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Introduction to neoplasia

➢ CANCER is the 2nd leading cause of death in the USA & in

many other countries.

 Some cancers, e.g., Hodgkin lymphomas & acute

lymphocytic leukemia are curable, whereas others such as

cancer of the lung & pancreas have high mortality.

 The only hope for controlling cancer lies in learning more

about its cause and pathogenesis.

 Cover: basic biology of neoplasia; the nature of benign &

malignant tumors, the molecular basis of neoplastic

transformation, & their clinical features.



Cancer a genetic disorder

• Cancer is a genetic disorder caused by DNA mutations that

are acquired spontaneously or induced by environmental

insults.

• These genetic changes alter the expression or function of key

genes that regulate fundamental cellular processes, such as

growth, survival, and senescence.



Tumor Clonality

 These genetic alterations are heritable, being passed to daughter

cells upon cell division. As a result, cells harboring these

alterations are subject to Darwinian selection (survival of the

fittest).

 Because the selective advantages are conferred on a single cell that

ultimately gives rise to the tumor, all tumors are clonal (i.e. the

progeny of 1 cell, clonality).
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Hallmarks of Cancer

Accumulation of
mutations gives rise
to a set of properties
that have been called
hallmarks of cancer.

Loss of 
responsiveness to 
normal growth 
controls is 
fundamental to the 
origin of all tumors. 



Definitions

 Neoplasia means "new growth”; referred to as a tumor.

 Oncology (oncos= tumor, & logos=study of).

 Definition: Neoplasm is an abnormal mass of tissue, the growth of

which exceeds & is uncoordinated with that of the normal tissues &

persists in the same excessive manner after the cessation of the

stimuli which evoked the change.

 Tumors behave as parasites & compete with normal tissues &

cells for their metabolic needs, have a certain degree of autonomy

(self-control) & steadily increase in size regardless of their

environment & nutritional status of the host. Tumors depend on

the host for their nutrition & blood supply.

 There are two types of tumors: benign & malignant, based on a

neoplasm's potential clinical behavior.



Benign tumors

Benign tumors produce a localized mass:

1. Innocent.

2. Localized: do not spread to other sites,

3. Can be surgically removed completely,

4. Patients generally survives.

➢ These tumors may produce serious effects in certain sites

(pressure effect e.g. within the brain) or produce hormones,

e.g. pheochromocytoma of the adrenal gland.



Malignant tumors

Collectively referred to as cancers, derived from the
Latin word for crab, they adhere to any part that they
can seize on, it is (difficult to treat).

Malignant Tumors can:

1. Invade (infiltrate) & destroy adjacent structures,

2. Metastasize i.e spread to distant sites to cause
death.

*Not all cancers follow such a deadly course.



Basic Components of Tumors

All tumors, benign & malignant, have 2 basic

components:

(1) the neoplastic cells or the parenchymal cells, which

determine their biological behavior.

(2) The supporting, host-derived, non-neoplastic stroma,

made up of connective tissue & BV, carries the blood

supply & provides support for the growth of

parenchymal cells & which is crucial to the growth of

the neoplasm.



Nomenclature of benign Tumors 

In general, BT are designated by attaching the suffix –oma to the
cell type from which the tumor arises.

A BT arising in

fibrous tissue→ fibroma; cartilage→ chondroma, etc.

The nomenclature of benign epithelial T can be more complex:

 Papillomas are BT of epithelium, growing on any surface,
(e.g. squamous cell papilloma of skin=wart).

 Adenomas are benign epithelial neoplasms (1) producing
gland patterns and neoplasms (2) derived from glands

 Cystadenomas are hollow cystic adenomas, that typically
arise in the ovary.

 Polyps are grossly projecting masses above mucosal surfaces,
forming a grossly visible structure. Polyps can be Benign or
Malignant.



A. Papilloma

B. Colonic polyp: glandular tumor (adenoma) is projecting into the colonic 
lumen  

C. Cystadenomas of the ovary.
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Essentially follows that of benign tumors, with the

addition of the suffix:

–Sarcoma, to mesenchymal cells, or

–Carcinoma to epithelial cells, with exceptions

Sarcomas are cancers arising in mesenchymal tissue or

its derivatives & are designated by their histogenesis (i.e.

the cell type of which they are composed).

Eg: cancer of fibrous tissue origin is a fibrosarcoma & of

chondrocytes is a chondrosarcoma, etc.

Nomenclature of Malignant
Tumors 



Carcinomas

 Carcinomas are metastatic tumors of epithelial cell origin.

 Carcinomas may be classified further into:

 Squamous cell carcinomas (SCC): cancer in which the

tumor cells resemble stratified squamous epithelium.

 Adenocarcinoma: cancer in which the epithelial cells

form or grow in glandular patterns.

 Sometimes, the tissue or organ of origin can be identified,

as in the designation of cholangiocarcinoma, which means

an origin from bile ducts; or renal cell carcinoma;

 Sometimes the T grows in an undifferentiated pattern &

must be called poorly differentiated carcinoma.



Mixed tumors
▪ All tumors are monoclonal in origin.

 In some instances, however, the stem cell may undergo

divergent differentiation, creating mixed tumors.

▪ The best two examples are:

Mixed tumor of the salivary gland (a better name is

Pleomorphic adenoma of the salivary gland). These T

have obvious epithelial components, with islands of

cartilage or bone.

 Fibroadenoma of the female breast is

another common mixed T, Containing

proliferated ductal elements (adenoma) and fibrous

stroma (fibroma).



Special nomenclature

Blastoma: tumors arising in immature tissue or
nervous tissue, most of them are malignant

e.g. retinoblastoma

Some tumors attaching the suffix-oma. But
malignant

i.e. seminoma, lymphoma, melanoma, mesothelioma





Characteristics of Benign 

and Malignant Tumors-

Epidemiology of Cancer



CHARACTERISTICS OF BENIGN AND

MALIGNANT NEOPLASMS

1- Differentiation and Anaplasia,

2- Local invasion, 

3- Metastasis



(1) Differentiation & Anaplasia

 Differentiation means the degree of SIMILARITY of tumor

parenchymal (neoplastic) cells, to their normal cells of origin,

morphologically & functionally. (Tumor grade)

 Benign T: composed of well-differentiated cells that closely resemble

their normal counterparts.

 In BT, mitoses are extremely low in number & are of normal shape.

 Malignant T: characterized by a wide range of parenchymal cell

differentiation from, surprisingly well differentiated through an

intermediate (moderately), to poorly or completely undifferentiated T.

 The undifferentiated cells of MT are called anaplastic.



A. Cells show pleomorphism, i.e., variations in cellular & nuclear size & shape. The 
prominent cell in the centerfield has an abnormal tripolar spindle.

B. Anaplastic T of skeletal muscle (rhabdomyosarcoma). Note the marked cellular & 
nuclear pleomorphism, bizarre & hyperchromatic nuclei, & tumor giant cells.
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Anaplastic tumor cells



Differentiation and cell function

 The better the differentiation of the cell, the more completely

it retains the functional capabilities found in its normal

counterparts.

 The more rapidly growing & the more anaplastic a tumor is,

the less likely it is to have specialized functional activity.

 BT &, even well-differentiated carcinoma of the endocrine

glands frequently produce the hormones characteristic of their

origin, well-differentiated squamous cell carcinoma produces

keratin & well-differentiated hepatocellular carcinoma

produces bile.





Rate of Growth

Most BT grow slowly, & most MT grow much faster,

eventually spreading locally & to distant sites, causing death,

however, there are exceptions, & some BT grow more rapidly

than some MT.

 Rule, most BT increase in size slowly over the period of months

to years, but there is variation in the rate of growth from one BT

to another.

MT growth rate correlates with their level of differentiation, a

rapidly growing T tend to be poorly differentiated, with some

exceptions.

Most cancers progressively enlarge over time, some slowly,

others rapidly, but the idea that they occur suddenly is not

true.



(3) Local Invasion

 Benign tumor: remains localized at its origin.

 It does not have the capacity to infiltrate, invade, or

metastasize to distant sites.

 Encapsulation is the formation of an enclosing fibrous

capsule that separates most BT from the surrounding host

tissue.

Malignant tumors: grow by progressive infiltration,

invasion destruction, and penetration of the surrounding

tissue.

 Surgical pathologists carefully examine the margins of

resected tumors to ensure that they are devoid of cancer

cells (clear margins).



A. Breast Fibroadenoma: Encapsulated, tan-colored small tumor on the left is 
sharply demarcated from the whiter, normal breast tissue on the right.

B. The tumor is nonencapsulated, infiltrating the surrounding breast substance,

A B



Tumors of The Myometrium



(4) Metastasis

Metastasis means the development of secondary implants (metastases)

discontinuous with the primary tumor, possibly in remote tissues.(Tumor

staging)

However, cancers have different abilities to metastasize:

 At one extreme are basal cell carcinoma of the skin & most primary tumors

of the CNS that are highly invasive in their primary sites of origin but

rarely metastasize!

 At the other extreme are osteogenic sarcomas which usually have

metastasized to the lungs at the time of initial discovery. Approximately

30% of newly diagnosed patients with solid T.

(excluding skin squamous & basal cell carcinomas) present with clinically

evident metastases.

 An additional 20% have occult (hidden) metastases at the time of

diagnosis.



Metastasis

 Rule: the more anaplastic & the larger the primary T, the more likely it is to 

metastasize

Metastatic T disseminate by one of three pathways:

(1) Seeding within body cavities

E.g. ovary, stomach & colon into peritoneal Cavity 

(2) Lymphatic spread

more typical of carcinomas

(3) Hematogenous spread

favored by sarcomas but carcinomas use it as well.



Epidemiology of Cancer

Cancer epidemiology can contribute substantially to the

knowledge about the origin of cancer. E.g.

 Cigarette smoking is associated with lung cancer.

 Incidence of colon cancer & dietary patterns in the Western

world & Africa led to the recognition that dietary fat & fiber

content may be important in the causation of colonic cancer.



Cancer Incidence



Geographic & Environmental 

Factors
▪ Environmental factors are the predominant determinant of the most

common sporadic cancers compared to heritable factors.

▪ The evidence is as follows:

 liver carcinoma is relatively infrequent in the USA but is the most

lethal cancer among many African native populations.

 Conversely, the death rate for stomach carcinoma in men & women is

7 times higher in Japan than in the USA.

 Nearly all the evidence indicates that these geographic differences

are environmental rather than genetic in origin.

 Environmental carcinogens are many, including sunlight, cigarette

smoking, & chronic alcohol consumption.

 Cervical cancer is linked to age at first sexual intercourse & the

number of sex partners (pointing to a role of oncogenic virus, HPV).



Age

 In general, the frequency of cancer increase with age.

Most cancer mortality occurs between ages 55 & 75 years; the

rising incidence with age may be explained by the:

(1) Accumulation of somatic mutations,

(2) Decline in immune competence that accompanies aging.

 Cancer causes about 10% of all deaths among children younger

than 15 years, most notably leukemia, tumors of the central

nervous system, lymphomas, and bone sarcomas.



Heredity

 Most cancers are sporadic, but some are familial. Predisposition to hereditary 

cancers may be:

 Autosomal dominant → mutation in cancer suppressor genes (e.g. RB, p53, 

BRCA 1 & 2)

 Autosomal recessive → inherited defects in DNA repair

 Familial cancers tend to be bilateral and arise earlier in life than their sporadic 

counterparts.

 no more than 5% to 10% of all human cancers are familial



Neoplasia
Etiology of Cancer

Carcinogenesis: the molecular basis of cancer



Etiology of Cancer: Carcinogenic 

Agents
▪ Radiation Carcinogens

 Ionizing radiation causes chromosome breakage, translocations, and, less

frequently, point mutations, leading to genetic damage and carcinogenesis.

 UV rays lead to mutations giving rise to squamous cell carcinomas and

melanomas of the skin.

▪ Chemical Carcinogens

 Chemical carcinogens have highly reactive electrophile groups that

directly damage DNA, leading to mutations and eventually cancer. e.g.,

alkylating agents used for chemotherapy.



Viral and Microbial Oncogenesis

Oncogenic Viruses

(I) RNA Oncogenic Viruses:

 Human T-Cell Leukemia Virus Type 1 (HTLV-1) →T-cell leukemia/

lymphoma,

(II) DNA Oncogenic Viruses:

 Human Papillomavirus (HPV)→ cervical cancer.

 Epstein Barr Virus EBV→ Burkitt lymphoma, Hodgkin's lymphoma

 Hepatitis B Virus HBV → hepatocellular carcinoma (HCV an RNA

virus causes HCC too).

Bacterial Infection

H. pylori infection→ gastric adenocarcinoma.





How do Tumors Develop?

 There has to be a change to DNA, alterations occur to more than

one gene.

 The change must cause an alteration in cell growth and

behavior.

 The change must be non-lethal and be passed onto daughter

cells.

Genetic alterations occur in 4 Classes of Normal Regulatory Genes

1. Growth-promoting proto-oncogene

2. Growth-inhibiting tumor suppressor genes

3. Apoptosis-regulating genes

4. DNA repair genes





Molecular Basis of Cancer



Six hallmarks of cancer. Most cancer cells acquire these properties 

during their development typically by mutations in the relevant genes

Molecular Basis of Cancer: hallmarks 

of cancer

 Self-sufficiency in growth signals.

 Insensitivity to growth-inhibitory 

signals.

 Evasion of apoptosis.

 Defects in DNA repair.

 Limitless replicative potential.

 Sustained angiogenesis.

 Ability to invade and metastasize.

•Another important change for tumor 

development is the escape from 

immunity.



Proto-Oncogenes: normal cellular genes whose products
promote cell proliferation.
Oncogenes: mutant version of proto-oncogenes that function
autonomously without the requirement for normal growth-
promoting signals. Dominant alleles

Protein products of oncogenes:
1. Growth factors.
2. Growth factor receptors.
3. Signal transducing proteins.
4. Nuclear transcription proteins
5. Cyclins and cyclin-dependent kinases (CDKs).

(1)Self-sufficiency in growth signals
(Oncogenes and cancer)



p53 Gene: Guardian of the Genome

p53 is the central monitor of stress in the cell and
can be activated by anoxia, inappropriate oncogene
signaling, or DNA damage.

Activated p53 controls the expression and activity
of genes involved in cell cycle arrest, DNA repair,
cellular senescence, and apoptosis.

DNA damage leads to activation of p53 by
phosphorylation.

If DNA damage cannot be repaired, p53 induces
cellular senescence or apoptosis.

Of human tumors, 70% have a homozygous loss
of p53.

(2) Insensitivity to growth-inhibitory 
signals (Cancer suppressor genes)



The role of p53 in maintaining the 

integrity of the genome

• Activation of normal p53 by DNA-

damaging agents or by hypoxia leads

to cell cycle arrest in G1 and

induction of DNA repair.

❑ Successful repair of DNA allows cells

to proceed with the cell cycle;

❑ If DNA repair fails, p53 triggers

either apoptosis or senescence.

❑ In cells with loss or mutations of p53,

DNA damage does not induce cell

cycle arrest or DNA repair, and

genetically damaged cells proliferate,

giving rise eventually to malignant

neoplasms.



(3) Evasion of 
Apoptosis 

• MDM2 encodes an 

inhibitor of p53.



 In normal cells, which lack expression of telomerase, the
shortened telomeres generated by cell division eventually
activate cell cycle checkpoints, leading to senescence and
placing a limit on the number of divisions a cell may undergo.

 In cells that have disabled checkpoints, DNA repair pathways
are inappropriately activated by shortened telomeres, leading
to massive chromosomal instability and mitotic crisis.

 Tumor cells reactivate telomerase, thus staving off mitotic
catastrophe and achieving immortality.

(4) Limitless Replicative Potential





Vascularization of tumors is essential for their
growth and is controlled by the balance between
angiogenic and anti-angiogenic factors that are
produced by tumor and stromal cells.

Hypoxia triggers angiogenesis through the actions
of Hypoxia –inducible factor 1(HIF1α) which
in turn activates vascular endothelial growth factor
VEGF.

(5) Development of Sustained 

Angiogenesis



The ability to invade tissues, a hallmark of
malignancy, occurs in four steps:

loosening of cell-cell contacts,

degradation of ECM,

attachment to novel ECM components,

and migration of tumor cells.

(6) Ability to invasion and 
metastasis



Invasion and Metastasis

 Invasion and metastasis are biologic hallmarks of malignant
tumors.

▪ They are the major cause of cancer-related morbidity and
mortality.

 A clear understanding of the origin of metastasis is of major
importance for the management of cancer patients and the
development of effective therapies to prevent tumor spread.

 The metastatic cascade: Two phases

▪ Invasion of Extracellular Matrix.

▪ Vascular Dissemination and Homing of Tumor cells.



Invasion and Metastasis
Steps of Invasion

• loss of tumor cell-cell adhesion.

• invasion of basement membrane and 

extracellular matrix 

• adherence to the matrix.

• secretion of proteolytic enzymes.

• cell locomotion.

• invasion of blood vessels and lymphatics.

• circulating tumor cells.

• formation of tumor clumps.

• adhesion to endothelium.

• penetration of basement membrane. 



Invasion of epithelial basement 

membranes by tumor cells

❑ Tumor cells detach from each other

because of reduced adhesiveness.

❑ Then secrete proteolytic enzymes

(proteases), degrading the basement

membrane.

❑ Invasion of the ECM requires active

enzymatic degradation of the ECM

components.

❑ Tumor cell intravasation and

migration follow.



Vascular Dissemination and 

Homing of Tumor Cells
Once in the circulation, tumor cells are particularly

vulnerable to destruction by innate and adaptive
immune defenses.

Within the circulation, tumor cells tend to aggregate
in clumps.

Arrest and extravasation of tumor emboli at distant
sites involve adhesion to the endothelium, followed
by progression through the basement membrane.

▪ Involved in these processes are adhesion
molecules (integrins, laminin receptors) and
proteolytic enzymes.



Mechanism of Organ 

Tropism
 Because the first step in extravasation is adhesion to the

endothelium, tumor cells may have adhesion molecules
whose ligands are expressed preferentially on the
endothelial cells of the target organ.
▪ The endothelial cells of the vascular beds of various tissues differ in their

expression of ligands for adhesion molecules.

 Chemokines have a very important role in determining the
target tissues for metastasis.

 In some cases, the target tissue may be a non-permissive
environment/unfavorable soil, so to speak, for the growth
of tumor seedlings. For example, although well-
vascularized, skeletal muscles are rarely the site of
metastases.



TREATMENT

 Surgery.

 Radiotherapy.

 Chemotherapy.

 Immunotherapy.

 Hormone-therapy.



What Are The Final Complications Of 

Malignancy (Causes Of Death)

 Pneumonia.

 Cachexia.

 Renal failure.

 Bleeding.

 Severe anemia, thrombocytopenia.

 Infections.

 Hypercoagulability.

 Pain is more of a devastating symptom than a 
complication…has to be controlled.


