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30) Protein products of activated oucogcnes

The proto-oncogene can become an oncogene by a relatively small modification of its original
function. There are three basic methods of activation:

1. A mutation within a proto-oncogene, or within a regulatory region (for example the
promoter region), can cause a change in the protein structure., causing
• an increase in protein (enzyme) activity
• a loss of regulation

2. An increase in the amount of a certain protein (protein concentration), caused by
1. an increase of protein expression (through misregulalion)
2. an increase of protein stability, prolonging its existence and thus its activity in the cell
3. gene duplication (one type of chromosome abnormality), resulting in an increased amount of
protein in the cell

3. A chromosomal translocation (another type of chromosome abnormality)
There are 2 different types of chromosomal translocations that can occur:
1. translocation events which relocate a proto-oncogene to a new chromosomal site that leads to
higher expression
2. translocation events that lead to a fusion between a proto-oncogene and a 2nd gene (this
creates a fusion protein with increased cancerous/oncogenic activity

31) Primary tumor development, role of vascularisation

Tumor doubling time is the time taken for the number of cells in the mass to double. Internal cancers
are usually not detected before they attain a size of about 1cm3 (Ig), which corresponds to 108 to 109

cells. The origin of most tumors from a single cell implies the mass has doubled at least 30 times to
reach this size. Because of the variable death rate of tumor cells and differences in cell cycle
kinetics, the actual doubling time of human tumors is highly unpredictable,
The doubling time is not necessarily correlated with the growth fraction (the proportion of cells that
are within the cell cycle). Since the duration of mitosis in cancer cells is often prolonged, the
increased number of mitoses in a histologic section can be misleading as an indicator of overall
growth.
In the absence of new vessels to supply nutrients and remove waste products, malignant tumors dy
not grow larger than 1 to 2 mm in diameter. In this context, the density of capillaries within the
primary tumor correlates directly with metastases and decreased survival. Tumor angiogenesis
occurs in non-neoplastic host tissue and is comparable to that in wound healing.
A number of factors can stimulate angiogenesis, including TGF-a, TNF-a, VEGF, PDGF and
epidermal growth factor (EOF). Some factors act directly on endothelial cells (VEGF), whereas
others stimulate inflammatory cells to promote the formation of new blood vessels (PDGF).

32) Molecular signals of tumor vascularisatiou - targets for anticancer therapy

33) Multistage carcinogcncsis, initiation, promotion, progression

Cancer is a genetic disease: In order for cells to start dividing uncontrollably, genes that regulate cell
growth must be damaged. Proto-oncogenes promote cell growth and mitosis, whereas tumor
suppressor genes (TSGs) discourage cell growth, or temporarily halt cell division to carry out DNA
repair, Typically, a scries of several mutations to these genes is required before a normal cell
transforms into a cancer cell (oncoevolution). But the uncontrolled cell division that characterizes
cancer also requires that the dividing cell duplicates all its cellular components to create two
daughter cells. The activation of anaerobic glycolysis (the Warburg effect), which is not necessarily
induced by mutations in proto-oncogenes and TSGs, provides most of the building blocks required
to duplicate the cellular components of a dividing cell and, therefore, is also essential for
carcinogenesis.



Mutations in proto-oncogenes can modify their expression and function, increasing the amount or
activity oflhe product protein. When this happens, they become oncogenes, and, thus, cells have a
higher chance to divide excessively and uncontrollably. The chance of cancer cannot be reduced by
removing proto-oncogenes from the genome, as they are critical for growth, repair and homeostasis
of the body. It is only when they become mutated that the signals for growth become excessive. It is
important to note that a gene possessing a growth-promoting role may increase carcinogenic
potential of a celi, under the condition that all necessary cellular mechanisms that permit growth are
activated. This condition includes also the inactivation of specific TSGs. If the condition is not
fulfilled, the cell may cease to grow and can proceed to die. This makes knowledge of the stage and
type of cancer cell that grows under the control of a given oncogene crucial for the development of
treatment strategics.
Mutations of TSGs that occur in germline cells are passed along to offspring, and increase the
likelihood for cancer diagnoses in subsequent generations. Members of these families have
increased incidence and decreased latency of multiple tumors. The tumor types are typical for each
type of TSG mutation, with some mutations causing particular cancers, and other mutations causing
others. The mode of inheritance of mutant TSGs is that an affected member inherits a defective copy
from one parent, and a normal copy from the other. For instance, individuals who inherit one mutant
p53 allele, can develop melanomas and pancreatic cancer, known as Li-Fraumeni syndrome. Other
inherited TSG syndromes include Rb mutations, linked to retinoblastoma, and APC gene mutations,
linked to adenopolyposis colon cancer, Adenopolyposis colon cancer is associated with thousands of
polyps in colon while young, leading to colon cancer at a relatively early age. Finally, inherited
mutations in BKCA1 and BRCA2 lead to early onset of breast cancer.

34) Vascular endothclial growth factor (VEGF) and tumor vascularisation

Vascular endothelial growth factor (VEGF) is a signal protein produced by cells that stimulates
vasculogenesis and angiogencsis. It is part of the system that restores the oxygen supply to tissues
when blood circulation is inadequate. VEGF's normal function is to create new blood vessels during
embryonic development, new blood vessels after injury, muscle following exercise, and new vessels
(collateral circulation) to bypass blocked vessels.
When VEGF is overexpressed, it can contribute to disease. Solid cancers cannot grow beyond a
limited size without an adequate blood supply; cancers that can express VEGF are able to grow and
metaslasize.
VEGF has been implicated with poor prognosis in breast cancer. Numerous studies show a
decreased overall survival and disease-free survival in those tumors overexpressing VEGF. The
overexpression of VEGF may be an early step in the process of metastasis, a step that is involved in
the "angingenic" switch. Although VEGF has been correlated with poor survival, its exact
mechanism of action in the progression of tumors remains unclear.
Anti-VEGF therapies are important in the treatment of certain cancers and in age-related macular
degeneration. They can involve monoclonal antibodies such as bcvacizumab (Avastin), antibody
derivatives such as ranibizumab, or orally-available small molecules that inhibit the tyrosine ktnases
stimulated by VEGF; hipatinib, sunitinib, sorafenib, axitinib, and pazopanib. (Some of these
therapies target VEGF receptors rather than the VEGKs.) THC and cannabidiol both inhibit VEGF
and slow glioma growth.

35) Epidermal growth factor (EGF) and epidermal growth factor receptor (EGFR, HER2 neu)
expression

Epidermal growth factor or EGF is a growth factor that stimulates cell growth, proliferation* and
differentiation by binding to its receptor EGFR.
EGF results in cellular proliferation, differentiation, and survival. EGF is a low-molecular-weight
polypeptide first purified from the mouse submandibular gland, but since then found in many human
tissues including submandibular gland, parotid gland. Salivary EGF, which seems also regulated by
dietary inorganic iodine, also plays an important physiological role in the maintenance of
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oro-csophageal and gastric tissue integrity. The biological effects of salivary EGF include healing of
oral and gastroesophageal ulcers, inhibition of gastric acid secretion, stimulation of DNA synthesis
as well as mucosal protection from intralummal injurious factors such as gastric acid, bile acids,
pepsin, and trypsin and to physical, chemical and bacterial agents,
EGF acts by binding with high affinity to EGFR on the cell surface and stimulating the intrinsic
prole in-tyrosinc kinase activity of the receptor. The tyrosine kinase activity, in turn, initiates a signal
transduction cascade that results in a variety of biochemical changes within the cell - a rise in
intracellular calcium levels, increased glycolysis and protein synthesis, and increases in the
expression of certain genes including the gene for EGFR - that ultimately lead to DNA synthesis and
cell proliferation,
EGF can be found in human platelets, macrophages, urine, saliva, milk, and plasma,

36) EGF signaling pathway and cancer development

Epidermal growth factor or EGF is a growth factor that stimulates cell growth, proliferation, and
differentiation by binding to its receptor EGFR.
EGF acts by binding with high affinity to EGFR on the cell surface and stimulating the intrinsic
protein-tyro sine kinase activity of the receptor. The tyrosine kinase activity, In turn, initiates a signal
transduction cascade that results in a variety of biochemical changes within the cell - a rise in
intracellular calcium levels, increased glycolysis and protein synthesis, and increases in the
expression of certain genes including the gene for EGFR - that ultimately lead to DNA synthesis and
cell proliferation.
Mutations that lead to EGFR overexpression or overactivity have been associated with a number of
cancers, including lung cancer, rectal cancers and glioblastema multiforme. In this latter case a more
or less specific mutation of EGFR, called EGFRvIIl is often observed. Mutations, amplifications or
misregulations of EGFR or family members are implicated in about 30% of all epithelial cancers.

The identification of EGFR as an oncogene has led to the development of anticancer therapeutics
directed against it, including gefitinib and erlotinib for lung cancer, and cetuximab for colon cancer.

37) Hormone-specific receptors in hormone-sensitive and hormone-responsive tumors

38) Carcinogenesis as a multistep process

Cancer is a genetic disease: In order for cells to start dividing uncontrollably, genes that regulate cell
growth must be damaged. Proto-oncogenes promote cell growth and mitosis, whereas tumor
suppressor genes (TSGs) discourage cell growth, or temporarily halt cell division to carry out DNA
repair. Typically, a series of several mutations to these genes is required before a normal cell
transforms into a cancer cell (oncoevolution). But the uncontrolled cell division that characterizes
cancer also requires that the dividing cell duplicates all its cellular components to create two
daughter cells. The activation of anaerobic glycolysis (the Warburg effect), which is not necessarily
induced by mutations in proto-oncogenes and TSGs, provides most of the building blocks required
to duplicate the cellular components of a dividing cell and, therefore, is also essential for
carcinogenesis.
Mutations in proto-oncogenes can modify their expression and function, increasing the amount or
activity of the product protein. When this happens, they become oncogenes, and, thus, cells have a
higher chance tu divide excessively and uncontrollably. The chance of cancer cannot be reduced by
removing proto-oncogenes from the genome, as they are critical for growth, repair and homcostasis
of the body. It is only when they become mutated that the signals for growth become excessive. It is
important to note that a gene possessing a growth-promoting role may increase carcinogenic
potential of a cell, under the condition that all necessary cellular mechanisms that permit growth are
activated. This condition includes also the inactivation of specific TSGs. If the condition is not
fulfilled, the cell may cease to grow and can proceed to die. This makes knowledge of the stage and
type of cancer cell that grows under the control of a given oncogene crucial for the development of
treatment strategies.



Mutations of TSGs that occur in germline cells are passed along to offspring, and increase the
likelihood for cancer diagnoses in subsequent generations. Members of these families have
increased incidence and decreased latency of multiple tumors. The tumor types are typical for each
type of TSG mutation, with some mutations causing particular cancers, and other mutations causing
others. The mode of inheritance of mutant TSGs is lhat an affected member inherits a defective copy
from one parent, and a normal copy from the other. For instance, individuals who inherit one mutant
p53 allele, can develop melanomas and pancreatic cancer, known as Li-Fraumeni syndrome. Other
inherited TSG syndromes include Rb mutations, linked to retinoblastoma, and APC gene mutations,
linked to adenopolyposis colon cancer. Adenopolyposis colon cancer is associated with thousands of
polyps in colon while young, leading to colon cancer at a relatively early age. Finally, inherited
mutations in BRCA1 and BRCA2 lead to early onset of breast cancer.

39) Cancer incidence as age-related issue

Global cancer rates have been increasing primarily due to an aging population and lifestyle changes
in the developing world. The most significant risk factor for developing cancer is old age. Although
it is possible for cancer to strike at any age, most people who are diagnosed with invasive cancer arc
over the age of 65. According to cancer researcher Robert A. Weinberg, "If we lived long enough,
sooner or later we all would get cancer," Some of the association between aging and cancer is
attributed to immunosenescence, errors accumulated in DNA over a lifetime, and age-related
changes in the endocrine system,

The three most common childhood cancers are leukemia (34%), brain tumors (23%), and
lymphomas (12%). Rates of childhood cancer have increased by 0.6% per year between 1975 to
2002 in the United States and by 1 . 1 % per year between 1978 and 1997 in Europe.

40) Cancer risk factors, tobacco, occupational exposures

Decades of research have demonstrated the link between tobacco use and cancer in the lung, larynx,
head, neck, stomach, bladder, kidney, esophagus and pancreas. Tobacco smoke contains over fifty
known carcinogens, including nitrosamines and polycyclic aromatic hydrocarbons. Tobacco is
responsible for about one in three of all cancer deaths in the developed world, and about one in five
worldwide. Lung cancer death rates in the United States have mirrored smoking patterns, with
increases in smoking followed by dramatic increases in lung cancer death rates and, more recently,
decreases in smoking rates since the 1 950s followed by decreases in lung cancer death rates in men
since 1990. However, the numbers of smokers worldwide is still rising, leading to what some
organizations have described as the tobacco epidemic.

Cancer related to one's occupation is believed to represent between 2-20% of all cases. Every year,
at least 200,000 people die worldwide from cancer related to their workplace. Most cancer deaths
caused by occupational risk factors occur in the developed world. Millions of workers run the risk of
developing cancers such as lung cancer and mesothelioma from inhaling asbestos fibers and tobacco
smoke, or leukemia from exposure to benzene at their workplaces

41) Chemical

Associations between exposure to a specific chemical and human cancers have historically been
established on the hasis of epidemiologic investigations. A mutagen is an agent that can permanently
alter the genetic constitution of a cell. About 90% of known carcinogens arc mutagenic. Most, but
not all, mutagens are carcinogens.

Initiation likely represents a mutation in a single cell.

Promotion reflects the clonal expansion of the initiated cell in which the mutation has conferred a
growth advantage. During promotion the altered cells remain dependent on the continued presence
of the promoting stimulus.
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Progression is the stage in which growth becomes autonomous. By this time, sufficient mutations
have accumulated to immortalise cells.

Polycyclic hydrocarbons, originally derived from coal tar, are among the most extensively studied
chemical mutagens. Examples include benzopyrenc and 3-methylcholanthrenc. The specific type of
cancer produced varies with the route of administration and includes tumors of the skin, soft tissues
and breast. Polycyclic hydrocarbons have also been found in cigarette smoke and contribute to lung
cancer development.

Many chemotherapeutic drugs (e.g. cisplatin, cyclophosphamide) are alkylating agents that transfer
alkyl groups to macromolecules, including guanines within DNA. These drugs destroy cancer cells
but also damage normal cells. Thus alkylating chemotherapy carries a significant risk of solid and
hematological malignancies at a later time.

The hctcrocyclic hydrocarbon atlatoxin BI is a natural product of the fungus Asperglllus flavus. This
hydrocarbon is also metabolised to an epoxide, which can bind covalently to DNA. it's amongst the
most potent liver carcinogens recognised.

42) Radiation oncogenesis, ionizing radiation, sunlight exposure

Up to 10% of invasive cancers are related to radiation exposure, including both ionizing radiation
and non-ionizing ultraviolet radiation. Additionally, the vast majority of non-invasive cancers are
non-melanoma skin cancers caused by non-ionizing ultraviolet radiation.

Sources of ionizing radiation include medical imaging, and radon gas. Radiation can cause cancer in
most parts of the body, in all animals, and at any age, although radiation-induced solid tumors
usually take 10-15 years, and can take up to 40 years, to become clinically manifest, and radiation-
induced leukcmias typically require 2-10 years to appear. Some people, such as those with nevoid
basal cell carcinoma syndrome or retinoblastoma, are more susceptible than average to developing
cancer from radiation exposure. Children and adolescents are twice as likely to develop radiation-
induced leukemia as adults; radiation exposure before birth has ten times the effect. Ionizing
radiation is not a particularly strong mutagen. Residential exposure to radon gas, for example, has
similar cancer risks as passive smoking. Low-dose exposures, such as living near a nuclear power
plant, are generally believed to have no or very little effect on cancer development. Radiation is a
more potent source of cancer when it is combined with other cancer-causing agents, such as radon
gas exposure plus smoking tobacco.

Prolonged exposure to UV radiation from the sun can lead to melanoma and other skin cancer. Clear
evidence establishes UV radiation, especially the non-ionizing medium wave U VB, as the cause of
most non-melanoma skin cancers, which are the most common forms of cancer in the world.

43) Biological factors in human oncogenesis, viruses, mycotoxins

Biological agents are usually viruses, A virus that can cause cancer is called an oncovirus. These
include I-IPV (cervical carcinoma), EBV (B-cell lymphoproliferativc disease and nasopharyngeal
carcinoma), HHV-8 (Kaposi's sarcoma and primary effusion lymphomas), 11BV/HCV
(hepatocellular carcinoma), and HTLV-1 (T-cell leukemias). Bacterial infection may also increase
the risk of cancer, as seen in H.pylori-induced gastric carcinoma. Parasitic infections strongly
associated with cancer include Schistosoma hacmatobium (squamous cell carcinoma of the bladder)
and the liver flukes, Opisthorchis viverrini and Clonorchis sinensis (cholangiocarcinoma).
A mycotoxin is a toxic secondary metabolite produced by fungi, commonly known as molds. The
term mycotoxin is usually reserved for the toxic chemical products produced by fungi that readily
colonize crops. One mold species may produce many different mycotoxins, and the same mycotoxin
may be produced by several species. Typical mycotoxins include alfatoxins (by Aspergillus),
ochratoxin (by Penicillium and Aspergillus), citrinin (by Penicillium and Aspergillus) and ergot (by
Claviceps).
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44) Chemoprevention of cancer, chemopreventive agents

Chemotherapy is the treatment of cancer with one or more cytotoxic antineoplastic drugs
(chemotherapeutic agents) as part of a standardized regimen. Chemotherapy may be given with a
curative intent or it may aim to prolong life or to palliate symptoms. It is often used in conjunction
with other cancer treatments, such as radiation therapy or surgery.

Traditional chemotherapeutic agents act by kil l ing rapidly dividing cells, one of the main properties
of most cancer cells. This means that chemotherapy also harms cells that divide rapidly under
normal circumstances: cells in the 13M, GIT, and hair follicles. This results in the most common
side-effects of chemotherapy: myelosuppression (hence also immunosuppression), mucositis and
alopecia.

The majority of chemotherapeutic drugs can be divided into alkylating agents (cisplatin,
cyclophosphamide) antimetabolites (azathiorpine, mercaptopurine), anthracyclines, plant alkaloids
(vineristine), topoisomerase inhibitors (topotecan, etoposide) and other antitumor agents. All of
these drugs affect cell division or DNA synthesis and function in some way.

Some newer agents do not directly interfere with DNA. These include monoclonal antibodies and
the new tyrosiue kinase inhibitors, which directly target a molecular abnormality in certain types of
cancer (CML, gastrointestinal stromal tumors). These are examples of targeted therapies.

In addition, some drugs that modulate tumor cell behaviour without directly attacking those cells
may be used. Hormone treatments fall into this category.

45) Cellular oncogcnes, relation to human cancer

An oncogene is a gene that has the potential to cause cancer. In tumor cells, they are often mutated
or expressed at high levels.

Most normal cells undergo a programmed form of death (apoptosis). Activated oncogenes can cause
those cells that ought to die to survive and proliferate instead. Most oncogenes require an additional
step, such as mutations in another gene, or environmental factors, such as viral infection, to cmise
cancer.

A proto-oncogene is a normal gene that can become an oncogene due to mutations or increased
expression. The resultant protein may be termed an oncoprotein. Proto-oncogenes code for proteins
that help regulate cell growth and differentiation. Proto-oncogenes are often involved in signal
transduction and execution of milogenic signals, usually through their protein products. Upon
activation, a proto-oncogene (or its product) becomes a tumor-inducing agent, an oncogene.
Examples of proto-oncogenes include RAS, WNT, MYC, ERK, and TRK. The MYC gene is
implicated in Burkitt's Lymphoma, which starts when a chromosomal translocation moves an
enhancer sequence within the vicinity of the MYC gene. The MYC gene codes for widely used
transcription factors. When the enhancer sequence is wrongly placed, these transcription factors are
produced at much higher rates. Another example of an oncogene is the Bcr-Abl gene found on the
Philadelphia Chromosome, seen in CML caused by a translocation from chromosomes 9 to 22. Bcr-
Abl codes for a receptor tyrosine kinase, which is constitutivcly active, leading to uncontrolled cell
proliferation.

46) Most frequent forms of oncogene activation

The proto-oncogene can become an oncogene by a relatively small modification of its original
function. There are three basic methods of activation:

• A mutation within a proto-oncogene, or within a regulatory region (for example the
promoter region), can cause a change in the protein structure, causing

• an increase in protein (enzyme) activity
• a loss of regulation



• An increase in the amount of a certain protein (protein concentration), caused by
1 . an increase of protein expression (through misregulation)
2. an increase of protein stability, prolonging its existence and thus its activity in the cell
3, gene duplication (one type of chromosome abnormality), resulting in an increased amount of
protein in the cell

• A chromosomal translocation (another type of chromosome abnormality)
There are 2 different types of chromosomal trans locations that can occur:
1. translocation events which relocate a proto-oncogene to a new chromosomal site that leads to
higher expression
2. translocation events that lead to a fusion between a proto-oncogcne and a 2nd gene (this
creates a fusion protein with increased cancerous/oncogenic activity

47) Genetic predisposition to cancer

A cancer syndrome is a genetic disorder in which genetic mutations in one or more genes predispose
the affected individuals to the development of cancers and may also cause the early onset of these
cancers. Cancer syndromes often show not only a high lifetime risk of developing cancer, but also
the development of multiple independent primary tumors. Many of these syndromes are caused by
mutations in tumor suppressor genes. Other genes that may be affected are DNA repair genes,
oncogenes and gened involved in angiogenesis,

Examples of autosomal dominant cancer syndromes arc; familial adenomatous polyposis, Nevoid
basal cell carcinoma syndrome (Gorlin syndrome), hereditary breast-ovarian cancer syndrome,
Carney syndrome, familial chordoma, hereditary non-polyposis colon cancer (Lynch syndrome),
Covvden syndrome, eosophagcal cancer with tylosis, familial gastric cancer, Li-Fraumeni syndrome,
familial melanoma, multiple endocrine neoplasia type 1/2, ncurofibromatosis type 1/2, multiple
ostcochondromatosis, familial paraganglioma, Peutz-Jeghers syndrome, prostate cancer, familial
renal cancer, retinoblastoma, tuberous sclerosis, von Hippel-Lindau disease and Wllm's tumor.

Examples of autosomal recessive cancer syndromes are; ataxia telangieetasia, Bloom syndrome,
Fanconi anaemia, Rothmund -Thompson syndrome, Werner's syndrome and Xerodcrma
pigmentosum.

48) Hereditary breast cancer, ovarian cancer

Hereditary breast-ovarian cancer syndrome (HBOC) is an autosomal dominant genetic disorder
caused by genetic mutations of the BRCA1 and BRCA2 genes. In women this disorder primarily
increases the risk of breast and ovarian cancer, but also increases the risk of fallopian tube
carcinoma and papillary serous carcinoma oflhe peritoneum. In men the risk of prostate cancer is
increased. Other cancers (hat arc inconsistently linked to this syndrome are pancreatic cancer, male
breast cancer, colorectal cancer and cancers of the uterus and cervix. Genetic mutations account for
approximately 7% and 14% of breast and ovarian cancer, respectively, and BRCA 1 and BRCA2
account for 80% of these cases. BRCA1 and BRCA2 are both tumor suppressor genes implicated in
maintaining and repairing DNA. Mutations in these genes allow further damage to DNA, which can
lead to cancer.

49) Hereditary colorectal cancer

Hereditary non-polyposis colon cancer (HNPCC), also known as Lynch syndrome, is an aulosomal
dominant cancer syndrome that increases the risk of colorectal cancer. Tt is caused by genetic
mutations in DNA mismatch repair (MMR) genes, notably MLH1, MSH2, MSI 16 and PMS2. In
addition to colorectal cancer many other cancers are increased in frequency. These include;
endometrial cancer, stomach cancer, ovarian cancer, cancers of the small bowel and pancreatic
cancer. HNPCC is also associated with and early onset of colorectal cancer. MMR genes are
involved in repairing DNA when the bases on each strand of DNA do not match. Defective MMR
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genes allow continuous insertion and deletion mutations in regions of DNA known as
microsatellites. These short repetitive sequences of DNA become unstable, leading to a state of
microsatelHte instability (MSI). Mutated microsatellites are often found in genes involved in tumor
initiation and progression, and MSI can enhance the survival of cells, leading to cancer.

Individuals with HNPCC have about an 80% lifetime risk for colon cancer. Two-thirds of these
cancers occur in the proximal colon. The mean age of colorectal cancer diagnosis is 44 for members
of families that meet the Amsterdam criteria. The average age of diagnosis of endomeirial cancer in
women is about 46 years. Among women with ITNPCC who have both colon and endometrial
cancer, about half present first with endometrial cancer. In HNPCC, the mean age of diagnosis of
gastric cancer is 56 years of age with intestinal-type adenocarcinoma being the most commonly
reported pathology. HNPCC-associated ovarian cancers have an average age of diagnosis of 42.5
years-old; approximately 30% are diagnosed before age 40 years. Other HNPCC-related cancers
have been reported with specific features: the urinary tract cancers are transitional carcinoma of the
ureter and renal pelvis; small bowel cancers occur most commonly in the duodenum and jejunum;
the central nervous system tumor most often seen is glioblasLoma.

Surgery remains the front-line therapy for HNPCC. There is an ongoing controversy over the benefit
of 5-fluorouracil-based adjuvant therapies for HNPCC-related colorectal tumours, particularly those
in stages I and II.
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50) Familiar polyposis coli as a precancer disease

Familial adenomatous polyposis (FAP) is an autosomal dominant syndrome that massively increases
the risk of colorectal cancer. Around 1 in 8000 people will have this disease and it has
approximately 100% penetrance. An individual with this disease will have hundreds to thousands of
benign adenomas throughout their colon, which will in most cases progress to cancer. Other tumors
increased in frequency include; osteomas, adrenal adenomas and carcinomas, thyroid tumors and
desmoid tumors. The cause of this disorder is a mutated APC gene, which is involved in [i-catenin
regulation. Faulty APC causes p-catenin to accumulate in cells and activate transcription factors
involved in cell proliferation, migration, differentiation and apoptosis.

From early adolescence and onwards, palienls with this condition develop hundreds to thousands of
polyps. These may bleed, leading to blood in the stool. If the blood is not visible, it is still possible
for the patient to develop anemia due to gradually developing iron deficiency. If malignancy
develops, this may present with weight loss, altered bowel habit, or even metastasis lo the liver or
elsewhere.

Treatment for FAP depends on the genotype. Most individuals with the APC mutation will develop
colon cancer by the age of 40. Therefore, prophylactic surgery is generally recommended before the
age of 25. There are several surgical options that involve the removal of either the colon or both the
colon and rectum. Various medications are being investigated for slowing malignant degeneration of
polyps, most prominently the non-steroidal anti-inflammatory drugs. The NSAIDS have been shown
to significantly decrease the number of polyps but do not usually alter management since there are
still lot) many polyps to be followed and treated endoscopically.

51) Genetic testing of predisposition to cancer occurrence

Clinical cancer genetics is becoming an integral part of the care of cancer patients. Multiple
endocrine neoplasia type 2, von Hippel-Lindau disease, and familial adenomatous polyposis are
examples of syndromes for which genetic testing to identify at-risk family members is considered
the standard of care. Genetic testing for these syndromes is sensitive and affordable, and it wi l l
change medical management. Cancer genetic counseling and testing is probably beneficial in other
syndromes, such as the hereditary breast cancer syndromes, hereditary nonpolyposis colorectal
cancer syndrome, Peutz-Jeghcrs syndrome, and juvenile polyposis. There are also hereditary cancer
syndromes for which testing is not yet available and/or is unlikely to change medical management.



including Li-Fraumeni syndrome and hereditary malignant melanoma. Thorough medical care
requires the identification of families likely to have a hereditary cancer susceptibility syndrome for
referral to cancer genetics professionals.

Generic testing is available to a small number of families at the highest risk of having an inherited
predisposition to cancer. Generally, it is necessary to test a person who has had cancer first to
identify the genetic change causing cancer in the family. If a genetic change is found, it confirms
that the cancers in that family are due to an inherited predisposition to cancer.

Blood relatives who have no signs of cancer can Ihen choose to have testing to find out if they have
inherited the altered gene that has been identified and could increase their risk of developing specific
types of cancer. If they have inherited a predisposition to cancer, the Familial Cancer Centre will
develop a personal program designed to manage their risk.
If a genetic change cannot be found in a person affected by cancer, it remains possible that there is
still a genetic predisposition to cancer in the family. Unfortunately not all genetic changes can be
detected. The Familial Cancer Centre would advise family members about the chance of developing
cancer and what they can do to reduce the risk.
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52) Genetic counseling in high-risk cancer families

Genetic testing is available to a small number of families at the highest risk of having an inherited
predisposition to cancer. Generally, it is necessary to test a person who has had cancer first to
identity the genetic change causing cancer in the family. If a genetic change is found, it confirms
that the cancers in mat family are due to an inherited predisposition to cancer.

Blood relatives who have no signs of cancer can then choose to Have testing to find out if they have
inherited the altered gene that has been identified and could increase their risk of developing specific
types of cancer. If they have inherited a predisposition to cancer, the Familial Cancer Centre will
develop a personal program designed to manage their risk.
If a genetic change cannot be found in a person affected by cancer, it remains possible that there is
still a genetic predisposition to cancer in the family. Unfortunately not all genetic changes can be
detected. The Familial Cancer Centre would advise family members about the chance of developing
cancer and what they can do to reduce the risk.

53) Biological variables of cancer, origin, development, histogenesis, localization

54) The primary tumor, monoclonal origin, preclinical and clinical development

Studies of human and experimental tumors have provided strong evidence that most cancers arise
from a single transformed cell. This has mostly been demonstrated in hematologic malignancies.
The most common piece of clinical evidence in its favour is the production of neoplastic plasma
cells of a single immunoglobulin unique to an individual patient with multiple myeloma.

In many cancers, the malignant phenotype reflects, at least in part, defects in the normally strict
control of cell proliferation. However, in some cancers, it is thought that the malignant cell results
from a maturation arrest in the sequence of development from a stem or progenitor cell to a fully
differentiated cell, Examples include: squamous cell carcinoma, teratocarcinoma, leukemias and
lymphomas, retinoids.

Tumor doubling time is the time taken for the number of cells in the mass to double. Internal cancers
are usually not detected before they attain a size of about 1cm3 (lg), which corresponds to 108 to 109

cells. The origin of most rumors from a single cell implies the mass has doubled at least 30 times to
reach this size. Because of the variable death rate of tumor cells and differences in cell cycle
kinetics, the actual doubling time of human tumors is highly unpredictable. The doubling time is not
necessarily correlated with the growth fraction (the proportion of cells that are within the cell cycle).
Since the duration of mitosis in cancer cells is often prolonged, the increased number of mitoses in a
histologic section can be misleading as an indicator of overall growth.
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55) The biology of primary cancer: Initiation, promotion, progression

Initiation likely represents a mutation in a single cell.

Promotion reflects the clonal expansion of the initiated cell in which the mutation has conferred a
growth advantage. During promotion the altered cells remain dependent on the continued presence
of the promoting stimulus.

Progression is the stage in which growth becomes autonomous. By this time, sufficient mutations
have accumulated to immortalise cells.

56) Biological characteristics of malignant cells: molecular basis of infiltrative growth

Malignant cells are characterized by:
a) anaplasia or cellular atypia - this refers to the lack of differentiated features of the cancer cell. In
general, the degree of atypia correlates with the aggressiveness of the tumor. The nuclei are
hyperdense, the nucleoli are prominent and the shape of the nuclei in different cells is different
(pleomorphism)
b) mitotic activity - abundant mitoses are characteristic of many malignant tumors but are not a
necessary criterion
c) growth pattern - malignant neoplasms often exhibit a disorganized and random growth pattern,
which may be expressed as uniform sheets of cells, arrangements around blood vessels, papillary
structures etc
d) invasion - malignancy is proved by the demonstration of invasion, particularly of blood vessels
and lymphatics
d) metastascs - the presence of metastasis identifies a tumor as malignant
In epithelial tumors, invasion requires disruption of, and penetration through, the underlying
basement membrane and passage through the extracellular matrix. Adhesion molecules expressed by
the tumor cells that facilitate this process include inlegrins, Ig supergene family, cadherins and
catenins. Also growth factors and cytokines are required to facilitate growth of the tumor and
angiogenesis. These include EGF, FGF, PDGF and others. Proteolytic enzymes are needed to breach
the dense basement membrane that is composed of type IV collagen and these are u-PA and MMPs.

57) Factors involved in the mechanism of tumor metastasis

After invading interstitial tissue, malignant cells penetrate lymphatic or blood vessels. In lymph
nodes, communications between lymphatics and venous boundaries allow the cells to access the
systemic circulation. Most tumors don't survive this journey and about 0,1% of cells remain to
establish a new colony.
These circulating cells may arrest mechanically in capillaries and venules, where they attach To
endolhelial cells. This adherence causes relratction of the endothelium, thereby exposing the
underlying basement membrane to which tumor cells now bind. Tumor cells eventually extravasate
by mechanisms similar to those for local invasion.
In a hospitable site, the extravasated cancer cells grow in response to autocrine and possibly local
growth factors produced by the host tissue. However, a new vascular supply is needed for the tumor
to grow to a diameter greater than 0,5mm, Thus many tumors secrete polypeptides such as EDGF,
FGF, VEGF and TGF-J3 Lo trigger angiogenesis.

58) Molecular mechanisms of tumor vascularisation, molecules as targets of treat men t

In the absence of new vessels to supply nutrients and remove waste products, malignant tumors do
not grow larger than 1 to 2 mm in diameter. In this context, the density of capillaries within the
primary tumor correlates directly with metastases and decreased survival. Tumor angiogenesis
occurs in non-neoplastic host tissue and is comparable to that in wound healing.
A number of factors can stimulate angiogenesis, including TGF-a, TNF-a, VEGF, PDGF and



21epidermal growth factor (EOF), Some factors act directly on endothelial cells (VEGF), whereas
others stimulate inflammatory cells to promote the formation of new blood vessels (PDGF).

59) Cancer epidemiology, definition, importance

In 2008 approximately 12.7 million cancers were diagnosed (excluding non-melanoma skin cancers
and other non-invasive cancers) and 7.6 million people died of cancer worldwide. Cancers as a
group account for approximately 13% of all deaths each year with the most common being: lung
cancer (1.4 million deaths), stomach cancer (740,000 deaths), liver cancer (700,000 deaths),
colorectal cancer (610,000 deaths), and breast cancer (460,000 deaths). This makes invasive cancer
the leading cause of death in the developed world and the second leading cause of death in the
developing world. Over half of cases occur in the developing world.
Global cancer rates have been increasing primarily due to an aging population and lifestyle changes
in the developing world. The most significant risk factor for developing cancer is old age. Although
it is possible for cancer to strike at any age, most people who are diagnosed with invasive cancer are
over the age of 65. According to cancer researcher Robert A. Weinberg, "If we lived long enough,
sooner or later we all would get cancer." Some of the association between aging and cancer is
attributed to immunosenescence, errors accumulated in DNA over a lifetime, and age-related
changes in the endocrine system.
Some slow-growing cancers are particularly common. Autopsy studies in Europe and Asia have
shown that up to 36% of people have undiagnosed and apparently harmless thyroid cancer at the
time of their deaths, and that 80% of men develop prostate cancer by age 80. As these cancers did
not cause the person's death, identifying them would have represented ovcrdiagnosis rather than
useful medical care.

60) Cancer registries, reports on cancer occurrence, mortality

A cancer registry is a systematic collection of data about cancer and tumor diseases. The data are
collected by Cancer Registrars. Cancer Registrars capture a complete summary of patient history,
diagnosis, treatment, and status for every cancer patient in the United States., and other countries as
well.
The National Program of Cancer Registries was established by Congress through the Cancer
Registries Amendment Act in 1992, and administered by the Centers for Disease Control and
Prevention (CDC). NPCR and SEER together collect cancer data for the entire U.S. population.
CDC and NCI, in collaboration with the North American Association of Central Cancer Registries,
have been publishing annual federal cancer statistics in the United States Cancer Statistics:
Incidence and Mortality report. Information maintained in the cancer registry include; demographic
information, medical history, diagnostic findings, cancer therapy and follow up details. The data is
LiKed to evaluate patient outcome, quality of life, provide follow-up information, calculate survival
rates, analyze referral pattern, allocate resources at regional or slate level, report cancer incidence as
required under state law, and evaluate efficacy of treatment modalities.
There exist population-based cancer registries, hospital cancer registries (also called hospital-based
cancer registries), and special purpose registries.
Percentage of patients deceased five years after diagnosis:

Pancreatic cancer - 97%
Liver cancer - 95%
Lung cancer - 87%
Stomach cancer - 83%
Ovarian cancer - 61%
Kidney cancer - 47%
Colon cancer - 43%
Cervical cancer - 34%
Prostate cancer - 26%
Breast cancer - 23%
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61) The world burden of cancer, occurrence estimates
62) Cancer incidence, definition, data source, aim of data collection an registration
63) Cancer mortality, definition, aim of data collection and registration

64) Descriptive versus analytical cancer epidemiology

Descriptive statistics is the discipline of quantitatively describing the main features ot'a collection of
data, or the quantitative description itself. Descriptive statistics are distinguished from inferential
statistics (or inductive statistics), in that descriptive statistics aim to summarize a sample, rather than
use the data to learn about the population that the sample of data is thought to represent. This
generally means that descriptive statistics, unlike inferential statistics, are not developed on the basis
of probability theory. Even when a data analysis draws its main conclusions using inferential
statistics, descriptive statistics are generally also presented. For example in a paper reporting on a
study involving human subjects, there typically appears a table giving the overall sample size,
sample sizes in important subgroups (e.g., for each treatment or exposure group)? and demographic
or clinical characteristics such as the average age, the proportion of subjects of each sex, and the
proportion of subjects with related comorbidities.
Analytic and enumerative statistical studies are two types of scientific studies:
In any statistical study the ultimate aim is to provide a rational basis for action. Enumerative and
analytic studies differ by where the action is taken. Deming summarized the distinction between
enumerative and analytic studies as follows;
Enumerative study: A statistical study in which action will be taken on the material in the frame
being studied.
Analytic study: A statistical study in which action will be taken on the process or cause-system that
produced the frame being studied. The aim is to improve practice in the future.

65) Age-related cancer incidence - specific cancer epidemiology

Global cancer rates have been increasing primarily due to an aging population and lifestyle changes
in the developing world. The most significant risk factor for developing cancer is old age. Although
it is possible for cancer to strike at any age, most people who are diagnosed with invasive cancer arc
over the age of 65, According to cancer researcher Robert A. Weinberg, "If we lived long enough,
sooner or later we all would get cancer." Some of the association between aging and canucr is
attributed to immunosenescence, errors accumulated in DNA over a lifetime, and age-related
changes in the endocrine system.
The three most common childhood cancers are leukemia (34%), brain tumors (23%), and
lymphomas (12%). Rates of childhood cancer have increased by 0.6% per year between 1975 to
2002 in the United States and by 1.1% per year between 1978 and 1997 in Europe.

66) Aging and cancer, why is cancer incidence raising with age

67) Childhood versus adult cancer: histopatnological differences

68) Screening and early detection of cancer, principles

Cancer screening aims to detect cancer before symptoms appear. This may involve blood tests, urine
tests, other tests, or medical imaging. The benefits of screening in terms of cancer prevention, early
detection and subsequent treatment must be weighed against any harms.
Screening tests must be effective, safe, well-tolerated with acceptably low rates of false positive and
false negative results. If signs of cancer are detected, more definitive and invasive follow-up tests
are performed to reach a diagnosis. Screening for cancer can lead to cancer prevention and earlier
diagnosis. Early diagnosis may lead to higher rates of successful treatment and extended life.
However, it may also falsely appear to increase the time to death through lead time bias or length
time bias.
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Screening for cancer is controversial in cases when it is not yet known if the test actually saves lives.
Screening can lead to substantial false positive result and subsequent invasive procedures. The
controversy arises when it is not clear if the benefits of screening outweigh the risks of follow-up
diagnostic tests and cancer treatments. Cancer screening is not indicated unless life expectancy is
greater than five years and the benefit is uncertain over the age of 70.
The cancers most commonly screened for include breast cancer, cervical cancer, colorcctal cancer,
prostate cancer and lung cancer,

69) Methodology of cancer screening, breast cancer, cervical cancer, colorectal cancer

Cancer screening aims to detect cancer before symptoms appear. This may involve blood tesls, urine
lesls>, other tests, or medical imaging. The benefits of screening in terms of cancer prevention, early
detection and subsequent treatment must be weighed against any harms.
There is general agreement in the scientific community that breast screening reduces mortality from
the disease. There is some controversy however about the number of lives saved by breast screening
and the number of cancers diagnosed and treated that would not have caused any health problems in
the participants' lifetime, sometimes known as over-diagnosis and over-treatment. Non-invasive
breast cancers, or ductal carcinoma in situ, sometimes progress to invasive cancer but sometimes do
not. The U.S. Preventive Services Task Force recommends population screening mammography
once for every two years for all women aged 50 74, with decisions about screening younger and
older women being determined by consideration of the individual's risk factors and the benefits and
harms of screening. They do not recommend either breast self-examination or clinical breast
examination. Their recommendation is similar Lo Ihe WHO's, and less aggressive than some
American organizations.
Cervical screening is highly effective at detecting and preventing cervical cancer. The U.S.
Preventive Services Task Force strongly recommends cervical cancer screening in American women
who are sexually active and have a cervix at least until the age of 65, usually every three years.
Their recommendation is typical of professional organizations and other government agencies in the
US and Canada.
The US Preventive Services Task Force recommends screening for colorectal cancer using fecal
occult blood testing, sigmoidoscopy, or colonoscopy, in adults, beginning at age 50 years and
continuing until age 75 years. For people over 75 or those with a life expectancy of less than
10 years screening is not recommended. A new method for colorectal cancer screening is the M2-
PK Test, which is able to detect bleeding and none bleeding colorectal cancers and polyps. In 2008,
Kaiser Permanente Colorado implemented a program that used automated calls and sends fecal
immunochemical test kits to patients who are overdue for colorectal cancer screenings. The program
has increased the proportion of all eligible members screened by 25 percent.

70) Early diagnosis of cancer: basic conditions, preventive inspections

71) Cancer symptomatology, general, local

Local symptoms may occur due to the mass of the tumor or its ulceration. For example, mass effects
from lung cancer can cause blockage of the bronchus resulting in cough or pneumonia; esophageal
cancer can cause narrowing of the esophagus, causing dysphagia; and colorectal cancer may lead to
narrowing or blockages in the bowel, resulting in changes in bowel habits. Masses of breast or
testicles may be easily felt. Ulceration can cause bleeding which, if it occurs in the lung, will lead to
coughing up blood, in the bowels to anemia or rectal bleeding, in the bladder to blood in the urine,
and in the uterus to vaginal bleeding. Although localized pain may occur in advanced cancer, the
initial swelling is usually painless. Some cancers can cause build up of fluid within the chest or
abdomen,
General symptoms occur due to distant effects of the cancer that are not related to direct or
metastatic spread. These may include: unintentional weight loss, fever, being excessively tired, and
changes lo the skin. Hodgkin disease, leukemias, and cancers of the liver or kidney can cause a
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persistent fever of unknown origin. Specific constellations of systemic symptoms, termed
paraneoplastic phenomena, may occur with some cancers. Examples include the appearance of
myasthenia gravis in thymoma and finger clubbing in lung cancer.

72) The algorithm of inspection of patients with suspected malignant disease

73) Tumor imaging: methods, advantages, limitations

Molecular imaging technologies used in oncology include:
- PET-CT (Positron emission tomography and computed tomography
- SPECT-CT (Single-photon emission computed tomography and CT)
- Magnetic Resonance (MR) spectroscopy
- Lymphoscintigraphy (for melanoma, breast cancer and GYN cancers)
- PMSA study
- Radio)mmunotherapy (KIT)
- Molecular radiotherapy (MRT)
Advantages:
-^ PET/CT provides non-invasive information that once would have required many medical studies.
The information provided often eliminates the need for exploratory surgery and other invasive
medical procedures
-> PET-CT scans prompt changes in the treatment of more than one-third of patients registered in
the National Oncologic PET Registry
-> PET scans can help individuals avoid unnecessary or unproductive surgery or treatment,
-^ PET scans may eliminate the need for surgical biopsy by differentiating benign from malignant
lesions
-> PET scans are currently the most effective means of detecting a recurrence of some oancers
•$ In contrast to chemotherapy, where all proliferating cells are affected, molecular radiotherapy
(MRT) delivers concentrated doses of radiation directly to the tumor, decreasing radiation exposure
to healthy tissue and potentially reducing side effects
Limitations;
- False positive and false negative scans
- Radiation exposure
- Insurance coverage

74) Ultrasonography versus mamntography in breast cancer detection, age limits

Mammography is the process of using low-energy X-rays to examine the human breast and is used
as a diagnostic and a screening tool. The goal of mammography is the early detection of breast
cancer, typically through detection of characteristic masses and/or microcalcifications. Like all X-
rays, mammograms use doses of ionizing radiation to create images. Radiologists then analyze the
images for any abnormal findings. It is normal to use lower-energy X-rays than those used for
radiography of bones.
Ultrasound, ductography, positron emission mammography (PEM), and magnetic resonance
imaging (MRI) are adjuncts to mammography. Ultrasound is typically used for further evaluation of
masses found on mammography or palpable masses not seen on mammograms. Ductograms are still
used in some institutions for evaluation of bloody nipple discharge when the mammogram is non-
diagnusliu. MRI can be useftil for further evaluation of questionable findings as well as for
screening pre-surgical evaluation in palients with known breast cancer to detect any additional
lesions that might change the surgical approach, for instance from breast-conserving lumpectomy to
mastectomy.

75) Interview, personal, familiar and professional anamnesis
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76) Palpation, palpable tumors and metastasis

Palpation is a technique used during physical examination in order to detect masses that are either
superficially located or are large enough to have grown up to the skin. Palpation is divided into
superficial and deep. Superficial palpation involves light pressing on the area with one hand in order
to feel for any humps or abnormalities. Deep palpation uses both hands (one on top of the other) to
assess deeper structures.
Masses that could be felt include lumps in the breast, lumps on the neck and masses within the
abdomen. Breast self-examination is recommended for all women as part of the screening process
for breast cancer. Lumps in the neck could be from a growing basal or squamous cell carcinoma, an
adenocarcinoma or a hemangioma. Within the abdomen, masses in the liver can be felt upon
palpation in the right hypogastric region. The surface of the liver is normally smooth and soft with
sharp borders. A cancerous liver feels hard, bumpy and irregular.

77) Cancer imaging Technologies

Molecular imaging technologies used in oncology include:
- PKT-CT (Positron emission tomography and computed tomography
- SPECT-CT (Single-photon emission computed tomography and CT)
- Magnetic Resonance (MR) spectroscopy
- Lymphoscintigraphy (for melanoma, breast cancer and GYN cancers)
- PMSA study
- Radioimmunotherapy (RIT)
- Molecular radiotherapy (MRT)
Also used in imaging for cancer are ultrasonography, conventional x-rays and conventional CT
scans.

78) Localisation diagnosis of breast cancer, methods, use, efficiency

Most types of breast cancer arc easy to diagnose by microscopic analysis of the biopsy. There are
however, rarer types of breast cancer that require specialized lab exams.
While screening techniques are useful in determining the possibility of cancer, a further testing is
necessary to confirm whether a lump detected on screening is cancer, as opposed to a benign
alternative such as a simple cyst.
Very often the results of noninvasive examination, mammography and additional tests that arc
performed in special circumstances such as ultrasound or MR imaging are sufficient to warrant
excisional biopsy as the definitive diagnostic and curative method.
Both mammography and clinical breast exam, also used for screening, can indicate an approximate
likelihood that a lump is cancer, and may also detect some other lesions. When the tests are
inconclusive Fine Needle Aspiration and Cytology (FNAC) may be used which is a confirmatory
test, FNAC may be done in a GP's office using local anaesthetic if required, involves attempting to
extract a small portion of fluid from the lump. Clear fluid makes the lump highly unlikely to be
cancerous, but bloody fluid may he sent off for inspection under a microscope for cancerous cells.
Together, these three lools can be used to diagnose breast cancer with a good degree of accuracy.
Other options for biopsy include core biopsy, where a section of the breast lump is removed, and an
excisional biopsy, where the entire lump is removed.
In addition vacuum-assisted breast biopsy (VAB) may help diagnose breast cancer among patients
with a mammographically detected breast in women.

79) Clinical evaluation of cancer aggressivity and progression (grading)

Tumor grading aims towards the evaluation of the extant of malignancy of a certain tumor. It is done
based on general tissue architecture, number of mitoses, tumor infiltration of local tissues and tumor
penetration into vessels.
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Low-grade tumors are well differentiated whereas high-grade tumors tend to be anaplastic.
Cytologic and histologic grading is based upon the degree of anaplasia and on the number of
proliferating cells. Anaplasia is determined by shape and regularity of the cells and from presence of
distinct differentiated features.
Thus we can talk about 4 grades of tumors, G]-G4- Gi tumors are well differentiated, show few
number of mitoses, aren't locally invasive and don't grow into blood vessles. This grade of tumor is
the most favourable. G4 tumors are anaplastic, show a high degree of proliferation, invade nearby
tissues and also invade blood vessels and metastasise.

80) Cancer staging in clinical practice

Cancer staging is done according to the size of the tumor and is the determinant for therapy. Clinical
staging is independent of cytologic grading. The criteria used to determine a tumor's stage include:
- tumor size
- extent of local growth, whether within or without the organ
- presence of lymph node metastases
- present of distant metastases
This slaging system is also called the TNM cancer staging system (T - tumor size, N - lymph nodes
affected, M - number of distant metastases),
A stage 1 tumor is between 0,5 and 2cm in diameter and shows no metastasis.
A stage 2 tumor is between 2 and 3cm and has a single regional metastasis.
A stage 3a tumor is between 3 and 5cm and shows multiple regional metastases.
A stage 3b tumor is between 3 and 5cm, shows multiple regional metastases along with distant
metastases.
A stage 4 tumor is more than 5cm in diamter, shows multiple regional metastases and massive
distant dissemination.

81) Cancer grading, cellular characteristics

Tumof grading aims towards the evaluation of the extant of malignancy of a certain tumor. It is done
based on general tissue architecture, number of mitoses, tumor infiltration of local tissues and tumor
penetration into vessels.
Low-grade tumors are well differentiated whereas high-grade tumors tend to be anaplastic.
Cylologic and histologic grading is based upon the degree of anaplasia and on the number of
proliferating cells. Anaplasia is determined by shape and regularity of the cells and from presence of
distinct differentiated features.
Thus we can talk about 4 grades of tumors, Gi-Gi. GI tumors are well differentiated, show few
number of mitoses, aren't locally invasive and don't grow into blood vessles. This grade of tumor is
the most favourable. G4 tumors are anaplastic, show a high degree of proliferation,, invade nearby
tissues and also invade blood vessels and metastasise.

82) Tumor classification, TNM
Cancer staging is done according to the size of the tumor and is the determinant for therapy. Clinical
staging is independent of cytoiogic grading. The criteria used to determine a tumor's stage include:
- tumor size
- extent of local growth, whether within or without the organ
- presence of lymph node metastases
- present of distant metastases
This staging system is also called the TNM cancer staging system (T - tumor size, N - lymph nodes
affected, M - number of distant metastases).
Ti < 2cm, T2 2-3cm, T3 3-5cm, T4 > 5cm
NU no lymph node metastasis, N] 1 lymph node affected, N2 multiple lymph nodes affected, NS
multiple distant lymph nodes affected, N/i massive lymph node progression
MO - Mj number of distant metastases (number of organs affected)
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83) TNM, clinical importance

The TNM cancer staging system (T - tumor size, N - lymph nodes affected, M - number of distant
metastases) assesses a tumor's clinical stage and determines therapy.
TI < 2cm, T2 2-3cm, TS 3-5cm, T4 > 5cm
NO no lymph node metastasis, NI 1 lymph node affected, N2 multiple lymph nodes affected, N3

multiple distant lymph nodes affected, N4 massive lymph node progression
MO - M4 number of distant metastases (number of organs affected)
1. Stage 0: carcinoma in situ,
2. Stage I: cancers arc localized to one part of the body. Stage I cancer can be surgically

removed if small enough.
3. Stage U: cancers are locally advanced. Stage II cancer can be treated by chemo, radiation, or

surgery.
4. Slage III: cancers are also locally advanced. Whether a cancer is designated as Stage II or

Stage III can depend on the specific type of cancer; for example, in Hodgkin's Disease, Stage I I
indicates affected lymph nodes on only one side of the diaphragm, whereas Stage III indicates
affected lymph nodes above and below the diaphragm. The specific criteria for Stages II and III
therefore differ according to diagnosis. Stage 111 can be treated by chemo, radiation, or surgery.

5. Stage IV: cancers have often metastasized, or spread to other organs or throughout the body.
Stage IV cancer can be treated by chemo, radiation, surgery, or clinical trials.

84) The cancer genetic counseling: familiar predisposition, principles, methods

Genetic testing is available to a small number of families at the highest risk of having an inherited
predisposition to cancer. Generally, it is necessary to test a person who has had cancer first to
identity the genetic change causing cancer in the family. If a genetic change is found, it confirms
that the cancers in that family are due to an inherited predisposition to cancer.
Rlood relatives who have no signs of cancer can then choose to have testing to find out if they have
inherited the altered gene that has been identified and could increase their risk of developing specific
types of cancer. If they have inherited a predisposition to cancer, the Familial Cancer Centre will
develop a personal program designed to manage their risk.
If a genetic change cannot be found in a person affected by cancer, it remains possible that there is
still a genetic predisposition to cancer in the family. Unfortunately not all genetic changes can be
detected. The Familial Cancer Centre would advise family members about the chance of developing
cancer and what they can do to reduce the risk.

85) Principles of multimodal cancer treatment

Many management options for cancer exist with the primary ones including surgery, chemotherapy,
radiation therapy, and palliative care. Which treatments are used depends upon the type, location
and grade of the cancer as well as the person's health and wishes.
Palliative care refers to treatment which attempts to make the patient feel better and may or may not
be combined with an attempt to attack the cancer. Palliative care includes action to reduce the
physical, emotional, spiritual, and psycho-social distress experienced by people with cancer. Unlike
treatment that is aimed at directly killing cancer cells, the primary goal of palliative care is to
improve the patient's quality of life.
Surgery is the primary method of treatment of most isolated solid cancers and may play a role in
palliation and prolongation of survival. It is typically an important part of making the definitive
diagnosis and staging the tumor as biopsies are usually required. In localized cancer surgery
typically attempts to remove the entire mass along with, in certain cases, the lymph nodes in the
area. For some types of cancer this is all that is needed to eliminate the cancer.
Chemotherapy in addition to surgery has proven useful in a number of different cancer types
including: breast cancer, colorectal cancer, pancreatic cancer, osteogenic sarcoma, tcsticular cancer,
ovarian cancer, and certain lung cancers. The effectiveness of chemotherapy is often limited by
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toxicity to other tissues in the body.
Radiation therapy involves the use of ionizing radiation in an attempt to either cure or improve the
symptoms of cancer. It is used in about half of all cases and the radiation can be from either internal
sources in the form of brachytherapy or external sources. Radiation is typically used in addition to
surgery and/or chemotherapy but for certain types of cancer such as early head and neck cancer may
be used alone. For painful bone metastasis it has been found to be effective in about 70% of people.

8(J) Primary treatment modality, neodjuvant, adjuvant treatment

Neoadjuvant therapy is the administration of therapeutic agents before a main treatment. One
example is neoadjuvant hormone therapy prior to radical radiotherapy for adenocarcinoma of the
prostate. Neoadjuvant therapy aims to reduce the size or extent of the cancer before using radical
treatment intervention, thus making procedures easier and more likely to succeed, and reducing the
consequences of a more extensive treatment technique that would be required if the tumor wasn't
reduced in size or extent.
Another related concept is that neoadjuvant therapy acts on micrometastatic disease. The
downstaging is then a surrogate marker of efficacy on undetected dissemination, resulting in
improved longtime survival compared to the surgery-alone strategy.
This systemic therapy (chemotherapy, immunotherapy or hormone therapy) or radiation therapy is
commonly used in cancers that are locally advanced - where clinicians plan an operation at a later
stage. The use of such therapy can effectively reduce the difficulty and morbidity of more extensive
procedures.
The use of therapy can turn a tumour from unbeatable to treatable by shrinking the volume down.
Often it can be unclear which surrounding structures are directly involved in the disease and which
arcjust showing signs of inflammation. By administering therapy a distinction can often be made.
Some doctors give the therapy in the hope that a response will be seen so that they can then decide
what is the best course of action. Unfortunately, not everyone is suitable for therapy in this way
because it can be extremely toxic. Some patients react so severely that further treatments, especially
surgery, are precluded because the patient is rendered unfit for anesthetic.
Adjuvant therapy, ulso called adjuvant care, is treatment that is given in addition to the primary,
main or initial treatment. The surgeries and complex treatment regimens used in cancer therapy have
led the term to be used mainly to describe adjuvant cancer treatments. An example of adjuvant
therapy is the additional treatment usually given after surgery where all detectable disease has been
removed, but where there remains a statistical risk of relapse due to occult disease. If known disease
is left behind following surgery, then further treatment is not technically adjuvant.

87) Concomitant cancer treatment, intensification therapy, second line treatment

Concomitant or concurrent systemic therapy refers to administering medical treatments at the same
time as other therapies, such as radiation. Adjuvant hormonal therapy is given after prostate removal
in prostate cancer, but there are concerns that the side effects, in particular the cardiovascular ones,
may outweigh the risk of recurrence.
In breast cancer, adjuvant therapy may consist of chemotherapy (doxorubicin, docetaxel,
cyclophosphamide, fluorouracil, and metholrexate) and radiotherapy, especially after lumpeclomy,
and hormonal therapy (tamoxifen). Adjuvant therapy in breast cancer is used in stage one and two
breast cancer following lumpectomy, and in stage three breast cancer due to lymph node
involvement.
In glioblastoma multiforme, adjuvant chemoradiotherapy is critical in the case of a completely
removed tumor, as with no other therapy, recurrence occurs in 1-3 months.
Adjuvant therapy doesn't improve prognosis in stage I, II, and 111 renal cell carcinoma, with the
possible exception of radiotherapy, which lowered the risk of local recurrence from 41% to 22% in
one study. As a result of this resistance to chemotherapy, targeted therapies, including nexavar,
sutent, rapamycin and interleukin 2 that are known to be effective in stage IV renal cell carcinoma
have been studied in the adjuvant setting, without good results.
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In early stage one small cell lung carcinoma, adjuvant chemotherapy with gemzar, cisplatin,
paclitaxel, docetaxel, and other chemotherapeutic agents, and adjuvant radiotherapy is administered
to either the lung, to prevent a local recurrence, or the brain to prevent metastases.
Adjuvant therapy is particularly effective in certain types of cancer, including colorectal carcinoma,
lung cancer, and medulloblastoma. In completely resected medulloblastoma, 5-year survival rate is
85% if adjuvant chemotherapy and/or craniospinal irradiation is performed, and just 10% if no
adjuvant chemotherapy or craniospinal irradiation is used. Prophylactic cranial irradation for ALL is
technically adjuvant, and most experts agree that cranial irradation decreases risk of CNS relapse in
ALL and possibly AML, but it can cause severe side effects, and adjuvant intrathecal methotrexate
and hydrocortisone may be just as effective as cranial irraditon, without severe late effects, such as
developmental disability, dementia, and increased risk for second malignancy.

88) Principles of surgical oncology

89) Surgery as modality in cancer treatment: curative, palliative, neoadjuvant

Surgery is the basic form of treatment for most isolated solid tumors. The goal is to remove as much
cancerous tissue as possible, probably along with regional lymph nodes, and then cither follow up
with radiation or chemotherapy for any residual tumor cells (adjuvant therapy).
Surgery can be curative in the sense that it removes all cancer cells and thus cures the patient of
cancer. So in this form of surgery, the task is to cure the patient of the disease.
Palliative surgical treatment occurs when the surgery is aimed at relieving the patient of the local
effects of a tumor, such as compression. A tumor in the mediastinum could be pressing against the
trachea causing breathing difficulties, or against the esophagus causing dysphagia. Surgery to
remove this effect would be palliative.
Neoadjuvant surgical therapy is done when a tumor is too large to be successfully treated by
radiation or chemotherapy and has to shrink first.

90) Radical versus organ-conserving surgery, breast cancer surgery

in oncology, a surgical procedure on a diseased organ can be either radical or conserving. Radical
surgery is when the entire organ or most of it is removed, in order to remove cancerous tissue and
the surrounding seemingly healthy tissue. Conserving surgery on the other hand deals with removal
of a small portion of the organ, which contains the tumor, leaving behind a relatively functioning
organ.
The same surgical procedures are involved in breast cancer treatment. Surgery involves the physical
removal of the tumor, typically along with some of the surrounding tissue and frequently sentinel
lymph node biopsy.
Standard surgeries include:
S Mastectomy; Removal of the whole breast.
S Quadrantectomy; Removal of one quarter of the breast.
J Lumpectomy: Removal of a small part of the breast.
If the patient desires, then breast reconstruction surgery may be performed to create an aesthetic
appearance. Tn other cases, women use breast prostheses to simulate a breast under clothing, or
choose a flat chest. Nipple/areola prostheses can be used at any time following the mastectomy.

91) Palliative surgery of gastrointestinal tumors

92) Caucer treatment modalities, description, indication

Many management options for cancer exist with the primary ones including surgery, chemotherapy,
radiation therapy, and palliative care. Which treatments are used depends upon the type, location
and grade of the cancer as well as the person's health and wishes.
Palliative care refers to treatment which attempts to make the patient feel better and may or may not
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be combined with an attempt to attack the cancer. Palliative care includes action to reduce the
physical, emotional, spiritual, and psycho-social distress experienced by people with cancer. Unlike
treatment that is aimed at directly killing cancer cells, the primary goal of palliative care is to
improve the patient's quality of life.
Surgery is the primary method of treatment of most isolated solid cancers and may play a role in
palliation and prolongation of survival. It is typically an important part of making the definitive
diagnosis and staging the tumor as biopsies are usually required. In localized cancer surgery
typically attempts to remove the entire mass along with, in certain cases, the lymph nodes in the
area. For some types of cancer this is all that is needed to eliminate the cancer.
Chemotherapy in addition to surgery has proven useful in a number of different cancer types
including: breast cancer, coloreclal cancer, pancreatic cancer, osteogenic sarcoma, tesTicular cancer,
ovarian cancer, and certain lung cancers. The effectiveness of chemotherapy is often limited by
toxicity to other tissues in the body.
Radiation therapy involves the use of ionizing radiation in an attempt to either cure or improve the
symptoms of cancer. It is used in about half of all cases and the radiation can be from cither internal
sources in the form of brachytherapy or external sources. Radiation is typically used in addition to
surgery and/or chemotherapy but for certain lypes of cancer such as early head and neck cancer may
be used alone. For painful bone metastasis it has been found to be effective in about 70% of people.

93) Chemotherapeutic anticancer drugs, definition, division
94) Chemotherapy of cancer, definition, principles
95) Chemotherapy of cancer, indications

Chemotherapy is the treatment of cancer with one or more cytotoxic antineoplastic drugs
("chemotherapeutic agents") as part of a standardized regimen. Chemotherapy may be given with a
curative intent or it may aim to prolong life or to palliate symptoms, it is often used in conjunction
with other cancer treatments, such as radiation therapy or surgery.
Traditional chemotherapeutic agents act by kil l ing cells that divide rapidly, one of the main
properties of most cancer cells. This means that chemotherapy also harms cells that divide rapidly
under normal circumstances; cells in the bone marrow, digestive tract, and hair follicles. This results
in the most common side-effects of chemotherapy: myelosuppression, mucositis and alopecia.
In the broad sense, most chemotherapeutic drugs work by impairing mitosis, effectively targeting
fast-dividing cells. As these drugs cause damage to cells, they are termed cytotoxic. Some drugs
cause cells to undergo apoptosis.
The majority of chemotherapeutic drugs can be divided into alkylating agents (cisplatin,
cyclophosphamide) antimelabolites (azathioprine, mercaptopurine), anthracyclines, plant alkaloids
(taxancs), topoisomerase inhibitors (topotecan), and other antitumor agents. All of these drugs affect
cell division or DNA synthesis and function in some way.
Some newer agents do not directly interfere with DNA. These include monoclonal antibodies and
the new tyrosine kinase inhibitors, which directly target a molecular abnormality in certain types of
cancer (CML, gastrointestinal stromal tumors). These are examples of targeted therapies.
In addition, some drugs that modulate tumor cell behaviour without directly attacking those cells
may be used. Hormone treatmenLs fall into this category.

96) Chcmosensitivity of leukemias and solid tumors

Chemosensitivity refers to the degree of a specific cancer being sensitive to chemotherapy.
Ohemosensitive tumors include lymphomas, lymp ho blastemas, nephroblastomas, retinoblastomas,
neuroblastomas and seminomas.
Partially chemosensitive tumors indue most carcinomas, juvenile sarcomas and glioblastomas
Chemoresistant tumors include urinary carcinomas, lung carcinomas, ovarian carcinomas and adult
sarcomas
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97) Chemotherapy as a primary treatment modality

98) AI kv lating cytostatic drugs, definition, division

An alkylaling antineoplastic agent is an alkylating agent used in cancer treatment that attaches an
alkyl group (C,,H2n+i) to DNA. The alkyl group is attached to the guaninc base of DNA, at the
number 7 nitrogen atom of the purine ring.
Since cancer cells, in general, proliferate faster and with less error-correcting than healthy cells,
cancer cells are more sensitive to DNA damage — such as being alkylated. Alkylating agents are
used to treat several cancers. However, they are also toxic to normal cells (cytotoxic), leading to
damage, in particular in cells that divide frequently, as those in the gastrointestinal tract, bone
marrow, testicles and ovaries, which can cause loss of fertility. Most of the alkylating agents are also
carcinogenic. Hyperthcrmia is especially effective at enhancing the effects of alkylating agents.
Some alkylating agents are active under conditions present in cells; and the same mechanism that
makes them toxic allows them to be used as anti-cancer drugs. They stop tumor growth by
crosslinking guanine nucleobases in DNA double-helix strands, directly attacking DNA. "This makes
the strands unable to uncoil and separate. These drugs act nonspecifically.
Some of the substances require conversion into active substances in vivo (e.g., cyclophosphamide),
Cyclophosphamide is one of the most potent immunosuppressive substances. In small dosages., it is
very efficient in the therapy of systemic lupus erythematosus, autoimmune hcmolytic anemias,
Wegencr's granulomatosis, and other autoimmune diseases. TTigh dosages cause pancytopenia and
hemorrhagic cystitis.
The following three groups are almost always considered "classical".
> Nitrogen mustards
* Cyclophosphamide
* Mechlorethamine or mustine (HN2) (trade name Mustardgen)
* Uramustine or uracil mustard
* Melphalan
* Chlorambucil
* Ifosfamide
* Bendamustine
> Nitrosoureas

Carmustine
Lomustine
Streptozocin
Alkyl sulfonates
Busulfan

99) Cytostatics and the cell cycle, Gl, S, G2, and M-specific pharmaceutical

1UO) Antimetabolites, mechanism of action

An antimetabolite is a chemical that inhibits the use of a metabolite, which is another chemical that
is part of normal metabolism. Such substances are often similar in structure to the metabolite that
they interfere with, such as the antifolates that interfere with the use of folic acid. The presence of
antimetabolites can have toxic effects on cells, such as halting cell growth and cell division, so these
compounds are used as chemotherapy for cancer.
Anti-metabolites masquerade as a purine (azathioprine, mercaptopurinc) or a pyrimidine, the
building-blocks of DNA. They prevent these substances becoming incorporated in to DNA during
the S phase of the cell cycle, stopping normal development and division.
They also affect RNA synthesis. However, because thymidine is used in DNA but not in RNA
(where uracil is used instead), inhibition of thymidine synthesis via thymidylate synthase selectively
inhibits DNA synthesis over RNA synthesis.
Due to their efficiency, these drugs are the most widely used cytostatics.

\s
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101} Antitumor antibiotics, mechanism of action

Cytotoxic antibiotics is a widely used group of drugs that mainly produce their effects through direct
action on DNA. They shouldn't be given together with radiotherapy, as the cumulative burden of
toxicity is very high.
Anthracyclines - the main cytotoxic in this group is doxorubicin. It binds to DNA and inhibits both
DNA and KNA synthesis, but its main cytotoxic action is through an effect on topoisomerase II, the
activity of which is markedly increased in proliferating cells. Alopecia is frequent.
Dactinomycin intercalates in the minor groove of DNA between adjacent guanosine - cytosine
pairs, interfering with the movement of RNA polymerase along the gene and thus preventing
transcription. It's mostly used in pacdiatric patients.
Procarbazine inhibits DNA and RNA synthesis and interferes with mitosis at interphase. Its effects
may be mediated by the production of active metabolites. It's mainly used in Hodgkin's lymphoma.
Hydroxycarbamide (hydroxyurea) is a urea analogue that inhibits ribonucleotide reductase, thus
interfering with the conversion of ribonucleotides to deoxyribonuclcotides. It's mainly used in
leukemias.

102) Mitotic poisons and taxanes, mechanism of action

Taxanes are diterpcnes produced by the plants of the genus Taxus (yews), and are widely used as
chemotherapy agents. Taxane agents include paclitaxel (Taxol) and docetaxel (Taxotere).
Taxanes present difficulties in formulation as medicines because they are poorly soluble in water.
The principal mechanism of action of the taxane class of drugs is the disruption of micrulubule
function. Microtubules are essential to cell division, and taxanes stabilize GDP-bound tubulin in the
microtubule, thereby inhibiting the process of cell division — a "frozen mitosis". Thus, in essence,
taxanes arc mitotic inhibitors. In contrast to the taxanes, the vinca alkaloids destroy mitotic spindles.
Both taxanes and vinca alkaloids are, therefore, named spindle poisons or mitosis poisons, but they
act in different ways. Taxanes are also thought to be radiosensitizing. They are used mostly in breast
and ovarian cancer.

103) Enzyme inhibitors in caucer treatment

An example of the structural similarity of some inhibitors to the substrates of the enzymes they
target is seen in when comparing the drug methotrexate to folic acid, Folic acid is a substrate of
dihydrofolate reductase, an enzyme involved in making nucleotides that is potently inhibited by
methotrexate. Methotrexate blocks the action of dihydrofolate reduclase and thereby halts the
production of nucleotides. This block of nucleotidc biosynthesis is more toxic to rapidly growing
cells than non-dividing cells, since a rapidly growing cell has to carry out DNA replication,
therefore methotrexate is often used in cancer chemotherapy.

104) Hormones and cancer, mechanisms of hormonal anticancer treatment

Hormonal therapy is one of the major modalities of medical treatment for cancer, others being
cytotoxic chemotherapy and targeted therapy (biotherapeulics). It involves the manipulation of the
endocrine system through exogenous administration of specific hormones, particularly steroid
hormones, or drugs which inhibit the production or activity of such hormones (hormone
antagonists). Because steroid hormones arc powerful drivers of gene expression in certain cancer
cells, changing the levels or activity of certain hormones can cause certain cancers to cease growing,
or even undergo cell death. Surgical removal of endocrine organs, such as orchiectomy and
oophorectomy can also be employed as a form of hormonal therapy.
Hormonal therapy is used for several types of cancers derived from hormonally responsive tissues,
including the breast, prostate, endometrium, and adrenal cortex. Hormonal therapy may also be used
in the treatment of paraneoplastic syndromes or to ameliorate certain cancer- and chemotherapy-
associated symptoms, such as anorexia. Perhaps the most familiar example of hormonal therapy in



33
oncology is the use of the selective estrogen-response modulator tamoxifen for the treatment of
breast cancer, although another class of hormonal agents, aromatase inhibitors, now have an
expanding role in that disease.

105) Hormones and antihormones in cancer treatment

Aromatase inhibitors are an important class of drugs used for the treatment of breast cancer in
postmcnopausal women. At menopause, estrogen production in the ovaries ceases, but other tissues
continue to produce estrogen through the action of the enzyme aromatase on androgens produced by
the adrenal glands. When the action of aromatase is blocked, estrogen levels in post-menopausal
women can drop to extremely low levels, causing growth arrest and/or apoptosis of hormone-
responsive cancer cells. Letrozole and anastrozole are aromatase inhibitors which have been shown
to be superior to tamoxifen for the first-line treatment of breast cancer in postmcnopausal women.
Selective estrogen receptor modulators (SERM's) are an important class of hormonal therapy agents
which act as antagonists of the estrogen receptor and are used primarily for the treatment and
chemoprevention of breast cancer. Some members of this family, such ay tamoxifcn, arc actually
partial agonists, which can actually increase estrogen receptor signaling in some tissues, such as the
endometrium. Tamoxifen is currently first-line treatment for nearly all pre-menopansal women with
hormone receptor-positive breast cancer. Raloxifene is another partial agonist SERM which does not
seem to promote cndomctrial cancer, and is used primarily for chemoprevention of breast cancer in
high-risk individuals, as well as to prevent osteoporosis, Toremifene and ftilvestrant arc SERM's
with little or no agonist activity, and are used for treatment of metastatic breast cancer.

106) Strategy of fractionated (intermittent) chemotherapy

Tn oncology, the fact that one round of chemotherapy does not k i l l all the cells in a tumor is a poorly
understood phenomenon called fractional kill, or fractional cell kill.
The fractional kill hypothesis slates that a defined chemotherapy concentration, applied for a defined
time period, will kill a constant fraction of the cells in a population, independent of the absolute
number of cells. In solid tumors, poor access of the tumor to the drug can limit the fraction of tumor
cells killed, but the validity of the fractional kill hypothesis has also been established in animal
models of leukemia, as well as in human leukemia and lymphoma, where drug access is less of an
issue.
Because only a fraction of the cells die with each treatment, repeated doses must be administered to
continue to reduce the size of the tumor. Current chemotherapy regimens apply drug treatment in
cycles, with the frequency and duration of treatments limited by toxicity to the patient. The goal is to
reduce the tumor population to zero with successive fractional kills. For example, assuming a 99%
kil l per cycle of chemotherapy, a tumor of 1011 cells would be reduced to less than one cell with six
treatment cycles: 1011 * 0.01 < 1. However, the tumor can also re-grow during the intervals
between treatments, limiting the net reduction of each fractional kill.

107) Cancer treatment by a combination of cy toslatics - advantages of combined
chemotherapy

In 1965, a major breakthrough in cancer therapy occurred. James Holland, Emil Freireich, and Emil
Frei hypothesized that cancer chemotherapy should follow the strategy of antibiotic therapy for
tuberculosis with combinations of drugs, each with a different mechanism of action. Cancer cells
could conceivably mutate to become resistant to a single agent, but by using different drugs
concurrently it would be more difficult for the tumor to develop resistance to the combination.
Holland, Frcircich, and Frci simultaneously administered methotrexate (an antifolate), vincristine (a
Vinca alkaloid), 6-mercaptopurine (an antimetabolite) and prednisone (a glucocorticoide) —
together referred to as the POMP regimen — and induced long-term remissions in children with
ALL. With incremental refinements of original regimens, using randomized clinical studies by St.
Jude Children's Research Hospital, the Medical Research Council in the UK and German Berlin-
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Frankfurt-Miinster clinical trials group (ALL-BFM protocols), ALL in children has become a
largely curable disease.
Currently, nearly all successful cancer chemotherapy regimens use this paradigm of multiple drugs
given simultaneously.

108) Advantages of the fractionated chemotherapy

Fractionated dose chemotherapy differs from conventional cancer chemotherapy treatment in that
the total dose of your chemotherapy is broken into smaller amounts and administered over a period
of 3-5 days, rather than a single large dose. This helps you by maximizing the dose intensity and
exposing cancer cells within your body to the drugs for a longer period of time, while reducing some
of the unpleasant side effects of chemotherapy.

109) Indications for cancer chemotherapy, clinical trials

110) Routes of cytostatic administration

Most chemotherapy is delivered intravenously, although a number of agents can he administered
orally (e.g., melphalan, busulfan, capecitabine). In some cases, isolated limb perfusion (often used in
melanoma), or isolated infusion of chemotherapy into the liver or the lung have been used. The main
purpose of these approaches is to deliver a very high dose of chemotherapy to tumor sites without
causing overwhelming systemic damage.
Depending on the patient, the cancer, the stage of cancer, the type of chemotherapy, and the dosage,
intravenous chemotherapy may be given on cither an inpatient or an outpatient basis. For
continuous, frequent or prolonged intravenous chemotherapy administration, various systems may
be surgically inserted into the vasculature to maintain access. Commonly used systems are the
Hicfcman line, the Port-a-t'aih, and the P1CC line. These have a lower infection risk, are much less
prone to phlebitis or extravasation, and abolish the need for repeated insertion of peripheral
cannulae.
Harmful and lethal toxicity from chemotherapy limits the dosage of chemolherapy that can be given.
Some tumors can be destroyed by sufficiently high doses of chemotherapeutic agents. However,
these high doses cannot be given because they would be fatal to the patient.

111) Combination of cy tostatics, principles

In 1965, a major breakthrough in cancer therapy occurred. James Holland, Emil Frcircich, and Emil
Frei hypothesized that cancer chemotherapy should follow the strategy of antibiotic therapy for
tuberculosis with combinations of drugs, each with a different mechanism of action. Cancer cells
could conceivably mutate to become resistant to a single agent, but by using different drugs
concurrently it would be more difficult for the tumor to develop resistance to the combination.
Holland, Freireich, and Frei simultaneously administered methotrexate (an antifolatc), vincristine (a
Vinca alkaloid), 6-mercap top urine (an antimctabolite) and prednisone (a glucocorticoide) —
together referred to as the POMP regimen and induced long-term remissions in children with
ALL. With incremental refinements of original regimens, using randomized clinical studies by St.
Jude Children's Research Hospital, the Medical Research Council in the UK and German Berlin-
Frank furt-Miinsler clinical trials group (ALL-BFM protocols), ALL in children has become a
largely curable disease.
Currently, nearly all successful cancer chemotherapy regimens use this paradigm of multiple drugs
given simultaneously.

TfiMH/i,
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112) Chemotherapy limitations, drug resistance

Chemotherapy does not always work, and even when it is useful, it may not completely destroy the
cancer. Patients frequently fail to understand its limitations. In one study of patients who had been
newly diagnosed with incurable, stage 4 cancer, more than two-thirds of patients with lung cancer
and more than four-fifths of patients with colorcctal cancer still believed that chemotherapy was
likely to cure their cancer.

113) Natural versus acquired resistance to cytostatics

114) Toxic side-effects of cytostatics

Chemotherapeutic techniques have a range of side-effects that depend on the type of medications
used. The most common medications affect mainly the fast-dividing cells of the body, such as blood
cells and the cells lining the mouth, stomach, and intestines. Common side-effects include:
o Immunosuppression, which can result in potentially fatal infections such as typhlitis. About

85% of infections are due to naturally occurring microorganisms in the patient's own
gastrointestinal tract (including oral cavity) and skin. This may manifest as systemic infections,
such as sepsis, or as localized outbreaks, such as Herpes simplex, shingles, or other members of
the Herpesviridea.

o Fatigue. The treatment can be physically exhausting for the patient, who might already be
very tired from cancer-related fatigue. It may produce mild to severe anemia.

o Tendency to bleed easily. Medications that kill rapidly dividing cells or blood cells are
likely to reduce the number of platelets in the blood, which can result in bruises and bleeding,

o Gastrointestinal distress. Nausea and vomiting are common side-effects of
Chemotherapeutic medications that kill fast-dividing cells. This can also produce diarrhea or
constipation. Malnutrition and dehydration can result when the patient does not cat or drink
enough, or when the patient vomits frequently, because of gastrointestinal damage. This can
result in rapid weight loss, or occasionally in weight gain, if the patient eats too much in an effort
to allay nausea or heartburn.

o Alopecia. Some medications that kill rapidly dividing cells cause dramatic hair loss; other
medications may cause hair to thin. These are most often temporary effects: hair usually starts to
rcgrow a few weeks after the last treatment, sometimes with u tendency to curl, resulting in
chemo curls. Scalp cooling offers a means of preventing both permanent and temporary hair loss.

115) Supportive care of cancer and patients quality of life

Palliative care is an area of healthcare that focuses on relieving and preventing the suffering of
patients. Palliative medicine utilizes a multidisciplinary approach to patient care, relying on input
from physicians, pharmacists, nurses, chaplains, social workers, psychologists, and other allied
health professionals in formulating a plan of care to relieve suffering in all areas of a patient's life.
Medications and treatments arc said to have a palliative effect if they relieve symptoms without
having a curative effect on the underlying disease or cause. This can include treating nausea related
to chemotherapy or something as simple as morphine to treat the pain of broken leg or ibuprofen to
treat aching related to an influenza infection.
Although the concept of palliative care is not new, most physicians have traditionally concentrated
on trying to cure patients. Treatments for the alleviation of symptoms were viewed as hazardous and
seen as inviting addiction and other unwanted side effects.
The focus on a patient's quality of life has increased greatly during the past twenty years. In the
United States today, 55% of hospitals with more than 100 beds offer a palliative-care program, and
nearly one-fifth of community hospitals have palliative-care programs. A relatively recent
development is the palliative-care team, a dedicated health care team that is entirely geared toward
palliative treatment.

T
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116) Radiotherapy in the cancer treatment, principles

Radiotherapy, is the medical use of ionizing radiation, generally as part of cancer treatment to
control or kill malignant cells. Radiation therapy may be curative in a number of types of cancer if
they arc localized to one area of the body. It may also be used as part of adjuvant therapy, to prevent
tumor recurrence after surgery to remove a primary malignant tumor (e.gt early breast cancer).
Radiation therapy is synergistic with chemotherapy, and has been used before, during, and after
chemotherapy in susceptible cancers.
Radiation therapy is commonly applied to the cancerous tumor because of its ability to control cell
growth, loni/ing radiation works by damaging the DNA of exposed tissue leading to cellular death.
To spare normal tissues (such as skin or organs which radiation must pass through to treat the
tumor), shaped radiation beams are aimed from several angles of exposure to intersect at the tumor,
providing a much larger absorbed dose there than in the surrounding, healthy tissue. Besides the
tumour itself, the radiation fields may also include the draining lymph nodes if they arc clinically or
radiologically involved with tumor, or if there is thought to be a risk of subclinicul malignant spread.
It is necessary to include a margin of normal tissue around the tumor to allow for uncertainties in
daily set-up and internal tumor motion. These uncertainties can be caused by internal movement (tor
example, respiration and bladder filling) and movement of external skin marks relative to the tumor
position.

117) Radiation, definition, forms of propagation

Ionizing radiation is radiation composed of particles that individually carry enough kinetic energy to
liberate an electron from an atom or molecule, ionizing it. Ionizing radiation is generated through
nuclear reactions, either artificial or natural, by very high temperature, via production of high energy
particles in particle accelerators, or due to acceleration of charged particles by the electromagnetic
fields produced by natural processes, e.g. lightning.
Ionizing radiation includes cosmic rays, Alpha particles, Beta particles, Gamma rays, X-rays, and in
general any charged particle moving at relativistic speeds. Neutrons are considered ionizing
radiation ut any speed. Ionizing radiation includes some portion of the UVspectrum, depending on
context. Radio waves, microwaves, infrared light, and visible light are normally considered non-
ionizing radiation, although very high intensity beams of these radiations can produce sufficient heat
to exhibit some similar properties to ionizing radiation, by altering chemical bonds and removing
electrons from atoms.
Ionizing radiation is ubiquitous in the environment, and comes from naturally occurring radioactive
materials and cosmic rays. Common artificial sources are artificially produced radioisotopes, X-ray
tubes and particle accelerators. Ionizing radiation is invisible and not directly detectable by human
senses, so instruments such as Gcigcr counters are usually required to detect its presence. In some
cases it may lead to secondary emission of visible light upon interaction with matter, such as in
Cherenkov radiation and radioluminescence. It has many practical uses in medicine, research,
construction* and other areas, but presents a health hazard if used improperly. Exposure to ionizing
radiation causes damage to living tissue, and can result in mutation, radiation sickness, cancer, and
death.

118) Forms of ionising radiation in the cancer treatment

Historically, the three main divisions of radiation therapy are external beam radiation therapy or
teletherapy, brachytherapy or scaled source radiation therapy, and systemic radioisolope therapy or
unsealed source radiotherapy. The differences relate to the position of the radiation source; external
is outside the body, brachytherapy uses sealed radioactive sources placed precisely in the area under
treatment, and systemic radioisotopes are given by infusion or oral ingestion. Brachytherapy can use
temporary or permanent placement of radioactive sources. The temporary sources arc usually placed
by a technique called afterloading. In afterloading a hollow tube or applicator is placed surgically in
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the organ to be treated, and the sources are loaded into the applicator after the applicator is
implanted. This minimizes radiation exposure to health care personnel. Particle therapy is a special
case of external beam radiation therapy where the particles are protons or heavier ions.
Intraoperalive radiation therapy or IORT is a special type of radiation therapy that is delivered
immediately after surgical removal of the cancer. This method has been employed in breast cancer
(TARGcted Introperativc radiation therapy or TARGIT), brain tumors and rectal cancers.

119) Electromagnetic radiation, forms, use

Electromagnetic radiation is a form of energy emitted and absorbed by charged particles which
exhibits wave-like behavior as it travels through space. EMR has both electric and magnetic field
components, which stand in a fixed ratio of intensity to each other, and which oscillate in phase
perpendicular to each other and perpendicular to the direction of energy and wave propagation. In a
vacuum, electromagnetic radiation propagates at a characteristic speed, the speed of light.
EMR is classified according to the frequency of its wave. The electromagnetic spectrum, in order of
increasing frequency and decreasing wavelength, consists of radio waves, microwaves, infrared
radiation, visible light, ultraviolet radiation, X-rays and gamma rays.
The effects of EMR upon biological systems depend both upon the radiation's power and frequency.
For lower frequencies of EMR up to those of visible light (i.e., radio, microwave, infrared), the
damage done Lo cells and also to many ordinary materials under such conditions is determined
mainly by heating effects, and thus by the radiation power. By contrast, for higher frequency
radiations at ultraviolet frequencies and above (i.e., X-rays and gamma rays) the damage to chemical
materials and living cells by EMR is far larger than thai done by simple heating, due to the ability of
single photons in such high frequency EMR to damage individual molecules chemically.

120) Electron radiation, linear accelerators

A linear particle accelerator (linac) is a type of particle accelerator that greatly increases the velocity
of charged subatomic particles or ions by subjecting the charged particles fo a series of oscillating
electric potentials along a linear beamlinc; this method of particle acceleration was invented by Leo
Szilard.
Linacs have many applications: they generate X-rays and high energy electrons for medicinal
purposes in radiation therapy, serve as particle injectors for higher-energy accelerators, and are used
directly to achieve the highest kinetic energy for light particles (electrons and positrons) for particle
physics.
Medical grade linacs accelerate electrons using a tuned-cavity waveguide, in which the RF power
creates a standing wave. Some linacs have short, vertically mounted waveguides, while higher
energy machines tend to have a hori/ontal, longer waveguide and a bending magnet to turn the beam
vertically towards the patient. Medical linacs use monoenergetic electron beams between 4 and 25
MeV, giving an X-ray output with a spectrum of energies up to and including the electron energy
when the electrons are directed at a high-density (such as tungsten) target. The electrons or X-rays
can be used to treat both benign and malignant disease. The LINAC produces a reliable, flexible and
accurate radiation beam.

121) Gamma radiation, chisobalt, cross-fire radiotherapy

Gamma radiation, also known as gamma rays, refers to electromagnetic radiation of high frequency
and therefore high energy per photon. Gamma rays are ionizing radiation, and are thus biologically
hazardous. They are classically produced by the decay from high energy states of atomic nuclei
(gamma decay), but are also created by other processes.
Despite their cancer-causing properties, gamma rays are also used to treat some types of cancer,
since the rays kill cancer cells also. In the procedure called gamma-knife surgery, multiple
concentrated beams of gamma rays are directed on the growth in order to kill the cancerous cells.
The beams are aimed from different angles to concentrate the radiation on the growth while
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minimizing damage to surrounding tissues.
The crossfire effect in radiation medicine means that nearby cancer cells may also feel the effects of
the cancer killing radiation therapy. The crossfire effect is a theory that the radiation from the
radioactive antibodies in radioimmunotherapy can have a dual purpose. They can kill the cancer
cells to which they attach and may kill adjacent tumor cells as well,

122) Corpuscular radiation, alpha, beta, particles, neutrons, protons, pi-mesons

Corpuscular radiation is radiation consisting of streams of subatomic particles such as protons,
electrons, and neutrons. All such particles have definite masses and have radiation properties very
different from those of electromagnetic radiations, which have no mass and travel as waves at the
speed of light.
This type of radiation is emitted by radioactive materials. Alpha particles are high-energy 4He nuclei
consisting of two protons and two neutrons, emitted by radioisotopes of heavy elements such as
uranium. Beta particles are high-energy electrons emitted by radioisotopes of lighter elements.
Gamma rays are high-energy photons emitted along with alpha and beta panicles and also emitted
alone by metastablc radionuclidcs, such as 99mTe. Gamma rays have energies in the x-ray region of
the spectrum and differ from x-rays only in that they are produced by radioactive decay rather than
by x-ray machines.
Neutrons are the only type of ionizing radiation that can make other objects, or material, radioactive.
This process, called neutron activation, is the primary method used to produce radioactive sources
for use in medical, academic, and industrial applications. Neutrons do not ionize atoms in the same
way that charged particles such as protons and electrons do (by the excitation of an electron),,
because neutrons have no charge. It is through their absorption by and the creation of unstable nuclei
that they cause ionization. Such neutrons are "indirectly ionizing." Even neutrons without significant
kinetic energy are indirectly ionizing, and are thus a significant radiation hazard.
Shielding is of special importance when time and distance cannot be completely utilized as safety
factors. In such instances lead, which is an extremely dense material, is used as a protective device.
A simple piece of paper can stop alpha particles, whereas beta particles can penetrate (hut not go
through) body tissues. Gamma radiation only stops at high-density materials such as lead.

123) Principles of tumor radiotherapy, delivery into tumor mass

Radiotherapy, is the medical use of ionizing radiation, generally as part of cancer treatment to
control or kill malignant cells. Radiation therapy may be curative in a number of types of cancer if
they are localized to one area of the body. It may also be used as part of adjuvant therapy, to prevent
tumor recurrence after surgery to remove a primary malignant tumor (e.g, early breast cancer).
Radiation therapy is synergistic with chemotherapy, and has been used before, during, and after
chemotherapy in susceptible cancers.
Radiation therapy is commonly applied to the cancerous tumor because of its ability to control cell
growth. loni/ing radiation works by damaging the DNA of exposed tissue leading to cellular death.
To spare normal tissues (such as skin or organs which radiation must pass through to treat the
tumor), shaped radiation beams are aimed from several angles of exposure to intersect at the tumor,
providing a much larger absorbed dose there than in the surrounding, healthy tissue. Besides the
tumour itself, the radiation fields may also include the draining lymph nodes if they are clinically or
radiologically involved with tumor, or if there is thought to be a risk of subclinical malignant spread.
It is necessary to include a margin of normal tissue around the tumor to allow for uncertainties in
daily set-up and internal tumor motion. These uncertainties can be caused by internal movement (for
example, respiration and bladder filling) and movement of external skin marks relative to the tumor
position.
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124) Biological effect of radiation, absorbed dose unit (Gray)

Two energies of radiation are commonly differentiated by the way they interact with normal
chemical matter: ionizing and non-ionizing radiation. The word radiation is often colloquially used
in reference to ionizing radiation.
Both ionizing and non-ionizing radiation can be harmful to organisms and can result in changes to
the natural environment. In general, however, ionizing radiation is far more harmful than non-
ionizing radiation, since the ions that are produced by ioni/ing radiation, even at low radiation
powers, have the potential to cause DNA damage. By contrast, most non-ionizing radiation is
harmful to organisms only in proportion to the thermal energy deposited, and is conventionally
considered harmless at low powers that do not produce a significant temperature rise. UV radiation
in some aspects occupies a middle ground, as it has some features of both ionizing and non-ionizing
radiation. Although nearly all of the UV spectrum that penetrates the Harth's atmosphere is non-
ionizing, this radiation does far more damage to many molecules in biological systems than can be
accounted for by heating effects (an example is sunburn). These properties derive from UV's power
to alter chemical bonds, even without having quite enough energy to ioni/e atoms.
The Gray is the SI derived unit of absorbed dose, specific energy (imparted) and of kerma. Such
energies are typically associated with ionising radiation such as X-rays or gamma particles or with
other nuclear particles. It is defined as the absorption of one joule of such energy by one kilogram of
matter. The same beam of 1 rttntgen would impart more grays to biological tissue than it does to air.

125) Mechanism of action of ionising radiation

Ionizing radiation is radiation composed of particles that individually carry enough kinetic energy to
liberate an electron from an atom or molecule, ionizing it. Ionizing radiation is generated through
nuclear reactions, either artificial or natural, by very high temperature.
When ionizing radiation is emitted by or absorbed by an atom, it can liberate an atomic particle
(typically an electron, proton, or neutron, but sometimes an entire nucleus) from the atom. Such an
event can alter chemical bonds and produce ions, usually in ion-pairs, that are especially chemically
reactive. This greatly magnifies the chemical and biological damage per unit energy of radiation
because chemical bonds will be broken in this process. If the atom was inside a crystal lattice in u
solid phase, then a "hole" will exist where the original atom was.
Ionizing radiation is generally harmful and potentially lethal to living things but can have health
benefits in radiation therapy for the treatment of cancer. Its most common impact is the induction of
cancer with a latent period of years or decades after exposure. High doses can cause visually
dramatic radiation burns, and/or rapid fatality through acute radiation syndrome. Controlled doses
are used for medical imaging and radiotherapy.

T26) Radiosensitivity of solid tumors

Radiosensitivity is the relative susceptibility of cells, tissues, organs or organisms to the harmful
effect of ionizing radiation. The more the radiosensitivity of the tumor, the great the effect of
treatment.
Cancers that are the most radiosensitive are lymphatic tumors, hematopoctic malignancies, skin
tumors and tumors within the jejunum.
Less radiosensitive cancers include tumors of parenchymatous organs, such as the kidney or brain.
Borderline radiosensitivity occurs in sarcomas, ovarian, liver and bladder carcinomas and in
glioblastomas.

127) Cell-cycle related radiosensitivity

Radiosensitivity is the relative susceptibility of cells, tissues, organs or organisms to the harmful
effect of ionizing radiation. Cells are least sensitive when in the S phase, then the GI phase, then G:
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phase and the most sensitive in the M phase of the cell cycle. X-rays arc more effective on cells
which have a greater reproductive activity. Quickly dividing tumor cells are generally more
sensitive than the majority of body cells. This is not always true. Tumor cells can be hypoxic and
therefore less sensitive to X-rays that mediate most of their effects through free radicals produced by
ionizing oxygen.

12S) Radiotherapy, fractionation strategy

This means that the total dose is fractionated (spread out over time) for several important reasons.
Fractionation allows normal cells time to recover, while tumor cells are generally less efficient in
repair between fractions. Fractionation also allows tumor cells that were in a relatively radio-
resistant phase of the cell cycle during one treatment to cycle into a sensitive phase of the cycle
before the next fraction is given. Similarly, tumor cells that were chronically or acutely hypoxic (and
therefore more radiorcsislant) may reoxygenatc between fractions, improving the tumor cell kill.
Fractionation regimens are individualised between different radiation therapy centers and even
between individual doctors. In North America, Australia, and Europe, the typical fractionation
schedule for adults is 1.8 to 2 Gy per day, five days a week. In some cancer types, prolongation of
the traction schedule over too long can allow for the tumor to begin repopulating, and for these
tumor types, including head-and-neck and cervical squamous cell cancers, radiation treatment is
preferably completed within a certain amount of time. For children, a typical fraction size may be
1.5 to 1.8 Gy per day, as smaller fraction sizes are associated with reduced incidence and severity of
late-onset side effects in normal tissues.

129) Oxygen effect of radiosensitivity, radiosensitivity and tumor vascularisation

One of the major limitations of photon radiation therapy is that the cells of solid tumors become
deficient in oxygen. Solid tumors can outgrow their blood supply, causing a low-oxygen state
known as hypoxia. Oxygen is a potent radiosensitizer, increasing the effectiveness of a given dose of
radiation by forming DNA-damaging free radicals. Tumor cells in a hypoxic environment may be as
much as 2 to 3 times more resistant to radiation damage than those in a normal oxygen environment.
Much research has been devoted to overcoming hypoxia including the use of high pressure oxygen
tanks, blood substitutes that carry increased oxygen, hypoxic cell radiosensitizer drugs such as
misonidazole and metronidazole, and hypoxic cytotoxins, such as tirapazamine. Newer research
approaches are currently being studied, including prcclinical and clinical investigations into the use
of an oxygen diffusion-enhancing compound such as trans sodium crocetinate (TSC) as a
radiosensitizer.

130) Modes of radiotherapy, curative, adjuvant, neoadjuvant, concomitant

Radiation therapy is the medical use of ionizing radiation, generally as part of cancer treatment to
control or kill malignant cells. Radiation therapy may be curative in a number of types of cancer if
they are localized to one area of the body.
It may also be used as part of adjuvant therapy, to prevent tumor recurrence after surgery to remove
a primary malignant tumor (for example, early stages of breast cancer).
When radiotherapy is delivered to a tumor in order to shrink it and make surgery possible, it is
considered as neoadjuvant radiotherapy.
Radiation therapy is synergistic with chemotherapy, and has been used before, during, and after
chemotherapy in susceptible cancers. This mode of use of radiotherapy is called concomitant.

131) Radiotherapy application: teletherapy, brachyrherapy

External beam radiation therapy (teletherapy) is delivered via two-dimensional beams using linear
accelerator machines. Teletherapy mainly consists of a single beam of radiation delivered to the
patient from several directions: often front or back, and both sides. Conventional refers to the way



the treatment is planned or simulated on a specially calibrated diagnostic x-ray machine known as a
simulator because it recreates the linear accelerator actions, and to the usually well-established
arrangements of the radiation beams to achieve a desired plan. The aim of simulation is to accurately
target or localize the volume which is to be treated. This technique is well established and is
generally quick and reliable. The worry is that some high-dose treatments may be limited by the
radiation toxicity capacity of healthy tissues which lay close to the target tumor volume.
Brachytherapy (internal radiation therapy) is delivered by placing radiation source(s) inside or next
to the area requiring treatment. Brachytherapy is commonly used as an effective treatment for
cervical, prostate, breast, and skin cancer and can also be used to treat tumors in many other body
sites. In brachytherapy, radiation sources are precisely placed directly at the site of the cancerous
tumor. This means that the irradiation only affects a very localized area - exposure to radiation of
healthy tissues further away from the sources is reduced. These characteristics of brachytherapy
provide advantages over external beam radiation therap.. A course of brachytherapy can often be
completed in less time than other radiation therapy techniques. This can help reduce the chance of
surviving cancer cells dividing and growing in the intervals between each radiation therapy dose.

132) Curative radiotherapy, tumor lethal dose

Radiation therapy is the medical use of ionizing radiation, generally as part of cancer treatment to
control or kill malignant cells. Radiation therapy may be curative in a number of types of cancer if
they are localized to one area of the body.
In curative radiotherapy, a dose of 35 - 60 Gy is delivered over a period of 6 - 7 weeks, for
radiosensitive tumors, such as lymphomas, seminomas, juvenile tumors and most carcinomas.
In CNS tumors (meningiomas, neurinomas, adenomas, metaslalic tumors) the dose delivered is
lower due to brain tissue sensitivity, and is around 12-20 Gy.
Tumor lethal dose is the minimal amount of radiation needed to kill a specific tumor. This varies
from cancer to cancer and also is limited by the location of the tumor, as it can have an effect on
neaby healthy tissues.

133) Palliative radiotherapy iu the quality-of-life improvement
134) Protection of healthy tissues during radiotherapy of tumors

135) Stereotactic radiosurgery, principles, indications

Stcrcotactic radiation is a specialized type of external beam radiation therapy. It uses focused
radiation beams targeting a well-defined tumor using extremely detailed imaging scans. Radiation
oncologists perform Stereotactic treatments, often with the help of a neurosurgeon for tumors in the
brain or spine.
There are two types of Stereotactic radiation. Stereotactic radiosurgery is when doctors use a single
or several Stereotactic radiation treatments of the brain or spine. Stereotactic body radiation therapy
refers to one or several Stereotactic radiation treatments with the body, such as the lungs.
Some doctors say an advantage to Stereotactic treatments are they deliver the right amount of
radiation to the cancer in a shorter amount of time than traditional treatments, which can often take 6
to 11 weeks. Plus treatments are given with extreme accuracy, which should limit the effect of the
radiation on healthy tissues. One problem with Stereotactic treatments is that they are only suitable
for certain small tumors.

136) Brachytherapy, principles, radiophores

Brachytherapy (internal radiation therapy) is delivered by placing radiation source(s) inside or next
to the area requiring treatment, Brachytherapy is commonly used as an effective treatment for
cervical, prostate, breast, and skin cancer and can also be used to treat tumors in many other body
sites. As with Stereotactic radiation, brachytherapy treatments arc often known by their brand names.
In brachytherapy, radiation sources arc precisely placed directly at the site of the cancerous tumor.



This means that the irradiation only affects a very localized area - exposure to radiation of healthy
tissues further away from the sources is reduced. These characteristics of brachytherapy provide
advantages over external beam radiation Lherupy - the tumor can be treated with very high doses of
localized radiation, whilst reducing the probability of unnecessary damage to surrounding healthy
tissues. A course of brachytherapy can often be completed in less time than other radiation therapy
techniques. This can help reduce the chance of surviving cancer cells dividing and growing in the
intervals between each radiation therapy dose.
As one example of the localized nature of breast brachytherapy, the SAVI device delivers the
radiation dose through multiple catheters, each of which can be individually controlled. This
approach decreases the exposure of healthy tissue and resulting side effects, compared both to
external beam radiation therapy and older methods of breast brachytherapy.

137) Brachytherapy, forms of application

Brachytherapy (internal radiation therapy) is delivered by placing radiation source(s) inside or next
to the area requiring treatment.
Different types of brachytherapy can be defined according to the placement of the radiation sources
in the target treatment area, the rate or 'intensity' of the irradiation dose delivered to the tumor, and
the duration of dose delivery.
The two main types of brachytherapy treatment in terms of the placement of the radioactive source
are interstitial and contact.
- In the case of interstitial brachytherapy, the sources are placed directly in the target tissue of the
affected site, such as the prostate or breast.
- Contact brachytherapy involves placement of the radiation source in a space next to the target
tissue. This space may be a body cavity (intracavitary brachytherapy) such as the cervix, uterus or
vagina; a body lumen (intraluminal brachytherapy) such as the trachea or oesophagus; or externally
(surface brachytherapy) such ay the skin. A radiation source can also be placed in blood vessels
(intravascular brachytherapy) for the treatment of coronary in-stent restenosis,

138) In traca vital brachytherapy, indications

Intracavitary brachytherapy is commonly used in the treatment of early or locally confined cervical
cancer and is a standard of care in many countries. Cervical cancer can be treated with either LDR,
PDR or HDR brachytherapy. Used in combination with EBRT, brachytherapy can provide better
outcomes than EBRT alone. The precision of brachytherapy enables a high dose of targeted
radiation to be delivered to the cervix, while minimising radiation exposure to adjacent tissues and
organs.
The chances of slaying free of disease (disease-free survival) and of staying alive (overall survival)
are similar for LDR, PDR and HDR treatments. However, a key advantage of HDR treatment is that
each dose can be delivered on an outpatient basis with a short administration time providing greater
convenience for many patients.

139) Local and general side-effects of radiotherapy

Radiation therapy is in itself painless. Many low-dose palliative treatments (for example, radiation
therapy to bony metastases) cause minimal or no side effects, although short-term pain flare-up can
be experienced in the days following treatment due to oedema compressing nerves in the treated
area. Higher doses can cause varying side effects during treatment (acute side effects), in the months
or years following treatment (long-term side effects), or after re-treatment (cumulative side effects).
The nature, severity, and longevity of side effects depends on the organs that receive the radiation,
the treatment itself (type of radiation, dose, fractionation, concurrent chemotherapy), and the patient.
Most side effects are predictable and expected. Side effects from radiation are usually limited to the
area of the patient's body that is under treatment.
The main side effects reported are fatigue and skin irritation, like a mild to moderate sun burn. The
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fatigue often sets in during the middle of a course of treatment and can last for weeks after treatment
ends. The irritated skin will heal, but may not be as elastic as it was before
Local effects can be skin and mouth sores, epithelial damage, swelling, dry skin and radiation
proclitis. More systemic effects include nausea and vomiting, intestinal discomfort, alopecia
infertility, secondary malignancies and cognitive decline.

140) Radiomucositis, stages, localisation, treatment, prevention

If the head and neck area is treated, temporary soreness and ulceration commonly occur in the
mouth and throat. If severe, this can affect swallowing, and the patient may need painkillers and
nutritional support/food supplements. The esophagus can also become sore if it is treated directly, or
if, as commonly occurs, it receives a dose of collateral radiation during treatment of lung cancer.
When treating liver malignancies and metastascs, it is possible for collateral radiation to cause
gastric, stomach or duodenal ulcers This collateral radiation is commonly caused by non-targeted
delivery (reflux) of the radioactive agents being infused. Methods, techniques and devices are
available to lower the occurrence of this type of adverse side effect.
The lower bowel may be treated directly with radiation (treatment of rectal or anal cancer) or be
exposed hy radiation therapy to other pelvic structures (prostate, bladder, female genital tract).
Typical symptoms are soreness, diarrhoea, and nausea.

141) Rndioderinatitis, stages, localisation, treatment, prevention

Epithelial surfaces may sustain damage from radiation therapy. Depending on the area being treated,
this may include the skin, oral mucosa, pharyngeal, bowel mucosa and ureter. The rates of onset of
damage and recovery from it depend upon the turnover rate of epithelial cells. Typically the skin
starts to become pink and sore several weeks into treatment. The reaction may become more severe
during the treatment and for up to about one week following the end of radiation therapy, and the
skin may break down. Although this moist desquamation is uncomfortable, recovery is usually
quick. Skin reactions tend to be worse in areas where there are natural folds in the skin, such as
underneath the female breast, behind the car, and in the gruin.

142) Cancer pain, nature, clinical consequences

Pain in cancer may arise from a tumor compressing or infiltrating tissue; from treatments and
diagnostic procedures; or from skin, nerve and other changes caused by the body's immune response
or hormones released by the tumor. Most acute pain is caused by treatment or diagnostic procedures,
though radiotherapy and chemotherapy may produce painful conditions that persist long after
treatment has ended.
At any given time, about half of all patients with malignant cancer are experiencing pain and more
than a third of those experience moderate or severe pain that diminishes their quality of life by
adversely affecting sleep, social relations and activities of daily living. Pain is more common in the
later stages of the illness.
The majority of patients with chronic pain notice memory and attention difficulties. Objective
psychological testing has found deficits in memory, attention, cognitive processing speed, verbal
ability, and mental flexibility - and pain is associated with increased depression, anxiety, fear, and
anger. Persistent pain reduces function and overall quality of life, and is demoralizing and
debilitating for patients and those who care for them.

143) Analgetic treatment in cancer, principles, outcomes
144) Strategies of the analgetic pharmacotherapy in cancer treatment

The WHO guidelines recommend prompt oral administration of drugs when pain occurs, starting, if
the patient is not in severe pain, with non-opioid drugs such as paracetamol, dipyrone, non-steroidal
anti-inflammatory drugs or COX-2 inhibitors. Then, if complete pain relief is not achieved or



disease progression necessitates more aggressive treatment, mild opioids such as codeine,
dextropropoxyphcnc, dihydrocodeine or tramadol are added to the existing non-opioid regime. If
this is or becomes insufficient, mild opioids are replaced by stronger opioids such as morphine,
while continuing the non-opioid therapy, escalating opioid dose until the patient is painless or the
maximum possible relief without intolerable side effects has been achieved. If the initial
presentation is severe cancer pain, this stepping process should be skipped and a strong opioid
should be started immediately in combination with a non-opioid analgesic.
Analgesics should not be taken "on demand" but "by the clock" (every 3-6 hours), with each dose
delivered before the preceding dose has worn off, in doses sufficiently high to ensure continuous
pain relief. Patients taking slow-release morphine should also be provided with immediate-release
("rescue") morphine to use as necessary, for pain spikes (breakthrough pain) that are not suppressed
by the regular medication.

145) Survival of patients with cancer, post-treatment care

Cancer survival rates vary by the type of cancer, stage at diagnosis, treatment given and many other
factors, including country. In general survival rates are improving, although more so for some
cancers than others. Survival rate can be measured in several ways, median life expectancy having
advantages over others in terms of meaning for people involved, rather than as an epidemiological
measure.
Cancers where survival rate is high include breast, prostate, testicular cancer and colon cancer.
Conversely brain and pancreatic cancers have a much lower median survival rate, which has not
improved as dramatically over Ihe lusl forty years. Indeed, pancreatic cancer hay one of the worst
survival rates of all cancers.
Cancers with longer survival rates are typically more common in the developed world, where
longevity is also greater, those with shorter survival rates are more common in less developed
countries
In men, the highest five-year survival rate was for testicular cancer - around 95%, The discover}' of
serum markers in the late 1960s and the introduction of combination chemotherapy in the 1970s
have proved highly effective in treating testicular cancer. It is a comparatively rare tumor, with
around 2,600 men diagnosed each year in the UK, but the majority of cases are diagnosed in men
under 50, so many years of life can be saved by effective treatment.
For women, the highest five-year survival rate, at 90%, was for malignant melanoma. Around 4,800
men and more than 5,600 women were diagnosed with malignant melanoma in 2006. Melanoma has
the largest survival difference between men and women, at more than 10%.
Looking at all cancers combined the five-year relative survival rate has now reached 50%. The
survival rate in women (56%) is higher than that in men (43%) and mis is also the case for ten-year
rates (39% vs.52%).

146) Psychosocial burden of cancer patients, definition

The emotional stress of living with a diagnosis of cancer and its treatment, fear of recurrence, and
the distress imposed by living with the day-to-day physical problems can create new or worsen
preexisting psychological distress for people living with cancer, their families, and other informal
caregivers. Physical and psychological impairments can also lead to substantial social problems,
such as the inability to work or fulfill other normative social roles.
Although the majority of cancer patients and their families have normal psychological functioning,
distressed psychological states are common in individuals with cancer. The prevalence of
psychological distress varies by type of cancer, time since diagnosis, and degree of physical and role
impairment, amount of pain, prognosis.
Even patients who do not develop clinical syndromes may experience worries, fears, and other
forms of psychological stress that cause them significant distress. Chronic illness can bring about
guilt, feelings of loss of control, anger, sadness, confusion, and fear.



147) Emotional distress related to disclosure of cancer diagnosis, management possibilities
148) Emotional distress and mutilation consequences of radical cancer treatment
149) Communication principles in oncology, distress and coping relief
150) Psychosocial interventions in cancer treatment and survival

151) Principles of cancer prevention, preventive examinations

Cancer prevention is defined as active measures to decrease the risk of cancer. The vast majority of
cancer cases arc due to environmental risk factors, and many, but not all, of these environmental
factors are controllable lifestyle choices. Thus, cancer is considered a largely preventable disease.
Greater than 30% of cancer deaths could be prevented by avoiding risk factors including: tobacco,
overweight/obesity, an insufficient diet, physical inactivity, alcohol, sexually transmitted infections,
and air pollution. Not all environmental causes are controllable, such as naturally occurring
background radiation, and other cases of cancer are caused through hereditary genetic disorders, and
thus it is not possible to prevent all cases of cancer.
Cancer screening involves efforts to detect cancer after it has formed, but before any noticeable
symptoms appear. This may involve physical examination, blood or urine tests, or medical imaging.
Cancer screening is currently not possible for many types of cancers, and even when tests are
available, they may not be recommended for everyone. Universal screening or mass screening
involves screening everyone. Selective screening identifies people who are known to be at higher
risk of developing cancer, such as people with a family history of cancer. Several factors are
considered to determine whether the benefits of screening outweigh Ihe risks and the costs of
screening,

152) Cancer prevention modalities: primary, secondary, tertiary, principles, methods

Cancer prevenlion is defined as active measures to decrease the risk of cancer. The vast majority of
cancer cases are due to environmental risk factors, and many, but not all, of these environmental
factors are controllable lifestyle choices. Thus, cancer is considered a largely preventable disease.
Greater than 30% of cancer deaths could he prevented hy avoiding risk fuctors including: tobacco,
overweight/obesity, an insufficient diet, physical inactivity, alcohol, sexually transmitted infections,
and air pollution. Not all environmental causes are controllable, such as naturally occurring
background radiation, and other cases of cancer arc caused through hereditary genetic disorders, and
thus it is not possible to prevent all cases of cancer.

153) Cancer as a chronic disease, health care of cancer survivors

A cancer survivor is a person with cancer of any type, current or past, who is Still living.
How many people are cancer survivors depends on the definition used. About 11 million Americans
alive today—one in 30 people-are either currently undergoing treatment for cancer or have done so
in the past. Currently nearly 65% of adults diagnosed with cancer in the developed world are
expected to live at least five years after the cancer is discovered.
Many cancer survivors describe the process of living with and beating cancer as a life-changing
experience. It is not uncommon for survivors to use the experience as opportunities for creative self-
transformation into a "better person" or as motivation to meet goals of great personal importance,
such as climbing a mountain or reconciling with an estranged family member. Cancer survivors
often have specific medical and non-medical needs related to their cancer experience.
Cancer survivors frequently need medical monitoring, and some treatments for unrelated diseases in
the future may be contraindicated. For example, a patient who has had a significant amount of
radiation therapy may not be a good candidate for more radiation treatments in the future. To assist
with these needs, "survivor care plans" have been promoted. These are personalized documents that
describe the person's diagnosis and treatment in detail, list common known side effects, and
specifically outline the steps that the survivor should take in the future, ranging from maintaining a

healthy weight to receiving specific medical tests on a stated schedule.


