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The History of Cancer

The study of cancer, call@thcology, is the work of countless doctors and scientisisiiad the

world whose discoveries in anatomy, physiology,naiséry, epidemiology, and other related fields
made oncology what it is today. Technological adesrand the ever-increasing understanding of
cancer make this field one of the most rapidly ewvg areas of modern medicine.

What is cancer?

Cancer begins when cells in a part of the body stagrow out of control. There are many kinds
of cancer, but they all start because of out-oft@dmgrowth of abnormal cells. To learn more
about how cancer forms and grows, see our docucadleti\What |s Cancer?

Cancer is the second leading cause of death ibnited States. About one-half of all men and
one-third of all women in the US will develop candering their lifetimes. Today, millions of
people are living with cancer or have had cancer.

Oldest descriptions of cancer

Human beings and other animals have had cancerghoait recorded history. So it's no surprise
that from the dawn of history people have writtbowat cancer. Some of the earliest evidence of
cancer is found among fossilized bone tumors, humammies in ancient Egypt, and ancient
manuscripts. Growths suggestive of the bone catadld osteosarcoma have been seen in
mummies. Bony skull destruction as seen in cantt#reohead and neck has been found, too.

Our oldest description of cancer (although the waadcer was not used) was discovered in Egypt
and dates back to about 3000 BC. It is called thei Smith Papyrus and is a copy of part of an
ancient Egyptian textbook on trauma surgery. Itdbes 8 cases of tumors or ulcers of the breast
that were treated by cauterization with a toolezhlhe fire drill. The writing says about the
disease, “There is no treatment.”

Origin of the word cancer

The origin of the word cancer is credited to the€krphysician Hippocrates (460-370 BC), who is
considered the “Father of Medicine.” Hippocratesduthe termsarcinos andcarcinoma to

describe non-ulcer forming and ulcer-forming tumdmnsGreek, these words refer to a crab, most
likely applied to the disease because the fingerdipreading projections from a cancer called to
mind the shape of a crab. The Roman physicianus€23-50 BC), later translated the Greek term
into cancer, the Latin word for crab. Galen (130-200 AD), dr@tRoman physician, used the



word oncos (Greek for swelling) to describe tumors. Although the crab analogy of Higpe@ad
Celsus is still used to describe malignant tumors, Galen’s term is now us@h@of the name
for cancer specialists — oncologists.

Sixteenth to eighteenth centuries

During the Renaissance, beginning in the 15th century, scientists develoged gndarstanding

of the human body. Scientists like Galileo and Newton began to use the scientific metlebd, whi
later was used to study disease. Autopsies, done by Harvey (1628), led to an undgrstahdin
circulation of blood through the heart and body that had until then been a mystery.

In 1761, Giovanni Morgagni of Padua was the first to do something which has become routine
today — he did autopsies to relate the patient’s illness to pathologic findingdexdth. This laid
the foundation for scientific oncology, the study of cancer.

The famous Scottish surgeon John Hunter (1728-1793) suggested that some cancers might be
cured by surgery and described how the surgeon might decide which cancers tooopéi #te

tumor had not invaded nearby tissue and was “moveable,” he said, “There is no impnopriety
removing it.”

A century later the development of anesthesia allowed surgery to flourish asid ckncer
operations such as the radical mastectomy were developed.

Nineteenth century

The 19th century saw the birth of scientific oncology with use of the modern microacope i
studying diseased tissues. Rudolf Virchow, often called the founder of celftkaniogy, provided
the scientific basis for the modern pathologic study of cancer. As Margadrinked autopsy
findings seen with the unaided eye with the clinical course of illness, so Virchoelated
microscopic pathology to illness.

This method not only allowed a better understanding of the damage cancer had done, but also
aided the development of cancer surgery. Body tissues removed by the surgeon could now be
examined and a precise diagnosis could be made. The pathologist could also tejjietie sur
whether the operation had completely removed the cancer.

Cancer causes: Theories throughout history

From the earliest times, physicians have puzzled over the causes of cactent Egyptians
blamed cancers on the gods.

Humoral theory

Hippocrates believed that the body haiuors (body fluids): blood, phlegm, yellow bile, and
black bile. When the humors were balanced, a person was healthy. The belief was inath or
too little of any of the humors caused disease. An excess of black bile in variousié®dias
thought to cause cancer. This theory of cancer was passed on by the Romanseanbraced by
the influential doctor Galen’s medical teaching, which remained the unchalleagdédrsi



through the Middle Ages for over 1,300 years. During this period, the study of the body nigcludi
autopsies, was prohibited for religious reasons, which limited progress of medisdedge.

Lymph theory

Among theories that replaced the humoral theory of cancer was the formationesflpaaoother
body fluid, lymph. Life was believed to consist of continuous and appropriate movement of the
fluid parts of the body through the solid parts. Of all the fluids, the most importamb¥eed and
lymph. Stahl and Hoffman theorized that cancer was composed of fermenting and ateggner
lymph, varying in density, acidity, and alkalinity. The lymph theory gainpil support. John
Hunter, the Scottish surgeon from the 1700s, agreed that tumors grow from lymph constantly
thrown out by the blood.

Blastema theory

In 1838, German pathologist Johannes Muller demonstrated that cancer is made la@aont cedt
lymph, but he believed that cancer cells did not come from normal cells. Muller propdsed tha
cancer cells developed from budding elements (blastema) between normal tissaasléht,
Rudolph Virchow (1821-1902), the famous German pathologist, determined that all cells,
including cancer cells, are derived from other cells.

Chronic irritation theory

Virchow proposed that chronic irritation was the cause of cancer, but he beliemeddtig that
cancers “spread like a liquid.” In the 1860s, German surgeon, Karl Thiersch, showsthtteas
metastasize through the spread of malignant cells and not through some unidéuntified f

Trauma theory

Despite advances in the understanding of cancer, from the late 1800s until the 1920sy&muma
thought by some to cause cancer. This belief was maintained despite theofaijuey to cause
cancer in experimental animals.

Infectious disease theory

Zacutus Lusitani (1575-1642) and Nicholas Tulp (1593-1674), 2 doctors in Holland, concluded at
almost the same time that cancer was contagious. They made this conclusioonbiser

experiences with breast cancer in members of the same household. Lusitanpgmablicized

the contagion theory in 1649 and 1652, respectively. They proposed that cancer patients should be
isolated, preferably outside of cities and towns, in order to prevent the spreadesf canc

Throughout the 17th and 18th centuries, some believed that cancer was contagiotjshhnffest
cancer hospital in France was forced to move from the city in 1779 because peodledraes

would spread throughout the city. Although human cancer, itself, is not contagious, we now know
that certain viruses, bacteria, and parasites can increase a perg&aof sleigeloping cancer.



Cancer epidemiology

During the 18th century, 3 important observations launched the field of cancer epadgmiol
(epidemiology is the study of causes, distribution, and control of diseases):

* In 1713, Bernardino Ramazzini, an Italian doctor, reported the virtual absence célcervi
cancer and relatively high incidence of breast cancer in nuns and wondered ifstimssoae
way related to their celibate lifestyle. This observation was an impatigmtoward
identifying and understanding the importance of hormones (like the changesntieatvith
pregnancy) and sexually-transmitted infections and cancer risk.

 In 1775, Percival Pott of Saint Bartholomew’s Hospital in London described an occupational
cancer in chimney sweeps, cancer of the scrotum, which was caused by somgati¢be
skin folds of the scrotum. This research led to many more studies that identifiethe@r rmim
occupational carcinogenic exposures and led to public health measures to reduoe’s pers
cancer risk at work.

* Thomas Venner of London was one of the first to warn about tobacco dangergimRasta,
published in London in 1620. He wrote that “immoderate use of tobacco hurts the brain and the
eye and induces trembling of the limbs and the heart.” And 150 years later, in 1761, @nly a fe
decades after recreational tobacco became popular in London, John Hill wrote a btauk entit
Cautions Against the Immoderate Use of Shuff. These first observations linking tobacco and
cancer led to epidemiologic research many years later (in the 1950s gntPéad) which
showed that smoking causes lung cancer and led to the US Surgeon General’'s 1964 report
Smoking and Health.

Epidemiologists continue to search for factors that cause cancer (likedalss;®obesity,
ultraviolet radiation), as well as those things that can help protect agamest {such as physical
activity and a healthy diet). This research provides evidence to guide public healt
recommendations and regulations.

As molecular biologists learn more about how factors cause or prevent chisc@fprmation is
used to study molecular epidemiology, which is the study of interactions betwesnagel
external factors.

Modern knowledge and cancer causes

Viral and chemical carcinogens

In 1915, Katsusaburo Yamagiwa and Koichi Ichikawa at Tokyo University, inducedraariab
animals for the first time by applying coal tar to rabbit skin. More than 158 haarpassed since
clinician John Hill of London recognized tobacco asuainogen (a substance known or believed
to cause cancer in humans). Many more years passed before tobacco wasvgestisas the
most destructive source of chemical carcinogens known to man.

Today we recognize and avoid many specific substances that cause caadars and their
derivatives (like benzene), some hydrocarbons, aniline (a substance used to esakasthgstos,
and many others. lonizing radiation from a variety of sources, including the sisg ksalvn to
cause cancer. To ensure the public’s safety, the government has sedtaafidyds for many



substances, including benzene, asbestos, hydrocarbons in the air, arsenic in drinkjrmnavate
radiation.

In 1911, Peyton Rous, at the Rockefeller Institute in New York, described a tyaecef c
(sarcoma) in chickens caused by what later became known as the Rous sangcankiewwas
awarded the Nobel Prize for that work in 1968. Several viruses are now linked toinancer
humans, including:

» Long-standing infection with the hepatitis B or C viruses can lead to canter lofer.

* One of the herpes viruses, the Epstein-Barr virus, causes infectious mononucleosss and ha
been linked to non-Hodgkin lymphomas and nasopharyngeal cancer.

» People with human immunodeficiency virus (HIV) have greater increased risk ob plienel
several cancers, especially Kaposi sarcoma and non-Hodgkin lymphoma.

* Human papilloma viruses (HPVs) have been linked to many cancers, especiallyfttinese
cervix, vulva, vagina, anus, and penis. Some head and neck cancers (mostly the tongue and
tonsils) are linked to the high-risk types of HPV, too. Today there is a vaccingtpraeént
HPV infection.

As of 2012, the World Health Organization’s International Agency for ResearchnoerCa
(IARC) has identified more than 100 chemical, physical, and biological carcisogeny of
these associations were recognized long before scientists understood much abanckow c
develops. Today, research is discovering new carcinogens, explaining how thegacengseand
providing insight into ways to prevent cancer.

By the middle of the 20th century, scientists had the instruments they needed to work of some
the complex problems of chemistry and biology that remained unsolved. James Watson and
Francis Crick, who received a Nobel Prize in 1962 for their work, had discovered the exac
chemical structure of DNA, the basic material in genes.

DNA was found to be the basis of the genetic code that gives orders tosalAéell learning how
to translate this code, scientists were able to understand how genes worked and lcowidhey
damaged by mutations (changes or mistakes in genes). These modern techniquesoy cnel
biology answered many complex questions about cancer.

Scientists already knew that cancer could be caused by chemicalspradiatl viruses, and that
sometimes cancer seemed to run in families. But as the understanding of Diyé&nasd
increased, they learned that it was the damage to DNA by chemicals atmradir the
introduction of new DNA sequences by viruses that often led to the development of ¢ancer. |
became possible to pinpoint the exact site of the damage on a specific gene.

Scientists discovered that sometimes defective genes are inherited, atidhesnthese inherited
genes are defective at the same points that chemicals exert thatirlaft@her words, most of the
things that caused cancer (carcinogens) caused genetic damage(sutiadt looked a lot like
the mutations that could be inherited and could result in the same types of cancernfutairons
were introduced.

No matter which way the first mutation started (inborn or spontaneous), the detlartteafrom
these mutations led to groups of abnormal cells (called clones, or duplicates of theahbal)ym
The mutant clones evolved to even more malignant clones over time, and the camessedolgy
more and more genetic damage and mutations. The big difference between isstrasland



cancer is that normal cells with damaged DNA die; cancer cells with damaged®nbt. The
discovery of this critical difference answered many questions thatdwaadd scientists for many
years.

Oncogenes and tumor suppressor genes

During the 1970s, scientists discovered 2 particularly important families e$ gelated to cancer:
oncogenes and tumor suppressor genes.

Oncogenes. These genes cause cells to grow out of control and become cancer cells. They are
formed by changes or mutations of certain normal genes of the cell maiteebncogenes. Proto-
oncogenes are the genes that normally control how often a cell divides and the degrele ito whi
differentiates (or specializes in a specific function in the body).

Tumor suppressor genes. These are normal genes that slow down cell division, repair DNA
errors, and tell cells when to die (a process knowapagtosis or programmed cell death). When
tumor suppressor genes don’t work properly, cells can grow out of control, whickacato |
cancer.

It may be helpful to think of a cell as a car. For it to work properly, there need taysaav

control how fast it goes. A proto-oncogene normally functions in a way that larsicma gas

pedal — it helps the cell grow and divide. An oncogene could be compared to a gas pedal that is
stuck down, which causes the cell to divide out of control. A tumor suppressor gene is like the
brake pedal on a car. It normally keeps the cell from dividing too quickly just ake keeps a

car from going too fast. When something goes wrong with the gene, which can hagppen if
mutation causes it to stop working, cell division can get out of control.

Slowly, medical scientists are identifying the oncogenes and tumor suppyeassrthat are
damaged by chemicals or radiation and those that, when inherited, can lead toF@areample,
the 1990s discovery of 2 genes that cause some breast cancers, BRCAL1 and BRGE&D), is
forward because these genes can be used to identify people who have a higher risk ohdevelopi
breast cancer.

Other genes have been discovered that are linked to cancers that run in,faughess cancers of
the colon, rectum, kidney, ovary, thyroid, pancreas, and skin melanoma. Familial cancer is not
nearly as common as spontaneous cancer (cancer that is caused by DNA Hatstges during

a person’s lifetime). Cancer linked to heredity is less than 15% of all cantigrg.iS important

to understand these cancers because with continued research in genetics webheay lideatify
more people at very high risk.

Once researchers recognized the importance of specific genetgesharcancer, they soon began
working to developargeted therapies (drugs or substances that interfere with specific molecules)
to overcome the effects of these changes in tumor suppressor genes andescogen

Cancer screening and early detection

Screening refers to tests and exams used to find a disease, such as carae whoedo not
have any symptoms. The first screening test to be widely used for canadbeviFep test. The test
was developed by George Papanicolaou as a research method in understanding thed menstru
cycle. Papanicolaou soon recognized its potential for finding cervical caadgand presented



his findings in 1923. At first, most doctors were skeptical, and it was not until the cameri
Cancer Society (ACS) promoted the test during the early 1960s that this tesé lvedaly used.
Since that time, the cervical cancer death rate in the United States Inaeddey about 70%.

Modern mammography methods were developed late in the 1960s and first officially
recommended by the ACS in 1976.

Current American Cancer Society guidelines include methods for earlyideteiccancers of the
cervix, breast, colon and rectum, endometrium, and prostate, as well as a dategicheck-up
which, depending on a person’s age and gender, might include exams for cancelsyobithe t
mouth, skin, lymph nodes, testes, and ovaries.

Evolution of cancer treatments: Surgery

Ancient physicians and surgeons knew that cancer would usually come back afsesutrgieally
removed. The Roman physician Celsus wrote, “After excision, even when a scamnined, hone
the less the disease has returned.”

Galen was a 2nd-century Roman doctor whose books were preserved for centurias thtaught
to be the highest medical authority for over a thousand years. Galen viewed waich as
Hippocrates had, and his views set the pattern for cancer management foesemtuconsidered
the patient incurable after a diagnosis of cancer had been made.

Even though medicine progressed and flourished in some ancient civilizations, thétgewas
progress in cancer treatment. The approach to cancer was Hippocraticefac)Fal the most
part. To some extent the belief that cancer cannot be cured has persistedoethe 21st century.
This has served to fuel the fear people have of the disease. Some people, evearisidizy,all
cancer incurable and put off seeing a doctor until it is too late for optimah&eat

Cancer treatment has gone through a slow process of development. The apoigmized that
there was no curative treatment once a cancer had spread, and that interegiit be more
harmful than no treatment at all. Galen did write about surgical cures fot taeasr if the tumor
could be completely removed at an early stage. Surgery then was very printhiveany
complications, including blood loss. It wasn’t until the 19th and early 20th centuriesajoat m
advances were made in general surgery and cancer surgery.

There were great surgeons before the discovery of anesthesia. John HuleteCéagper, and
John Warren achieved lasting acclaim for their swift and precise suBygryhen anesthesia
became available in 1846, the work advanced so rapidly that the next hundred yeaes beca
known as “the century of the surgeon.”

Three surgeons stand out because of their contributions to the art and science otiogerger s
Bilroth in Germany, Handley in London, and Halsted in Baltimore. Their work lechtuwctr
operations” designed to remove the entire tumor along with the lymph nodes in the regien w
the tumor was located.

William Stewart Halsted, professor of surgery at Johns Hopkins Uniyedsiteloped the radical
mastectomy during the last decade of the 19th century. His work was basebim ghat of W.

Sampson Handley, the London surgeon who believed that cancer spread outward by invasion from
the original growth. (The general concept of the radical mastectomy ¢eaced all the way back



to Lorenz Heister, a German who wrote about his ideas for mastectomy andtbimpgrchis
book,Chirurgie, published in 1719.)

Halsted did not believe that cancers usually spread through the bloodstream: “Although it
undoubtedly occurs, | am not sure that | have observed from breast cancer, rmetastasi
seemed definitely to have been conveyed by way of the blood vessels.” He beli¢aekd tuate
local removal of the cancer would cure it — if the cancer later appearadetse it was a new
process. That belief led him to develop the radical mastectomy for breast.cBhis became the
basis of cancer surgery for almost a century. Then, in the 1970s, modern clinical trials
demonstrated that less extensive surgery is equally effective for mostivweith breast cancer.
Today, a radical mastectomy is almost never done and the “modified raditetio@my” is
performed less frequently than before. Most women with breast cancer now haum#rg pr
tumor removed (lumpectomy), and then have radiation therapy.

At the same time Halsted and Handley were developing their radical opsyatmamther surgeon
was asking, “What is it that decides which organs shall suffer in a cdsseminated cancer?”
Stephen Paget, an English surgeon, concluded that cancer cells spread by way of ttiedstoods
to all organs in the body but were able to grow only in a few organs. In a brilliant lEsycdie
drew an analogy between cancer metastasis and seeds that “are mkaltidaactions, but they
can only live and grow if they fall on congenial soil.”

Paget’s conclusion that cells from a primary tumor spread through the blaod&wé could grow
only in certain, and not all, organs was an accurate and highly sophisticated hggbtiesas
confirmed by the techniques of modern cellular and molecular biology almost adhyedre
later. This understanding of metastasis became a key element in reoggime limitations of
cancer surgery. It eventually allowed doctors to develop systemic traatosed after surgery to
destroy cells that had spread throughout the body so that they could use lessmghopiations
in treating many types of cancer. Today these systemic treatmentdsode used before
surgery.

During the final decades of the 20th century, surgeons developed greater technitiskeaxpe
minimizing the amounts of normal tissue removed during cancer operations. Likenihéam
radical mastectomy to lumpectomy, progress was also made in removing booné &ssue

tumors of the arms and legs without the need for amputation in most cases, and in avoiding a
colostomy for most patients with rectal cancer. This progress depended nohamlglerstanding
cancer better as a disease and on better surgical instruments, but also on combperpngvtr
chemotherapy and/or radiation.

Until near the end of the 20th century, diagnosing cancer often required “explaatoery” to

open the abdomen (belly) or chest so the surgeon could take tissue samples to be testeer for c
Starting in the 1970s, progress in ultrasound (sonography), computed tomographyn&},T sca
magnetic resonance imaging (MRI scans), and positron emission tomographsc@is) have
replaced many exploratory operations. CT scans and ultrasound can also be used to gyide biops
needles into tumors.

Today, doctors use instruments with fiberoptic technology and miniature video sambrak

inside the body. Surgeons can operate using special surgical instruments thromghutzes put

into small cuts in the skin. These instruments can be used to look and work inside the abdomen
(laparoscopic surgery) or chest (thorascopic surgery). A similar instruthergndoscope, can be

used to remove some tumors in the colon, esophagus, or bladder by entering through natural body
openings such as the mouth or anus.



Less invasive ways of destroying tumors without removing them are bashgdtnd/or used.
Cryosurgery (also called cryotherapy or cryoablation) uses liquid nitrogenapaavery cold
probe to freeze and kill abnormal cells. Lasers can be used to cut through tigead @hsising a
scalpel) or to vaporize (burn and destroy) cancers of the cervix, laryne (axg, liver, rectum,
skin, and other organs. Radiofrequency ablation transmits radio waves to a smath @heed in
the tumor to kill cancer cells by heating them.

Evolution of cancer treatments: Hormone therapy

Another 19th century discovery laid the groundwork for an important modern method to treat and
prevent breast cancer. Thomas Beatson graduated from the University of Edinburgh indL874 a
developed an interest in the relation of the ovaries to milk formation in the biteaks?38 he
discovered that the breasts of rabbits stopped producing milk after he removed &® blari
described his results to the Edinburgh Medico-Chirurgical Society in 1896: “Thisckxmed to

me of great interest, for it pointed to one organ holding control over the secretion of another and
separate organ.”

Because the breast was “held in control” by the ovaries, Beatson decided eémtesilrof the
ovaries (called oophorectomy) in advanced breast cancer. He found that oophoreaomy oft
resulted in improvement for breast cancer patients. He also suspectebdlmitdiies may be the
exciting cause of carcinoma” of the breast. He had discovered the stimgu@téct of the female
ovarian hormone (estrogen) on breast cancer, even before the hormone itseltoveselis His

work provided a foundation for the modern use of hormone therapy, such as tamoxifen and the
aromatase inhibitors, to treat or prevent breast cancer.

A half century after Beatson'’s discovery, Charles Huggins, a urologist d@nthersity of
Chicago, reported dramatic regression of metastatic prostate caecéhatesticles were
removed. Later, drugs that blocked male hormones were found to be effectivetricfair
prostate cancer.

New classes of drugs (such as aromatase inhibitors, LHRH [luteinizingphefraleasing

hormone] analogs and inhibitors, and others) have greatly changed the way prostatesand brea
cancers are treated. Research to better understand how hormones influencgroaticéras

guided progress in developing many new drugs for cancer treatment. & leldgg researchers
look at new ways to use drugs to reduce the risk of developing breast and prostate canc

Evolution of cancer treatments: Radiation

In 1896 a German physics professor, Wilhelm Conrad Roentgen, presented a remeckable |
entitled “Concerning a New Kind of Ray.” Roentgen called it the “X-ray’hviat' being the
algebraic symbol for an unknown quantity. There was immediate worldwideragaite\Within
months, systems were being devised to use x-rays for diagnosis, and within agedienrwas
used in to treat cancer.

In 1901 Roentgen received the first Nobel Prize awarded in physics. Radiation thegapywith
radium and with relatively low-voltage diagnostic machines. In Franceja braakthrough took
place when it was discovered that daily doses of radiation over several weatkg ighproved the
patient’s chance for a cure. The methods and the machines that deliveomateriapy have



steadily improved since then. Today, radiation is delivered with great precisiostitoydsancer
tumors while limiting damage to nearby normal tissues.

At the beginning of the 20th century, shortly after radiation began to be used for diagmnbs
therapy, it was discovered that radiation could cause cancer as well &s Marey early
radiologists used the skin of their arms to test the strength of radiation friomathetherapy
machines, looking for a dose that would produce a pink reaction (erythema) which looked like
sunburn. They called this the “erythema dose,” and this was considered aneestithatproper
daily fraction of radiation. It is no surprise that many of them developedrealkeom regularly
exposing themselves to radiation.

Advances in radiation physics and computer technology during the last quarte@thtioentury
made it possible to aim radiation more precis€gnformal radiation therapy (CRT) uses CT
images and special computers to very precisely map the location of a iceBcimensions. The
patient is fitted with a plastic mold or cast to keep the body part still and iartreegosition for
each treatment. The radiation beams are matched to the shape of the tumor ared delitier
tumor from several directionktensity-modulated radiation therapy (IMRT) is like CRT, but
along with aiming photon beams from several directions, the intensity ($styefighe beams can
be adjusted. This gives even more control over decreasing the radiation reacmaktissue
while delivering a high dose to the cancer.

A related techniquegonformal proton beam radiation therapy, uses a similar approach to focusing
radiation on the cancer. But instead of using x-rays, this technique uses protonRreéons are
parts of atoms that cause little damage to tissues they pass throughveuy aféective in killing
cells at the end of their path. This means that proton beam radiation can deliveadiairern to

the cancer while possibly reducing damage to nearby normal tissues.

Sereotactic radiosurgery andstereotactic radiation therapy are terms that describe several
techniques used to deliver a large, precise radiation dose to a small tumor. Thederymmay
be confusing because no cut (incision) is actually made. The most commoras#e Wwigh this
radiation technique is the brain. The linear accelerator, or special machihesthe Gamma
Knife or CyberKnife, can be used to deliver this treatment.

Intraoperative radiation therapy (IORT) is a form of treatment that delivers radiation at the time of
surgery. The radiation can be given directly to the cancer or to the neaudey @dter the cancer

has been removed. It is more commonly used in abdominal or pelvic cancers and in cancers tha
tend to recur (come back after treatment). IORT minimizes the amoussé tihat is exposed to
radiation because normal tissues can be moved out of the way during surgery and shielded,
allowing a higher dose of radiation to the cancer.

Chemical modifiers or radiosensitizers are substances that make cancer more sensitive to radiation.
The goal of research into these types of substances is to develop agents thakevithe tumor

more sensitive without affecting normal tissues. Researchers ale@iag for substances that

may help protect normal cells from radiation.

Evolution of cancer treatments: Chemotherapy

During World War 11, naval personnel who were exposed to mustard gas duringynaititeom

were found to have toxic changes in the bone marrow cells that develop into blood cells. During
that same period, the US Army was studying a number of chemicatdredanustard gas to
develop more effective agents for war and also develop protective measure.oartieeof that



work, a compound calleaitrogen mustard was studied and found to work against a cancer of the
lymph nodes called lymphoma. This agent served as the model for a long serigaobsim

more effective agents (call@tkylating agents) that killed rapidly growing cancer cells by
damaging their DNA.

Not long after the discovery of nitrogen mustard, Sidney Farber of Boston desbechshat
aminopterin, a compound related to the vitamin folic acid, produced remissions in chiltfren wi
acute leukemia. Aminopterin blocked a critical chemical reaction need@iN#dreplication.

That drug was the predecessor of methotrexate, a cancer treatment dragms®nly today.
Since then, other researchers discovered drugs that block different functiolhgriaveth and
replication. The era of chemotherapy had begun.

Metastatic cancer was first cured in 1956 when methotrexate was used &or&meatumor called
choriocarcinoma. Over the years, chemotherapy drugs (chemo) havestullcesated many
people with cancer. Long-term remissions and even cures of many patiénktodgkin disease
and childhood ALL (acute lymphoblastic leukemia) with chemo were first reportetydbe
1960s. Cures of testicular cancer were seen during the next decade. Many a#rer cambe
controlled with chemo for long periods of time, even if they are not cured. Today, several
approaches are being studied to improve the activity and reduce the sidedftdemo. These
include:

* New drugs, new combinations of drugs, and new delivery techniques

* Novel approaches that target drugs more specifically at the cancesuehlsa liposomal
therapy and monoclonal antibody therapy) to produce fewer side effects

 Drugs to reduce side effects, like colony-stimulating factors, chemopvetagents (such as
dexrazoxane and amifostine), and anti-emetics (to reduce nausea and vomiting)

» Agents that overcome multi-drug resistance (when the cancer doesn’t respondsigaihe
treatment drugs)

Liposomal therapy is a technique that puts chemo drugs inside liposomes (synthetic fat globules).
The liposome, or fatty coating, helps them penetrate the cancer cellsetectersly and

decreases possible side effects (like hair loss, nausea, and vomiting). Exahtipiesomal drugs

are Doxil (the encapsulated form of doxorubicin) and Daunoxome (the encapsulated form of
daunorubicin).

Early in the 20th century, only cancers small and localized enough to be com@etelyed by
surgery were curable. Later, radiation was used after surgery to conthalusnta growths that
were not surgically removed. Finally, chemotherapy was added to destatiyyiemor growths
that had spread beyond the reach of the surgeon and radiotherapist. Chemo usedeaiteo surg
destroy any remaining cancer cells in the body is callipadsant therapy. Adjuvant therapy was
tested first in breast cancer and found to be effective. It was later usddnrcancer, testicular
cancer, and others.

A major discovery was the advantage of using multiple chemotherapy drugs (known as
combination chemotherapy) over single agents. Some types of very fastgfeukemia and
lymphoma (tumors involving the cells of the bone marrow and lymph nodes, respectively)
responded very well to combination chemo, and clinical trials led to gradual improventeat of
drug combinations used. Many of these tumors can be cured today by appropriate combinati
chemotherapy.



The approach to patient treatment has become more scientific with the intoddatlinical

trials on a wide basis throughout the world. These clinical trials compare esménts to
standard treatments and contribute to a better understanding of treatmens bedefigks.
Clinical trials test theories about cancer learned in the basic scauratory and also test ideas
drawn from the clinical observations on cancer patients. They are ngdessamtinued
progress.

Evolution of cancer treatments: Immunotherapy

Better understanding of the biology of cancer cells has led to the developmenobgictagients
that mimic some of the natural signals that the body uses to control celhgf@wical trials have
shown that this cancer treatment, calbealogical response modifier (BRM) therapy, biologic
therapy, biotherapy, orimmunotherapy, is effective for several cancers.

Some of these biologic agents, which occur naturally in the body, can now be made in the lab.
Examples are interferons, interleukins, and other cytokines. These agentear® giatients to
imitate or influence the natural immune response. They do this either byydaketing the

cancer cell growth or by acting indirectly to help healthy cells contratdheer.

One of the most exciting applications of biologic therapy has come from idegtdgrtain tumor
targets, called antigens, and aiming an antibody at these targets. Thid maghfirst used to find
tumors and diagnose cancer and more recently has been used to attack candsinzells
technology that was first developed during the 1970s, scientists can mass-prodoconal
antibodies that are specifically targeted to chemical components of callseRefinements to
these methods, using recombinant DNA technology, have improved the effectivashess a
decreased the side effects of these treatments. The first therapeuiclomal antibodies,
rituximab (Rituxan) and trastuzumab (Herceptin) were approved during¢h®980s to treat
lymphoma and breast cancer, respectively. Monoclonal antibodies now are routinety tusatl
certain cancers, and many more are being studied.

Scientists are also studying vaccines that boost the body’s immune resparssetacells. For
instance, a 2009 lymphoma study looked at personalized vaccines made fromdissech
patient’s tumor. Encouraging results showed that patients who received the Vigedihenger
disease-free than those who did not.

In 2010, the FDA approved Sipuleucel-T (Provenge), a cancer vaccine for metastaone-
refractory prostate cancer (prostate cancer that has spread and is nodspgeding to hormone
treatment). Unlike a preventive vaccine, which is given to prevent diseasendrdaaosts the
body’s immune system’s ability to attack cancer cells in the body. Thisneaahas been shown
to help certain men with prostate cancer live longer, though it does not cure the. disease
represents an important step forward in cancer treatment.

Evolution of cancer treatments: Targeted therapy

Until the late 1990s nearly all drugs used in cancer treatment (with theieroafphormone
treatments) worked by killing cells that were in the process of repigctieir DNA and dividing
to form 2 new cells. These chemotherapy drugs also killed some normal cells bygrbatéa
effect on cancer cells.



Targeted therapies work by influencing the processes that control growsipriand spread of
cancer cells, as well as the signals that cause cancer cells toudadyéthe way normal cells do
when they are damaged or old). Targeted therapies work in several ways.

Growth signal inhibitors

Growth factors are hormone-like substances that help tell cells when to growialed Their role
in fetal growth and repair of injured tissue was first recognized in the 1960sithaserrealized
that abnormal forms of growth factors or abnormally high levels of growth $actortribute to the
growth and spread of cancer cells. Researchers have also started to understatid hesognize
and respond to these factors, and how that can lead to signals inside the cells thlhécause
abnormal features found in cancer cells. Changes in these signal pathwastsbdeen
identified as a cause of the abnormal behavior of cancer cells.

During the 1980s, scientists found that many of the growth factors and other substances
responsible for recognizing and responding to growth factor are actuadlygds of oncogenes.
Among the earliest targeted therapies that block growth signals dtztrasb (Herceptin),
gefitinib (Iressa), imatinib (Gleevec), and cetuximab (Erbitux). Curesgarch has shown great
promise for these treatments in some of the more deadly and hard-to-treadffeemser, such as
non-small cell lung cancer, advanced kidney cancer, and glioblastoma. And senenatign
targeted therapies, like dasatinib (Sprycel) and nilotinib (Tasigna), haaenlbeen found to
produce faster and stronger responses in certain types of cancer and \wetelbgited.

Angiogenesisinhibitors

Angiogenesis is the creation of new blood vessels. The term comes fromk2\@rds: angio,

meaning “blood vessel,” and genesis, meaning “beginning.” Normally, thisdalthy process.

New blood vessels, for instance, help the body heal wounds and repair damaged tissues. But in a
person with cancer, this same process creates new, very small blood vesgels théumor its

own blood supply and allow it to grow.

Anti-angiogenesis agents are types of targeted therapy that use drugsr @ubstances to stop
tumors from making the new blood vessels they need to keep growing. This concepdtwas fi
proposed by Judah Folkman in the early 1970s, but it wasn’t until 2004 that the first angjggene
inhibitor, bevacizumab (Avastin), was approved. Currently used to treat advancedtedlor
kidney, and lung cancers, bevacizumab is being studied as treatment for manypethef

cancer, too. And many new drugs that block angiogenesis have become aviaitkabk984.

Apoptosis-inducing drugs

Apoptosis is a natural process through which cells with DNA too damaged to repelir ass
cancer cells — can be forced to die. Many anti-cancer treatments (incladiagan and chemo)
cause cell changes that eventually lead to apoptosis. But targeted drugsrioughiarg different,
because they are aimed specifically at the cell substances that cefitsolrvival and death.

Cancer survivorship

Only a few decades ago, the prognosis (outlook) for people facing cancer wasampas
favorable as it is today. During the 1970s, about 1 of 2 people diagnosed with cancer survived at



least 5 years. Now, more than 2 of 3 survive that long. Today there are more thalmohl mil
cancer survivors in the United States alone.

Now that more people are surviving cancer, more attention than ever is focused otithefqua
life and long-term outcomes of cancer survivors. Behavioral researcheverlineg to learn more
about the problems survivors face. Some of these problems are medical, such asmpsideane
effects of treatment, the possibility of second cancers caused by tngadmekthe need for long-
term treatment and medical follow-up. Other problems are emotional or dudliehges, like
getting health insurance, discrimination by employers, relationship ebadngt may result from
life-threatening illness, or learning to live with the possibility of cagoening back.

Cancer was once a word that people were afraid to speak in public, and peopkdrarggd to
being a cancer survivor. Now, many celebrities and national leaderspasly aiscuss and share
their cancer experiences. The view that cancer cannot be cured and theatd@aséd historically
been attached to the disease are slowly changing.

The twenty-first century

The growth in our knowledge of cancer biology has led to remarkable progress in cancer
prevention, early detection, and treatment. Scientists have learned morezaioeutc the last 2
decades than had been learned in all the centuries preceding. This does not clfaoge the
however, that all scientific knowledge is based on the knowledge alreadyeackyithe hard
work and discovery of our predecessors — and we know that there is still a lot more.to lea

Cancer research is advancing on so many fronts that it's hard to choose the agldgyta here.

Moretargeted therapies: As more is learned about the molecular biology of cancer, researchers
will have more targets for their new drugs. Along with more monoclonal antibodiesnafid s
signaling pathway inhibitors, researchers are developing new classeteotites such as

antisense oligodeoxynucleotides and small interfering RNA (siRNA).

An example of this is a new class of targeted therapies called PARP irshiffl®8RP is short for
poly (ADP-ribose) polymerase enzymes.) Cancer cells use PARP toD&paidamage,
including the damage caused by cancer treatment. Recent studies indweashave shown that
blocking PARP can make cancer cells more sensitive to treatment and poethdeath.

BRAF is another gene that can produce a mutant cancer protein seen in abowlhalf of
melanomas. The drug vemurafenib (Zelboraf) targets this mutation. This draggedloverall
survival in patients with inoperable melanoma compared to the standard drug daearbazi
Vemurafenib was FDA approved in August 2011 for patients who have melanoma witmthis ge
mutation.

Nanotechnology: New technology for producing materials that form extremely tinygestis
leading to very promising imaging tests that can more accurately shdoc#tien of tumors. It
also is aiding the development of new ways to deliver drugs more spegiéindlleffectively to
cancer cells.

Robotic surgery: This term refers to manipulation of surgical instruments remotely by rainat ar
and other devices controlled by a surgeon. Robotic systems have been used foypegerél t
cancer surgery; radical prostatectomy is among the most common usesdal surgplogy. As



mechanical and computer technology improve, some researchers expect &teme syill be able
to remove tumors more completely and with less surgical trauma.

Expression profiling and proteomics. Expression profiling lets scientists determine relative

output of hundreds or even thousands of molecules (including the proteins made by RNA, DNA, or
even a cell or tissue) at one time. Knowing what proteins are presensinareliell scientists a lot
about how the cell is behaving. In cancer, it can help distinguish more aggressigesdrom less
aggressive ones, and can often help predict which drugs the tumor is likely to respond to.

Proteomic methods are also being tested for cancer screening. For mesif tygecer, measuring
the amount of one protein in the blood is not very good at finding early cancers. But researche
are hopeful that comparing the relative amounts of many proteins may be mateamkthat
finding large amounts of certain proteins and less of others can provide accufate, use
information about cancer treatment and its outcomes. Proteins (and other type<ofaspée
even found in exhaled breath, which is now being tested to find out if it can show early signs of
lung cancer. This is an exciting area of research and early results in thoglarectal cancer
studies have been promising.

The American Cancer Society can help you learn more about cancer. Comtagtime, day or
night, for cancer-related information and support. Call Us880-227-2345 or visit us online at
WwWw.cancer.org.
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