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Introduction

The usage of chemical substances and drugs as medication can be traced back to the ancient Indian system of medicine called Ayurveda, which uses many metals besides herbs for treatment of a large number of ailments. More recently, Persian physician, Muhammad ibn Zakarīya Rāzi (Rhazes), in the 10th century, introduced the use of chemicals such as vitriol, copper, mercuric and arsenic salts, sal ammoniac, gold scoria, chalk, clay, coral, pearl, tar, bitumen and alcohol for medical purposes3.

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 remarkable4. That experience led researchers to look for other substances that might have similar effects against cancer. 
Sidney Farber's study of folic acid effects on childhood leukemia led to the development of antifols as anticancer drugs and a concerted effort towards the discovery of chemotherapeutic agents. His findings, published in the New England Journal of Medicine in 1948, generated excitement; never before had a drug been shown to be effective against leukemic tumors. Nevertheless, success with nitrosoureas and antifols led to efforts to discover new drugs focused on analogs of these compounds. 
As a result, many other drugs have been developed to treat cancer, and drug development since then has exploded into a multibillion-dollar industry. The targeted-therapy revolution has arrived, but the principles and limitations of chemotherapy discovered by the early researchers still apply.
In the 1960s, scientists discovered that an extract from the bark of the Pacific yew tree could be used to fight cancer. The substance—Taxol, is one of the hundreds of naturally occurring substances that people have used for centuries to treat disease and promote health. The use of natural products, primarily plant-based substances along with minerals, has a rich history that includes both the search for cancer's causes and the struggle for medicines to treat cancer. Until the 20th century, medicine mostly relied on plants, plant extracts, and other plant products for treatments. The 1900s witnessed the first creations of completely synthesized medicines5. And yet, decades later, three-fourths of the world's population still primarily rely on plant use for treating disease. Similarly, many of the pharmaceuticals being created today are derived from substances discovered in plants. Even though the targeted therapy revolution has arrived, but many of the principles and limitations of chemotherapy discovered by the early researchers still apply6.

Some chemotherapy drugs are the descendants—some are quite distant descendants—of an amazing diversity of compounds and sources. One chemotherapy agent is the descendant of the insecticide DDT, another is one of a substance found in coal tar. Still others are the descendants of a bacterium in the soil, of an evergreen shrub tea, of the Chinese tree Camptotheca acuminata, and of the tree Taxis brevifolia, the Pacific yew. The last is the best known of the "family tree" of chemotherapeutics—Taxol®—approved for treating ovarian cancer in 1994.5
In Pharmaceutical Innovation: Revolutionizing Human Health, Alexander Scriabine summarizes the major avenues in the search for chemicals to treat cancer. In roughly chronological order, they are: 

1. Folic Acid Antagonists — aminopterin, methotrexate, mercaptopurine 

2. Alkylating Agents — methchlorethamine (from mustard gas), chlorambucil, cyclophosphamide 

3. Antibiotics — actinomycin, idarubicin 

4. Antimitotic Drugs — vinblastine (from periwinkle), vincristine, etoposide, gemcitabine, capecitabine 

5. Sex Hormones — stilbestrol, tamoxifen 

6. Miscellaneous Cancer Drugs — cisplatin, paclitaxel, Intron-A, Proleukin, angiostatin, endostatin 

Development of Understanding Cancer's Etiology
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Many of us tend to think of cancer as a disease of our modern age, but people throughout history recognized the uniqueness of some tumors and sought to find treatments for them. Whether physicians in ancient times were able to distinguish malignant from benign tumors is uncertain, but as early as the first century AD there are references to treatment of what we know today as cancer tumors5. 

Cancer as a medical term is a class of diseases in which a group of cells display uncontrolled growth (division beyond the normal limits), invasion (intrusion on and destruction of adjacent tissues), and sometimes metastasis (spread to other locations in the body via lymph or blood)7. These three malignant properties of cancers differentiate them from benign tumors, which are self-limited, and do not invade or metastasize. Most cancers form a tumor but some, like leukemia, do not. The branch of medicine concerned with the study, diagnosis, treatment, and prevention of cancer is oncology. 

Cancer may affect people at all ages, even fetuses, but the risk for most varieties increases with age. Cancer causes about 13% of all human deaths.8 According to the American Cancer Society, 7.6 million people died from cancer in the world during 2007. Cancers can affect all animals.

Nearly all cancers are caused by abnormalities in the genetic material of the transformed cells. These abnormalities may be due to the effects of carcinogens, such as tobacco smoke, radiation, chemicals, or infectious agents. Other cancer-promoting genetic abnormalities may be randomly acquired through errors in DNA replication, or are inherited, and thus present in all cells from birth. The heritability of cancers are usually affected by complex interactions between carcinogens and the host's genome. New aspects of the genetics of cancer pathogenesis, such as DNA methylation, and microRNAs are increasingly recognized as important.

Genetic abnormalities found in cancer typically affect two general classes of genes. Cancer-promoting oncogenes are typically activated in cancer cells, giving those cells new properties, such as hyperactive growth and division, protection against programmed cell death, loss of respect for normal tissue boundaries, and the ability to become established in diverse tissue environments. Tumor suppressor genes are then inactivated in cancer cells, resulting in the loss of normal functions in those cells, such as accurate DNA replication, control over the cell cycle, orientation and adhesion within tissues, and interaction with protective cells of the immune system.

[image: image3.bmp]Diagnosis usually requires the histologic examination of a tissue biopsy specimen by a pathologist, although the initial indication of malignancy can be symptoms or radiographic imaging abnormalities. Most cancers can be treated and some cured, depending on the specific type, location, and stage. Once diagnosed, cancer is usually treated with a combination of surgery, chemotherapy and radiotherapy. As research develops, treatments are becoming more specific for different varieties of cancer. There has been significant progress in the development of targeted therapy drugs that act specifically on [image: image4.jpg]


detectable molecular abnormalities in certain tumors, and which minimize damage to normal cells. The prognosis of cancer patients is most influenced by the type of cancer, as well as the stage, or extent of the disease. In addition, histologic grading and the presence of specific molecular markers can also be useful in establishing prognosis, as well as in determining individual treatments

Today, the Greek term carcinoma is the medical term for a malignant tumor derived from epithelial cells. It is Celsus who translated carcinos into the Latin cancer, also meaning crab. Galen used "oncos" to describe all tumours, the root for the modern word oncology. 
Hippocrates described several kinds of cancers. He called benign tumours oncos, Greek for swelling, and malignant tumours carcinos, Greek for crab or crayfish. This name comes from the appearance of the cut surface of a solid malignant tumour, with "the veins stretched on all sides as the animal the crab has its feet, whence it derives its name". He later added the suffix -oma, Greek for swelling, giving the name carcinoma. Since it was against Greek tradition to open the body, Hippocrates only described and made drawings of outwardly visible tumors on the skin, nose, and breasts. Treatment was based on the humor theory of four bodily fluids (black and yellow bile, blood, and phlegm). According to the patient's humor, treatment consisted of diet, blood-letting, and/or laxatives. Through the centuries it was discovered that cancer could occur anywhere in the body, but humor-theory based treatment remained popular until the 19th century with the discovery of cells.

Our oldest description and surgical treatment of cancer was discovered in Egypt and dates back to approximately 1600 B.C. The Papyrus describes 8 cases of ulcers of the breast that were treated by cauterization, with a tool called "the fire drill." The writing says about the disease, "There is no treatment."9 
Another very early surgical treatment for cancer was described in the 1020s by Avicenna (Ibn Sina) in The Canon of Medicine. He stated that the excision should be radical and that all diseased tissue should be removed, which included the use of amputation or the removal of veins running in the direction of the tumor. He also recommended the use of cauterization for the area being treated if necessary.
In the 16th and 17th centuries, it became more acceptable for doctors to dissect bodies to discover the cause of death. The German professor Wilhelm Fabry believed that breast cancer was caused by a milk clot in a mammary duct. The Dutch professor Francois de la Boe Sylvius, a follower of Descartes, believed that all disease was the outcome of chemical processes, and that acidic lymph fluid was the cause of cancer. His contemporary Nicolaes Tulp believed that cancer was a poison that slowly spreads, and concluded that it was contagious.

The first cause of cancer was identified by British surgeon Percivall Pott, who discovered in 1775 that cancer of the scrotum was a common disease among chimney sweeps. The work of other individual physicians led to various insights, but when physicians started working together they could make firmer conclusions.

With the widespread use of the microscope in the 18th century, it was discovered that the 'cancer poison' spread from the primary tumor through the lymph nodes to other sites ("metastasis"). This view of the disease was first formulated by the English surgeon Campbell De Morgan between 1871 and 1874. The use of surgery to treat cancer had poor results due to problems with hygiene. The renowned Scottish surgeon Alexander Monro saw only 2 breast tumor patients out of 60 surviving surgery for two years. In the 19th century, asepsis improved surgical hygiene and as the survival statistics went up, surgical removal of the tumor became the primary treatment for cancer. With the exception of William Coley who in the late 1800s felt that the rate of cure after surgery had been higher before asepsis (and who injected bacteria into tumors with mixed results), cancer treatment became dependent on the individual art of the surgeon at removing a tumor. During the same period, the idea that the body was made up of various tissues, that in turn were made up of millions of cells, laid rest the humor-theories about chemical imbalances in the body. The age of cellular pathology was born.

When Marie Curie and Pierre Curie discovered radiation at the end of the 19th century, they stumbled upon the first effective non-surgical cancer treatment. With radiation also came the first signs of multi-disciplinary approaches to cancer treatment. The surgeon was no longer operating in isolation, but worked together with hospital radiologists to help patients. The complications in communication this brought, along with the necessity of the patient's treatment in a hospital facility rather than at home, also created a parallel process of compiling patient data into hospital files, which in turn led to the first statistical patient studies.

A founding paper of cancer epidemiology was the work of Janet Lane-Claypon, who published a comparative study in 1926 of 500 breast cancer cases and 500 control patients of the same background and lifestyle for the British Ministry of Health. Her ground-breaking work on cancer epidemiology was carried on by Richard Doll and Austin Bradford Hill, who published "Lung Cancer and Other Causes of Death In Relation to Smoking. A Second Report on the Mortality of British Doctors" followed in 1956 (otherwise known as the British doctors study). Richard Doll left the London Medical Research Center (MRC), to start the Oxford unit for Cancer epidemiology in 1968. With the use of computers, the unit was the first to compile large amounts of cancer data. Modern epidemiological methods are closely linked to current concepts of disease and public health policy. Over the past 50 years, great efforts have been spent on gathering data across medical practise, hospital, provincial, state, and even country boundaries, as a way to study the interdependence of environmental and cultural factors on cancer incidence.

Cancer patient treatment and studies were restricted to individual physicians' practices until World War II, when medical research centers discovered that there were large international differences in disease incidence. This insight drove national public health bodies to make it possible to compile health data across practises and hospitals, a process that many countries do today. The Japanese medical community observed that the bone marrow of victims of the atomic bombings of Hiroshima and Nagasaki was completely destroyed. They concluded that diseased bone marrow could also be destroyed with radiation, and this led to the discovery of bone marrow transplants for leukemia. Since World War II, trends in cancer treatment are to improve on a micro-level the existing treatment methods, standardize them, and globalize them as a way to find cures through epidemiology and international partnerships.

Dr. Paul Ehrlich 1854-1915, a German bacteriologist, coined the term "chemotherapy" before 1900 and advocated the use of animal models to study the effects of drugs on diseases. Among his achievements were the synthesis and testing of hundreds of organic arsenical compounds for the treatment of syphilis, resulting in the discovery of arsphenamine (salvarsan, compound #606), the first synthetic chemical shown to be an effective treatment for a human parasitic disease. 

At the same time, the demonstration that a cure for a human disease could be found using a rodent model inspired Dr. Clowes, working at Roswell Park Memorial Institute, to develop rodent models that could carry transplanted rodent tumors. He is credited with initiating the first cancer chemotherapy program in the United States. 10
Development Of  Services and Acts Related to Cancer Research 
Chemical Abstracts Service (CAS)

The 12-year period from 1955 to 1967 saw the acquisition and testing of over 114,000 synthetic and pure natural products. The compounds were identified and tracked by their National Service Center (NSC) numbers, a term which has escaped "reorganization" over the years. Compound records, including the identity of the supplier, structural information, quantities, and shipping histories for each compound, were kept on paper chemistry cards. 11
Screening results for compounds had been maintained on computer since 1957. The state-of-the-art computer at the time was an IBM 305 (RAMAC), the first of its kind with a magnetic disk drive. The drive consisted of 50 24-inch discs that collectively could hold 5 million characters of information, which translates to about 4.4 MB. The computer and drive weighed in at 2000 pounds, and the rental cost of the drive alone was $35,000 per year. In today's dollars, that is the equivalent of having to pay $238,000 for less than 1% of the capacity of a modern compact disc! Paper output from the RAMAC was sent to Bethesda and kept in large binders; updating and retrieving data from these binders was a manual task. 

In 1967, the Chemical Abstracts Service (CAS) was awarded a contract to computerize the chemical records, eliminating the need to update the chemistry cards. The signing of the National Cancer Act of 1971 gave the NCI unique autonomy within NIH with special budgetary authority, and for the CCNSC it increased the effort to acquire new compounds for testing with the awarding of an acquisition and inventory contract responsible for the collection and documentation of test agents. 

In 1985, a contract effort to develop an electronic database eliminated the need to hand-draw structures. DTP now had an in-house Drug Information System (DIS) that allowed the transfer of input activities from CAS to the acquisition contractor and gave the staff the capacity to perform interactive searches of structural, inventory, and shipment information.

Drug Information System (DIS)

From 1955 to 1985, structures for compounds being submitted to DTP for evaluation were hand-drawn, at first on Chemistry Cards and later transferred to a computerized database by the Chemical Abstracts Service (CAS). In 1985, a contract effort to develop an electronic database eliminated the need to hand-draw structures. DTP now had an in-house Drug Information System (DIS) that allowed the transfer of input activities from CAS to the acquisition contractor and gave the staff the capacity to perform interactive searches of structural, inventory, and shipping information. It is fair to state that the level of enthusiasm for learning how to use the DIS varied among the staff. The software resided initially on an NIH DEC system 10 mainframe computer, which, when in full use, was painfully slow. Basically, the DIS served as a storage and retrieval mechanism for both current and historical data. It had two major subsystems termed "Pre-Registry" and "Drug." The Pre-Registry subsystem handled compounds suggested for acquisition, while the Drug subsystem stored data on drugs accepted and received for anticancer evaluation.12
The DIS, when developed in the early 1980s, was built using FORTRAN, which was the best programming language available at the time for the application. By the mid-1990s, relational databases were becoming more user- and developer-friendly, and an effort to create an updated system to handle the needs of DTP was begun using an ORACLE-based platform. The effort was extensive in that the software would be required to handle not only inventory, shipping, and supplier information, but chemical structures and biological information as well. The system had to be appropriate for storage, retrieval, and searching functions for all databases that had grown over the almost 45 years of the program, which complicated the task. There was also a large learning curve in moving from the FORTRAN-based system to the new system. Thanks to the efforts of the Information Technology Branch and some talented and patient contract staff, the new system, called OMNIS, became the working system in 2005.

Creation of CCNSC

The National Advisory Cancer Council convened in December 1952 to discuss problems related to the chemotherapy of cancer and respond to this question: Is the area of chemotherapy sufficiently promising scientifically at this time to warrant an attempt to obtain funds for its expansion? The Council concluded that the state of knowledge was inadequate to justify creating a program in cancer chemotherapeutic discovery. 13
But in 1955, Congress approved the creation of the Cancer Chemotherapy National Service Center (CCNSC) and provided $5 million, of which $4.2 million was earmarked for cancer research grants. Additionally, $800,000 was set aside for acquiring test compounds and evaluating them as possible anticancer therapeutic agents. Consequently, four screening centers were set up and operated through the CCNSC. 

The first review of the program occurred in the late 1950s, after the screening of approximately 11,000 compounds. The reviewers concluded, "The CCNSC is encouraging the development of new screening methods which will predict compounds useful against human tumors more accurately than do present-day methods." The CCNSC was operating at a time when there was no agreement on what models to use, how to use them, or even what changes in the tumor constituted activity. In fact, one of the early problems faced by CCNSC staff was the overly positive interpretation that suppliers of compounds attributed to the screening data, a problem that persists to this day. 

In 1963, as a result of the second review of the program, the intramural laboratories in the clinical and experimental therapeutics area were integrated with the CCNSC to create more interdisciplinary teams. An NIH committee report on the activities of the CCNSC in 1965 recommended a third review of the program and a strengthening of the scientific staff. In 1976, the CCNSC was incorporated into NCI's Developmental Therapeutics Program (DTP), the current locus of federally funded preclinical drug discovery and development.

DTP reorganized again subsequent to a 1995–1996 institutional review, which advised separating the intramural laboratories from the extramural program. A review committee report in 1998 recommended that DTP efforts de-emphasize the internal drug pipeline and focus on facilitating extramural discovery efforts. DTP is currently staffed by 73 full-time federal employees and has a budget approximately ten times the original appropriation.

National Cancer Act of 1971

In 1970, the American people made clear their desire for a cure for the second-leading cause of death in the United States. President Nixon responded during his January 1971 State of the Union address: "I will also ask for an appropriation of an extra $100 million to launch an intensive campaign to find a cure for cancer, and I will ask later for whatever additional funds can effectively be used. The time has come in America when the same kind of concentrated effort that split the atom and took man to the moon should be turned toward conquering this dread disease. Let us make a total national commitment to achieve this goal." 

As part of this national effort, in October 1971, the Army's Fort Detrick, Maryland, biological warfare facility was converted to a cancer research center, eventually becoming the Frederick Cancer Research and Development Center, an internationally recognized center for cancer and AIDS research. 

On December 23, 1971, President Nixon followed through on his promise as he signed the National Cancer Act into law, declaring, "I hope in the years ahead we will look back on this action today as the most significant action taken during my Administration."1 

The National Cancer Act (P.L. 92–218), "The War on Cancer," gave the NCI unique autonomy at NIH with special budgetary authority. The Cancer Chemotherapy National Service Center (CCNSC) increased its efforts to acquire new compounds for testing with the awarding of an acquisition and inventory contract responsible for the collection and documentation of test agents
Anticancer Drug Development

Mustard Gas and Nitrogen Mustards
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The sulfur mustards, of which mustard gas (1,5-dichloro-3-thiapentane) is a member, are a class of related cytotoxic, vesicant chemical warfare agents with the ability to form large blisters on exposed skin. Pure sulfur mustards are colourless, viscous liquids at room temperature. However, when used in impure form as warfare agents they are usually yellow-brown in colour and have an odor resembling mustard plants, garlic or horseradish, hence the name. Mustard gas was originally assigned the name LOST, after Lommel and Steinkopf, who first proposed the military use of sulfur mustard to the German Imperial General Staff.14
The nitrogen mustards are cytotoxic chemotherapy agents similar to mustard gas. Although their common use is medicinal, in principle these compounds may also be used for chemical warfare purposes.

Mustard agents are regulated under the 1993 Chemical Weapons Convention (CWC). Three classes of chemicals are monitored under this Convention, with sulfur and nitrogen mustard grouped in Schedule 1, as substances with no use other than chemical warfare.

 It was first used effectively in World War I by the German army against British soldiers near Ypres in July 1917. Later also against the French Second Army. The Allies did not use mustard until November 1917 at Cambrai, after they captured a large stock of German mustard-filled shells. It took the British over a year to develop their own mustard gas weapon, first using it in September 1918 during the breaking of the Hindenburg Line15. 

Mustard gas was dispersed as an aerosol in a mixture with other chemicals. That gave yellow-brown color and a distinctive odor. It has also been dispersed in such munitions as aerial bombs, land mines, mortar rounds, artillery shells, and rockets. Mustard gas was lethal in only about 1% of cases. 

However, the notion of using alkylating agents, such as mechlorethamine and busulfan, to treat cancers came about after seamen were exposed to mustard gas as a result of an explosion in the harbor of Bari, Italy, during World War II. The servicemen later developed marrow and lymphoid hypoplasia, giving researchers the idea of using nitrogen mustard analogs to treat lymphomas.

Two pharmacologists, Louis S. Goodman and Alfred Gilman were recruited by the United States Department of Defense to investigate potential therapeutic applications of chemical warfare agents. Autopsy observations of people exposed to mustard gas had revealed profound lymphoid and myeloid suppression. Goodman and Gilman reasoned that this agent could be used to treat lymphoma, since lymphoma is a tumor of lymphoid cells.6 
They first set up an animal model - they established lymphomas in mice and demonstrated they could treat them with mustard agents. Next, in collaboration with a thoracic surgeon, Gustav Linskog, they injected a related agent, mustine (the prototype nitrogen mustard anticancer chemotherapeutic), into a patient with non-Hodgkin's lymphoma. They observed a dramatic reduction in the patient's tumour masses. Although this effect lasted only a few weeks, this was the first step to the realization that cancer could be treated by pharmacological agents (Goodman et al. 1946).

Nitrogen mustard compounds and other alklyating agents were among the first marketed drugs for treating cancer and are still widely used today for combating malignancies ranging from leukemias to solid tumors. Mechlorethamine is used mainly to treat Hodgkin disease and other lymphomas (MOPP regimen: mechlorethamine, Oncovin, procarbazine, and prednisone). Chlorambucil (NSC 3088) is used almost exclusively in the treatment of chronic lymphocytic leukemia and certain lymphomas. Melphalan (8806) has been used principally to treat multiple myeloma.

The antifolates
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Folic acid (also known as Vitamin B9or Folacin) 16 and Folate (the naturally occurring form) are forms of the water-soluble Vitamin B9. Vitamin B9 (Folic acid and Folate inclusive) is essential to numerous bodily functions ranging from nucleotide synthesis to the remethylation of homocysteine. It is especially important during periods of rapid cell division and growth. Both children and adults require folic acid to produce healthy red blood cells and prevent anemia. Folate and Folic acid derive their names from the Latin word folium (leaf). 

In a long story that began as early as 1869, physicians and researchers from all points on the globe slowly and erratically began accumulating the information necessary to identify DNA as the material central to the process of heredity, of life, and, as it turns out, to diseases like cancer. The many discoveries that marked steps along this long path are far too numerous to mention, but just after World War II a number of them arose around one particular chemical compound, folic acid. 5
key observation by researcher Lucy Wills in 1931 led to the identification of folate as the nutrient needed to prevent anemia during pregnancy. Dr. Wills demonstrated that anemia could be reversed with brewer's yeast. Folate was identified as the corrective substance in brewer's yeast in the late 1930s and was first isolated in spinach leaves by Mitchell and others in 1941. Bob Stokstad isolated the pure crystalline form in 1943, and was able to determine its chemical structure while working at the Lederle Laboratories of the American Cyanamid Company. This led to the subsequent synthesis of folic acid in 1945, by Dr. Yellapragada Subbarao and many others.
Microbes use folic acid as a key ingredient in their growth process. These tiny animals produce their own folic acid from other compounds called "precursors." The antibiotics known as the "sulfa drugs”—the sulfanilamides—combat microbes by acting upon this process of folic acid production. The antibiotic is similar in its chemical nature to one of the "precursors" and gets caught up within the microbes' attempt to produce folic acid. However, unlike the true precursor, the antibiotic does not allow the chemical reactions to continue, and thus stops the production of folic acid. Without it, the microbes cannot grow. 
Just as microbes use folic acid in the chemical processes of growth, human cells use folic acid in their chemical processes for producing DNA. If the chemical factory for producing DNA could be shut down by interfering in the chemical process or "pathway"—as the sulfa drugs had done for microbes—then the process of cell division and growth could be slowed or even stopped. Such a drug for altering this chemical pathway would, thus, be a powerful tool in fighting diseases like cancer that involve cell growth and division. Thus, this folic acid story began the decades long search for the chemical pathways by which human cells form nucleic acids and through which cancer could be treated. These chemical pathways were other avenues along which chemical scientists could pursue the chemical synthesis of agents for cancer treatment. 

Shortly after World War II, Sidney Farber, a pathologist at Harvard Medical School, studied the effects of folic acid on leukemia patients. Folic acid had been discovered by Lucy Wills, when she was working in India,in 1937. It seemed to stimulate the proliferation of acute lymphoblastic leukemia (ALL) cells when administered to children with this cancer. 
In one of the first examples of rational drug design (rather than accidental discovery), in collaboration with Harriett Kilte and Lederle Laboratories chemists, Farber used folate analogues. These analogues — first aminopterin and then amethopterin (now methotrexate) were antagonistic to folic acid, and blocked the function of folate-requiring enzymes. When administered to children with ALL in 1948, these agents became the first drugs to induce remission in children with ALL. 
Remissions were brief, but the principle was clear — antifolates could suppress proliferation of malignant cells, and could thereby re-establish normal bone-marrow function. 
It is worth noting that Farber met resistance to conducting his studies at a time when the commonly held medical belief was that leukemia was incurable, and that the children should be allowed to die in peace. Afterwards, Farber's 1948 report in the New England Journal of Medicine was met with incredulity and ridicule.
In the same report he has amply appreciated the cooperation and guidance of the famous Biochemist, Dr. Y. SubbaRow ( Director, Research Division, Lederle Labs, a division of American Cyanamid company, Pearl River, NY) who had synthesized and supplied the chemicals, Aminopterin and later Amithopterin for his clinical experiments.
Remarkably, a decade later at the National Cancer Institute, Roy Hertz and Min Chiu Li discovered that the same methotrexate treatment alone could cure choriocarcinoma (1958), a germ-cell malignancy that originates in trophoblastic cells of the placenta. This was the first solid tumour to be cured by chemotherapy.

6-MP
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Mercaptopurine (also called 6-mercaptopurine, 6-MP or its brand name Purinethol) is an immunosuppressive drug. It is a thiopurine.17
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It is used to treat leukemia. It is also used for pediatric polycythemia vera psoriatic arthritis, and inflammatory bowel disease (such as Crohn's disease and ulcerative colitis). It has demonstrated some in vitro effectiveness against Mycobacterium paratuberculosis. 
With the help of George Hitchings and Gertrude Elion, two pharmaceutical chemists who were working at the Burroughs Wellcome Company in Tuckahoe, many purine analogues were tested, culminating in the discovery of 6-mercaptopurine (6-MP), which was subsequently shown to be a highly active antileukemic drug.

Vinca Alkaloids

Vinca alkaloids are anti-mitotic and anti-microtubule agents. They are now produced synthetically and used as drugs in cancer therapy and as immunosuppressive drugs. These compounds are vinblastine, vincristine, vindesine and vinorelbine. Periwinkle extracts and derivatives, such as vinpocetine, are also used as nootropic drugs18. 
Catharanthus roseus (Madagascar Periwinkle) is a species of Catharanthus native and endemic to Madagascar. Synonyms include Vinca rosea (the basionym), Ammocallis rosea, and Lochnera rosea; other English names occasionally used include Cape Periwinkle, Rose Periwinkle, Rosy Periwinkle19, and "Old-maid".

In the wild, it is an endangered plant; the main cause of decline is habitat destruction by slash and burn agriculture. It is also however widely cultivated and is naturalised in subtropical and tropical areas of the world. 
Madagascar periwinkle has been used as a folk remedy for centuries and extensive studies in the 1950s revealed that it contained 70 alkaloids, many of which are biologically active. While initial studies for its use in diabetes mellitus were disappointing, the discovery that it caused myelosuppression (decreased activity of the bone marrow) led to its study in mice with leukemia, whose lifespan was prolonged by the use of a vinca preparation. The antitumor effect of the vinca alkaloids (e.g. vincristine) was later shown to be due to their ability to inhibit microtubule polymerization, and therefore cell division

Vincristine was approved by the United States Food and Drug Administration (FDA) in July 1963 as Oncovin. The drug was initially discovered by a team lead by Dr. J.G. Armstrong; it was then marketed by Eli Lilly and Company.

Combination chemotherapy

In 1965, a major break-through 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, Freireich, and Frei simultaneously administered methotrexate (an antifolate), vincristine (a Vinca alkaloid), 6-mercaptopurine (6-MP) and prednisone — together referred to as the POMP regimen — and induced long-term remissions in children with acute lymphoblastic leukaemia (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 (UKALL protocols) and German Berlin-Frankfurt-Münster clinical trials group (ALL-BFM protocols), ALL in children has become a largely curable disease.

This approach was extended to the lymphomas in 1963 by Vincent T. DeVita and George Canellos at the NCI, who ultimately proved in the late 1960s that nitrogen mustard, vincristine, procarbazine and prednisone — known as the MOPP regimen — could cure patients with Hodgkin's and non-Hodgkin's lymphoma. 
Currently, nearly all successful cancer chemotherapy regimens use this paradigm of multiple drugs given simultaneously.

Adjuvant therapy

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".20
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. Furthermore, concomitant or concurrent chemotherapy refers to administering medical treatments at the same time as other therapies, such as radiation

Emil Frei first demonstrated this effect - high doses of methotrexate prevented recurrence of osteosarcoma following surgical removal of the primary tumour. 
5-fluorouracil, an inhibitor of DNA synthesis, was later shown to improve survival when used as an adjuvant to surgery in treating patients with colon cancer. 
Similarly, the landmark trials of Bernard Fisher, chair of the National Surgical Adjuvant Breast and Bowel Project, and of Gianni Bonadonna, working in the Istituto Nazionale Tumori di Milano, Italy, proved that adjuvant chemotherapy after complete surgical resection of breast tumours significantly extended survival — particularly in more advanced cancer.

Drug Discovery at the NCI and Elsewhere
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Zubrod's initiatives
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In 1956, C. Gordon Zubrod, who had formerly led the development of antimalarial agents for the United States Army, took over the Division of Cancer Treatment of the NCI and guided development of new drugs. In the two decades that followed the establishment of the NCCSC, a large network of cooperative clinical trial groups evolved under the auspices of the NCI to test anticancer agents. 
Zubrod had a particular interest in natural products, and established a broad programme for collecting and testing plant and marine sources, a controversial programme that led to the discovery of taxanes (in 1964) and camptothecins (in 1966). Both classes of drug were isolated and characterized by the laboratory of Monroe Wall at the Research Triangle Institute.

The Taxanes 
The taxanes are diterpenes produced by the plants of the genus Taxus (yews). As their name suggests, they were first derived from natural sources, but some have been synthesized artificially. Taxanes include paclitaxel and docetaxel. Paclitaxel was originally derived from the Pacific yew tree. 
Taxanes have been used to produce various chemotherapy drugs. The principal mechanism of the taxane class of drugs is the disruption of microtubule function. It does this by stabilizing GDP-bound tubulin in the microtubule. Microtubules are essential to cell division, and taxanes therefore stop this - a "frozen mitosis". Thus, taxanes are essentially 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.

Paclitaxel (or NSC 125973), the most well-known natural-source cancer drug in the United States, is, as mentioned, derived from the bark of the Pacific yew tree (Taxus brevifolia) and is used in the treatment of breast, lung, and ovarian cancer, as well as Kaposi's sarcoma.This agent proved difficult to synthesize and could only be obtained naturally, which forced the NCI into the costly business of harvesting substantial quantities of yew trees from public lands.

In 1962 Samples of the Pacific yew's bark were first collected in 1962 by researchers from the U.S. Department of Agriculture (USDA) who were under contract to NCI to find natural products that might cure cancer. Two years later, Dr. Monroe E. Wall, Dr. Mansukh Wani, and colleagues at the Research Triangle Institute's Natural Product Laboratory in Research Triangle Park, NC, discovered that extracts from this bark contained cytotoxic activity. 
In 1965, additional samples of bark were collected and sent to Dr. Wall's group for identification and purification of the extract's most active component. It took the researchers at the Research Triangle Institute several years to isolate paclitaxel in its pure form, but once they did, NCI assigned the compound an NSC number and testing began to identify paclitaxel's biological action. After 4 years of clinical testing in solid tumours, paclitaxel was found in 1987 (23 years after its initial discovery) to be effective in ovarian cancer therapy.

Notably, this agent, although developed by the NCI in partnership with Bristol-Myers Squibb, was exclusively marketed by BMS who went on to make over a billion dollars profit from Taxol, despite the bulk of the initial work being funded by US taxpayers.
The camptothecins
Camptothecin (CPT) is a cytotoxic quinoline alkaloid which inhibits the DNA enzyme topoisomerase I (topo I). It was discovered in 1966 by M. E. Wall and M. C. Wani in systematic screening of natural products for anticancer drugs. It was isolated from the bark and stem of Camptotheca acuminata (Camptotheca, Happy tree), a tree native in China. CPT showed remarkable anticancer activity in preliminary clinical trials but also low solubility and adverse drug reaction. Because of these disadvantages researchers have made numbers of derivatives to increase the benefits of the chemical, with good results. Two CPT analogues have been approved and are used in cancer topotecanchemotherapy

HYPERLINK "http://en.wikipedia.org/wiki/Camptothecins" \l "cite_note-0" today,  and irinotecan. 

Despite showing promise in preclinical studies, the agent had little antitumour activity in early clinical trials, and dosing was limited by kidney toxicity: its lactone ring is unstable at neutral pH, so while in the acidic environment of the kidneys it becomes active, damaging the renal tubules.
In 1996 a more stable analogue, irinotecan, won Food and Drug Administration (FDA) approval for the treatment of colon cancer. Later, this agent would also be used to treat lung and ovarian cancers.

Platinum-based agents
The compound cis-PtCl2(NH3)2 was first described by M. Peyrone in 1845 (known as Peyrone's salt). The structure was deduced by Alfred Werner in 1893. In the 1960s, Barnett Rosenberg and van Camp et al. at Michigan State University discovered that electrolysis of a platinum electrode produced cisplatin, which inhibited binary fission in Escherichia coli (E. coli) bacteria. The bacteria grow to 300 times their normal length but cell division fails. Rosenberg then conducted a series of experiments to test the effects of various platinum coordination complexes on sarcomas artificially implanted in rats. This study found that cis-diamminedichloridoplatinum(II) was the most effective out of this group, which started the medicinal career of cisplatin. 
Approved for clinical use by the United States Food and Drug Administration (FDA) in 1978,[9] it revolutionized the treatment of certain cancers. Detailed studies on its molecular mechanism of action, using a variety of spectroscopic methods including X-ray, NMR spectroscopy, and other physico-chemical methods, revealed its ability to form irreversible crosslinks with bases in DNA.

Subsequently, Eve Wiltshaw and others at the Institute of Cancer Research in the United Kingdom extended the clinical usefulness of the platinum compounds with their development of carboplatin, a cisplatin derivative with broad antitumour activity and comparatively less nephrotoxicity.

Nitrosoureas

Nitrosourea is both the name of a molecule, and a class of compounds that include a nitroso (R-NO) group and a urea. These compounds are DNA alkylating agents and are often used in chemotherapy.blood-brain barrier They are lipophilic and thus can cross the , making them useful in the treatment of brain tumors such as glioblastoma multiforme. 
nitrosoureas were synthesized by a second group with an NCI contract, led by John Montgomery at the Southern Research Institute. Fludarabine phosphate, a purine analogue which has become a mainstay in treatment of patients with chronic lymphocytic leukaemia, was another similar development by Montgomery.

Anthracyclines and epipodophyllotoxins

Anthracyclines (or anthracycline antibiotics) are a class of drugs used in cancer chemotherapy derived from Streptomyces bacteria21  (more specifically, Streptomyces peucetius var. caesius). These compounds are used to treat a wide range of cancers, including leukemias, lymphomas, and breast, uterine, ovarian, and lung cancers.

The anthracyclines are some of the most effective anticancer treatments ever developed and are effective against more types of cancer than any other class of chemotherapy agents. Their main adverse effects are heart damage (cardiotoxicity), which considerably limits their usefulness, and vomiting.

The first anthracycline discovered was daunorubicin (trade name Daunomycin), which is produced naturally by Streptomyces peucetius, a species of actinobacteria. Doxorubicin (Adriamycin) was developed shortly after, and many other related compounds have followed, although few are in clinical use.
Epipodophyllotoxins are alkaloids naturally occurring in the root of American Mayapple plant (Podophyllum peltatum). Some epipodophyllotoxin derivatives are currently used in the treatment of cancer. These include etoposide and teniposide. They act as anti-cancer drugs by inhibiting topoisomerase II. Anthracyclines and epipodophyllotoxins also came from industry during the period of 1970 to 1990.

Supportive care during chemotherapy

As is obvious from their origins, the above cancer chemotherapies are essentially poisons. Patients receiving these agents experienced severe side effects that limited the doses which could be administered, and hence limited the beneficial effects. 
Clinical investigators realized that the ability to manage these toxicities was crucial to the success of cancer chemotherapy.

Several examples are noteworthy. Many chemotherapeutic agents cause profound suppression of the bone marrow. This is reversible, but takes time to recover. 
Support with platelet and red-cell transfusions as well as broad-spectrum antibiotics in case of infection during this period is crucial to allow the patient to recover.Several practical factors are also worth mentioning.
Most of these agents caused very severe nausea (termed chemotherapy-induced nausea and vomiting (CINV) in the literature) which, while not directly causing patient deaths, was unbearable at higher doses. 
The development of new drugs to prevent nausea (the prototype of which was ondansetron) was of great practical use, as was the design of indwelling intravenous catheters (e.g. Hickman lines and PICC lines) which allowed safe administration of chemotherapy as well as supportive therapy.

Hormones

Hormonal therapy is one of the major modalities of medical treatment for cancer. 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 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.

The late 1800s and early 1900s saw an expansion in the scientific work on hormones and their effects on the body. It was at this time that scientists first began to uncover a connection between hormones and cancer. The Scottish surgeon G.T. Beaston noted that breast cancers in women actually shrunk when he removed their ovaries. The ovaries produce two powerful hormones—estrogen and progesterone. In the 1930s, Charles B. Huggins, a Chicago surgeon, showed that cancer of the prostate in dogs could be stalled by castration. He found the same effect by administering the female hormone estrogen. Establishing these links has lead eventually to modern hormone therapy for cancer. 

The hormonal contribution to several categories of breast cancer subtypes was recognized during this time, leading to the development of pharmacological modulators (e.g. of oestrogen) such as tamoxifen
A period of quiet

With the successes of combination chemotherapy and the discovery of many new agents, there was a feeling at this time that all cancers could be treated, if only one could administer the correct combination of drugs, at the correct doses and at the correct intervals. A search continued, with the pharmaceutical industry screening for new compounds and clinical scientists performing elaborate clinical trials with ever more complex combinations and higher doses. 
One important contribution during this period was the discovery of a means that allowed the administration of previously lethal doses of chemotherapy. The patient's bone marrow was first harvested, the chemotherapy administered, and the harvested marrow then returned to patient a few days later. This approach, termed autologous bone marrow transplantation, was initially thought to be of benefit to a wide group of patients, including those with advanced breast cancer. However, rigorous studies have failed to confirm this benefit, and autologous transplantation is no longer widely used for solid tumors. 
The proven curative benefits of high doses of chemotherapy afforded by autologous bone marrow rescue are limited to Hodgkins disease patients who had failed therapy with conventional combination chemotherapy. However, autologous transplantation continues to be used as a component of therapy for a number of hematologic malignancies.

Although clinical oncologists appeared to have hit a wall at this point in terms of results, under the surface something extraordinary was happening: namely, elucidation of the mechanisms underlying cancer. Understanding of the machinery of the cell and advances in techniques to probe perturbations in its function allowed researchers to understand the genetic nature of cancer. It is important to realize that prior to this point, chemotherapeutic agents had been discovered essentially by chance, or by inhibiting the metabolic pathways crucial to cell division, but none were particularly specific to the cancer cell. 
Targeted therapy

The molecular and genetic approaches to understanding cell biology uncovered entirely new signalling networks that regulate cellular activities such as proliferation and survival. Many of these networks were found to be radically altered in cancer cells, and these alterations had a genetic basis caused by a chance somatic mutation.

Tyrosine kinase inhibitors

The classic example of targeted development is imatinib mesylate (Gleevec), a small molecule which inhibits a signaling molecule kinase. The genetic abnormality causing chronic myelogenous leukemia (CML) has been known for a long time to be a chromosomal translocation creating an abnormal fusion protein, kinase BCR-ABL, which signals aberrantly, leading to uncontrolled proliferation of the leukemia cells. Imatinib precisely inhibits this kinase. 
Unlike so many other anti-cancer agents, this pharmaceutical was no accident. Brian Druker, working in Oregon Health Science University, had extensively researched the abnormal enzyme kinase in CML. He reasoned that precisely inhibiting this kinase with a drug would control the disease and have little effect on normal cells. 
Druker collaborated with Novartis chemist Nick Lydon, who developed several candidate inhibitors. From these, imatinib was found to have the most promise in laboratory experiments. First Druker and then other groups worldwide demonstrated that when this small molecule is used to treat patients with chronic-phase CML, 90% achieve complete haematological remission. It is hoped that molecular targeting of similar defects in other cancers will have the same effect.

Monoclonal antibodies

Monoclonal antibodies (mAb or moAb) are monospecific antibodies that are identical because they are produced by one type of immune cell that are all clones of a single parent cell. Given almost any substance, it is possible to create monoclonal antibodies that specifically bind to that substance; they can then serve to detect or purify that substance. This has become an important tool in biochemistry, molecular biology and medicine. When used as medications, the generic drug name ends in –mab. 
Although monoclonal antibodies have been around for decades, they were derived from mice and did not function particularly well when administered to humans, causing allergic reactions and being rapidly removed from circulation. 

"Humanization" of these antibodies (genetically transforming them to be as similar to a human antibody as possible) has allowed the creation of a new family of highly effective humanized monoclonal antibodies. Rituximab, a drug used to treat lymphomas, was a prime example.

Afterwards, in 1980s Erbitux (NSC 632307), known generically as cetuximab, is one of four NCDDG-developed agents approved by the FDA since the inception of the NCDDG. This agent, a chimera comprising human and mouse monoclonal antibodies against the epidermal growth factor receptor (EGFR), is based on Dr. John Mendelson's 1980s hypothesis that monoclonal antibodies against EGFR could block receptor activation,1 which in turn would interfere with the cell signaling that leads to increased cell proliferation, angiogenesis, invasion, and metastasis.

1990s In 1990, the NCDDG began work on Erbitux, and in 1999, ImClone Systems of New York commenced phase III trials in collaboration with Merck KGaA of Darmstadt, Germany. In 2001, Bristol-Meyers Squibb and ImClone agreed to co-develop this agent, and the first application for FDA approval was submitted in November of that year. 

2001–present ImClone submitted its original request for FDA approval in 2001, but the FDA determined that this application could not be reviewed because of missing information.3 However, in August 2003, ImClone submitted the results of a “large, well-run trial,” the results of the two earlier studies, and the missing information requested by the FDA, and Erbitux received approval for the treatment of metastatic colorectal cancer in 2004. Combinations of Erbitux and radiation or platinum-based chemotherapeutic agents are under exploration.1
Abstract
The discovery that certain toxic chemicals administered in combination can cure certain cancers ranks as one of the greatest in modern medicine.
Childhood ALL, testicular cancer, and Hodgkins disease, previously universally fatal, are now generally curable diseases. 
The early revolution in cancer therapy was largely a North American experience, powered by an optimistic and forward-looking United States Federal government, which funded the NCI with the same "big-idea" philosophy as the Apollo Program.
In fact, it was only later that the pharmaceutical industry became heavily involved.

Conventional cytotoxic chemotherapy has shown the ability to cure some cancers, including testicular cancer, Hodgkin disease, non-Hodgkin lymphoma, and some leukemias. 
It has also proven effective in the adjuvant setting, in reducing the risk of recurrence after surgery for high-risk breast cancer, colon cancer, and lung cancer, among others. 
However, the hopes created by the dramatic initial success of cancer chemotherapy were not fully borne out, as conventional cytotoxic chemotherapy has fallen short of the high expectations of curing the most common cancers.

The overall impact of chemotherapy on cancer survival can be difficult to estimate, since improved cancer screening, prevention (e.g. anti-smoking campaigns), and detection all influence statistics on cancer incidence and mortality. In the United States, overall cancer incidence rates were stable from 1995 through 1999, while cancer death rates decreased steadily from 1993 through 1999. Again, this likely reflects the combined impact of improved screening, prevention, and treatment. Nonetheless, cancer remains a major cause of illness and death, and conventional cytotoxic chemotherapy has proven unable to cure most cancers after they have metastasized.

New knowledge about the molecular biology of cancer and new tools to specifically target aberrant proteins are opening up new possibilities. The next two decades will see two competing strategies of cancer therapy: small molecular inhibitors and adoptive immunotherapy with re-programmed effector cells will match strengths in an attempt to finally cure cancer.
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A large invasive �HYPERLINK "http://en.wikipedia.org/wiki/Mammary_ductal_carcinoma" \o "Mammary ductal carcinoma"�ductal carcinoma� in a �HYPERLINK "http://en.wikipedia.org/wiki/Mastectomy" \o "Mastectomy"�mastectomy� specimen.
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Cancers are caused by a series of mutations. Each mutation alters the behavior of the cell somewhat.
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HN1 (�HYPERLINK "http://en.wikipedia.org/wiki/Bis(2-chloroethyl)ethylamine" \o "Bis(2-chloroethyl)ethylamine"�bis(2-chloroethyl)ethylamine�)
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Folic acid
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Mercaptopurine
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Dr Gordon Zubrod of the NCI
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Paclitaxel
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Nitrosourea
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�HYPERLINK "http://en.wikipedia.org/wiki/Daunorubicin" \o "Daunorubicin"�Daunorubicin�, the prototypical anthracycline
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�HYPERLINK "http://en.wikipedia.org/w/index.php?title=Bcr-abl_kinase&action=edit&redlink=1" \o "Bcr-abl kinase (page does not exist)"�bcr-abl kinase�, which causes �HYPERLINK "http://en.wikipedia.org/wiki/Chronic_myelogenous_leukemia" \o "Chronic myelogenous leukemia"�CML�, in green, inhibited by small molecule �HYPERLINK "http://en.wikipedia.org/wiki/Imatinib_mesylate" \o "Imatinib mesylate"�Imatinib mesylate� in red, rendered with �HYPERLINK "http://en.wikipedia.org/wiki/RasMol" \o "RasMol"�RasMol�
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A general representation of the methods used to produce monoclonal antibodies.
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