Cancer

I. Cancer

a. Cancer, or neoplasm is unregulated and uncoordinated cell growth, beyond normal regulatory limits
b. While the exact cause of cancer is unknown, alterations in the cell cycle are thought to play a role in the pathogenesis of Neoplasia. Normal cell proliferation (division and reproduction of cells) is prompted by the availability of extracellular nutrients, growth factors, hormones, tissue injury/erythema, or blood loss. The normal cell cycle has four stages, characterized by gap periods:
i. GI: postmiotic phase (DNA replication not occurring; RNA and protein synthesis, and cell growth occur
ii. S: chromosomal replication occurs (DNA synthesis/replication)
iii. G2: gap 2 stage; termination of DNA synthesis, protein synthesis continuing 
iv. M: miotic phase
v. G0: resting/dormant cell reproduction
II. Cellular differentiation

a. Differentiation refers to specialization of a cell. Cells that perform a specific function (i.e. hepatocytes, RBC, neuron) are highly specialized (and are thus well-differentiated) and were committed to its predestined function during embryonic development. A cell is considered well-differentiated when it is morphologically and functionally equivalent to other daughter cells within a tissue.
b. Definitions

i. Benign: neoplasm that contains a well-differentiated mass of cells. Benign neoplasma are enclosed in a fibrous capsule, grow by slow expansion only and do not cause death
ii. Malignant: less well-differentiated, grow by rapid invasion and infiltration; with the ability form secondary tumors away from primary site (metastasize). They compress blood vessels and outgrow their own blood supply, causing tissue ischemia and necrosis, and divert necessary nutrients away from normal tissue
iii. Hyperplasia: increase in cell number
iv. Metaplasia: conversion of one cell differentiation to another differentiation
v. Dysplasia: alteration in size, shape, and organization of cells
vi. Anaplasia: loss of structural differentiation
vii. Adenoma: benign tumor of glandular tissue
viii. Osteoma: benign bone tumor
ix. Hamartoma: collection of normal tissue within a mass
x. Tumor: a swelling, due to cellular proliferation, inflammation, or trauma
xi. Carcinoma: malignant tumor of epithelial origin
xii. Adenocarcinoma: malignant tumor glandular epithelial tissue
xiii. Sarcoma: malignant tumor derived from mesenchymal tissue
xiv. Cancer in situ: Neoplastic changes confined to the tissue of origin (preinvasive)
xv. Oncology: the study of tumors and their treatment
III. Molecular Genetics of Cancer
a. Oncogenes

i. The transformation of normal proliferating and differentiating cells to cancerous cells are thought to be due to mutations during the process of differentiation or DNA replication. Oncogenes are altered version of normal genes (protooncogenes), and become activated through point mutations, deletions, chromosomal translocations, and gene amplification. Normally, protooncogenes regulate normal cell growth and differentiation in response to appropriate growth stimuli. In cancer, protooncogenes are transformed into oncoogenes, which promote cell growth in the absence of normal growth-promoting signals. The major oncogene associated with many cancers is the RAS oncogene
b. Tumor Suppressor Genes

i. Usually, mutated DNA is prevented from reproduction (leading to tumors) by tumor suppressor genes (a class of genes that normally suppresses aberrant cell proliferation). For instance, the p53 gene, “the guardian of the genome” serves to (1) prevent cells from replicating mutated DNA are “instructed” by the p53 genes to undergo apoptosis (programmed cell death). Mutations in the p53 gene prevent this regulation, and have been linked to the development >50% of all cancers overall, and are implicated in cancers such as lung, breast, colon. Other tumor suppressor genes (and resultant cancers due to mutations) are NF-1 (neurofibromatosis), BRCA-1 and BRCA-2 (breasts and ovarian), and ERB-B2.NEU/HER-2 (breast, ovarian, gastric)
c. Mutator genes

i. These “caretaker” genes maintain the integrity of the genome and the conformity of DNA replication. Mutations that inactivate these genes allow for a repeated and progressive accumulation of mutations, leading to cancer
d. Properties of Transformed cells

i. Loss of contact inhibition
ii. Reduced cohesiveness
iii. Failed/poor differentiation: anaplasia
iv. Decreased requirement for growth factors
v. Anchorage independence
vi. Histological characteristics of cellular anaplasia/atypia
1. Variation ins size and shape of cells and cell nuclei (cellular pleomorphism)
2. Enlarged and hyperchromatic nuclei (nuclear pleomorphism and increased DNA)
3. Increased nuclear-cytoplasmic ratio
4. Increased and atypical mitoses
5. Bizarre cells (i.e. multinucleated tumor giant cells)
e. Cancer Transformation Process

i. Initiation: cellular exposure to a carcinogenic agent, causing DNA damage and mutation through activation of a protooncogene
ii. Promotion: unregulated accelerated growth of initiated cells due to activation of enzymes and oncogenes by a promoter agent
1. Neoplasia cannot occur if : (1) initiation or promotion occur alone (2) promotion occurs before initiation (3) excess time in between initiation and promoter
iii. Progression: malignant characteristics (invasiveness, metastatic potential, autonomous growth)
IV. Grading and staging of cancers

a. Cancer is both graded and staged in order to predict the clinical behavior of a malignant tumor and to establish criteria for therapy
b. Grading is based upon the degree of anaplasia (differentiation: shape and regularity of cells) and the number of proliferating cells (large numbers of mitoses/atypical mitoses/nuclear pleomorphism/tumor giant cells)
c. Staging refers to the extent of spread (tumor size/extent of local growth, including into an organ/lymph node metastasis/distant metastasis). The TNM system is the international coding system reflecting stage
i. T= size of primary tumor

ii. N= number and distribution of lymph node metastasis

iii. M= presence and extent of distant metastasis

V. Cancer invasion and metastasis

a. The ability of cancer cell invasiveness and metastasis are hallmarks of malignancy
b. Cancer in situ (preinvasive stage) grows within the tissue of origin, ultimately enlarges, and infiltrates normal tissue or may expand to adjacent structures and organs. This local and regional involvement is known as direct extension. Directly extending carcinomas cause local dysfunction by compression, obstruction, hemorrhage, and fistulas. Local tumors may infiltrate serous cavities (pericardium, pleura, and peritoneum) and spread through direct extension or metastasis
c. Metastatic spread refers to the transfer of malignant cells from one site to another not directly connected with it. The route of metastasis is either Hematogenous, lymphatic, or direct cavity seeding. Neoplastic cells penetrate vascular (capillary/venous drainage), and more easily, lymphatic drainage channels in the same way they invade parenchymal tissue.
i. Requirements for tumor metastasis
1. Detachment of tumor cells: loss of adherins and mutation in catenins
2. Invasion of the basement membrane underlying the tumor: proteolytic enzymes
a. Proteases, collagenases, gelatinases
3. Movement through the extracellular matrix: adhesion molecules
a. Integrins (function as receptors for extracellular matric proteins such as fibronectin, laminar, collagen, and vitronectin)
4. Penetration of vascular or lymphatic channels
5. Survival and arrest within the circulating blood or lymph
6. Exit from circulation into a new tissue site
7. Survival and growth as a metastasis: angiogenesis
a. Tumors secrete angiogenic growth factors: platelet-derived (PDGF), fibroblast (FGF), and transforming (TGF-beta)
VI. Incidence

a. 1.5 million
b. Mortality: 560,000 in 2004
c. Probability of invasive cancer: Men 1:2 Women 1:3
d. Most common: skin, lung, prostate, breast, and colorectal (50% of all cancer diagnoses and deaths)
	Men
	Women
	Overall

	Prostate: 230,000
	Breast: 216,000
	Reproductive

	Lung: 93,000
	Lung: 82,000
	Lung

	Colorectal: 74,000
	Colorectal: 75,000
	Colorectal


	Mortality 2004
	
	

	Lung: 92,000
	Lung: 70,000
	Lung: 162,000

	Prostate: 30,000
	Breast: 41,000
	

	Colorectal: 29,000
	Colorectal: 29,000
	


2% reduction per annum since 1992

VII. Risk factors

a. Increasing age

b. African American

c. Personal history of cancer

d. Hereditary/family history

e. Modifiable
i. Radiation: ultraviolet/sun lamps/tanning beds, x-ray, gamma (scientists, physician assistants, radiology technicians, nuclear weapon victims), electromagnetic

ii. Alcohol and chewing tobacco

iii. Smoking

1. Arsenic: used in rat poison

2. Acetic acid: found in vinegar, hair dye, photo developing fluid

3. Acetone: main ingredient in paint thinner and finger nail polish remover

4. Ammonia: a typical household cleaning fluid

5. Benzene: found in rubber cement

6. Butane: cigarette lighter fluid

7. Cadmium: found in batteries and artists oil paints

8. Carbon monoxide: a poisonous gas found in car exhaust, as well as from other sources

9. DDT/Dieldrin: insecticides

10. Formaldehyde: used to embalm dead bodies

11. Hexamine: in barbecue lighter fluid

12. Hydrazine: used in jet and rocket fuels

13. Hydrogen cyanide: used as a poison in gas chambers

14. Lead: a highly poisonous metal that used to be found in some paints
15. Napthalenes: a gasoline additive

16. Phenol: used in disinfectants and plastics

17. Polonium-210: a highly radioactive element

18. Stearic acid: found in candle wax

19. Toluene: found in embalmers glue

iv. Hormonal: estrogen (endometrium, breast) and dihydrotestosterone (prostate)

v. Viral: DNA

1. Human papillomavirus (HPV 16, 18, 31, 45, 51-53): cervical cancer

2. Epstein Barr virus (EBV): Burkitt’s, Hodgkin’s. and B-cell lymphomas, nasopharyngeal carcinoma

3. Human herpes virus (HHV-8): Kaposi sarcoma

4. Hepatitis B (DNA) and C (RNA) viruses (H/B/CV): hepatitis B/C, cirrhosis, hepatocellular carcinoma

vi. RNA: human T-cell leukemia virus-1 (HTLV-1): human T cell leukemias/lymphoma

vii. Bacterial: helicobacter pylori (gastric cancer)

viii. Parasitic: Schistosomiasis (bladder cancer)

ix. Immunosuppression (reduction in immunosurveilannce)

1. T cell mediated cytotoxicity

2. natural killer (NK) and lymphokines activated killer (LAK) cells

3. Macrophages mediated cytotoxicity

4. Antibody dependent cell mediated cytotoxicity

5. Complement mediated cytotoxicity

x. Environmental/occupational exposure

1. Soot, tars, oils, cigarette smoke, boot and shoe manufacture and repair, nitrosamines, amides, aniline and azo dyes, iron and steel founding, mining, radon, aluminum production, sulfuric acid, asbestos, furniture and cabinet making, mechanics, insulation, painters, rubber industry, vinyl chloride, talc, silca, ethylene oxide, nickel, chromium, carbon tetrachloride, trichloromethane

xi. Preneoplastic conditions

1. Cirrhosis of liver: hepatocellular carcinoma

2. Ulcerative colitis: colonic adenocarcinoma

3. Atypical endometrial hyperplasia: endometrial carcinoma

4. Barrett’s esophagus: adenocarcinoma
xii. Diet: smoked foods, Aflatoxin B1, low/fruit/vegetable, whole grain and fiber intake, high fat/carbohydrates

xiii. Exercise: obesity/high BMI

xiv. Chemotherapy agents: nitrosureas (ie carmustine), nitrogen mustards (chlorambucil), cyclophosphamide) other alkylating agents

xv. Other drugs: diethylstilbestrol (DES)

f. Diagnostics: specifics to be discussed as apart of specific cancer lectures. For tumor markers, refer to PAC 08

i. Microscopic tissue examination is the gold standard of cancer diagnosis
g. Treatment modalities
i. Surgical excision
1. useful for prevention, diagnosis, staging, treatment, palliation, and rehabilitation

2. Cryosurgery, laser surgery, chemosurgery, laparoscopic

3. Amendable to surgery: small size, well-defined margins, remote from vital organs

4. Considered inoperable: widespread dissemination, vital organ infiltration

ii. Ionizing radiation

1. Often combined with surgery

2. Electromagnetic, particulate, focused external beam (teletherapy), brachytherapy (radioactive needles, beads, seeds, catheters, ribbons)

3. S/E: radiation-induced cancer (thyroid, CNS, leukemia), pancytopenia, skin changes (hair loss, “sunburn” erythema, ulceration, desquamation)

iii. Chemotherapy

1. Used as treatment or prevention (tamoxifen); may be combined with other therapies or sole treatment employed

2. Is cell cycle specific or nonspecific

3. Inhibit DNA, RNA, protein synthesis

4. Log-kill effect

5. S/E: bone marrow suppression (anemia, neutropenia, thrombocytopenia), anorexia, nausea, vomiting, diarrhea, alopecia, fatigue, gonadal dysfunction, teratogenicity

iv. Hormonal: antiestrogen and antiandrogen agents, surgery

v. Immunotherapy

1. Interferons: inhibit tumor synthesis and arrest cells in resting c stage G0 stimulate activity of T-cells and NK cells

2. Monoclonal antibodies

3. Cell mediated immunity: T-cells

vi. Gene therapy

vii. Bone marrow transplant

viii. Peripheral stem cell transplant

ix. Symptomatic

x. Pain management

xi. Support groups

Paraneoplastic Syndromes

	General
	Fever
	Many especially Hodgkin’s disease, renal cell carcinoma, sarcomas 

	
	Anorexia-cachexia syndrome
	Many especially small cell lung cancer, gastric, pancreatic, lymphomas

	
	Cushing syndrome
	Small cell lung caner, bronchial carcinoid tumors, medullary thyroid cancer

	
	SIADH
	Small cell lung cancer, prostate, GI, pancreas

	
	Hypercalcemia
	Squamous lung cancer, breast, head, neck, ovary

	
	Hypocalcemia
	Medullary thyroid cancer

	
	Hypoglycemia
	Pancreatic islet cell tumors, mesothelioma, fibrosarcoma, hemangiopericytomes, hepatocellular tumors, adrenal carcinomas

	Neurological
	Amyotrophic lateral sclerosis
	Many, lymphoma

	
	Autonomic and peripheral neuropathy
	Many, small cell lung caner

	
	Eaton-lambert syndrome
	Small cell lung cancer

	
	Myasthenia gravis
	Thymoma

	Hematological 
	Erythrocytosis
	Renal cell carcinoma, hepatocellular carcinoma, cerebellar  hemangioblastoma

	
	Anemia
	GI/colon, B-cell (hemolytic)

	
	Granulocytosis/Eosinophila/Thrombocytosis
	Lung, ovarian, bladder, lymphoma via tumor mediated factors

	Hypercoagulable States
	Venous thrombosis
	Any especially pancreatic, GI, lung, breast, prostate, ovary

	
	DIC
	Leukemia, adenocarcinomas

	
	Nonbacterial thrombotic endocarditis
	Solid tumors

	Gastrointestinal
	Malabsorption
	Small intestine lymphoma, others

	
	Hypobilirubinemia
	Many

	Renal
	Nephrotic syndrome
	Due to thrombosis, amyloidosis, immune complex deposition

	Dermatological
	Acanthosis nigracans
	Gastric


Causes of Morbidity/mortality

· Infection

· Airway obstruction

· Hemorrhage 

· Perforation

· Infarction

· Heart failure

· Liver failure

· Renal failure

· Intestinal obstruction

· Central nervous system: seizures, coma, brainstem/spinal cord compression

· Oncological emergencies

· Paraneoplastic syndromes

Metastasis to bone: BLT2KP


Breast, lung, thyroid, kidney, prostate

Bone it goes to: axial skeleton, thorax, femur, humerus

Metastasis to brain


Lung, breast, skin, kidney, GI
