inclusions and diffuse alveolar damage in
viral pneumonias, and septate hyphae with
angioinvasion in aspergillosis, identifiable
through specialised stains like Ziehl-Neelsen
and Gomori methenamine silver. Lung
carcinomas are primarily categorised into
two types: non-small cell lung carcinoma,
which encompasses adenocarcinoma with

glandular differentiation and squamous cell
carcinoma with keratinisation, and small
cell lung carcinoma, distinguished by small
hyperchromatic cells, nuclear moulding,
extensive necrosis, and elevated mitotic
activity, with TTF-1 and p40 serving as
supportive markers for tumour classification.
The hepatobiliary system reveals that hepatitis
is characterised by hepatocellular ballooning,
apoptosis, portal inflammation, interface
hepatitis, and progressive fibrosis. Chronic
viral hepatitis frequently presents with ground-
glass hepatocytes in a hepatitis B infection.
Cirrhosis signifies end-stage liver damage,
marked by diffuse fibrosis, regenerative
nodules, and architectural distortion. In
contrast, hepatocellular carcinoma is identified
by pleomorphic malignant hepatocytes,
trabecular =~ growth  patterns,  vascular
invasion, and bile production, with diagnostic
support from imaging, biopsy, and elevated
alpha-fetoprotein levels. Renal pathology
encompassesglomerulonephritis,characterised
by immune-mediated damage resulting
in hypercellularity, leukocyte infiltration,
crescent formation, glomerulosclerosis, and
immune complex deposition identifiable via
immunofluorescence; tubular injury, notably
acute tubular necrosis, exhibits epithelial
swelling, vacuolation, necrosis, tubular casts,
oedema, and interstitial inflammation due
to ischaemic or toxic insults; and nephrotic
and nephritic syndromes signify distinct
clinicopathological conditions, the former
marked by podocyte effacement and significant
proteinuria, and the latter by inflammatory
glomerular injury linked to haematuria,
hypertension, and crescentic alterations.
Demyelinating disorders in the central
nervous system, such as multiple sclerosis, are
characterised by myelin loss, plaque formation,
oligodendrocyte depletion, and perivascular

lymphocytic infiltration. Conversely,
CNS tumours, including astrocytomas,
oligodendrogliomas, glioblastomas,

meningiomas, and metastatic lesions, present
withvarying degreesof cellular atypia, necrosis,
vascular proliferation, whorled architecture,
or psammoma  bodies.  Additionally,
neurodegenerative diseases display distinctive
markers, including amyloid plaques and
neurofibrillary tangles in Alzheimer’s disease,
as well as Lewy bodies in Parkinson’s disease.
Dermatitis in dermatopathology includes
inflammatory  conditions like eczema,
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which is characterised by spongiosis and
inflammatory infiltrates, and psoriasis, which
is distinguished by acanthosis, parakeratosis,
and elongated rete ridges. Benign melanocytic
nevi present organised nests of uniform
nevus cells without notable atypia, while
melanoma is characterised by asymmetry,
irregular borders, pagetoid spread, cellular
pleomorphism, increased mitotic activity, and
invasion, with immunohistochemical markers
such as S-100 and HMB-45 facilitating the
diagnosis. Histopathological —examination
encompasses morphology, specialised staining
techniques, immunohistochemistry, molecular
diagnostics, and clinicoradiological correlation
to deliver comprehensive insights into disease
mechanisms, facilitate differential diagnosis,
inform personalised treatment strategies, and
enhance prognostic evaluation across various
medical disciplines.?”

Diagnostic Interpretation and Pitfalls

Precise histological diagnosis extends far
beyond simple microscopic examination,
requiring the integration of clinical history,
radiological findings, and an in-depth
understanding of technical limitations and
biological variability to achieve diagnostic
accuracy. Histological features are often
nonspecific or overlapping, making clinical
context, such as patient age, presenting
symptoms, lesion location, and imaging
findings, essential for narrowing differential
diagnoses; for example, granulomas in a
lung biopsy may represent sarcoidosis,
tuberculosis, or fungal infection and
require clinic radiological correlation, while
hepatocellular atypia in a cirrhotic liver may
be regenerative or malignant, with resolution
aided by AFP levels and imaging. Failure to
incorporate such data is a common pitfall that
can lead to misdiagnosis, particularly in subtle
or borderline lesions. Additionally, sampling
errors and artefacts significantly impact
interpretation: small or unrepresentative
biopsies may miss critical features such as
tumour invasion, and tumour heterogeneity
can result in incomplete assessment when
only one component is sampled, as seen in
sarcomatoid carcinoma. Technical artefacts
arising from poor fixation, sectioning, or
staining such as crush artefact, thermal damage
from cautery, or tissue folds and air bubbles,
can further obscure or mimic pathology. These
challenges can be mitigated through proper

technique, repeat sampling when necessary,
and careful correlation with imaging.
Another major consideration is the presence
of benign mimickers of malignancy, where
reactive or inflammatory conditions exhibit
cytologic atypia or architectural distortion;
examples include reactive cervical atypia
resembling carcinoma, granulation tissue in
healing ulcers mimicking adenocarcinoma,
and endometriosis simulating invasive
carcinoma due to ectopic glandular structures.
Accurate differentiation in such cases relies
on integrating clinical information, examining
serial sections, and employing ancillary tests
to confirm the diagnosis.?®

® (T

Figure 2: Tumour tissue processing (histological and molecular
analysis)

D. Overlapping Histological Features

Diagnosing diseases can be challenging
because different conditions often share similar
microscopic appearances, making it difficult
to reach a definitive conclusion without
additional context. For instance, lymphocytic
infiltration may occur in autoimmune or
Hashimoto’s thyroiditis as well as low-
grade lymphoma, glomerular crescents can
be seen in both lupus nephritis and ANCA-
associated vasculitis, and spindle cell tumours
may represent sarcoma, melanoma, or even
reactive fibrous tissue. To address this overlap,
pathologists rely on a combination of special
stains, clinical information, radiological
findings, and algorithmic approaches that
narrow down differential diagnoses based
on key distinguishing features. Ancillary
tests play a crucial role in this process:
immunohistochemistry (IHC) detects specific
antigens using antibodies (such as CK7/CK20
for carcinoma origin, S100, HMB-45, and
Melan-A for melanoma, and CD markers like
CD3 and CD20 for lymphomas); polymerase
chain reaction (PCR) identifies specific
DNA or RNA sequences useful for pathogen
detection, gene rearrangements, and
clonality testing; and fluorescence in situ
hybridization (FISH) reveals chromosomal
abnormalities and gene alterations like HER2

amplification or ALK, EGFR, and BCR-ABL
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changes. Together, these techniques enhance
diagnostic accuracy, increase confidence,

Table 4: Summary of Diagnostic Pitfalls and Mitigation

RFP Journal of ENT and Allied Sciences

and support targeted therapy decisions and
prognostic assessment.”

Pitfall Impact

Mitigation Strategy

Lack of clinical/imaging data
Sampling error

Artefacts

Benign mimicking malignancy Overtreatment

Overlapping features

Inadequate ancillary testing

Misinterpretation of histology
Missing key features

Misleading appearance of pathology

Diagnostic confusion

Incomplete or incorrect diagnosis

Integrate full patient profile
Repeat biopsy, image-guided sampling
Ensure optimal fixation and handling
Use serial sections, IHC, clinical correlation
Employ stepwise diagnostic algorithms

Use appropriate IHC, PCR, and FISH panels

Emerging Trends and Technologies

Contemporary histopathology is
experiencing swift evolution because of the
incorporation of modern technologies that
markedly improve diagnostic precision and
efficiency and the shift towards personalised
medicine. Digital pathology facilitates the
transformation of glass slides into high-
resolution digital images, permitting virtual
microscopy, remote access, efficient archiving,
and connection with electronic medical
records, thus enhancing workflow efficiency
and accessibility. Artificial intelligence (Al)
enhances this domain by employing image
analysis and pattern recognition algorithms to
identify characteristics such as mitotic figures,
nuclear atypia, and glandular architecture,
as well as to classify tumours, assess
malignancy grades, and pinpoint suspicious
areas in diseases like breast and prostate
cancer. Additionally, it facilitates workflow
automation through slide triage, prioritisation,
and preliminary reporting, thereby improving
consistency and minimising human error.

Table 5: Summary of Trends and Benefits

Molecular  diagnostics, especially next-
generationsequencing (NGS), has enhanced the
detection of genetic mutations, copy number
variations, and gene fusions from formalin-
fixed tissue samples. This technology is crucial
in cancers such as lung (EGFR, ALK, and
ROS1), colorectal (KRAS, NRAS, and BRAF),
and melanoma (BRAF V600E). Additionally,
companion diagnostics like HER2, PD-L1, and
BRAF testing inform targeted therapies and
facilitate precision medicine. Telepathology
has become a significant instrument for global
collaboration, allowing for the sharing of
static images, real-time remote microscope
operation, and whole-slide imaging for
interactive consultation. This enhances access
to specialist knowledge, aids remote diagnosis
in underserved areas, enables second
opinions, and fosters international research
collaboration. These developing trends are
together transforming histopathology by
enhancing diagnosis accuracy, increasing
accessibility, and promoting personalised,
data-driven disease management strategies.

Trend Key Features

Benefits

Digital Pathology & Al
Molecular Diagnostics

Tele-pathology

Slide digitization, Al-assisted diagnosis, automation
NGS, gene panels, mutation profiling

Remote consultation, education, WSI sharing

Faster workflow, reproducibility, remote access
Personalized therapy, better prognosis

Global collaboration, diagnostic outreach

Case Studies and Practical Examples:
To solidify understanding and bridge
theory with practice, examining real-world
histopathological cases provides valuable
insights into diagnostic reasoning, challenges,
and outcomes. Below is a structured approach
to presenting case studies, which can be
adapted for interactive or educational settings:

A. Interactive Slide Review

Example Case - Breast Biopsy: The
diagnostic reasoning process in histopathology
involves a step-by-step approach that starts
with comparing clinical information and
imaging results, where the purpose of the
biopsy, along with the patient’s symptoms,
risk factors, and imaging findings, is

REP JEAS / Volume 11 Number 1/January - June 2026



Singh Aryan Joseph, Ajit Pal Singh, Rahul Saxena et. al, Histopathology in Disease Diagnosis: 25
Interpreting Cellular Patterns

assessed. Subsequently, pattern recognition is
conducted to discern the tissue architecture,
including glandular, squamous, or spindle
forms, and to ascertain whether the lesion is
benign or malignant while evaluating stromal
responses, necrosis, and inflammation. A
differential diagnosis is established based
on morphological characteristics, taking into
account both neoplastic and non-neoplastic
options. Subsequent ancillary testing, such as
immunohistochemistry or molecular assays,
is employed to further corroborate or rule out
possible diagnoses. Ultimately, these data are
integrated into a comprehensive diagnosis,
considering aspects such as grade, staging,
and clinical implications.

B. Diagnostic Reasoning Process

The diagnostic reasoning process in
histopathology involves a step-by-step
approach that starts with comparing clinical
information and imaging results, where the
purpose of the biopsy, along with the patient’s
symptoms, risk factors, and imaging findings,

is assessed. Subsequently, pattern recognition
is conducted to discern the tissue architecture,
including glandular, squamous, or spindle
forms, and to ascertain whether the lesion is
benign or malignant while evaluating stromal
responses, necrosis, and inflammation. A
differential diagnosis is established based
on morphological characteristics, taking into
account both neoplastic and non-neoplastic
options. Subsequent ancillary testing, such as
immunohistochemistry or molecular assays,
is employed to further corroborate or rule out
possible diagnoses. Ultimately, these data are
integrated into a comprehensive diagnosis,
considering aspects such as grade, staging,
and clinical implications.*

C. Lessons Learned is represented in Table 6

Summary - Case-based learning in
histopathology improves critical thinking,
diagnostic precision, and interdisciplinary
collaboration. It prompts pathologists and
clinicians to contemplate not just the nature
of a lesion but also its appearance and its
implications for patient management.

Table 6: From practical case review, several key takeaways often emerge:

Lesson

Implication

Always integrate clinical context

Histology alone may be misleading in inflammatory or reactive lesions

Sampling matters
Artefacts can mimic disease
Immunohistochemistry must be contextual

Molecular data enhances precision

Partial biopsies may not reveal invasive or key components
Recognizing artifactual distortion prevents over diagnosis
IHC is supportive, not standalone —interpret with morphology

Targeted therapies rely on mutation detection

CONCLUSION

The discussion has outlined the broad area
of histopathology, highlighting its important
role in studying diseased tissue and its crucial
importance in today’s medical diagnosis.
The basic methods like gathering, keeping,
slicing, colouring, and studying tissue were
looked at along with important tissue patterns
linked to inflammation, tumours, tissue
breakdown, infections, and specific organ
diseases. The diagnostic approach was guided
by clinical correlation, molecular analysis, and
recognition of common interpretation errors.
Histopathology is increasingly becoming
an essential element of precision medicine,
integrating conventional morphology with
modern  technology. Innovations such
as  next-generation sequencing (NGS),
immunohistochemistry (IHC), and artificial
intelligence are transforming pathology into a

more data-centric and predictive discipline. As
companion diagnostics expand, pathologists
are increasingly vital in directing treatment
decisions, tracking disease progression, and
assisting in the formulation of individualized
therapeutic strategies. Despite these scientific
developments, histology remains rooted in
its morphological principles. The discovery
of cellular patterns encompassing their
arrangement,  structure, and anomalies
represents the preliminary and often most
crucial phase in achieving an accurate
diagnosis. The use of molecular techniques
and digital technologies, along with a strong
understanding of cellular morphology, shows
great skill in the field. As histopathology enters
a new era, education in cellular morphology
remains essential for the continued progress of
both the art and science of tissue diagnosis.
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Future avenues: A key research gap in
histopathology for disease diagnosis lies in
the incomplete ability to reliably interpret
complex cellular patterns across overlapping
disease entities, where similar histological
appearances, such as inflammation, spindle
cell proliferation, or granulomatous reactions,
can lead to diagnostic ambiguity despite
expert review. Although histopathology
is considered the gold standard for tissue
diagnosis, the literature highlights persistent
limitations in reproducibility due to inter-
observer variability, subjective interpretation
of morphological features, and inconsistent
grading of atypical or borderline lesions.
Another major gap is the limited integration
of histological findings with multimodal data
such as genomics, radiology, and clinical
parameters in routine diagnostic workflows,
even though studies suggest that such
integration significantly improves diagnostic
precision. Additionally, sampling errors,
tissue heterogeneity, and technical artefacts
continue to compromise diagnostic accuracy,
yet standardized solutions to minimize these
issues remain underdeveloped. While artificial
intelligence and digital pathology are emerging
as promising tools for pattern recognition and
decision support, current research indicates
challenges related to dataset bias, lack of
external validation, limited interpretability
of Al models, and insufficient clinical
adoption, which restrict their routine use in
practice. Furthermore, there is a notable gap
in large-scale, multi-institutional studies that
validate diagnostic algorithms across diverse
populations and disease spectra. Overall, the
literature emphasizes that bridging these gaps
will require improved standardization, better
integration of multimodal data, enhanced
computational tools, and more robust
validation frameworks to support accurate and
reproducible interpretation of cellular patterns
in histopathology.
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