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CANCER EPIDEMIOLOGY 
Lec.12                                                                   Dr.Muna 

Geographic and environmental factors 

Environmental factors significantly affect the occurrence of specific forms 

of cancer in different parts of the world. 

Other examples of environmental factors: 

 Occupational exposure to asbestos is associated with lung carcinoma. 

 Cigarette smoking is associated with carcinomas of the oropharynx, 

larynx and lung. 

 Air pollution is associated with lung cancer. 

AGE 

Cancer is most common in those over 55 years of age, a fact pointing that 

cancer evolution requires multiple independent events, apparently taking 

place over a long priods of time. 

However certain tumors are particularly common in children (under 15 years 

of age), these include  

1. tumors of hemopoetic system (Leukemias and lymphomas),  

2. neuroblastomas      3.Wilms ’tumor 

4.Ewing’s sarcoma     5. osteosarcoma    6. rhabdomyosarcomas  

7.retinoblastomas. 

HEREDITY  
Heredity plays a role in the development of cancer even in the presence of 

clearly defined environmental factors. 

Hereditary forms of cancer can be divided into three categories 
1- Inherited cancer syndromes. These are characterized by inheritance of a 

single mutant gene that greatly increases the risk of developing a tumor.     

2- Familial cancers.  These are characterized by familial clustering of 

specific forms of cancer, arising in two or more relatives, occur at an earlier 

age, and tend to be multiple or bilateral.    

3- Autosomal recessive syndromes of defective DNA repair. These are 

characterized by chromosomal or DNA instability that greatly increases the 

predisposition to environmental carcinogens e.g., Xeroderma pigmentosa [] . 

HOST DEFENSES AGAINST CANCERS  

TUMOR IMMUNITY 
A normal function of the immune system is to inspect the body for emerging 

malignant cells and destroy them, this is referred to as immune surveillance.  
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Immune Surveillance                     

The strongest evidence for the existence of immune surveillance is the 

increased frequency of cancers in immuno-deficient (immuno-compromised) 

hosts, whether this is congenital or acquired.  

1. Congenital immunodeficiencies: About 5% of such individuals develop 

cancers, and this is about 200 times the prevalence in normal 

(immunocomponent) individuals.  

2. Acquired immunodeficiencies: Examples include immunosuppressed 

transplant recipients and patients with AIDS. Affected individuals have an 

increased incidence of malignancies.   

Most cancers, however, occur in persons who do not show any evidence of 

immunodeficiency. There must be then mechanisms developed by tumor 

cells to escape or evade the immune system in the immunocompetent 

hosts.These mechanisms include: 

1. Selective outgrowth of antigen-negative tumor cells: during tumor 

progression, strongly immunogenic subclones may be eliminated by the 

immune system leaving antigen-negative ones, which cannot be detected by 

the immune system. 

2. Loss or reduced expression of MHC molecules: tumor cells may fail to 

express normal levels of HLA class I molecules (which are required for 

activation of cytotoxic T cells) thereby escaping attack by cytotoxic T cells. 

3. Lack of co-stimulation: T-cells requires two signals to be sensitized 

against cancer cells, one is offered by MHC class I antigenic molecules and 

the other by co-stimulatory molecules. Failure to express the latter by the 

tumor cells not only prevents sensitization but also may cause T-cells to 

undergo apoptosis. 

4. Immunosuppression: tumor growth factor- β (TGF-β), secreted by many 

tumors, is a potent immunosuppressant. 

5. Antigen masking: cell-surface antigens of tumors may be hidden, or 

masked, from the immune system. 

6. Killing of cytotoxic T cells: some carcinomas (e.g. melanomas and 

hepatocellular carcinomas), as a defensive mechanism, kill tumor-specific 

T lymphocytes that encounter them.  

EFFECTS OF TUMORS ON THE HOST 
Cancers are more aggressive than benign tumors. Nonetheless, both types of 

neoplasia may cause problems through                   

1. Physical progression: Pressue; Obstruction. 

2. Functional activity: hormone synthesis 

3. Bleeding & infections: ulceration through adjacent surfaces 
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4. Acute symptoms: Perforation / rupture / infarction (tortion) 
• Metastases may produce same complications 

5. Cancer cachexia 
This refers to a syndrome of progressive loss of weight accompanied by 

weakness, anorexia, and anemia that occur frequently in patients with 

cancer. It may be due to anorexia, tumor parasitism, and the action of 

soluble factors such as tumor necrosis factor (TNF) produced by the tumor 

as well as by the host in response to the tumor. In patients with cancer, basal 

metabolic rate is increased despite reduced food intake. This is in contrast to 

starvation, where there is an adaptational lowering of basal metabolic rate. 

Furthermore, in cancer cachexia, there is equal loss of fat and muscle, 

whereas in starvation the muscle mass is relatively preserved at the expense 

of fat stores.  

6. Paraneoplastic syndromes 

These refer to the presence of clinical features in cancer patients that can’t 

be explained by the physical presence of the cancer or its metastases.    

Paraneoplastic syndromes are important because they   
1. are frequent being encountered in 10% of patients with cancer 

2. may be the earliest manifestations of as yet undiscovered malignancy 

3. may be serious and sometimes fatal 

4. may simulate clinically metastatic disease and as such confuse 

management 

GRADING AND STAGING OF CANCERS 
To assess prognosis (the likely outcome of a disease) & effectiveness of 

various forms of treatment, malignant tumors should be studied to determine 

the degree of differentiation (grade) and extent of cancer spread (stage), 

because both grade and stage reflect the biological behavior and level of 

aggressiveness of various neoplasms.  

Grading  

Microscopic features that seem to influence the expected behavior of cancers 

are the grade, number of mitoses, and presence or absence of foci of 

necrosis; these features are inter-related. Cancers are classified into four 

grades (1 to 4) with increasing anaplasia i.e. G1 for well-differentiated; G2 

for moderately-differentiated, G3 for poorly-differentiated and G4 for 

undifferentiated cancers. Studies have shown that grading of cancers is of 

less clinical value than staging 

Staging  

The staging of cancers is based on  
1. The size of the primary cancer and/or extent of local extension. 

2. Its extent of spread to regional lymph nodes, and  
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3. The presence or absence of blood-borne metastases 

Two major staging systems are currently in use, one developed by the 

International union against cancer (UICC )and the other by the American 

Joint Committee (AJC). The UICC classification is referred to as the TNM 

system—T for primary tumor, N for regional lymph node involvement, and 

M for metastases. This TNM staging varies for each specific form of 

cancer, but there are general principles: with increasing size, the primary 

cancer is described as T1 to T4. TIS indicates an in situ cancer.  N0 would 

mean no nodal involvement, whereas N1 to N3 would indicate involvement 

of an increasing number and range of lymph nodes. M0 signifies no distant 

metastases, whereas M1 (or sometimes M2) indicates the presence of 

blood-borne metastases.  Staging of neoplastic diseases is of great 

importance in predicting prognosis and in the selection of the best form 

of therapy for the patient and has proved to be of greater clinical value than 

grading. However, the two are generally correlated in that tumors of high 

grade present at high stage, while tumors of low grade present at low stage. 

LABORATORY DIAGNOSIS OF CANCER 

There are several approaches to the correct pathological diagnosis of cancer 

and sometimes more than one approach is employed.  

A. Histologic and Cytologic Methods  
Separating benign from malignant neoplasms is usually not difficult by these 

two methods. However, care should be taken in diagnosing a group of 

tumors that lay in the middle of the spectrum i.e. in the gray zone; these are 

designated as borderline tumors. Cooperation between the clinician and the 

pathologist facilitates greatly the achievement of the correct diagnosis. 

Clinical data and surgical findings during the operation are helpful for 

optimal pathologic diagnosis. 

Surgical specimens delivered to the lab as far as tumor diagnosis is 

concerned should be 

 1. Adequate   2. Representative of the lesion 

 3. Properly preserved in a fixative; routinely 10% formalin  

Samples delivered for pathological evaluation may represent: 
1. Excisional / incisional / Endoscopic biopsies 

 2. Needle biopsies & FNA 

 3. Cytologic smears 

 Requesting “Quick-frozen section" diagnosis is sometimes desirable 

 - In determining nature of a lesion 

 - Evaluating margins of excised cancer  

    - Permits histologic evaluation within minutes 

B. Histochemistry 
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Several stains are available that react chemically with certain constituents of 

the neoplastic cells to give a colored reaction that highlights a specific 

feature that would otherwise be unclear with the H&E stain (e.g. presence of 

mucins in adenocarcinoma, melanin in amelanotic melanoma . 

These stains are called special stains (because they are employed under 

special circumstances).   

C. Immunohistochemistry (IHC) 

This is the application of immunologic principles & techniques to the study 

of cells & tissues. The availability of specific monoclonal antibodies has 

greatly facilitated the identification of cell products or cell surface markers.   

Examples of the utility of immunohistochemistry in the diagnosis 

or management of malignant neoplasms include  

1. Categorization of undifferentiated malignant tumors 

2. Categorization of leukemias and lymphomas 

3. Determination the site of origin of metastatic tumors 

4. Detection of molecules that have prognostic or therapeutic significance 

D. Serum Tumor Markers 

Tumor markers are either substances released by cancer cells into the blood 

(or urine) or substances created by the body in response to cancer cells. 

They include cell-surface antigens, cytoplasmic proteins, enzymes, and 

hormones.   

Their main utility is a laboratory test to  
1. support the diagnosis of cancer  

2. to determine the response to therapy  

3. to indicate recurrence during the follow-up period. 

 Examples include: 

Carcinoembryonic antigen (CEA) is a complex glycoprotein that is 

elaborated by many different neoplasms. Its serum levels are reported to be 

positive in colorectal, pancreatic, gastric and breast carcinomas. 

Prostate-specific antigen (PSA) 

An elevated PSA level in the blood may indicate prostate cancer, but other 

conditions such as benign prostatic hyperplasia (BPH) and even prostatitis 

can also raise PSA levels.   

 Electron microscopy:  

The main use of diagnostic electron microscopy is involved not with the 

question of whether a tumor is malignant or not, but with the issue of tumor 

classification. 
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F. Flow Cytometry is a technique used to measure individual cell 

characteristics such as membrane antigens and DNA content of tumor cells. 

The classification of leukemias and lymphomas is based on cell surface 

antigens which can be easily identified by flow cytometry.   

G. Molecular techniques such as polymerase chain reaction (PCR), in situ 

hybridization (FISH, CISH), the Southern blot analysis of DNA and the 

Northern blot analysis of RNA, etc., They are used in 

  1. Diagnosis of malignant neoplasms, 2. Assess prognosis of malignant 

neoplasms; 3. Detection of minimal residual disease; 4. Diagnosis of 

hereditary predisposition to cancer.  

 

 


