Neoplasia Overview

Neoplasia refers to the process of abnormal cell growth, which can lead to the formation of a
neoplasm or tumor. Neoplasms can be benign (non-cancerous) or malignant (cancerous).
Cancer is a leading cause of death globally, and it is primarily a genetic disorder due to DNA
mutations.

'

Characteristics of Cancer

1. Genetic Disorder:
Cancer is fundamentally caused by genetic mutations in the DNA of cells. These mutations can
occur due to exposure to mutagens (e.g., chemicals, radiation) or spontaneously as part of the
aging process.

2. Epigenetic Changes:
Cancer cells often exhibit epigenetic changes, such as increased DNA methylation or
alterations in histone modifications. These changes do not alter the DNA sequence directly but
affect how genes are expressed or silenced. This can result from mutations in the genes that
regulate these processes.

3. Heritability of Genetic Alterations:
Cancer cells with genetic mutations that provide advantages (such as increased growth or
survival) can outcompete neighboring cells, leading to clonal expansion. Over time, this can
result in more aggressive subclones, a process known as tumor progression.

4. Cancer Hallmarks:
The mutations and epigenetic changes lead to a set of traits called “cancer hallmarks.” These
hallmarks are the key characteristics that allow cancer cells to grow uncontrollably, evade
immune surveillance, and resist therapies. They also influence the natural history of the tumor
(e.g., growth, spread).

Nomenclature of Neoplasms

e Neoplasia literally means “new growth.”

e Neoplastic cells are often referred to as transformed cells because they replicate
uncontrollably, disregarding the normal regulatory mechanisms that control growth in
healthy cells.

e Neoplasms can be classified into benign and malignant, depending on their behavior.
Types of Tumors

Benign Tumors:

e Benign tumors are considered relatively harmless. They are localized, grow slowly, and
can often be surgically removed. These tumors do not invade surrounding tissues or spread
to distant sites.



e Suffix “-oma”: Benign tumors are named by adding the suffix “-oma” to the cell type of
origin.

e Examples:
. Fibroma: Benign tumor of fibrous tissue.
. Chondroma: Benign tumor of cartilage.
. Adenoma: Benign tumor of glandular epithelium, regardless of whether gland-

like structures are formed.

. Papillomas: Benign tumors that produce finger-like projections (fronds) on
epithelial surfaces.

. Polyp: A mass that projects above a mucosal surface (e.g., colonic polyp). Polyps
can be benign, malignant, or non-neoplastic (e.g., inflammatory polyps).

. Cystadenomas: Benign tumors of the ovary that form cystic masses.

Malignant Tumors:

e Malignant tumors are cancerous. They can invade surrounding tissues, destroy them,
and spread (metastasize) to distant sites, often causing death.

e Sarcomas: Malignant tumors that arise from mesenchymal tissues (e.g., connective
tissues, muscle, bone).

e Examples: Liposarcoma, Chondrosarcoma, Fibrosarcoma.

e Carcinomas: Malignant tumors that arise from epithelial cells.
e Adenocarcinomas: Carcinomas that have a glandular growth pattern.
e Squamous Cell Carcinomas: Carcinomas that produce squamous cells.

e Renal Cell Adenocarcinoma: A carcinoma from the renal tubules.

Mixed Tumors:

e Mixed Tumors are monoclonal in origin but can differentiate into more than one cell
lineage.

e Examples:

. Pleomorphic Adenoma: A mixed tumor of the salivary gland, containing both
epithelial and mesenchymal components.

. Fibroadenoma: A benign mixed tumor of the breast, composed of proliferating
ductal elements and fibrous tissue.

Special Tumors

Teratoma:



e Ateratoma is a special type of mixed tumor that contains mature or immature
cells/tissues derived from more than one germ cell layer.

e These tumors can arise from totipotent germ cells, which have the potential to
differentiate into any cell type.

e Common sites for teratomas include the ovaries, testes, and midline embryonic rests.

e Teratomas can be mature (well-differentiated tissues) or immature (less
differentiated tissues).

Classification by Cell Type and Tissue of Origin

Neoplasms are classified by the type of cell and tissue from which they arise. The key
categories include:

1. Connective Tissue and Derivatives:

e Fibroma (benign) — Fibrosarcoma (malignant)

e Lipoma (benign) — Liposarcoma (malignant)

e Chondroma (benign) - Chondrosarcoma (malignant)

e Osteoma (benign) — Osteogenic Sarcoma (malignant)
2. Endothelial and Related Cells:

 Hemangioma (benign) - Angiosarcoma (malignant)

e Lymphangioma (benign) — Lymphangiosarcoma (malignant)

e Mesothelium: No benign tumor — Mesothelioma (malignant)

e Meninges: Meningioma (benign) — Invasive Meningioma (malignant)
3. Muscle Cells:

e Smooth Muscle: Leiomyoma (benign) - Leiomyosarcoma (malignant)

e Striated Muscle: Rhabdomyoma (benign) - Rhabdomyosarcoma (malignant)
4. SKin:

e Squamous Epithelium: Squamous Cell Papilloma (benign) — Squamous Cell
Carcinoma (malignant)

e Basal Cells of Skin: Basal Cell Carcinoma (malignant)

e Melanocytes: Nevus (benign) — Malignant Melanoma (malignant)
5. Epithelial Linings:

¢ Adenoma (benign) — Adenocarcinoma (malignant)

e Papilloma (benign) — Papillary Carcinoma (malignant)

e Cystadenoma (benign) —» Cystadenocarcinoma (malignant)

6. Other Examples:



Lung: Bronchial Adenoma (benign) — Bronchogenic Carcinoma (malignant)

Kidney: Renal Tubular Adenoma (benign) — Renal Cell Carcinoma (malignant)

Liver: Liver Cell Adenoma (benign) — Hepatocellular Carcinoma (malignant)

Bladder: Urothelial Papilloma (benign) — Urothelial Carcinoma (malignant)

Testes: Seminoma (malignant) - Embryonal Carcinoma (malignant)
Conclusion

Neoplasia is a broad term encompassing the abnormal and uncontrolled growth of cells
leading to the formation of tumors. The study of neoplasms is fundamental in understanding
cancer biology, its classification, and the potential clinical outcomes associated with various
tumor types. Both benign and malignant tumors have distinct characteristics and behaviors,
with malignant tumors posing a higher risk due to their ability to invade and metastasize. The
detailed classification of tumors based on their cell type, tissue of origin, and other factors is
essential in diagnosis and treatment planning.

Neoplasia Lecture 2 - Characteristics of Benign and Malignant Neoplasms

1. Differentiation and Anaplasia

 Differentiation refers to the extent to which neoplastic cells resemble the normal cells
from which they originated, both in appearance (morphologically) and functionally.

e Anaplasia is the lack of differentiation in neoplastic cells, indicating that the tumor
cells have lost their normal characteristics.

Benign Neoplasms:

e Well-differentiated: Benign tumors resemble their normal tissue counterpart closely,
both structurally and functionally.

e For example:
. Lipoma: Composed of mature fat cells with lipid vacuoles.
. Chondroma: Made up of mature cartilage cells.

e Mitotic activity in benign tumors is generally rare and normal when present.

Malignant Neoplasms: Malignant neoplasms exhibit a wide range of parenchymal cell
differentiation most exhibit morphologic alterations

Malignant tumors can exhibit:
e Wide range of differentiation: Malignant tumors can have:

e Well differentiation



¢ Intermediate differentiation
e Poor differentiation

e Anaplasia (loss of structural and functional differentiation).

e Malignant cells display the following:
1. Nuclear pleomorphism: Variation in size and shape of the nucleus.

2. Nuclear abnormalities: Hyperchromatic (dark) nuclei, irregular nuclear shapes,
and prominent nucleoli.

3. Increased nuclear-to-cytoplasmic ratio: Normally, it’s 1:4 or 1:6, but in

malignant cells, it can approach 1:1.

4. Enlargement of nucleoli: Seen in many cancers.

5. Increased mitotic activity: With atypical mitosis (e.g., tripolar or quadripolar

mitoses).

6. Tumor giant cells: Very large cells in the tumor.

7. Loss of polarity: Cancer cells may lose their organized structure.

8. Alteration or loss of functional capacity (paraneoplastic syndrome)
Examples:

 Well-differentiated squamous cell carcinoma shows characteristic features of
squamous cells but with abnormal patterns.

e Anaplasia is a hallmark of poorly differentiated tumors and indicates their aggressive
behavior.

e  Abnormal mitosis is common in malignant tumors and is a sign of rapid cell division.

Dysplasia and Carcinoma in Situ:

e Dysplasia refers to abnormal cell growth characterized by loss of uniformity and
disorganized cell arrangement, but it is not cancer.

e Mild to moderate dysplasia may resolve completely, especially if the underlying cause is
removed.

e Carcinoma in situ occurs when dysplastic changes affect the entire thickness of the
epithelium. This stage is considered a pre-invasive form of cancer



2. Local Invasion

Growth of Tumors:

e Cancer Growth: Cancers grow by infiltrating, invading, and destroying surrounding
tissues.

e Benign Tumors: Typically grow as cohesive, expansile masses that remain localized to
their site of origin.

e They grow slowly and often develop a capsule made of compressed fibrous tissue.

e This capsule consists of extracellular matrix produced by stromal cells like fibroblasts,
which are activated due to hypoxic damage caused by the tumor’s compression of
surrounding tissue.

Examples:

e Fibroadenoma of the breast: A small, encapsulated tumor that is sharply separated
from the surrounding tissue, making it discrete and easy to remove surgically.

e Encapsulation: The capsule forms a clear boundary, making benign tumors moveable
and easy to excise. However, not all benign tumors are encapsulated.

Examples of Non-Encapsulated Benign Tumors:

e Leiomyoma of the uterus: A tumor that is not encapsulated but is still distinct from
surrounding smooth muscle due to a zone of compressed normal tissue.

e Hemangiomas: Benign vascular tumors that lack clear boundaries, making them
difficult to remove surgically.

e Malignant Tumors:
e Lack a well-defined capsule, making them more difficult to excise.

e Microscopically, malignant tumors may have crab-like feet infiltrating surrounding
tissues.

e Malignant tumors tend to invade adjacent tissues, making complete removal
challenging.

e Example: Invasive ductal carcinoma of the breast shows retraction and infiltration
into surrounding breast tissue.

3. Metastasis

e  Metastasis refers to the spread of cancer to distant sites in the body and is a key
feature that distinguishes malignant from benign tumors.

e  Benign tumors do not metastasize.

e  Malignant tumors can spread to distant sites, and this spread can occur via several
pathways



Metastatic Spread and Factors Influencing It:
1. General Rule:

e The more anaplastic (poorly differentiated) and the larger the primary neoplasm, the
more likely it is to metastasize.

2. Exceptions:

o Extremely small cancers can still metastasize.

e Large and ominous-looking lesions may not metastasize.
3. Special Cases:

» Basal cell carcinomas of the skin and most primary tumors of the central nervous
system are highly locally invasive but rarely metastasize.

e Leukemias and lymphomas are considered disseminated diseases at diagnosis and
are always regarded as malignant

Pathways of Metastasis:

1. Seeding: Occurs when tumor cells spread within natural body cavities, such as the
peritoneal cavity.

e Example: Ovarian cancer often spreads widely across the peritoneal surfaces.

e Example: Medulloblastoma or ependymoma can spread via the cerebrospinal fluid to
the meninges of the brain or spinal cord.
2. Lymphatic Spread:

e Carcinomas (cancer originating in epithelial cells) are more likely to spread via the
lymphatic system, whereas sarcomas (cancers originating in connective tissues) tend to
spread through the blood vessels.

e Alltypes of cancer can potentially spread through either or both systems.

e  The pattern of lymph node involvement depends on the primary tumor’s site and the
natural lymphatic drainage pathways.

Examples of Lymphatic Spread:

e Lung carcinomas: Spread first to the regional bronchial lymph nodes, then to the
tracheobronchial and hilar nodes.

e  Breast tumors:
e Upper outer quadrant tumors spread to the axillary nodes.

e Medial breast tumors may drain through the chest wall to nodes along the internal
mammary artery, then to supraclavicular and infraclavicular nodes.



e  Cancer cells can traverse lymph nodes and be trapped in subsequent ones, leading to
skip metastases (where some lymph nodes are skipped, and cancer reaches more distant
nodes).

e Sentinel lymph node: The first regional lymph node that receives drainage from the
tumor. It can be identified through blue dye injection or radiolabeled tracers. Biopsy of
this node helps assess the extent of cancer spread and plan treatment.

3. Hematogenous Spread:

e The hematogenous (bloodborne) spread is more common for sarcomas, but
carcinomas can also spread this way.

e Veins are more readily penetrated by cancer cells than arteries.
e  When cancer cells invade veins, they follow the venous flow to distant organs.

e Liver and lungs are the most common sites for metastatic spread through the
bloodstream:

e Liver: Most common site for metastasis from organs draining through the portal vein.

e Lungs: Common site for metastasis from organs draining through the caval venous
system.

e Cancers near the vertebral column can spread through the paravertebral plexus,
leading to vertebral metastases (e.g., thyroid and prostate cancers).

Specific Examples of Hematogenous Spread:

* Renal cell carcinoma: Often invades the renal vein, growing up the inferior vena
cava and reaching the right side of the heart.

e Hepatocellular carcinoma: Tends to invade the portal and hepatic veins, growing in
the main venous channels.

Metastasis Patterns Based on Cancer Type:
e Prostatic carcinoma: Prefers to metastasize to bone.
e Bronchogenic carcinoma (lung cancer): Tends to involve the adrenal glands.
e Neuroblastoma: Typically spreads to the liver and bones.

e Skeletal muscles, despite having abundant capillaries, are rarely sites for cancer
metastasis.

Key Points Summary:
1. Differentiation and Anaplasia:

e Benign tumors are well-differentiated, closely resembling normal tissues, with rare
mitoses.



e Malignant tumors exhibit various degrees of differentiation, ranging from well-
differentiated to anaplastic (undifferentiated), with numerous atypical mitoses and
structural abnormalities.

2. Local Invasion:

e Benign tumors tend to remain localized and may have a capsule.

e Malignant tumors invade surrounding tissues, making them harder to remove.
3. Metastasis:

e Benign tumors do not metastasize.

e Malignant tumors spread via seeding, lymphatic spread, and hematogenous spread,
involving distant organs such as the

1. Which of the following is a feature most commonly associated with malignant
neoplasms?

A) Well-differentiated cells resembling normal cells

B) Slow, localized growth with a fibrous capsule

C) Loss of cellular differentiation (anaplasia)

D) Absence of mitotic activity

Answer: C) Loss of cellular differentiation (anaplasia)

2. A 45-year-old woman presents with a tumor in her breast. The tumor is well-
encapsulated and mobile, showing low mitotic activity. The histological features
show cells that closely resemble normal breast tissue. This tumor is most likely:

A) A sarcoma

B) A malignant carcinoma

C) A benign fibroadenoma

D) A carcinoma in situ

Answer: C) A benign fibroadenoma

3. Which of the following is NOT a characteristic of malignant neoplasms?
A) Atypical mitosis
B) Presence of a well-defined capsule
C) Increased nuclear-to-cytoplasmic ratio
D) Invasion into adjacent tissues
Answer: B) Presence of a well-defined capsule

4. Which of the following best describes the characteristic nuclear features of
malignant cells?

A) Uniform size and shape of nuclei with prominent nucleoli

B) Decreased nuclear-to-cytoplasmic ratio and well-defined nucleoli

C) Nuclear pleomorphism with hyperchromatic nuclei and irregular shapes

D) Small, round nuclei with normal chromatin distribution

Answer: C) Nuclear pleomorphism with hyperchromatic nuclei and irregular shapes



5. Which of the following is a hallmark feature of anaplasia in malignant neoplasms?
A) Well-differentiated cells
B) Loss of structural and functional characteristics of normal cells
C) Slow, encapsulated growth
D) Well-formed vascularization
Answer: B) Loss of structural and functional characteristics of normal cells

6. In a malignant tumor, which of the following features is most indicative of
aggressive growth?

A) Well-differentiated cells and low mitotic activity

B) Infiltration into surrounding tissues with a loss of polarity

C) Presence of a fibrous capsule

D) Absence of mitotic figures

Answer: B) Infiltration into surrounding tissues with a loss of polarity

7. Which of the following tumors would most likely spread via hematogenous routes
(through blood vessels)?

A) Basal cell carcinoma

B) Renal cell carcinoma

C) Squamous cell carcinoma

D) Lung carcinoma

Answer: B) Renal cell carcinoma

8. A tumor is found to spread through the lymphatic system first to regional lymph
nodes and then to more distant nodes. This pattern of metastasis is most typical of
which of the following?

A) Sarcomas

B) Carcinomas

C) Melanomas

D) Leukemias

Answer: B) Carcinomas

9. Which of the following statements about sentinel lymph nodes is correct?
A) They are the last lymph nodes to receive drainage from a primary tumor.
B) They can be biopsied to determine the extent of tumor spread.
C) They are the first nodes in the bloodstream to receive cancer cells.
D) Sentinel lymph nodes are never involved in cancer metastasis.
Answer: B) They can be biopsied to determine the extent of tumor spread.

10. A 60-year-old male with a history of smoking is diagnosed with lung cancer.
Pathological examination reveals poor differentiation of tumor cells, an increased
nuclear-to-cytoplasmic ratio, and multiple atypical mitotic figures. Which of the
following characteristics would most likely be present in this tumor?

A) A well-defined capsule and localized growth

B) Well-differentiated cells resembling normal lung epithelium

C) High mitotic activity with abnormal mitoses

D) Slow, non-invasive growth with no metastatic spread

Answer: C) High mitotic activity with abnormal mitoses



11. A 35-year-old woman presents with a rapidly growing, non-painful mass in
her breast. A biopsy shows cells with significant pleomorphism and irregular
nuclear shapes. The tumor appears to invade surrounding tissues. Which of the
following best describes the stage of the tumor?

A) Benign with encapsulated growth

B) Malignant with evidence of local invasion

C) Carcinoma in situ

D) Dysplasia with no invasive characteristics

Answer: B) Malignant with evidence of local invasion

12. Which of the following is the most common site for hematogenous
metastasis from colorectal cancer?

A) Bone

B) Liver

C) Lungs

D) Skin

Answer: B) Liver

13. A 50-year-old male with a history of chronic liver disease develops a mass in his
abdomen. A biopsy reveals hepatocellular carcinoma with signs of vascular invasion.
Which of the following would be the most likely pathway of metastasis for this tumor?
A) Lymphatic spread to axillary nodes
B) Hematogenous spread to the lungs
C) Seeding through the peritoneal cavity
D) Hematogenous spread to the liver via the portal vein
Answer: D) Hematogenous spread to the liver via the portal vein



