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General pathology: Essentials of Neoplasia
Classification and nomenclature of neoplasms
-

-

A neoplasm is defined as an autonomous new growth that is not reversible.
o Most carcinomas arise from a dysplasia, a disordered growth that may
spontaneously resolve.
o If the dysplasia prelude cannot be identified, the neoplasm is said to arise de
novo.
Neoplasms may be benign or malignant. The features found solely in a malignancy are
invasion and/or metastasis
o Invasion:
 Defined as extension of a neoplasm into normal tissue with destruction of
the tissue. In carcinomas, invasion is defined by extension through the
basement membrane.
 Destruction is the normal tissue is achieved by the production of
proteases, typically MMPs. An invasive carcinoma would require the
protease to be effective against the type 4 collagen that composes the
basement membrane.
Model diseases of invasion: thyroid nodules and DCIS
a. Thyroid nodules: the morphology of endocrine neoplasms does not reliably
differentiate benign from malignant neoplasms. Follicular carcinomas of the
thyroid can only be identified by their behavior: invasion beyond the capsule of
the nodule or into a nearby vascular structure.
b. DCIS: ductal carcinoma in situ of the breast is the commonest malignancy of
the breast. While individual cells are malignant in appearance, extension of the
neoplasm into the surrounding normal tissue is required to establish invasion.
The practical application of this is that while a diagnosis of neoplasm can be
established by the cytology of a fine needle aspirate (FNA), a diagnosis of
invasion requires an excisional biopsy.

-
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Clinical classification of neoplasms:
o There are 3 basic cells types that define the 3 basic types of neoplasms:
 Melanocytes are cells derived from the neural crest and so are not true
epithelium. Melanomas are typically included with the carcinomas not
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only by convention and for convenience, but also because they behave
like carcinomas.
Tissue
Epithelium
Mesoderm
(connective tissue)
Hematopoietic

-

Benign
Adenoma, papilloma
Tissue of origin + “oma”

Malignant
carcinoma
Tissue of origin + “sarcoma”

None

Myeloid:
٠myeloproliferative disease
٠acute leukemia
Lymphoid:
٠lymphoma
٠acute leukemia

Other types of growths:
o Teratoma:
 Definition: a neoplasm with more than one germ cell layer (i.e. ectoderm,
mesoderm and endoderm).
 Most common teratoma is a cystic teratoma (aka dermoid cyst) of the
ovary. This is the most common neoplasm of the ovary.
 Teratomas derive from pluripotential germ and embryonal cells. These
migrate from the yolk sac to the gonad and so teratomas can be found
anywhere along this midline migration pathway: anterior mediastinum,
pineal gland and sacrococcygeal region.
o Hamartoma:
 Not considered neoplastic, a hamartoma is a disorganized mixture of cells
that would normally found in the location (i.e. it is normal cells with
abnormal architecture)
 Commonest example is a Peutz-Jeghers polyp
Pulmonary hamartoma
These are benign nodules of the lung found incidentally by
imaging. Originally thought to be hamartomas, they are
monoclonal, a feature of neoplasm.
o Heterotopic tissue / ectopic tissue / choristoma
 Definition: these are all synonyms for normal tissue found in an abnormal
location. They are not neoplasms.
 Noteworthy examples:
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•
•

Gastric mucosa in a Meckel diverticulum (site of GI bleeding due
to peptic ulceration in children)
Pancreatic rests in the wall of the stomach and duodenum
(commonest site of origin of gastrinomas)

Mechanisms of carcinogenesis
-

-

-

-

3

Neoplasia requires nonlethal mutations in the cell’s DNA. These are thought to arise in a
single precursor mother cell which proliferates, producing daughter cells. These
daughter cells may develop their own mutations but they will still carry the original
mutational pattern of the mother. Therefore, neoplasms are monoclonal (i.e. they
develop from a single cell) but may have heterogeneity in the later cell lines. This is a
critical fact in treatment. Almost all neoplasms will have a response to initial treatment
(i.e. induction therapy will induce a remission). Heterogeneous malignancies will recur
when the surviving resistant cell lines re-emerge (i.e. the remission is not durable).
The number of mutations required to initiate a malignancy can vary greatly. It is
important to distinguish driver mutations that are necessary to tumor growth, from
passenger mutations that appear to be incidental. Typical number of driver mutations:
o Lung………………………… 7
o Colorectal cancer…….. 6
o Melanoma………………. 3-4
o Osteosarcoma…………. 1
Familial cancers start with a mutation in the germ cell, called a germline mutation. This
mutation is present in every cell in the body. Acquired cancers develop a mutation in an
initialing normal cell and is called a somatic mutation. The original cell’s normal DNA is
called the wild type DNA.
The 2 commonest mutations are
o Pro-growth signal: this is a “gain of function” mutation. It is called an oncogene
and if the signal is a protein, it is an oncoprotein.
o Defect in regulation: this is a “loss of function” mutation. It is called a loss of a
tumor suppressor.
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Carcinogenesis

Environmental DNA damaging agents
-

Chemicals:

Chemical
Nitrosamines
Asbestos
Vinyl chloride
Aflatoxin B1
Aniline dyes, aromatic
amines (naphthylamine)
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Exposure
Smoked meats
٠Brake pads
٠Decommissioning buildings
Plastic manufacturing
Aspergillus flavus, poor
grain storage
Plastics, dyes

Associated cancer(s)
Stomach adenocarcinoma
٠Mesothelioma
٠Carcinoma (smokers)
Liver angiosarcoma
HCC (G→T transversion)
Bladder, urothelial carcinoma
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Polycyclic aromatic
hydrocarbons (e.g.
benzopyrene)

Tobacco smoke

Arsenic
Chemotherapy (esp.
alkylating agents)

Poisoning
Iatrogenic

-

-

-
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#1 risk factor in 5 carcinomas:
٠Lung
٠Aerodigestive tract
٠Pancreas
٠Bladder
٠Esophagus (squamous)
Squamous carcinoma skin & lung
Leukemia, lymphoma

Physical injury:
o Third degree burns: the constant repair activity in the damaged skin predisposes
to squamous cell carcinomas (SCC)
o Draining sinuses: the skin at the edge of the wound has constant repair activity
and ongoing inflammation, predisposing to SCC.
Radiation
o Ionizing radiation: High energy X-rays damage cells in 2 different ways. There is
direct damage to structures through photoabsorption and there the creation of
free radicals through the formation of ions from water, called hydrolysis.

o Non-ionizing radiation: High energy ultraviolet light damages DNA by crosslinking pyrimidines to form pyrimidine dimers. The finding of these dimers is
characteristic enough to be called a UV signature. The associated skin cancers
are squamous cell carcinomas, basal cell carcinomas and many melanomas.
Viruses
o DNA viruses
 Human papilloma virus:
• HPV infects epithelium and encodes 6 early proteins (called E
proteins) for proliferation and 2 late proteins (called L proteins) for
capsid production.
- E6 accelerates the degradation of p53
- E7 accelerates the proliferation of Rb
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When the HPV DNA inserts into the host genome, the production
of E6 and E7 escapes viral control and the higher levels lead to
high grade dysplasia and its risk of invasive carcinoma.
 Epstein Barr virus (EBV):
• EBV infects B-lymphocytes and squamous cells of the pharynx
through the CD21 membrane protein. As a member of the Herpes
group, it has latency in these cells. It has the ability to induce
neoplasm. EBV-related neoplasms include:
o Burkitt lymphoma
o CNS B-cell lymphoma in AIDS
o Hodgkin lymphoma
o Nasopharyngeal carcinoma
 Hepatitis B virus (HBV):
• HBV has the ability to insert itself into the genome of the liver cell
and induce hepatocellular carcinoma (HCC).
o HCC arises in about 20% of cirrhosis.
• HBV infection is the only etiology of HCC that does not have to
occur in a setting of cirrhosis.
o RNA viruses
 Human T-cell Leukemia virus Type 1 (HTLV):
• HTLV infects CD4+ T-cells.
• Characteristic geographic distribution: Japan > Caribbean
• Causes T-cell leukemia/lymphoma
 Hepatitis C virus:
• Causes HCC through poorly understood mechanisms.
•
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The Hallmarks of cancer

1. Self-sufficiency in growth:
• Cell proliferation (or growth) occurs in a series of steps in a normal cell. A gain of
function mutation in any of these steps is called an oncogene and leads to
unregulated growth. The most important of these is the receptor tyrosine kinase
(RTK) pathway.
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Ligand: some tumors can secrete their own growth factor.
Model disease PDGF in glioblastoma
Receptor: most important is EGFR. Most important: breast cancer
Steps in cascade:
-

RAS: 90% of pancreatic cancers

-

BRAF: melanoma

Novel proteins: BCR-ABL in CML

The Receptor Tyrosine Kinase pathway
2. Insensitivity to growth inhibition (evading growth suppressors)
• Regulation of cell division occurs at multiple levels. The single most important step
for this is the G1-S check point. At least one of the 4 key regulators of the cell cycle
(Rb, cyclin D1, CDK4 (cyclin dependent kinase) or a cyclin dependent kinase inhibitor
like p16/INK4) will be lost in an aggressive malignancy.
i. Rb (retinoblastoma protein) model disease is retinoblastoma of the retina
ii. Cyclin D1: model disease is mantle cell lymphoma
iii. CDK4 inhibitor: model disease is familial atypical melanocyte and melanoma
syndrome (FAMM).
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Key regulators of growth:
i. Rb, called the “governor of proliferation” is a key regulator of the G1/S
checkpoint, discussed above
ii. PTEN regulates the survival pathways that allow tumor cells to become
quiescent under severe stress. This I felt to be a key function in evading
treatment the recurrence of neoplasms
iii. P53, called the “guardian of the genome”, regulates all aspects of DNA health
and proliferation. It is mutated in nearly all advanced cancers. Hereditary
defects occur in Li-Fraumeni syndrome, in which family get numerous
cancers, both of unusual type and at an early age.

•

Human papilloma virus (HPV) and the tumor suppressors Rb and p53
As viruses use host proliferation pathways for their reproduction, they must capture the
host regulatory system. HPV infects epithelium and encodes 6 early proteins (called E
proteins) for proliferation and 2 late proteins (called L proteins) for capsid production.
-

E6 accelerates the degradation of p53
E7 accelerates the proliferation of Rb

When the HPV DNA inserts into the host genome, production of E6 and E7 escape viral
control and the higher levels lead to high grade dysplasia and its risk of invasive
carcinoma

10
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3. Growth promoting energetics:
• The Warburg effect: even in the presence of oxygen, tumor cells preferentially use
the glycolysis pathway over the oxidative phosphorylation of the ETC. This is a less
efficient way to produce energy (2 ATP/glucose versus 36 ATP/glucose for ETC) but it
is felt that glycolysis produces more key intermediaries for synthesis.

4. Evasion of apoptosis:
• Much of our knowledge of apoptosis comes from follicular lymphoma in which the
t(14,18) translocation leads to an overproduction of BCL2. This inhibits apoptosis,
giving the neoplastic lymphoma cells long life. Patients present with
lymphadenopathy and a notably indolent neoplasm, as the neoplasm is not one of
proliferation but an absence of death.
• P53 is an important regulator of apoptosis. A loss of function mutation in end stage
malignancies is the commonest mutation found in cancer.
5. Immortality:
• Normal cells become senescent after 60-70 mitoses due to progressive shortening of
the telomer with each division. 90% of cancers have telomerase to prevent telomer
shortening.
6. Angiogenesis:
• Tissues are unable to grow larger than 2-3 mm before they are too large to supply by
diffusion. Larger tumors have a loss of function mutation of the Hippel-Lindau
protein (VHL) that inhibits HIF-1. This leads to VEGF production and angiogenesis.
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Von Hippel-Lindau disease has a loss of function mutation in VHL that leads to renal
cell carcinoma and other neoplasms.
7. Invasion and metastasis:
• Lethality of tumors occurs when they can escape their local geography and spread to
distant organs.
• Invasion requires a shift in the cell to a mesenchymal form that can move. This is
called the epithelial-mesenchymal transition (EMT).
• Invasion occurs because the malignant cells can dissolve the surrounding normal
cells with proteases such as MMPs. This can lead to neuropathic pain in aggressive
malignancy and can be a significant cause of morbidity. A noteworthy example is the
retroperitoneal invasion of pancreatic cancer.
8. Evasion of the immune system:
• Malignant cells must evade the immune system. Key escape mechanism include
i. ↓MHC I expression. Cytotoxic lymphocytes do not recognize foreignness.
CMV and other viruses use this technique as well. NK cells force cells lacking
MHC I expression into apoptosis
ii. Recruitment of Treg lymphocytes to downregulate the immune response.
iii. Immune checkpoint interactions
1. In the initial adaptive immune response interaction between the APC
and the naïve T lymphocyte, signal 1 stimulates the TCR and signal 2 is
the co-stimulation between CD28 and B7. Over 1-2 days, the
stimulated TH lymphocyte starts to produce CTLA-4, which has higher
affinity than CD28 for the B7 molecule, ending the lymphocyte
immune response. Tumor cells produce CTLA-4 to blunt the immune
response. Ipilimumab is an anti-CTLA-4 antibody.
2. Cytotoxic T-cell lymphocytes (CTL) have a PD-1 receptor that forces
them into apoptosis. Tumor cells produce PD-L1 to blunt the immune
response. Pembrolizumab and nivolumab are antibodies to the PD-1
receptor that block the ligand action. Other antibodies target the PDL1 ligand.
Accelerators:
9. Genomic instability:
• High mutation rates allow tumors to acquire driver mutations that give tumors the
functions discussed above that allow for tumor progression.
• A typical carcinoma has 7-10 driver mutations, although this has considerable
variation.
• Xeroderma pigmentosa:
o Patients lack nucleotide excision repair necessary for the pyridine dimers
caused by ultraviolet light
•
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•

•

•

o Patients are prone to UV-induced skin cancers (i.e. basal cell carcinoma,
squamous cell carcinoma, malignant melanoma) that may appear as early as
age 6 years.
Hereditary Non-polyposis Colon Cancer (HNPCC) or Lynch syndrome
o Patients have a defect in DNA mismatch repair
 Mismatch repair proteins (MMR) ensure that the correct purine or
pyrimidine has been matched to the original in the mother DNA.
 Errors occur in the DNA regions of microsatellites (regions with
repeats of 1-6 base pairs), leading to microsatellite instability.
o Lynch syndrome is the hereditary disease, with colon cancer and endometrial
cancer most common.
BRCA 1 and BRCA 2
o BRCAs repair double-stranded DNA breaks through homologous
recombination.
o These 2 genes account for most of the familial breast and ovary cancer
syndromes.
o They are found in 5-10% of breast cancers.
Translocations in cancer:

Cancer
Follicular lymphoma
Burkitt lymphoma
Mantle cell lymphoma
Promyelocytic leukemia
Chronic myelogenous leukemia
Synovial sarcoma
Ewing sarcoma

Translocation Protein

t(14;18)
t(8;14)
t(11;14)
t(15;17)
t(9;22)
t(x;18)
t(11;22)

Bcl-2
c-MYC
Cyclin-D1
pml-rara
bcr-abl
SS18/SSX
EWS/FL1

Function
Inhibits apoptosis
Transcription factor
Activation of CDK-4
Inhibits retinoic acid receptor
Activates RAS/MAPK pathway
Loss of transcription repression
Dysregulation of transcription

10. Cancer-promoting inflammation:
• Inflammatory cells modify the microenvironment in ways that enhance tumor
proliferation. The process is poorly understood.
• Important examples:
o Skin with draining sinuses develop squamous cell carcinoma
o Mucosa associated lymphoid tissue lymphomas (aka MALToma, marginal cell
lymphomas) arise in
 Chronic gastritis from H. pylori
 Thyroid gland with Hashimoto thyroiditis
 Parotid gland with Sjogren syndrome.
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Molecular neoplasia
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Cancer epidemiology
-

-

-

There are about 1.2 million cases/year of adult cancers in the US (non-lethal skin
cancers are not included). There are 599,000 deaths (2017)
o This is the 2nd commonest cause of death in the US:
1. Heart…………… 647,000 /year
2. Cancer………… 599,000
3. Accidents…….. 170,000
4. COPD…………… 160,000
5. Stroke…………. 146,000
6. Alzheimer……..121,000
There are about 11,000 cases/year of childhood cancer in the US (2019). There are
<1200 deaths. 85% of childhood cancer patients will live 5 years.
 Acute leukemia (30%)
• Continued improvement of treatment of ALL has now made CNS
neoplasms the number 1 cause of cancer death in childhood.
 CNS neoplasms (25%)
 Abdominal neoplasms
• Neuroblastoma (6%)
• Wilms (5%)
• Burkitt (5%)
 Rhabdomyosarcoma (3%)
 Retinoblastoma (2%)
 Bone (osteosarcoma (2%), Ewing sarcoma (1%))
Incidence and mortality of cancer types:
o Note that the incidence of prostate cancer = age in years after age 50, so
prostate cancer has a very high incidence.
o Note that bladder cancer in men and thyroid cancer in women is common but
has a low mortality, implying that they are non-aggressive neoplasms.
Gender
Male

Female
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Incidence
Prostate
Lung
Colorectal
Bladder
Melanoma
Breast
Lung
Colorectal
Thyroid
Uterus

Mortality
Lung
Prostate
Colorectal
Pancreas
Liver
Lung
Breast
Colorectal
Pancreas
Ovary
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Risk factors for cancer (important for public health and prevention)
o Age: median age of carcinoma is 66 years
o Tobacco:
 A factor in 30% of all cancers
 #1 risk factor in 5 cancers:
• Lung
• Oropharyngeal
• Bladder
• Pancreas
• Esophagus (distal, squamous)
 There are many carcinogens in cigarette smoke, the most important is
the family of polycyclic aromatic hydrocarbons (PAH).
o Obesity:
 A risk factor in 20% of cancers
 Associated neoplasms:
• Estrogen-related (fat cells have aromatase enzyme)
o Endometrium
o Post-menopausal breast cancer
• GI tract:
o Pancreas
o Liver
o Diet:
 Mediterranean diet has a lower risk of cancer
 A diet high in red meats has a higher risk of colorectal cancer
o Exercise is beneficial
o Alcohol:
 A known direct carcinogen
 Associated cancers: upper GI tract and liver (cirrhosis)
o Infections:
 HPV: SCC oropharynx (especially tonsil), cervix, anus
 HBV: hepatocellular carcinoma
 EBV: classic Hodgkin, Burkitt lymphoma, CNS B-cell lymphoma in AIDS,
nasopharyngeal carcinoma (Asia)
 H. pylori: stomach: MALToma (marginal cell lymphoma), adenocarcinoma
 Liver flukes: cholangial carcinoma in the liver
o UV light
o Radon (ionizing radiation from granite. Found in basements)

Presentation and diagnosis of cancer:
-
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Presentation:
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o Local effects:
 Mass effect: normal cells have contact inhibition. When they touch
another cell, they stop proliferating. Pathologic contact may lead to loss
of function. A good example is the pressure of a pituitary adenoma on
the optic chiasma. The area of the nerve contacted stops functioning,
leading to bilateral bitemporal hemianopsia. There is no injury to the
nerve; when the pressure is relieved, normal function returns.
 Invasion: malignant cells of an aggressive carcinoma lose their epithelial
characteristics, including desmosomes and undergo an epithelialmesenchymal transition (EMT). The mesenchymal phenotype is capable
of diapedesis and secretes proteases from its advancing tip that destroy
the cells in its path. A good example is a lung carcinoma in the apex (aka
superior sulcus tumor, Pancoast tumor), which invades into and destroys
the structures in the thoracic outlet.
o Metastasis:
 Effusions: some neoplasms have a predilection for the
Serosa is the gross term
serosal surfaces of the pleura, pericardium and
for the lining of the body
peritoneum. They spread irregularly on the mesothelial cavities; mesothelium is
surface, called malignant seeding. The fluid or
the term that describes
malignant effusion is an exudate. It can cause pressure
its histology.
symptoms:
• Pleural effusion: shortness of breath from compression
atelectasis
• Pericardial effusion: shortness of breath from tamponade
• Malignant ascites: non-specific symptoms of increasing abdominal
girth, vague aches and changes in bowel habits.
 Lymph nodes: initially, these are the regional lymph nodes to which the
local lymphatics drain. Most striking is Virchow node in the left
supraclavicular fossa. Organs of the abdomen, such as the stomach and
pancreas, drain through the thoracic ducts which empties into the left
subclavian vein.
 Solid organs: these include the lung, liver, bone and in more advanced
disease, brain and skin.
o Paraneoplastic syndromes:
 While only 10% of tumors produce a product that can affect a distal
organ, the paraneoplastic syndromes are heavily weighted in the minds
of doctors both for the risk of a delayed diagnosis and their clinical
curiosity.
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Characteristic
Local effects
Metastasis

Paraneoplastic

Pathophysiology Site of action

Clinical pathologic correlation

Mass effect
Invasion

Adjacent tissue
Adjacent tissue

Contact inhibition
EMT1 with proteases

Effusion

Mesothelium

Lymph nodes
Organ

Liver, lung, bone…

Pleura: compression atelectasis
Pericardium: tamponade
Peritoneum: non-specific
Regional spread
Injury and necrosis

Endocrine

Autoimmune

Cytokines

Other

Neuromuscular

Kidney
B symptoms
Fatigue
Depression
Cachexia
Hypercoagulability
Skin

EPO2 →polycythemia
SIADH3 →hyponatremia
ACTH4 →Cushing syndrome
PTHrP5 → hypercalcemia
Insulin →hypoglycemia
Serotonin →carcinoid
Catecholamines →sympathetic
Intracellular protein: CNS &
PNS →encephalomyelitis, CD6
NMJ7 →MG8 & EL9
Muscle → dermatomyositis
Membranous glomerulopathy
IL-1 / TNF
IL-6 →hepcidin (ACD10)
IFN
Leptin mimicry, TNF (apoptosis)
Thromboembolism
Acanthosis, Leser-Trélat

1. Epithelial-mesenchymal transition, 2. Erythropoietin, 3. Syndrome of inappropriate ADH, 4. Adrenocortical
hormone, 5. PTH related peptide, 6. Cerebellar degeneration, 7. Neuromuscular junction, 8. Myasthenia gravis,
9. Eaton-Lambert syndrome, 10. Anemia of chronic disease

-
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Diagnosis:
o Mass formation: 90% of cancers are carcinomas, which are mass-forming. A
rough rule of thumb is that one million cancer cells will make a 1 cm mass.
Cancer requires morphologic confirmation by a pathologist. This means that all
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cancers require sampling for diagnosis, either by biopsy or cytology. This rule is
also true for first recurrences of the tumor.
 Direct visualization and biopsy:
• Skin: BCC, SCC and melanomas
• Mucosa:
o Bronchus
o Upper GI tract to jejunum
o Lower GI tract to terminal ileum
o Bladder/ureter
 Palpation:
• Neck masses (for further discussion, see: Endocrine, neck masses)
o Thyroid
o Non-thyroid (lymph node, brachial cleft cyst)
• Lymphadenopathy
 Imaging
o Tumor markers:
 Neoplasms recapitulate the properties of the cell from which they derive.
If a neoplasm makes a protein found only in the neoplasm, then that
protein can be the basis of a specific test for the neoplasm and equivalent
to tissue testing. Some tumor markers are proteins that can also be found
in the normal cells in which the tumor arises. These are much less specific
markers and are generally only used to follow established cancers for
recurrence. LDH is found in all cells and is useful only for neoplasms with
“bulky” disease.
 Serum tumor markers:
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Specificity
Tumor

Tissue

Nonspecific



Associated cancer

AFP
Light chains
IgG or IgA
IgM
β-HCG
Calcitonin

HCC, germ cell tumor (yolk sac)
Multiple myeloma
Multiple myeloma
Lymphoplasmacytic lymphoma
Choriocarcinoma
Medullary carcinoma (thyroid)

PSA
CA-125
CA 19-9
CEA
Chromogranin

Prostate
Ovary (mesothelium)
Pancreas
CRC (GI tract)
Neuroendocrine tumors

LDH
Alk phos

Bulky disease
Metastases to bone or liver

Tissue markers (Immunochemistry)
o The morphologic classification of neoplasms is based on the idea that
every cell has a neoplastic equivalent and every neoplasm comes from a
specific cell type.
o Many tumors can be characterized by identifying their structural
components. The current technique for identifying these elements is by
immunohistochemistry in which an antibody is made to the structure or
protein of interest. The antibody has a pigment attached so that it can be
seen by the light microscope. There are hundreds of
immunohistochemical stains used in histopathology. Some of the more
important are seen in the table.
Element / protein
Cytokeratin
Vimentin
Desmin
Actin
Chromogranin &
synaptophysin
S100
PSA3
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Marker

Cell
Epithelial
Connective tissue
Muscle
٠Smooth muscle
٠Skeletal muscle
Neuroendocrine
Neural crest
Prostate

Neoplasm(s)
Carcinoma
Sarcoma
Myosarcoma
٠Leiomyosarcoma
٠Rhabdomyosarcoma
SCC1 (lung), carcinoid
tumor, NET2
Melanoma, Schwannoma
Prostatic adenocarcinoma
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GFAP4
CD markers
Estrogen receptor

Glial cell
Hematopoietic
Female
reproductive

Astrocytoma, glioblastoma
Leukemia, lymphoma
٠Breast
٠Endometrium

1. Small cell carcinoma, 2. Neuroendocrine tumors (aka islet cell), 3. Prostatic
specific antigen, 4. Glial fibrillary acidic protein

Natural history of cancers
-

Prognosis:
o Cancer prognosis is measured by 5 year survival
o The likelihood of 5 year survival for any given carcinoma (90% of cancers are
carcinomas) is estimated by staging.
o The natural history of a carcinoma is dysplasia → carcinoma in situ → invasion →
lymphovascular invasion (LVI) → spread to regional lymph nodes → metastasis
to solid organ

o This predictable sequence of carcinoma progression is staged by evaluation of the
tumor, lymph nodes and metastasis to solid organs
 Tumor (T); In organs with natural barriers such as a muscle layer (e.g. bowel and
bladder), tumor spread is measured by extent of invasion through and beyond
the barriers. In organs with not natural barriers (e.g. breast and vulva), the tumor
is measured by size.
 Lymph nodes (N): invasive tumors breech the vasculature wall to extend beyond
the site of origin (i.e. lymphovascular invasion). Carcinomas usually invade
lymphatics first and spread to the regional lymph nodes that drain the area.
Spread to lymph nodes is generally the best prognostic indicator for most
carcinomas.
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Sentinel lymph nodes
Lymph node drainage is so predictable in most carcinomas that staging can be
minimized by identifying the first lymph node in the drainage around the site of
the tumor. This is accomplished by injecting a radioactive tracer and a colored
dye. The first focus of concentrated radioactivity is the site to search for a
colored lymph node. This first draining node is called the sentinel lymph node. If
no metastases are identified in it, then the surgeon can be confident that no
nodes more distal are involved either and the dissection can stop. The patient is
stage N0.
Sarcomas often directly invade in blood vessels before lymphatic. This
vascular invasion means that they can present with widespread
metastasis at the time of diagnosis. A characteristic involvement of
lungs is “cannonball” pattern, where multiple large round metastatic
foci are seen
 Metastasis (M): a metastasis is a focus of spread of the neoplasm to a
new organ and a gap between the original tumor and the different organ. For
example, if a prostatic cancer spread directly into the rectum, it would invade
a different organ, but without a gap. This is not a metastasis, although it
Cannonball metastases
would be an advanced T score. If a breast cancer spread to a rib, that would
from an osteosarcoma
be a metastasis. All metastases (i.e. M+) are stage S4.
o Treatment:
 Terms:
i. Palliation is given when cure is not possible. All treatments are directed
at symptoms, without consideration of increased survival.
ii. Adjuvant therapy is treatment given in addition to the original or primary
therapy. It is an add-on therapy, usually chemotherapy or radiation given
after surgery.
iii. Neoadjuvant: this is an add-on therapy given before the primary therapy.
For example, radiation may be given to a tumor mass to shrink it to a size
where surgery is possible.
 Treatment is usually multidisciplinary by a cancer team.
 Basic principles:
i. Surgery: complete excision of the neoplasms is necessary for cure. The
completeness of excision requires “clean” resection margins that are free
of tumor.
ii. Radiation: high energy X-rays cause hydrolysis of water that creates ions,
especially free radial hydroxyl ions. This type of radiation is therefore
-
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“ionizing”. A typical cancer will have 50% lethality with one dose,
although there is wide variation in sensitivity.
iii. Pharmacology:
1. Chemotherapy: a term used for drugs that cause DNA damage or
microtubule inhibition to block mitosis.
2. Biologics: a term used for drugs that have a specific target in the
tumor lifecycle or metabolics
a. Antibodies
i. Receptor blockade: e.g. trastuzumab and EGFR in breast
cancer
ii. ADCC (antibody-dependent cellular cytotoxicity): e.g.
rituximab to CD20 in B-cell lymphomas
iii. Angiogenesis: e.g. bevacizumab to VEGF.
iv. Check point inhibitors:
1. CTLA-4 is produced 24-48 hours after TH4 lymphocyte
activation. It competes with CD28 for B7 on the
antigen-presenting cell (APC) or signal #2. This turns off
the immune response of the TH4 lymphocyte.
Example: ipilimumab blocks CTLA-4, which sustains the
immune response to the tumor.
2. PD-1 / PD-L1: lymphocytes have a programmed death
receptor (PD-1) that can be activated by tumors
secreting PD-1 ligand. There are drugs to block the PD
receptor (e.g. pembrolizumab) and drugs to block the
tumor PD ligand.
b. Small molecule inhibitors:
i. Tyrosine kinase inhibitors: revolutionizing the treatment of
metastatic carcinoma of lung
ii. Imatinib: inhibits the bcr-abl fusion protein of CML
iii. Vemurafenib: inhibits BRAF step in the RAS-MAPK pathway.
Important in metastatic melanoma.
c. Hormone inhibitors:
i. Tamoxifen: inhibits estrogen receptor in breast cancer
ii. Aromatase inhibitors: inhibit the peripheral enzyme in fat
cells
iii. Leuprolide: inhibit FSH/LH release from the pituitary
iv. Anti-androgen drugs
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General pathology: Essentials of Neoplasia
Do You Know It?
1. If the pathology report from a fine needle aspirate (FNA) for a breast mass read,
“Malignant cells present consistent with ductal carcinoma”, is the diagnosis established?

2. Define the following terms and give an example:
a. Teratoma
b. Hamartoma
c. Heterotopia

3. Why does it matter if daughter cells of a malignant mother cell develop new mutations
in their cell lines?

4. Fill in the table:

Chemical
Exposure
Nitrosamines
Asbestos
Vinyl chloride
Aflatoxin B1
Aniline dyes, aromatic
amines (naphthylamine)
Polycyclic aromatic
hydrocarbons (e.g.
benzopyrene)
Arsenic
Chemotherapy (esp.
alkylating agents)

Associated cancer(s)

5. What 4 cancers arise from cells infected by Epstein-Barr virus?
6. Give an example of a neoplasm for each oncogene:
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7. Give examples of neoplasms for each tumor suppressor:
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8. Draw the RAS-MAPK pathway and show where the following neoplasms have defects:
i. glioblastoma
ii. chronic myelogenous leukemia
iii. melanoma
iv. breast cancer
v. pancreatic cancer

9. What is the Warburg effect?

10. Draw the molecular pathways for
vi. Familial Adenoma Polyposis syndrome
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vii. Familial atypical mole and melanoma syndrome
viii. Follicular lymphoma
ix. Tumor cachexia

11. What is the LI-Fraumeni syndrome?

12. How do neoplasms present, fill in the table?
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13. How are cancers staged? What stage is a neoplasm that is M (+)

14. If a 9 year old male resented with shortness of breath and this chest X-ray, what
neoplasm does he have?

15. In the treatment of cancer, what is a “biologic” drug?
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