Chemotherapy

Chemotherapy, in its most general sense, refers to treatment of disease by chemicals that kill cells, specifically those of micro-organisms or cancer. In popular usage, it usually refers to antineoplastic drugs used to treat cancer or the combination of these drugs into a standardized treatment regimen.

In its non-oncological use, the term may also refer to antibiotics (antibacterial chemotherapy). In that sense, the first modern chemotherapeutic agent was Paul Ehrlich's arsphenamine, an arsenic compound discovered in 1909 and used to treat syphilis. This was later followed by sulfonamides discovered by Domagk and penicillin discovered by Alexander Fleming.

Other uses of cytostatic chemotherapy agents (including the ones mentioned below) are the treatment of autoimmune diseases such as multiple sclerosis and rheumatoid arthritis and the suppression of transplant rejections (see immunosuppression and DMARDs).
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History
The use of chemical substances and drugs as medication dates back to the Persian physician, Muhammad ibn Zakarīya Rāzi (Rhazes), in the 10th century, when he introduced the use of chemicals such vitriol, copper, mercuric and arsenic salts, sal ammoniac, gold scoria, chalk, clay, coral, pearl, tar, bitumen and alcohol for medical purposes.[1]
The first drug used for cancer chemotherapy, however, dates back to the early 20th century, though it was not originally intended for that purpose. Mustard gas was used as a chemical warfare agent during World War I and was studied further during World War II. During a military operation in World War II, a group of people were accidentally exposed to mustard gas and were later found to have very low white blood cell counts. It was reasoned that an agent that damaged the rapidly growing white blood cells might have a similar effect on cancer. Therefore, in the 1940s, several patients with advanced lymphomas (cancers of certain white blood cells) were given the drug by vein, rather than by breathing the irritating gas. Their improvement, although temporary, was remarkable. That experience led researchers to look for other substances that might have similar effects against cancer. As a result, many other drugs have been developed to treat cancer, and drug development since then has exploded into a multi-billion dollar industry. The targeted-therapy revolution has arrived, but the principles and limitations of chemotherapy discovered by the early researchers still apply.

Principles
Cancer is the uncontrolled growth of cells coupled with malignant behavior: invasion and metastasis. Cancer is thought to be caused by the interaction between genetic susceptibility and environmental toxins.

Broadly, most chemotherapeutic drugs work by impairing mitosis (cell division), effectively targeting fast-dividing cells. As these drugs cause damage to cells they are termed cytotoxic. Some drugs cause cells to undergo apoptosis (so-called "programmed cell death").

Unfortunately, scientists have yet to identify specific features of malignant and immune cells that would make them uniquely targetable (barring some recent examples, such as the Philadelphia chromosome as targeted by imatinib). This means that other fast dividing cells such as those responsible for hair growth and for replacement of the intestinal epithelium (lining) are also often affected. However, some drugs have a better side-effect profile than others, enabling doctors to adjust treatment regimens to the advantage of patients in certain situations.

As chemotherapy affects cell division, tumors with high growth fractions (such as acute myelogenous leukemia and the aggressive lymphomas, including Hodgkin's disease) are more sensitive to chemotherapy, as a larger proportion of the targeted cells are undergoing cell division at any time. Malignancies with slower growth rates, such as indolent lymphomas, tend to respond to chemotherapy much more modestly.

Drugs affect "younger" tumors (i.e. more differentiated) more effectively, because mechanisms regulating cell growth are usually still preserved. With succeeding generations of tumor cells, differentiation is typically lost, growth becomes less regulated, and tumors become less responsive to most chemotherapeutic agents. Near the center of some solid tumors, cell division has effectively ceased, making them insensitive to chemotherapy. Another problem with solid tumors is the fact that the chemotherapeutic agent often does not reach the core of the tumor. Solutions to this problem include radiation therapy (both brachytherapy and teletherapy) and surgery.

Over time, cancer cells become more resistant to chemotherapy treatments. Recently, scientists have identified small pumps on the surface of cancer cells that actively move chemotherapy from inside the cell to the outside. Research on p-glycoprotein and other such chemotherapy efflux pumps, is currently ongoing. Medications to inhibit the function of p-glycoprotein are undergoing testing as of June, 2007 to enhance the efficacy of chemotherapy.

Treatment schemes
There are a number of strategies in the administration of chemotherapeutic drugs used today. Chemotherapy may be given with a curative intent or it may aim to prolong life or to palliate symptoms.

Combined modality chemotherapy is the use of drugs with other cancer treatments, such as radiation therapy or surgery. Most cancers are now treated in this way. Combination chemotherapy is a similar practice which involves treating a patient with a number of different drugs simultaneously. The drugs differ in their mechanism and side effects. The biggest advantage is minimising the chances of resistance developing to any one agent.

In neoadjuvant chemotherapy (preoperative treatment) initial chemotherapy is aimed for shrinking the primary tumour, thereby rendering local therapy (surgery or radiotherapy) less destructive or more effective.

Adjuvant chemotherapy (postoperative treatment) can be used when there is little evidence of cancer present, but there is risk of recurrence. This can help reduce chances of resistance developing if the tumour does develop. It is also useful in killing any cancerous cells which have spread to other parts of the body. This is often effective as the newly growing tumours are fast-dividing, and therefore very susceptible.

Palliative chemotherapy is given without curative intent, but simply to decrease tumor load and increase life expectancy. For these regimens, a better toxicity profile is generally expected.

All chemotherapy regimens require that the patient be capable of undergoing the treatment. Performance status is often used as a measure to determine whether a patient can receive chemotherapy, or whether dose reduction is required.

Types
The majority of chemotherapeutic drugs can be divided in to alkylating agents, antimetabolites, anthracyclines, plant alkaloids, topoisomerase inhibitors, and other antitumour agents. All of these drugs affect cell division or DNA synthesis and function in some way.

Some newer agents don't directly interfere with DNA. These include monoclonal antibodies and the new tyrosine kinase inhibitors e.g. imatinib mesylate (Gleevec® or Glivec®), which directly targets a molecular abnormality in certain types of cancer (chronic myelogenous leukemia, gastrointestinal stromal tumors).

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

Where available, Anatomical Therapeutic Chemical Classification System codes are provided for the major categories.

Alkylating agents (L01A)
Alkylating agents are so named because of their ability to add alkyl groups to many electronegative groups under conditions present in cells. Cisplatin and carboplatin, as well as oxaliplatin are alkylating agents.

Other agents are mechlorethamine, cyclophosphamide, chlorambucil. They work by chemically modifying a cell's DNA.

Anti-metabolites (L01B)
Anti-metabolites masquerade as purine ((azathioprine, mercaptopurine)) or pyrimidine - which become 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. Due to their efficiency, these drugs are the most widely used cytostatics.

Plant alkaloids and terpenoids (L01C)
These alkaloids are derived from plants and block cell division by preventing microtubule function. Microtubules are vital for cell division and without them it can not occur. The main examples are vinca alkaloids and taxanes.

Vinca alkaloids (L01CA)
Vinca alkaloids bind to specific sites on tubulin, inhibiting the assembly of tubulin into microtubules (M phase of the cell cycle). They are derived from the Madagascar periwinkle, Catharanthus roseus (formerly known as Vinca rosea). The vinca alkaloids include:

· Vincristine 

· Vinblastine 

· Vinorelbine 

· Vindesine 

Podophyllotoxin (L01CB)
Podophyllotoxin is a plant-derived compound used to produce two other cytostatic drugs, etoposide and teniposide. They prevent the cell from entering the G1 phase (the start of DNA replication) and the replication of DNA (the S phase). The exact mechanism of its action still has to be elucidated.

The substance has been primarily obtained from the American Mayapple (Podophyllum peltatum). Recently it has been discovered that a rare Himalayan Mayapple (Podophyllum hexandrum) contains it in a much greater quantity, but as the plant is endangered, its supply is limited. Studies have been conducted to isolate the genes involved in the substance's production, so that it could be obtained recombinantively.

Taxanes (L01CD)
The prototype taxane is the natural product paclitaxel, originally known as Taxol and first derived from the bark of the Pacific Yew tree. Docetaxel is a semi-synthetic analogue of paclitaxel. Taxanes enhance stability of microtubules, preventing the separation of chromosomes during anaphase.

Topoisomerase inhibitors (L01CB and L01XX)
Topoisomerases are essential enzymes that maintain the topology of DNA. Inhibition of type I or type II topoisomerases interferes with both transcription and replication of DNA by upsetting proper DNA supercoiling.

· Some type I topoisomerase inhibitors include camptothecins: irinotecan and topotecan. 

· Examples of type II inhibitors include amsacrine, etoposide, etoposide phosphate, and teniposide. These are semisynthetic derivatives of epipodophyllotoxins, alkaloids naturally occurring in the root of American Mayapple (Podophyllum peltatum). 

Antitumour antibiotics (L01D)
The most important immunosuppressant from this group is dactinomycin, which is used in kidney transplantations.

Monoclonal antibodies
Monoclonal antibodies work by targeting tumour specific antigens, thus enhancing the host's immune response to tumour cells to which the agent attaches itself. Examples are trastuzumab (Herceptin), cetuximab, and rituximab (Rituxan or Mabthera). Bevacizumab (Avastin) is a monoclonal antibody that does not directly attack tumor cells but instead blocks the formation of new tumor vessels.

Hormonal therapy
Several malignancies respond to hormonal therapy. Strictly speaking, this is not chemotherapy. Cancer arising from certain tissues, including the mammary and prostate glands, may be inhibited or stimulated by appropriate changes in hormone balance.

· Steroids (often dexamethasone) can inhibit tumour growth or the associated edema (tissue swelling), and may cause regression of lymph node malignancies. Dexamethasone is also an antiemetic, so it may be used with cytotoxic chemotherapy even if it has no direct effect on the cancer. 

· Prostate cancer is often sensitive to finasteride, an agent that blocks the peripheral conversion of testosterone to dihydrotestosterone. 

· Breast cancer cells often highly express the estrogen and/or progesterone receptor. Inhibiting the production (with aromatase inhibitors) or action (with tamoxifen) of these hormones can often be used as an adjunct to therapy. 

· Gonadotropin-releasing hormone agonists (GnRH), such as goserelin possess a paradoxic negative feedback effect followed by inhibition of the release of FSH (follicle-stimulating hormone) and LH (luteinizing hormone), when given continuously. 

Some other tumours are also hormone dependent, although the specific mechanism is still unclear.

Dosage
Dosage of chemotherapy can be difficult: if the dose is too low, it will be ineffective against the tumor, while at excessive doses the toxicity (side-effects, neutropenia) will be intolerable to the patient. This has led to the formation of detailed "dosing schemes" in most hospitals, which give guidance on the correct dose and adjustment in case of toxicity. In immunotherapy, they are in principle used in smaller dosages than in the treatment of malignant diseases.

In most cases, the dose is adjusted for the patient's body surface area, a measure that correlates with blood volume. The BSA is usually calculated with a mathematical formula or a nomogram, using a patient's weight and height, rather than by direct measurement.

Delivery
Most chemotherapy is delivered intravenously, although there are a number of agents that can be 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 tumour 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 either an inpatient or 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 Hickman line, the Port-a-Cath or the PICC 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 chemotherapy that can be given. Some tumours can be destroyed by sufficiently high doses of chemotheraputic agents. Unfortunately, these high doses cannot be given because they would be fatal to the patient.

Newer and experimental approaches
Hematopoietic stem cell transplant approaches
Stem cell harvesting and autologous or allogeneic stem cell transplant has been used to allow for higher doses of chemotheraputic agents where dosages are primarily limited by hematopoietic damage. Years of research in treating solid tumors, particularly breast cancer, with hematopoeitic stem cell transplants, has yielded little proof of efficacy. Hematological malignancies such as myeloma, lymphoma, and leukemia remain the main indications for stem cell transplants.

Isolated infusion approaches
Isolated limb perfusion (often used in melanoma), or isolated infusion of chemotherapy into the liver or the lung have been used to treat some tumours. The main purpose of these approaches is to deliver a very high dose of chemotherapy to tumor sites without causing overwhelming systemic damage. These approaches can help control solitary or limited metastases, but they are by definition not systemic and therefore do not treat distributed metastases or micrometastases.

Targeted delivery mechanisms
Specially targeted delivery vehicles aim to increase effective levels of chemotherapy for tumor cells while reducing effective levels for other cells. This should result in an increased tumor kill and/or reduced toxicity.

Specially targeted delivery vehicles have a differentially higher affinity for tumor cells by interacting with tumor specific or tumour associated antigens.

In addition to their targeting component, they also carry a payload - whether this is a traditional chemotherapeutic agent, or a radioisotope or an immune stimulating factor. Specially targeted delivery vehicles vary in their stability, selectivity and choice of target, but in essence they all aim to increase the maximum effective dose that can be delivered to the tumor cells. Reduced systemic toxicity means that they can also be used in sicker patients, and that they can carry new chemotherapeutic agents that would have been far too toxic to deliver via traditional systemic approaches.

Nanoparticles
Nanoparticles have emerged as a useful vehicle for poorly-soluble agents such as paclitaxel. Protein-bound paclitaxel (e.g. Abraxane) or nab-paclitaxel was approved by the US FDA in January 2005 for the treatment of refractory breast cancer, and allows reduced use of the Cremophor vehicle usually found in paclitaxel.

Side-effects
The treatment can be physically exhausting for the patient. Current chemotherapeutic techniques have a range of side effects mainly affecting the fast-dividing cells of the body. Important common side-effects include (dependent on the agent):

· Pain 

· Nausea and vomiting 

· Diarrhea or constipation 

· Anemia 

· Malnutrition 

· Hair loss 

· Memory loss 

· Depression of the immune system, hence (potentially lethal) infections and sepsis 

· Hemorrhage 

· Secondary neoplasms 

· Cardiotoxicity 

· Hepatotoxicity 

· Nephrotoxicity 

· Ototoxicity 

Immunosuppression and myelosuppression
Virtually all chemotherapeutic regimens can cause depression of the immune system, often by paralysing the bone marrow and leading to a decrease of white blood cells, red blood cells and platelets. The latter two, when they occur, are improved with blood transfusion. Neutropenia (a decrease of the neutrophil granulocyte count below 0.5 x 109/litre) can be improved with synthetic G-CSF (granulocyte-colony stimulating factor, e.g. filgrastim, lenograstim, Neupogen, Neulasta).

In very severe myelosuppression, which occurs in some regimens, almost all the bone marrow stem cells (cells which produce white and red blood cells) are destroyed, meaning allogenic or autologous bone marrow cell transplants are necessary. (In autologous BMTs, cells are removed from the patient before the treatment, multiplied and then re-injected afterwards; in allogenic BMTs the source is a donor.) However, some patients still develop diseases because of this interference with bone marrow.

Nausea and vomiting
Nausea and vomiting caused by chemotherapy; stomach upset may trigger a strong urge to vomit, or forcefully eliminate what is in the stomach.

Stimulation of the vomiting center results in the coordination of responses from the diaphragm, salivary glands, cranial nerves, and gastrointestinal muscles to produce the interruption of respiration and forced expulsion of stomach contents known as retching and vomiting. The vomiting center is stimulated directly by afferent input from the vagal and splanchnic nerves, the pharynx, the cerebral cortex, cholinergic and histamine stimulation from the vestibular system, and efferent input from the chemoreceptor trigger zone (CTZ). The CTZ is in the area postrema, outside the blood-brain barrier, and is thus susceptible to stimulation by substances present in the blood or cerebral spinal fluid. The neurotransmitters dopamine and serotonin stimulate the vomiting center indirectly via stimulation of the CTZ.

The 5-HT3 inhibitors are the most effective antiemetics and constitute the single greatest advance in the management of nausea and vomiting in patients with cancer. These drugs are designed to block one or more of the signals that cause nausea and vomiting. The most sensitive signal during the first 24 hours after chemotherapy appears to be 5-HT3. Blocking the 5-HT3 signal is one approach to preventing acute emesis (vomiting), or emesis that is severe, but relatively short-lived. Approved 5-HT3 inhibitors include: Dolasetron (Anzemet®), Granisetron (Kytril®), and Ondansetron (Zofran®). The newest 5-HT3 inhibitor, palonosetron (Aloxi®), also prevents delayed nausea and vomiting, which occurs during the 2-5 days after treatment.

Another drug to control nausea in cancer patients became available in 2005. The substance P inhibitor aprepitant (marketed as Emend®) has been shown to be effective in controlling the nausea of cancer chemotherapy. The results of two large controlled trials were published in 2005, describing the efficacy of this medication in over 1,000 patients.[2]
Some studies[3] and patient groups claim that the use of cannabinoids derived from marijuana during chemotherapy greatly reduces the associated nausea and vomiting, and enables the patient to eat. Some synthetic derivatives of the active substance in marijuana (Tetrahydrocannabinol or THC) such as Marinol may be practical for this application. Natural marijuana, known as medical cannabis is also used and recommended by some oncologists, though its use is regulated and not everywhere legal[1] and there is still lack of sufficient studies to prove its efficacy.

Other side effects
In particularly large tumors, such as large lymphomas, some patients develop tumor lysis syndrome from the rapid breakdown of malignant cells. Although prophylaxis is available and is often initiated in patients with large tumors, this is a dangerous side-effect which can lead to death if left untreated.

A proportion of patients report fatigue or non-specific neurocognitive problems, such as an inability to concentrate; this is sometimes called post-chemotherapy cognitive impairment, colloquially referred to as "chemo brain" by patients' groups.[4]
Specific chemotherapeutic agents are associated with organ-specific toxicities, including cardiovascular disease (e.g., doxorubicin), interstitial lung disease (e.g., bleomycin) and occasionally secondary cancer (e.g. MOPP therapy for Hodgkin's disease).
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Targeted therapy

Targeted therapy is a type of medication that blocks the growth of cancer cells by interfering with specific targeted molecules needed for carcinogenesis and tumor growth, rather than by simply interfering with rapidly dividing cells. Targeted cancer therapies may be more effective than current treatments and less harmful to normal cells.

The main categories of targeted therapy are small molecules and monoclonal antibodies.
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Small molecules

· Imatinib mesylate (Gleevec®, also known as STI–571) is approved for chronic myelogenous leukemia, gastrointestinal stromal tumor and some other types of cancer. Early clinical trials indicate that imatinib may be effective in treatment of dermatofibrosarcoma protuberans. 

· Gefitinib (Iressa®, also known as ZD1839), targets the epidermal growth factor receptor (EGFR) tyrosine kinase and is approved in the U.S. for non small cell lung cancer. EGFR is also overexpressed in the cells of other solid tumors, such as lung and breast cancers. This leads to inappropriate activation of the apoptotic Ras signal transduction cascade, eventually leading to uncontrolled cell proliferation.Gefitinib inhibits EGFR tyrosine kinase by binding to the adenosine triphosphate (ATP)-binding site of the enzyme. Thus the function of the EGFR tyrosine kinase in activating the Ras signal transduction cascade is inhibited; and malignant cells are inhibited. 

· Erlotinib (marketed as Tarceva). Erlotinib works through a similar mechanism as gefitinib. Erlotinib has been shown to increase survival in metastatic non small cell lung cancer when used as second line therapy. Because of this finding, erlotinib has replaced gefitinib in this setting. 

· Bortezomib (Velcade®) is an apoptosis-inducing drug that causes cancer cells to undergo cell death by interfering with proteins. It is approved in the U.S. to treat multiple myeloma that has not responded to other treatments. 

Monoclonal antibodies
Several are in development and a few have been licenced by the FDA. Examples of licenced monoclonal antibodies include:

· Rituximab targets CD20 found on B cells. It is used in non Hodgkin lymphoma 

· Trastuzumab (Herceptin®) targets the Her2/neu (also known as ErbB2) receptor expressed in some types of breast cancer 

· Cetuximab (marketed as Erbitux) targets the epidermal growth factor receptor. It is used in the treatment of colon cancer. 

· Bevacizumab (marketed as Avastin) targets circulating VEGF ligand. It is approved for use in the treatment of colon cancer and is investigational in the treatment of breast cancer and sarcoma 

Progress and future
Many oncologists believe that targeted therapies are the chemotherapy of the future. As solid tumor cancer continues to be viewed as a chronic condition, methods for long-term treatment, with less side-effects, continue to be investigated.

In the U.S., the National Cancer Institute's Molecular Targets Development Program (MTDP) to identify and evaluate molecular targets that may be candidates for drug development.

The next stage of targeted therapies will focus on finding which patients will respond to which targeted therapies. This is called the identification of "sub-populations". The route to identify these sub-populations is through biomarkers and surrogate endpoints.

One agent which seems to be promising is cannabidiol, a non-toxic substance found in cannabis which has been found to reduce growth and invasiveness of cancer cells in vitro.
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Monoclonal antibody therapy

Each antibody binds only one specific antigen.

Monoclonal antibody therapy is the use of monoclonal antibodies (or mAb) to specifically target cells. The main objective is stimulating the patient's immune system to attack the malignant tumor cells and the prevention of tumor growth by blocking specific cell receptors. Variations exist within this treatment, e.g. radioimmunotherapy, where a radioactive dose localizes on target cell line, delivering lethal chemical doses to the target. [1]
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Structure and function of human and therapeutic antibodies
Immunoglobulin G (IgG) antibodies are large heterodimeric molecules, approximately 150 kDa and are composed of two different kinds of polypeptide chain, called the heavy (~50kDa) and the light chain (~25kDa). There are two types of light chains, kappa (κ) and lambda (λ). By cleavage with enzyme papain, the Fab (fragment-antigen binding) part can be separated from the Fc (fragment crystalline) part of the molecule (see image). The Fab fragments contain the variable domains, which consist of three hypervariable amino acid domains responsible for the antibody specificity embedded into constant regions. There are four known IgG subclasses all of which are involved in Antibody-dependent cellular cytotoxicity.[2]
The immune system responds to the environmental factors it encounters on the basis of discrimination between self and non-self. Tumor cells are not specifically targeted by one's immune system since tumor cells are the patient's own cells. Tumor cells, however are highly abnormal, and many display unusual antigens that are either inappropriate for the cell type, its environment, or are only normally present during the organisms' development (e.g. fetal antigens).[2]
Other tumor cells display cell surface receptors that are rare or absent on the surfaces of healthy cells, and which are responsible for activating cellular signal transduction pathways that cause the unregulated growth and division of the tumor cell. Examples include ErbB2, a constitutively active cell surface receptor that is produced at abnormally high levels on the surface of approximately 30% of breast cancer tumor cells. Such breast cancer is known a HER2 positive breast cancer.[3]
Antibodies are a key component of the adaptive immune response, playing a central role in both in the recognition of foreign antigens and the stimulation of an immune response to them. The advent of monoclonal antibody technology has made it possible to raise antibodies against specific antigens presented on the surfaces of tumors.[3]
Origins of monoclonal antibody therapy





Monoclonal antibodies for cancer. ADEPT, antibody directed enzyme prodrug therapy; ADCC, antibody dependent cell-mediated cytotoxicity; CDC, complement dependent cytotoxicity; MAb, monoclonal antibody; scFv, single-chain Fv fragment. [4]
Immunotherapy developed as a technique with the discovery of the structure of antibodies and the development of hybridoma technology, which provided the first reliable source of monoclonal antibodies.[5] These advances allowed for the specific targeting of tumors both in vitro and in vivo. Initial research on malignant neoplasms found Mab therapy of limited and generally short-lived success with malignancies of the blood.[6]

 HYPERLINK "http://en.wikipedia.org/wiki/Monoclonal_antibody_therapy" \l "cite_note-6#cite_note-6" \o "" [7] Furthermore treatment had to be specifically tailored to each individual patient, thus proving to be impracticable for the routine clinical setting.

Throughout the progression of monoclonal drug development there have been four major antibody types developed: murine, chimeric, humanised and human. Initial therapeutic antibodies were simple murine analogues, which contributed to the early lack of success. It has since been shown that these antibodies have: a short half-life in vivo (due to immune complex formation), limited penetration into tumour sites, and that they inadequately recruit host effector functions.[8]To overcome these difficulties the technical issues initially experienced had to be surpassed. Chimeric and humanized antibodies have generally replaced murine antibodies in modern therapeutic antibody applications. Hybridoma technology has been replaced by recombinant DNA technology, transgenic mice and phage display.[9] Understanding of proteomics has proven essential in identifying novel tumour targets.

Murine monoclonal antibodies
Initially, murine antibodies were obtained by hybridoma technology, for which Kohler and Milstein received a Nobel prize. However the dissimilarity between murine and human immune systems led to the clinical failure of these antibodies, except in some specific circumstances. Major problems associated with murine antibodies included reduced stimulation of cytotoxicity and the formation complexes after repeated administration, which resulted in mild allergic reactions and sometimes anaphylactic shock.[8]
Chimeric and humanized monoclonal antibodies
To reduce murine antibody immunogenicity, murine molecules were engineered to remove immunogenic content and to increase their immunologic efficiency.[8] This was initially achieved by the production of chimeric and humanized antibodies. Chimeric antibodies are composed of murine variable regions fused onto human constant regions. Human gene sequences, taken from the kappa light chain and the IgG1 heavy chain, results in antibodies that are approximately 65% human. This reduces immunogenicity, and thus increases serum half-life.

Humanised antibodies are produced by grafting murine hypervariable amino acid domains into human antibodies. This results in a molecule of approximately 95% human origin. However it has been shown in several studies that humanised antibodies bind antigen much more weakly than the parent murine monoclonal antibody, with reported decreases in affinity of up to several hundredfold.[10]

 HYPERLINK "http://en.wikipedia.org/wiki/Monoclonal_antibody_therapy" \l "cite_note-10#cite_note-10" \o "" [11] Increases in antibody-antigen binding strength have been achieved by introducing mutations into the complementarity determining regions (CDR)[12], using techniques such as chain-shuffling, randomization of complementarity determining regions and generation of antibody libraries with mutations within the variable regions by error-prone PCR, E-coli mutator strains, and site-specific mutagenesis.[1]
Human monoclonal antibodies
Human monoclonal antibodies are produced using transgenic mice or phage display libraries. Human monoclonal antibodies are produced by transferring human immunoglobulin genes into the murine genome, after which the transgenic mouse is vaccinated against the desired antigen, leading to the production of monoclonal antibodies.[9] Phage display libraries allow the transformation of murine antibodies in vitro into fully human antibodies.[3]
FDA approved therapeutic antibodies
The first FDA-approved therapeutic monoclonal antibody was a murine IgG2a CD3 specific transplant rejection drug, Muromonab (OKT-3), in 1986. This drug found use in solid organ transplant recipients who became steroid resistant.[13] Currently, twenty-one FDA-approved therapies exist, and hundreds of therapies are undergoing clinical trials. Most are concerned with immunological and oncological targets.

	FDA approved monoclonal antibodies[1]

	Antibody  



	Brand name  



	Approval date  



	Type  



	Target  



	Approved treatment(s)  




	Abciximab
	ReoPro
	1994
	chimeric
	inhibition of glycoprotein IIb/IIIa
	Cardiovascular disease

	Adalimumab
	Humira
	2002
	human
	inhibition of TNF-a signalling
	Inflammatory diseases (mostly auto-immune disorders)

	Alemtuzumab
	Campath
	2001
	humanized
	CD52
	Chronic lymphocytic leukemia

	Basiliximab
	Simulect
	1998
	chimeric
	IL-2 receptor a
	Transplant rejection

	Bevacizumab
	Avastin
	2004
	humanized
	vascular endothelial growth factor
	Colorectal cancer

	Cetuximab
	Erbitux
	2004
	chimeric
	epidermal growth factor receptor
	Colorectal cancer

	Daclizumab
	Zenapax
	1997
	humanized
	IL-2 receptor a
	Transplant rejection

	Eculizumab
	Soliris
	2007
	humanized
	complement system protein C5
	Inflammatory diseases including paroxysmal nocturnal hemoglobinuria

	Efalizumab
	Raptiva
	2002
	humanized
	CD11a
	Inflammatory diseases (psoriasis)

	Ibritumomab tiuxetan
	Zevalin
	2002
	murine
	CD20
	Non-Hodgkin lymphoma (with yttrium-90 or indium-111)

	Infliximab
	Remicade
	1998
	chimeric
	inhibition of TNF-a signalling
	Inflammatory diseases (mostly auto-immune disorders)

	Muromonab-CD3
	Orthoclone OKT3
	1986
	murine
	T cell CD3 Receptor
	Transplant rejection

	Natalizumab
	Tysabri
	2006
	humanized
	T cell VLA4 receptor
	Inflammatory diseases (mainly autoimmune-related multiple sclerosis therapy)

	Omalizumab
	Xolair
	2004
	humanized
	immunoglobulin E (IgE)
	Inflammatory diseases (mainly allergy-related asthma therapy)

	Palivizumab
	Synagis
	1998
	humanized
	an epitope of the F protein of RSV
	Viral infection (especially Respiratory Syncytial Virus (RSV)

	Panitumumab
	Vectibix
	2006
	human
	epidermal growth factor receptor
	Colorectal cancer

	Ranibizumab
	Lucentis
	2006
	humanized
	vascular endothelial growth factor
	Macular degeneration

	Gemtuzumab ozogamicin
	Mylotarg
	2000
	humanized
	CD33
	Acute myelogenous leukemia (with calicheamicin)

	Rituximab
	Rituxan, Mabthera
	1997
	chimeric
	CD20
	Non-Hodgkin lymphoma

	Tositumomab
	Bexxar
	2003
	murine
	CD20
	Non-Hodgkin lymphoma

	Trastuzumab
	Herceptin
	1998
	humanized
	ErbB2
	Breast cancer


Radioimmunotherapy
Radioimmunotherapy involves the use of radioactively conjugated murine antibodies against cellular antigens. Most research currently involved their application to lymphomas, as these are highly radio-sensitive malignancies. To limit radiation exposure, murine antibodies were especially chosen, as their high immunogenicity promotes rapid clearance from the body. Tositumomab is an exemplar used for non-Hodgkins lymphoma.

Antibody-directed enzyme prodrug therapy (ADEPT)
ADEPT involves the application of cancer associated monoclonal antibodies which are linked to a drug-activating enzyme. Subsequent systemic administration of a non-toxic agent results in its conversion to a toxic drug, and resulting in a cytotoxic effect which can be targeted at malignant cells. The clinical success of ADEPT treatments has been limited to date.[14] However it holds great promise, and recent reports suggest that it will have a role in future oncological treatment.

Drug and gene therapy: Immuno-liposomes
Immunoliposomes are antibody-conjugated liposomes. Liposomes can carry drugs or therapeutic nucleotides and when conjugated with monoclonal antibodies, may be directed against malignant cells. Although this technique is still in its infancy, significant advances have been made. Immunoliposomes have been successfully used in vivo to achieve targeted delivery of tumour-suppressing genes into tumours, using an antibody fragment against the human transferrin receptor. Tissue-specific gene delivery using immunoliposomes has also been achieved in brain, and breast cancer tissue.[15]
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Immunotherapy

Immunotherapy, in medicine, refers to an array of treatment strategies based upon the concept of modulating the immune system to achieve a prophylactic and/or therapeutic goal.
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Activation
Cancer
Cancer immunotherapy attempts to stimulate the immune system to reject and destroy tumors. BCG immunotherapy for early stage (non-invasive) bladder cancer utilizes instillation of attenuated live bacteria into the bladder, and is effective in preventing recurrence in up to two thirds of cases. Topical immunotherapy utilizes an immune enhancement cream (imiquimod) which is an interferon producer causing the patients own killer T cells to destroy warts, actinic keratoses, basal cell cancer, squamous cell cancer, cutaneous lymphoma, and superficial malignant melanoma. Injection immunotherapy uses mumps, candida or trichophytin antigen injections to treat warts (HPV induced tumors).

Dendritic cell based immunotherapy
This utilizes dendritic cells to activate a cytotoxic response towards an antigen. Dendritic cells, an antigen presenting cell, are harvested from a patient. These cells are then either pulsed with an antigen or transfected with a viral vector. The activated dendritic cells are then placed back into the patient; these cells then present the antigens to effector lymphocytes (CD4+ T cells, CD8+ T cells, and in specialized dendritic cells, B cells also). This initiates a cytotoxic response to occur against these antigens and anything that may present these antigens. One use for this therapy is in cancer immunotherapy. Tumor Antigens are presented to dendritic cells, which cause the immune system to target these antigens, which are often expressed on cancerous cells.

T cell based adoptive immunotherapy
This therapy uses T cell-based cytotoxic responses to attack cancer. In brief, T cells that have a natural or genetically engineered reactivity to a patients' cancer are expanded in vitro using a variety of means and then adoptively transferred into a cancer patient. T cells with a natural occurring reactivity to a patient’s cancer can be found infiltrated in the patients own tumors. The tumor is harvested, and these tumor infiltrating lymphocytes (TIL) are expanded in vitro using high concentrations of interluekin-2 (IL-2), anti-CD3 and allo-reactive feeders. These T cells are then transferred back into the patient along with exogenous administration of IL-2. Thus far, a 51% objective response rate has been observed; in some patients, tumors shrank to indetectable size. In the case of engineered T cells, T cell receptors (TCR) that have been identified to have reactivity against tumor associated antigens are cloned into a replication incompetent virus that is capable of genomic integration. A patients own lymphocytes are exposed to these viruses and then expanded non-specifically or stimulated using the engineered TCR. The cells are then transferred back into the patient. This therapy has been demonstrated to result in objective clinical responses in patients with refractory stage IV cancer. The Surgery Branch of the National Cancer Institute (Bethesda, Maryland) is actively investigating this form of cancer treatment for patients suffering aggressive melanomas.

Vaccination
Anti-microbial immunotherapy, which includes vaccination, involves activating the immune system to respond to an infectious agent.

Suppression
Immune suppression dampens an abnormal immune response in autoimmune diseases or reduces a normal immune response to prevent rejection of transplanted organs or cells.

Immune tolerance
Immune tolerance is the process by which the body naturally does not launch an immune system attack on its own tissues. Immune tolerance therapies seeks to reset the immune system so that the body stops mistakenly attacking its own organs or cells in autoimmune disease or accepts foreign tissue in organ transplantation.[1] A brief treatment should then reduce or eliminate the need for life-long immunosuppression and the chances of attendant side effects, in the case of transplantation, or preserve the body's own function, at least in part, in cases of type 1 diabetes or other autoimmune disorders.

Allergies
Immunotherapy is also used to treat allergies. While other allergy treatments (such as antihistamines or corticosteroids) treat only the symptoms of allergic disease, immunotherapy is the only available treatment that can modify the natural course of the allergic disease, by reducing sensitivity to allergens.

A three-to-five-year individually tailored regimen of injections may result in long-term benefits. Recent research suggests that patients who complete immunotherapy may continue to see benefits for years to come.[2] Immunotherapy does not work for everyone and is only partly effective in some people, but it offers allergy sufferers the chance to eventually reduce or stop symptomatic/rescue medication.

The therapy is indicated for people who are extremely allergic or who cannot avoid specific allergens. For example, they may not be able to live a normal life and completely avoid pollen, dust mites, mold spores, pet dander, insect venom, and certain other common triggers of allergic reactions. Immunotherapy is generally not indicated for food or medicinal allergies. Immunotherapy is typically individually tailored and administered by an allergist (allergologist). Injection schedules are available in some healthcare systems and can be prescribed by family physicians. This therapy is particularly useful for people with allergic rhinitis or asthma.

The therapy is particularly likely to be successful if it begins early in life or soon after the allergy develops for the first time. Immunotherapy involves a series of injections (shots) given regularly for several years by a specialist in a hospital clinic. In the past, this was called a serum, but this is an incorrect name. Most allergists now call this mixture an allergy extract. The first shots contain very tiny amounts of the allergen or antigen to which you are allergic. With progressively increasing dosages over time, your body will adjust to the allergen and become less sensitive to it. This process is called desensitization. A recently approved sublingual tablet (Grazax), containing a grass pollen extract, is similarly effective, with few side effects, and can be self-administered at home, including by those patients who also suffer from allergic asthma, a condition which precludes the use of injection-based desensitization. To read more about this topic, see: allergy and hyposensitization.

Performance status

In medicine (oncology and other fields), performance status is an attempt to quantify cancer patients' general wellbeing. This measure is used to determine whether they can receive chemotherapy, whether dose adjustment is necessary, and as a measure for the required intensity of palliative care. It is also used in oncological randomized controlled trials as a measure of quality of life. [image: image12.png]


Scoring systems
There are various scoring systems. The most generally used are the Karnofsky score and the Zubrod score, the latter being used in publications by the WHO. For children, the Lansky score is used.

Parallel scoring systems include the Global Assessment of Functioning (GAF) score, which has been incorporated as the fifth axis of the Diagnostic and Statistical Manual (DSM) of psychiatry.

Karnofsky scoring
The Karnofsky score runs from 100 to 0, where 100 is "perfect" health and 0 is death. Although the score has been described with intervals of 10, a practitioner may choose decimals if he or she feels a patient's situation holds somewhere between two marks. It is named after Dr David A. Karnofsky, who described the scale with Dr Joseph H. Burchenal in 1949.[1]
· 100% - normal, no complaints, no signs of disease 

· 90% - capable of normal activity, few symptoms or signs of disease 

· 80% - normal activity with some difficulty, some symptoms or signs 

· 70% - caring for self, not capable of normal activity or work 

· 60% - requiring some help, can take care of most personal requirements 

· 50% - requires help often, requires frequent medical care 

· 40% - disabled, requires special care and help 

· 30% - severely disabled, hospital admission indicated but no risk of death 

· 20% - very ill, urgently requiring admission, requires supportive measures or treatment 

· 10% - moribund, rapidly progressive fatal disease processes 

· 0% - death. 

ECOG/WHO/Zubrod score
The ECOG score (published by Oken et al in 1982), also called the WHO or Zubrod score (after C. Gordon Zubrod), runs from 0 to 5, with 0 denoting perfect health and 5 death:[2]
· 0 - Asymptomatic 

· 1 - Symptomatic but completely ambulant 

· 2 - Symptomatic, <50% in bed during the day 

· 3 - Symptomatic, >50% in bed, but not bedbound 

· 4 - Bedbound 

· 5 - Death 

Lansky score
Children, who might have more trouble expressing their experienced quality of life, require a somewhat more observational scoring system suggested and validated by Lansky et al in 1987:[3]
· 100 - fully active, normal 

· 90 - minor restrictions in strenuous physical activity 

· 80 - active, but tired more quickly 

· 70 - greater restriction of play and less time spent in play activity 

· 60 - up and around, but active play minimal; keeps busy by being involved in quieter activities 

· 50 - lying around much of the day, but gets dressed; no active playing participates in all quiet play and activities 

· 40 - mainly in bed; participates in quiet activities 

· 30 - bedbound; needing assistance even for quiet play 

· 20 - sleeping often; play entirely limited to very passive activities 

· 10 - doesn't play; does not get out of bed 

· 0 - unresponsive 
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Cancer research

Cancer research is research into cancer in order to identify causes and develop strategies for prevention, diagnosis, treatments and cure.

Cancer research ranges from epidemiology, molecular bioscience (bench research) to the performance of clinical trials to evaluate and compare applications of the various cancer treatment. These applications include surgery, radiation therapy, chemotherapy and hormone therapy, and combined treatment modalities such as chemo-radiotherapy. Starting in the mid-1990s, the emphasis in clinical cancer research shifted towards therapies derived from biotechnology research, such as immunotherapy and gene therapy.
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Areas of research
Cause
This type of research involves many different disciplines including genetics, diet, environmental factors (i.e. chemical carcinogens).

Oncogenomics/Genes involved in cancer
The goal of oncogenomics is to identify new oncogenes or tumor suppressor genes that may provide new insights into cancer diagnosis, predicting clinical outcome of cancers, and new targets for cancer therapies. As the Cancer Genome Project stated in a 2004 review article, "a central aim of cancer research has been to identify the mutated genes that are causally implicated in oncogenesis (cancer genes)."[1]
Several hereditary factors can increase the chance of cancer-causing mutations, including the activation of oncogenes or the inhibition of tumor suppressor genes. The functions of various onco- and tumor suppressor genes can be disrupted at different stages of tumor progression. Mutations in such genes can be used to classify the malignancy of a tumor.

In later stages, tumors can develop a resistance to cancer treatment. The identification of oncogenes and tumor suppressor genes is important to understand tumor progression and treatment success.

Genes and protein products that have been identified by at least two independent publications as being involved in cancer are:[1]:
ABI1, ABL2, ACSL6, AF1Q, AF5Q31 (also known as MCEF), AKT1, ARNT, ASPSCR1, ATF1, ATIC, BCL10, BFHD, BIRC3, BMPR1A, BTG1, CBFA2T1, CBFA2T3, CBFB, CCND1, CDC2, CDK4, CHIC2, CHN1, COPEB, COX6C, CTNNB1, CYLD, DDB2, DDIT3, DEK, EIF4A2, EPS15, ERCC2, ERCC3, ERCC5, ERG, ETV4, ETV6, EWSR1, EXT1, EXT2, FANCC, FANCG, FGFR1OP, FGFR3, FH, FIP1L1, FUS, GAS7, GATA1, GMPS, GOLGA5, GPC (gene), GPHN, HIST1H4I, HRAS, HSPCA, IL21R, IIRF4, KRAS2, LASP1, LCP1, LHFP, LMO2, LYL1, MADH4, MLF1, MLH1, MLLT3, MLLT6, MNAT1, MSF, MSH2, MSN, MUTYH, MYC, NCOA4, NF2, NPM1, NRAS, PAX8, PCBD, PDGFB, PIM1, PLK2, PNUTL1, POU2F1, PPARG, PRCC, PRKACB, PRKAR1A, PTEN, PTPN11, RABEP1, RAD51L1, RAP1GDS1, RARA, RB1, RET, RHOH, RPL22, SBDS, SDHB, SEPTIN6, SET, SH3GL1, SS18L1, SSX1, SSX2, SSX4, STAT3, TAF15, TCF12, TCL1A, TFE3, TFEB, TFG, TFPT, TFRC, TNFRSF6, TP53, TPM3, TPM4, TRIP11, VHL, WAS, WT1, ZNF198, ZNF278, ZNF384, ZNFN1A1 rociowh:E

Treatment
Current topics of cancer treatment research include:

· Chemotherapy 

· Radiation therapy 

· Boosting the immune system 

· Gene Therapy[2] 

· Anti-cancer vaccine - based on exposing some cancer cells extracted from a tumour to UV rays for 24 hrs then injecting them back into the organism, this approach has already been successful on rats. 

· Targeted therapy 

Specific treatment research topics
Dichloroacetate
In January 2007 researchers of the University of Alberta reported preliminary results of dichloroacetate (DCA) causing regression in several cancers in vitro, including lung, breast and brain tumors.[3] Since the compound DCA itself cannot be patented it could be an inexpensive alternative to other treatments, depending of course on whether the method of using DCA in the treatment of cancer is patentable. Clinical use of DCA will of course require further public/private investment for clinical trials.[4] The initial research was funded by the Canadian Institutes of Health Research.[5]
Prevention
· Vaccines (see HPV Vaccine) 
· Recent research may indicate a connection between Vitamin D deficiency and cancer.[6] 

Some methods, like Dichloroacetate, cannot be patented and thus would not garner the investment interest towards research from the pharmaceutical industry.[4]
Stem cell research
See info on Stanford's Institute for Stem Cell Biology and Regenerative Medicine [1]
Distributed computing
One can share computer time for distributed cancer research projects like Help Conquer Cancer[7]. World Community Grid also had a project called Help Defeat Cancer. A related project is Stanford University's Folding@Home project [2].
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Experimental cancer treatment

Experimental cancer treatments are medical therapies intended or claimed to treat cancer (see also tumor) by improving on, supplementing or replacing conventional methods (surgery, chemotherapy, radiation, and immunotherapy).

The entries listed below vary between theoretical therapies to unproven controversial therapies. Many of these treatments are alleged to only help against specific forms of cancer. It is not a list of treatments widely available at hospitals.
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Angiostatic-based treatments
Every solid tumor (in contrast to liquid tumors like leukemia) needs to generate blood vessels to keep it alive once it reaches a certain size. Usually, blood vessels are not built elsewhere in an adult body unless tissue repair is actively in process. The anti-angiogenesis (angiostatic) agent endostatin and related chemicals can suppress the building of blood vessels, preventing the cancer from growing indefinitely. In tests with patients, the tumor became inactive and stayed that way even after the endostatin treatment was finished. The treatment has very few side effects but appears to have very limited selectivity. Other angiostatic agents like thalidomide and natural plant-based substances are being actively investigated.

Dichloroacetate (DCA) Treatment
Cancer cells generally use glycolysis rather than oxidation for energy (the Warburg effect), as a result of hypoxia in tumors and damaged mitochondria.[1] The body often kills damaged cells by apoptosis, a mechanism of self-destruction that involves mitochondria, but this mechanism fails in cancer cells.

A study published in January 2007 by researchers at the University of Alberta,[2] testing DCA on in vitro cancer cell lines and a rat model, found that DCA restored mitochondrial function, thus restoring apoptosis, killing cancer cells in vitro, and shrinking the tumors in the rats.[3]
Bacterial treatments
Chemotherapeutic drugs have a hard time penetrating tumors to kill them at their core because these cells may lack a good blood supply. Researchers have been using anaerobic bacteria, such as Clostridium novyi, to consume the interior of oxygen-poor tumours. These should then die when they come in contact with the tumour's oxygenated sides, meaning they would be harmless to the rest of the body. A major problem has been that bacteria don't consume all parts of the malignant tissue. However combining the therapy with chemotheraputic treatments can help to solve this problem. Another strategy is to use anaerobic bacteria that have been transformed with an enzyme that can convert a non-toxic prodrug into a toxic drug. With the proliferation of the bacteria in the necrotic and hypoxic areas of the tumour the enzyme is expressed solely in the tumour. Thus a systemically applied prodrug is metabolised to the toxic drug only in the tumour. This has been demonstrated to be effective with the non pathogenic anaerobe Clostridium sporogenes.

Gene therapy
Introduction of tumor suppressor genes into rapidly dividing cells has been thought to slow down or arrest tumor growth. Another use of gene therapy is the introduction of enzymes into these cells that make them susceptible to particular chemotherapy agents; studies with introducing thymidine kinase in gliomas, making them susceptible to aciclovir, are in their experimental stage.

Telomerase therapy
Because most malignant cells rely on the activity of the protein telomerase for their immortality, it has been proposed that a drug which inactivates telomerase might be effective against a broad spectrum of malignancies. At the same time, most healthy tissues in the body express little if any telomerase, and would function normally in its absence.

A number of research groups have experimented with the use of telomerase inhibitors in animal models, and as of 2005 and 2006 phase I and II human clinical trials are underway. Geron Corporation, is currently conducting two clinical trials involving telomerase inhibitors. One uses a vaccine (GRNVAC1) and the other uses a lipidated drug (GRN163L).

Thermotherapy
Localized application of heat has been proposed as a technique for the treatment of malignant tumours. Intense heating will cause denaturation and coagulation of cellular proteins, rapidly killing cells within a tumour.

More prolonged moderate heating to temperatures just a few degrees above normal can cause more subtle changes. A mild heat treatment combined with other stresses can cause cell death by apoptosis. There are many biochemical consequences to the heat shock response within in cell, including slowed cell division and increased sensitivity to ionizing radiation therapy.

There are many techniques by which heat may be delivered. Some of the most common involve the use of focused ultrasound (FUS or HIFU), microwave heating, induction heating, or direct application of heat through the use of heated saline pumped through catheters. Experiments have been done with carbon nanotubes that selectively bind to cancer cells. Lasers are then used that pass harmlessly through the body, but heat the nanotubes, causing the death of the cancer cells. Similar results have also been achieved with other types of nanoparticles including gold-coated nanoshells and nanorods which exhibit certain degrees of 'tunability' of the absorption properties of the nanoparticles to the wavelength of light for irradiation. The success of this approach to cancer treatment rests on the existence of an 'optical window' in which biological tissue (i.e,. healthy cells) are completely transparent at the wavelength of the laser light while nanoparticles are highly absorbing at the same wavelength. Such a 'window' exists in the so-called near infrared region of the electromagnetic spectrum. In this way, the laser light can pass through the system without harming healthy tissue and only diseased cells, where the nanoparticles reside, get hot and are killed.

One of the challenges in thermal therapy is delivering the appropriate amount of heat to the correct part of the patient's body. A great deal of current research focuses on precisely positioning heat delivery devices (catheters, microwave and ultrasound applicators, etc.) using ultrasound or magnetic resonance imaging, as well as of developing new types of nanoparticles that make them particularly efficient absorbers while offering little or no concerns about toxicity to the circulation system. Clinicians also hope to use advanced imaging techniques to monitor heat treatments in real time—heat-induced changes in tissue are sometimes perceptible using these imaging instruments.

Complementary and alternative cancer treatment
In the year 2000, the American Cancer Society published American Cancer Society's Guide to Complementary and Alternative Cancer Methods. There are over 200 substances and therapies in this book, and while there is a varying degree of success with each of the methods, it appears that some of the techniques will work at times, however no technique will work in all situations, which, practitioners claim, is similar to the success rate of conventional techniques. Many of these treatments are similar to ancient ways of dealing with disease. According to practitioners of such techniques, various options are available to anyone who wants this information, however, they caution that discretion is advised no matter what methods a person chooses to pursue.

Produced in collaboration with the American Cancer Society (ACS), NCCN Treatment Guidelines for Patients provide cost-free, specific, and understandable information that patients and their families can use to make timely and well-informed decisions about cancer treatment. Developed from the NCCN Clinical Practice Guidelines in Oncology™, the patient versions of the guidelines describe diagnosis and treatment of frequently occurring cancers and supportive care issues in an easy-to-read format. These guidelines provide patients access to the same decision pathways their oncologists use.

Controversial therapies
Diet therapy
In the late 1940s, German-born physician Dr. Max Gerson proposed a therapy claimed to be successful in the treatment of advanced cancer, normalizing metabolism and helping the body's immune system act on cancer cells. It is a high potassium, low sodium (saltless) diet, with no fats or oils, and high in fresh raw fruits and vegetables and their juices. (See for instance the lecture [1], and the book A Cancer Therapy: Results of Fifty Cases, by Max Gerson, M.D.) (ISBN 0-9611526-2-1). Other scientists give credence to published accounts of such treatments to suppress the growth rate of cancer, despite general disagreement on the underlying mechanisms: http://www.krysalis.net/cancer4.htm
As with Max Gerson, Johanna Budwig proposed another diet therapy claimed to treat cancer. Most oncologists have a belief that a diet alone cannot treat cancer. Reports of dramatic remissions as a result of the Budwig diet are anecdotal, and not supported by peer-reviewed research. (On the other hand, her diet is good from a nutritional point of view to counteract some side-effects of other treatments.) Some basic research on flax oil (preferred by Budwig) is available: [2] [3] [4] [5] [6]
Unfortunately, the proponents of this approach have been consistently unable to produce a single surviving patient who meets all of these criteria:

1. was diagnosed by an independent oncologist instead of by a proponent, 

2. actually appears to have been cured, and 

3. did not undergo conventional cancer therapies which could reasonably explain the successful treatment. 

Insulin potentiation therapy
In insulin potentiation therapy (IPT), insulin is given in conjunction with low-dose chemotherapy. Its proponents claim insulin therapy increases the uptake of chemotherapeutic drugs by malignant cells, permitting the use of lower total drug doses and reducing side effects.

Some In vitro studies have demonstrated the principle of IPT [7]

 HYPERLINK "http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11082431&dopt=Citation" \o "http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11082431&dopt=Citation" [8] .

The first clinical trial of IPT for treating breast cancer was done in Uruguay and published in 2003/2004. Insulin combined with low-dose methotrexate (a chemotherapy drug) resulted in greatly increased stable disease, and much reduced progressive disease, compared with insulin or low-dose methotrexate alone. Although the study was very small (30 women, 10 per group), the results appear to be very promising. [9]
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Prognosis

Prognosis (older Greek πρόγνωσις, modern Greek πρόγνωση - literally fore-knowing, foreseeing) is a medical term denoting the doctor's prediction of how a patient's disease will progress, and whether there is chance of recovery. Since the 20th century, the word has been increasingly used in non-medical contexts as well, for example in corporate finance.
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Methodology
Disease and Prognostic Indicators
In medicine today, doctors search for methods of predicting how a patient (given their condition) may respond to treatment. Symptoms and tests may indicate favorable treatment with standard therapies. Likewise, a number of symptoms, health factors, and tests may indicate a less favorable treatment result with standard treatment - this may indicate that a more aggressive treatment plan may be desired.

Two areas where this type of prognosis prediction, or the use of prognostic indicators, is with Hodgkin's lymphoma and Non-Hodgkin lymphoma. Specifically with Non-Hodgkin lymphoma, physicians have developed the International Prognostic Index to predict patient outcome.

Prognostic scoring is also used for other cancer outcome predictions. A Manchester score is an indicator of prognosis in small cell lung cancer.

Other medical areas prognostic indicators are used is in Drug-Induced Liver Injury (DILI) (Hy's Law) and use of an exercise stress test as a prognostic indicator after myocardial infarction.

End of Life
Large areas of medicine are still missing statistical figures on the exact prognosis - in these matters the doctor's previous experiences largely guides pronouncements in this matter. Medical studies have demonstrated that most doctors are overly optimistic when giving prognostic information, that is, they tend to overstate how long the patient might live. For patients who are critically ill, particularly those in an intensive care unit, there are numerical prognostic scoring systems that are more accurate. The most famous of these is the APACHE II scale. However, this scale is most accurate in the seven days prior to a patient's predicted death.

Knowing the prognosis helps determine whether it makes more sense to attempt certain treatments or to withhold them, and thus plays an important role in end-of-life decisions.

History
For the great 19th century physicians, particularly the French school, the main aim of medicine was not to cure disease, but rather to diagnose it and achieve a satisfying prognosis of the patient's chances. Only several decades later did the focus of efforts in Western medicine shift to curing disease.

Adjuvant chemotherapy

Adjuvant chemotherapy is a term used to describe the role of chemotherapy relative to other cancer treatments.

The terms adjuvant and neoadjuvant have special meanings in oncology. Adjuvant therapy refers to 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".For example, radiotherapy or chemotherapy is commonly given as adjuvant treatment after surgery for a breast cancer. Oncologists use statistical evidence to assess the risk of disease relapse before deciding on the specific adjuvant therapy. The aim of adjuvant treatment is to improve disease-specific and overall survival. Because the treatment is essentially for a risk, rather than for provable disease, it is accepted that a proportion of patients who receive adjuvant therapy will already have been cured by their primary surgery.Adjuvant chemotherapy and radiotherapy are often given following surgery for many types of cancer, including colon cancer, lung cancer, pancreatic cancer, breast cancer, prostate cancer, and some gynaecological cancers.

Neoadjuvant therapy, in contrast to adjuvant therapy, is given before the main treatment. For example, chemotherapy that is given before removal of a breast is considered neoadjuvant chemotherapy. The most common reason for neoadjuvant therapy is to reduce the size of the tumor so as to facilitate more effective surgery.

Finally, concomitant or concurrent chemotherapy refers to administering medical treatments at the same time as other therapies, such as radiation.

Neoadjuvant chemotherapy

Neoadjuvant chemotherapy refers to drug treatment given to people with cancer prior to surgery. The aim is to reduce the size of the cancer before surgery, thus making surgery easier and more likely to be successful.

Hormonal therapy (oncology)

Hormonal therapy is one of the major modalities of medical treatment for cancer, others being cytotoxic chemotherapy and targeted therapy (biotherapeutics). 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 homones (hormone antagonists). Because steroid hormones are 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 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.

	Contents

· 1 Inhibitors of hormone synthesis 

· 1.1 Aromatase inhibitors 

· 1.2 GnRH analogs 

· 2 Hormone receptor antagonists 

· 2.1 Selective estrogen receptor modulators 

· 2.2 Antiandrogens 

· 3 Hormone supplementation 

· 3.1 Progestagens 

· 3.2 Androgens 

· 3.3 Estrogens 

· 3.4 Somatostatin analogs 

· 4 Non-medical hormonal interventions 

· 5 Hormonal immunotherapy 

· 6 References 


[image: image16.png]


Inhibitors of hormone synthesis
Letrozole
One effective strategy for starving tumor cells of growth- and survival-promoting hormones is to use drugs which inhibit the production of those hormones in their organ of origin.

Aromatase inhibitors
Aromatase inhibitors are an important class of drugs used for the treatment of breast cancer in postmenopausal 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 postmenopausal women.[1] Exemestane is an irreversible "aromatase inactivator" which is superior to megestrol for treatment of tamoxifen-refractory metastatic breast cancer, and does not appear to have the osteoporosis-promoting side effects of other drugs in this class.[1]
Aminoglutethimide inhibits both aromatase and other enzymes critical for steroid hormone sythesis in the adrenal glands. It was formerly used for breast cancer treatment, but has since been replaced by more selective aromatase inhibitors. It can also be used for the treatment of hyperadrenocortical syndromes, such as Cushing's syndrome and hyperaldosteronism in adrenocortical carcinoma.[1]
GnRH analogs
Analogs of gonadotropin-releasing hormone (GnRH) can be used to induce a chemical castration, that is, complete suppression of the production of estrogen and progesterone from the female ovaries, or complete suppression of testosterone production from the male testes. This is due to a negative feedback effect of continuous stimulation of the pituitary gland by these hormones. Leuprolide and goserelin are GnRH analogs which are used primarily for the treatment of hormone-responsive prostate cancer. Because the initial endocrine response to GnRH analogs is actually hypersecretion of gonadal steroids, hormone receptor antagonists such as flutamide are typically used to prevent a transient boost in tumor growth.[1]
Hormone receptor antagonists
Tamoxifen
Hormone receptor antagonists bind to the normal receptor for a given hormone and prevent its activation. The target recepetor may be on the cell surface, as in the case of peptide and glycoprotein hormones, or it may be intracellular, as in the case of steroid hormone receptors.

Selective estrogen receptor modulators
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 as tamoxifen, are actually partial agonists, which can actually increase estrogen receptor signalling in some tissues, such as the endometrium. Tamoxifen is currently first-line treatment for nearly all pre-menopausal women with hormone receptor-positive breast cancer.[1] Raloxifene is another partial agonist SERM which does not seem to promote endometrial cancer, and is used primarily for chemoprevention of breast cancer in high-risk individuals, as well as to prevent osteoporosis.[1] Toremifene and fulvestrant are SERM's with little or no agonist activity, and are used for treatment of metastatic breast cancer.[1]
Antiandrogens
Antiandrogens are a class of drug which bind and inhibit the androgen receptor, blocking the growth- and survival-promoting effects of testosterone on certain prostate cancers. Flutamide and bicalutamide are antiandrogens which are frequently used in the treatment of prostate cancer, either as long-term monotherapy, or in the initial few weeks of GnRH analog therapy.[1]
Hormone supplementation
Megestrol
While most hormonal therapy strategies seek to block hormone signalling to cancer cells, there are some instances in which supplementation with specific hormone agonists may have a growth-inhibiting, or even cytotoxic effect on tumor cells. Because many hormones can produce antagonism and feedback inhibiton of the synthesis of other hormones, there is significant overlap between this concept and those discussed above.

Progestagens
Progestins (progesterone-like drugs) such as megestrol and medroxyprogesterone have been used for the treatment of hormone-responsive, advanced breast cancer, endometrial cancer, and prostate cancer. Progestins are also used in the treatment of endometrial hyperplasia, a precursor to endometrial adenocarcinoma. The exact mechanism of action of these hormones is unclear, and may involve both direct effect on the tumor cells (suppression of estrogen receptor levels, alteration of hormone metabolism, direct cytotoxicity) and indirect endocrine effects (suppression of adrenal androgen production and plasma estrone sulfate formation).[1]
Androgens
The androgen (testosterone-like drug) Fluoxymesterone is occasionally used for the treatment of advanced breast cancer. The mechanism of the anticancer effects of this androgen in breast cancer are unclear, but may be analogous to those of progestins.[1]
Estrogens
The estrogen agonist Diethylstilbestrol (DES) is occasionally used to treat prostate cancer through suppression of testosterone production. It was previously used in the treatment of breast cancer, but has been replaced by more effective and less toxic agents. Estrace is an estrogen which was also formerly used for anti-androgen therapy of prostate cancer.[2]
Somatostatin analogs
Octreotide is an analog of the peptide hormone somatostatin, which inhibits the production of numerous peptide hormones of the gastrointestinal system, including insulin, glucagon, pancreatic polypeptide, gastic inhibitory polypeptide, and gastrin. Octreotide is used for suppression of the hormonal syndromes which accompany several pancreatic islet cell tumors, including the Zollinger-Ellison syndrome of gastrinoma and the chronic hypoglycemia of insulinoma. It is also effective in suppression of the carcinoid syndrome, caused by advanced or extra-gastrointestinal carcinoid tumors. Octreotide may also be used for treatment of severe diarrhea caused by 5-fluorouracil chemotherapy or radiation therapy.[1]
Non-medical hormonal interventions
In addition to the use of medication to produce tumor-suppressing endocrine alterations, destruction of endocrine organs through surgery or radiation therapy are also possible. Surgical castration, or removal of the testes in males and ovaries in females, have been widely used in the past to treat hormone-responsive prostate cancer and breast cancer respectively. However, these invasive methods have been widely supplanted by the use of GnRH agonists, and other forms of pharmacologic castration.[3]There are still some situations in which surgical castration is beneficial. In women at high risk for breast cancer and ovarian cancer due to mutations in the BRCA1 or BRCA2 genes, bilateral salpingo-oophorectomy (removal of the fallopian tubes and ovaries) not only prevents ovarian cancer, but reduces their future risk for breast cancer by reducing lifetime estrogen exposure.

Hormonal immunotherapy
Hormonal stimulation of the immune system with interferons and cytokines has been used to treat specific cancers, including renal cell carcinoma and melanoma.
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